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ABSTRACT

The MORSE code is a multipurpose neutron and gamma-ray cransport Monte
Carlo code. Through the use of multigroup criss sections, the ss>lution of
neutron, gamma-ray, or coupled neutron-gamma-ray problems mey he obtained
in either the forward or adjoint mode. Time dependence for both shielding
end criticality problems ic Z.ovided. General three-dimensional gecmetry,
as well as specialized one-dimensional geometry descriptions, may be used
with an albedo option available at any material surface.

Standard multigroup cross sections such &s those used in discrete
ordinates codes may be used as input; either ANISN or DTF-IV cross-section
formats are acceptable. Anisotropic scattering is treated for each group-~
to-group transfer by utilizing a generalized Gaussian quadrature technique.
The modular form of the code with built-in analysis capability for all
types of estimators makes it possible to solve a complete neutron-gamma-
ray problem as one jJjob and without the use of tapes.

A detailed discucssion of the relationship between forward and adjoint
flux and collision densities, as well as & detailed description of the
treatment of the angle of scattering, is given in the appendices. Logical

flow charts for each subroutine add to the understanding of the code.

viii

. Duteas.
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I

I. Introduction

The Multigroup Oak Ridge Stochastic Experiment code {MPRSE) is a
multipurpose neutron and gamma-ray transport Monte Carlo code. Some of
its features include the ability to treat the transport of either neutrons
or gamma rays or a coupled neutron and secondary gamma-ray probiem, tne
incorporation of multigroup cross sections, an option of solving either
the forward or adjoint problem, modular input-output, cross section,
analysis* and geometry modules, debugging routines, time dependence for
both shielding and criticality problems, albedo option at any material
boundary, one-, two-, and three-dimensional geometry packages, and several
types of optional importance sampling.

fraditionally, Monte Carlo codes for solving neutron and gamma-ray
transport problems have been separate codes. This has been due to the
physics of the interaction processes and the corresponding cross-section
infermation required. However, when multigroup cross sections are employed,
the energy group to energy group transfers contain the cross sections for
all processes. Also, for anisotropic scattering each group-to-group
transfer has an associated angular distribution which is a weighted aver-
age over the various cross sections involved in the energy transfer process.
Thus, these multigroup cross sections have the same format for both neutrons
and gamma rays. In addition, the generation of secondary gamma rays may
be considered as just another group-to-group transfer. Therefore using
miltigroup cross sections, the logic of the random walk process (the process
of being transported from one collision “c another) is identical for both

neutrons and gamma rays.

The use of multigroup cross sections in a Monte Carlo code means that
the effort rcquired to produce cross-section libraries is reduced. (A set
of muliigroup neutron cross sections - 99 group, P8 - baseg on ENDF/B is
available from the Radiation Shielding Information Center; 1likewise, some

coupled neutron gamma-ray sets are also available from RSIC.)

Cross secticons may be read in cither +the DTF--IV3 format or ANISNh and

DOT5 format. The auxiliary information giving the number of groups, elements

»
A versatile analysis package, SAMBO, which handles most of the drudgery
associated with estimation from raadom walk events is described in ref. 1.




L Len €A war hp L S NeS S el

MR & S e e m




coefricients, etc., is used to produce the necessary probatility tatles
needed by the randcm walk module. The possible transport cases that can
be treated are neutron only, gsmma ray only, coupled neutron-gsmma ray,
gamma ray from a coupled set, and fission, with all of the a%ove options
for either a forward or adjoint case and for isotropic or anisotropic
scattering up to a P16 expansion of the angular distribution. The option

of storing the Legendre coefficients for use in a next-event estimator
is also provided.

The sclution of the forward or normal transport equation by Monte
Carlo gemerally involves a solution for yx(P), the density of particles
with phase space coordinates P leaving collisions. Quantities of interest
are then obtained by summing the contributions over all collisions, and
fregquentiy over most of phase space. The equations solved are derived in
Appendix A and ace written as Equations (40) and (95).

In same cases, it is of interest to solve the adjoint problem. This
requires solving a transport problem with the detector response as a
source. The various relationships between the adjoint snd forward quanti-
ties are derived in Appendix A. The adjoint equations solved by MORSE
are Bquations (93) and (99). In utilizing these adjoint equations, the
logic of the random walk is the same as the forward mode.

Input to MJRSE is read in five separate modules: (1) walk; (2) cross section:
(3) user; (4) source; and (5) geometry. The walk input is read in subroutine
INPUT and includes all variables needed for the walk process. The cross-
section input is read in cross-section module subroutines XSEC, JNPUT, and
READSG. Tne parameters needed to set aside storage are read in XSEC, the
mixing parameters are read in JNPUT, and the actual cross sections are read
by READSG. Input information required for analysis of the kistories must
be read by a user-written subroutine SCPRIN which is called from BANKR.
Since the source varies from problem to problem, input may also be read in
a user-written subroutine S@RIN for the definition of the source. The
geometry input is read by subroutine J@MIN.

P Lo ] ﬁ"nm
]




In general, output of input parameters occurs in tke same routine in
vhich the input was read. 1iIn addition, there are two routines (@UTPT and
GUTPT2) for the output of recvlts of the random walk process. Output of
analysis results is generally performed in the user-written rcutine XRUN.

Figure 1 shows the hierarchy cof subroutines for MJRSE. From this
diagram, it is possible to see the functions of the modules. The input
section takes care of setting up all variables needed in the transport
process. Note that initial calculations by the cross-sectior module stem
from XSEC. The analysis portion of the code is interfaced with MJRSE
through B/3JKR with several uses made of cross-section routines in making
estimates of the quantity of interest. With the exception of output from
the walk process, the rest of the code consists of subroutine calls by
MIRSE. The geomeiry module is interfaced through G@MST and the source is
interfaced through MS@PUR. The diagnostic module is independent and any

vart of it may be executed from any routine.

The diagnostic module provides an easy means of printing out, in
useful form, the information in the various labelled commons and any part
of blank common. A special roitine is provided for printing out the particle
bank. By loading parts of core with a junk word, the diagnostic package
can determine which variables have been used. A "repeating line" feature
is also included.

The georetry module consists of any of the geometry packages written
for ¢512,6"z including the general three-dimensional geometry. Slight modifi-
cations have been made to include variable input-output units and to include

the logic for albedo scattering.

An albedo scattering may be forced to occur at every entry into a
specified medium. A sample subroutine is provided for specular reflection
and a subroutine call is provided (ALBIN, called from XSEC) for reading and
storing albedo data of any degree of complexity. Thus transport of parti-
cies may be carried out in parts of the problem and an albedo scattering
treated for other parts of the problem.

Time dependence is included by keeping track of the chronological age
of the particle. For neutrons the age is incremented by the time needed

NSO, Lk da T K
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to travel the distarce between collisions if it traveled at a velocity
corresponding to the average energy of the group. Provision is made for
inputting a thermal group velocity separately. Nonrelativistic mechanics are
assumed. The age of secondary gamma rays is determined from the reutron

age at the collisicn site and is incremented bty determinirg the time
required to travel between collisions at the speed of light. For fission
problems the age of the paremt is given to the daughters at birth.

There are several types of importance sampling techniques included in
the code. The Russian roulette and splitting logic of #5R jg an
option in MJRSE. Also the exponential transform is provided with parameters
allowed as a function of energy and region. Source energy biasing is an
option as well as energy biasing at each ccllision. In fission problems

the fission weights may be renormalized as a function of an estimate of k

sO thet the rumber of higtories per generation remain approximately con-
stant. If desired, all importance sampling may be turned off.

Some other general features include the ability to run problems
without the use of magnetic tapes, the ability to terminate a job inter-
nally after a set elapsed c.p.u. time and obtain the output based on
the number of histories treated up to that time, batch processing for the
purpose of determining statistics for groups of particles, and a repeat
run feature so that results for a time-dependent fission problem may be
obtained with statistical estimates. The output of numerous counters per-

mits one to obtain an insight into the physics of the problem.

Detailed descriptions of the subroutines with the logical flow charts
are found on the following pages. The appendices contain detailed derive-
tions of various forms of the transport equation, a detailed derivation
of the treatment of the angu 2r distribution of scattering, and a detailed
description of the required irput.




II. Random Valk Module

The basic random walk process of choosing a source particle and
then following it tarough ite history of events is governed by the
routines in this moduie of MORSE. A given problem is performed by
following a number of patches of particles which then constitute a
run. Multiple runs are also permitted. The batch process feature is used
80 that statistical variations between groups of particles can be
determined. Thus a batch of scurce particles is generated and stored
in the bank. The random walk for this batch of particles is determined
by picking one particle out of the bank and transporting it from collision
to collisiomn, splitting it into two particles, killing by Russian roulette,
and generating secondary particles (either gamma rays or fission neutrons)
and storing them in the bank for future processing. Termination of a
history vhen a particie ieaks from the system, reaches an energy cuteff,
reaches an age limit, or is killed by Russian roulette.

The random walk mcdule performs the necessary bookkeeping for the
bank and the transportation and generation of new perticles and relays
this information to the analysis module for estimation of the desired
quantities. Use is made of the rross-section module and the geometry
module during the random walk process and the input-output routines for
the reading and printing of pertinent information about the problem.

In this module the main program is used to set aside the storage
required in blank common and to pass this information to subroutine M¢RSE
vhich is the executive routine for the random walk process. After performing
the necessary input operations and setting up storage requirements, the
walk process consists of three nested loops: one for runs, one for
batches, and the inner-most is for particles. After each termination
of the batch loop, some bookkeeping is required before the generation
of a new batch of socurce particles. After the termination of a run,

a summary of the particle terminations, scattering counters, and secondary
production counters are output, as well as the results of Russian roulette
and splitting for each group and regionm.

T o N e DT
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7

There are cnly twoc main labelled commons {APJLL? and NUTRER) in
the random wvalk routines. Tables I and II list the defirnitions of the
variables in these two commons. Ncte that in Table II "current” and
"previous” refer to values of parameters leavirg the current and previous
event sites, respectively (WTBC is the exception, being the weight entering
the current event site). Also note that "event” includes boundary crossings,
albedo collisions, =2tc., as well as real collisions. A description of
blank common is given in Fig. 2, along with definitions in Table III.
The locations of the variables ure given in Table IV. All the variables
used as location labels, except NGE@M, locate cell zero of an array.
Cell=s NLAST + 1 to NLAST + NLEFT are available to the user for analysis
arrays.

A description and a logical flow chart for the subroutines that
make up the random walk module are given the following pages in this
chapter.

———— PRI LI ..“
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Table I. Definition of Variables in Cosmon AP¢LLY

Variable Definition

AGSTRT Input starting age of source particle

DDF Starting particle weight as determined in S@RIE

DEADWT(S5) The summed weights of the particles at deat:. The four
deaths are: Russian roulette, escape, erergy, and age limit.
DEADWT(S5) is unused.

ETA Mean-free-path between collisions

ETATH Distance in ca to the next collision if the particle does
not encounter a change in total cross sectiom

ETAUSD Flight path in m.f.p. that has been used since the last event

UINP, VIEP,

wWIRP Input direction cosines for source particle

WTSTRT Input starting wveight

xsmnm vemoDm
Abth g awididtla g

ZSTRT Input starting coordinates for source particle

TCUT Age limit at vhich particles are retired

XTRA(10) Not used

10,11 Output and input logical units

MEDIA Number of media for which there are cro0ss sections

IADJM Switch indicating an adjoint prodlem if > O

ISBIAS Switch indicating that source energy distribution is to be
biased if > O

IS@UR Input source energy group if > 0; otherwise, SPRIN is called
to read input spectrum

ITERS Number of tatches still to be processed in the run

ITIME Not used

ITSTR Switch indicating that secondary fissions are to be the source
for the next batch if > O

LOCWTS Starting location in blank common of the weight standards and
other arrays MGPREG .ong (see Fig. 2 and Table IV)

LYCFWL Starting location in blank common of the fission weights

LYCEPR Starting location in blank common of the energy-biasing
paramgﬁng

berercssnamy oo
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Table I (cont.)

Defiaition

LYCRSC Starting location ir blank common of the scattering counters

LYCFsSN Starting location in tlank coemon of the fission and gazma-~
generation prchavilities for each medium and group

MAXGP Maximum number of energy groups for which there are weight
standards cr path-lengtk stretching parzmeters

MAXTIM The elapsed clock time at which the probiem is terminated

MEDALB Medium number for the albedo me3ium

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

MXREG Maximum number of regions in the system

NALB An ixndex indicating that an albedo scattering has occurred
it >0

NDEAD(S) Number of deaths of each type (see DEADWT).

NEWRM Kame of the last particle in the bank

NGEgM Location of first cell of geometry data storage in blank
common

NGPQT1#® The lowest energy group (largest group number) for which
primary particles are to be followed

NGPQT2* The number of primary particle groups

NGPQT3* The lowest energy group {largest group number) for which
any particle is to be followed

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

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

NIT Number cof betches per run

NKCALC The first batch to be used for a k calculation. If O, k
is not calculated

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

NLAST The last cell in blank common that was used by the cross-

section storage or is set aside for banking

See page 11 for diagram of energy group structure.
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Table I (cont.)

s ) e SRS IR VT

Variable Definition
NMEM The locaticn Of the next particle in the bank to be pro-
cessed :
NMGP # The number of primary particle groups for which there are %
cr .ss sectious ‘
EMJST The maximum number of particles that the bank can hold
RMTG & The total number of energy groups (ooth primary and secon-

dary) for which there are cross sections

N@LEAK An index which indicates that nonleakage path-length selec-

tion is to be used if > 0
NGRMF Aun index to indicate that the fission parameters are tc be :
renormalized if > O ;
NPAST An index to indicate that the exponential transform is to
be used if > 0
NPSCL(13) An array of counters of events for each batch:
(1) sources generated
(2) splittings occurring
(3) fissions occurring
(4) gemma reys generated
(5) real collisions
(6) albedo scatterings
(7) bvoundary crossings
(8) escapes
(9) energy cutoffs
(10) time cutoffs
(11) Russian rculette kills
(12) Russian roulette survivors

(13) gamma rays not generated because bank was full

NQUIT Number of runs still to be processed
NSIGL Starting location of the bank in blank common
NS@UR An index input to indicate that fissions are to be the

source for future batches

#
See page 11 for diagram of energy group structure.

P e e et el e




11

Table I (cont.)

Variable Definition

KSPLT An index to indicate that splitting is to be considered if
>0
NSTRT The number of particles to be started in each batch

NXTRA(10) Not used.

Forward Adjoint

1 NMI'G + NGPQT3

E NGPQT1 > NGPQTN

' NMI'G - NGPQTN + NGPQT2
]
'
RGPQT2 - NMGP
' NMI'G - NMGP + NGPQT1

NGPQT3 > NMGP + NGPQTG

NMI'G - NMGP - NGPQTG |+« NGPQTO

NMI'G 1l

, Diagram of Energy Grcup Structure
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Table II. Definition of Variables in NUTR@N Common
Variable Defirition
NAME Particle's first name.
NAMEX Particle's family name. (Note that particles do not marry.)
IG Current energy group index.
1G¢ Previous energy group index.
EMED Medium number at current location.
MEDULD Medium number at previous locationm.
NRE:;; Regicn number at current location.
u,v,w Current direction cosine.
UJGLD, VYLD,
WgLD Previous direction cosines.
X,Y,z Current location.
X@LD ,YPLD,
ZgLD Previous location.
WATE Current weight.
@LDWT Previous weight.
WIBC Weight Just before current collision.
BLZNT Cirrent block and zone number (packed).
BLZ¢ON Previous block and zone number (packed).
AGE Current age.
@LDAGE Frevious age.

R S B e .
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Mnemonic
Location Variable
Labels _ Name Length
= )
VEL {
] LaNMTG
F5
LICWTS BFS i
Current Weight ]
Standards } 3*MGPREG i;
Path }  MGPREG ;
SPLIT and CPREG ;
R.R. Counters } i i
Initial Weight _ |
LCFWL Standards } 3WMGPREG
Current FWL{
2#MXREG i
Initial *WLg ;
L@CEPR GWL$ }  NMTGaMXREG
LYCNSC EPRB } NMIPG®MXREG
Scattering } 8=RMTG*MXREG 1
Counters H
£
LYCFSN NSCA }  MEDIA 3
i
LAt }  NMIGMEDIA ¥
FoL }  EMPCaSMEDTA :
GMGN }  EMTGaMEDIA
NGEOM ;
NGLAST Geometry Data | |
Permanent Cross ]
NSIGL Sections i
o
Temporary Yeutron ]
NMXSEC HCross Sectiona | Bank g
Fission §
o Benk | 3
User Area } NLEFT :

e e L L e T - I . R . . s s e s
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Table IIT. Definitions of Variables in Blank Common

Mnemonic
Variable
Naxne Definition

ENER(IG) Upper energy boundary of group IG (in eV).

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

FS(IG) Unbiased source spectrum - unnormalized fraction =f source
particles in each energy group - traasfcrmed to c.d.f. by SORIN.

BFS(IG) Biased source spectrum - relative importance of each energy
group - transformed te viased c.d.f. by S@RIN.

WTHI(IG.

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

WILg(IG,

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

WTAV(IG,

KREG) Weight to be assigned Russian roulette survivors (vs. group
and region).

PATH(IG,

NREG) Exponential tiansform parameters (vs. group and regiom).

NSPL{IG,

NREG Splitting counter (vs. group and region).

WSPL(1G,

NREG) Weight equivalent to #4SPL.

¥gsp(IG,

NREG) Counter for full bank vhen splitting was requested (vs.
group and regiomn).

wEgs(1c,

KREG) Weight equivalent to NJSP.

RRKL(IG,

NREG) Russian roulette death counter (vs. group and region).

WRKL(IG,

NREG) Weight equivalent to RRKL.

RR3U(IG,

NREG) Russian roulette survival counter {vs. group and region).

WRSU(ZG,

SREBG Weight equivalent to RREU.

INIVH

(1G,BREG) Initial values of WIHI array.

B %m0 A e MO ook M, R T A

SR FUIINS O, 4 7 e wnc
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Table III (cont.)

Mnemonic
Variable
Name Definition

INIVLG

(IG,NREG) Initial valuez of WTLJ array.

INIWAV

(IG,NREG) 1Initisl velues of WFAV array.

PLA(NREG) Weights to be assigned to fission daughters (vs. regiom).

INIF1S

(NREG) Initial valuesof FWLJ.

GWLY(IG,

NREG) Weights to be assigned to secondary particles (vs. group
and region).

EPRB(IG,

NREG) Relative importance of energy groups after scattering (vs.
group and regiom).

NSCT(IG,

NREG) Number of real scatterings (vs. group and region).

WSCT(IG,

NREG) Weight equivalent to NSCT.

NALB(IG,

HREG) Number of albedo scatterings (vs. group and region).

WALB(IG,

NREG) Weight equivalent to NALB.

NFIZ(I1G,

NREG) Number of fissions (vs. group and region).

WF1Z(1G,

NREG) Weight equivalen’,. to NFIZ.

NGAM(IG,

NREG) Rumber of secondary productions (vs. group and regionm).

WGAM(IG,

NREG) Weight equivalent to NGAM.

NSCA(IMED) Scsttering counter (vs. cross-section medium).

FISH(IG,

IMED) Probability of genmerating fission neutron (vs. group and
medium).

FSE(IG,

IMED) Source spectrum for fission-induced neutroms for each group -
jnput as frequency of group IG.

@0l 16,

IMED) Probability of generating secondary perticle (vs. group and

NSRS

L T Lo

ML i I SEO  h #  Hllr i -

medium) .
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Table IV. Location of Blank Common Arrays

Meemonic

Variable Location of Array in Blank Common
__Hame (Bc(I) or Xc(I))

ENER(IG) BC(I); I = IG

VEL(IG) I = NMIG + IG

Fs(1G) 1 = 2eMMIG + IG

BFS(IG) I = 3sNMIG + IG

WrHI (IG,NREG) BC(I); I = LGCWTS + (NREG-1)sMAXGP + IG
WILZ(IG,BREG) I = LYCWTS + MGPREG + (NREC-1)"MAXGP + IG
WTAY(IG.NREG) I = LYCWTS + 2#MGPREG + (NREG-1)®MAXCP + IG
PATH(IG,NREG) I = LYCWTS + 38MGPREG + (NREG-1)®MAXGP + IG
ESFL{IG,RREG) NC(I); I = LYCWTS + LaMGPREG + (NREG-1)®MAXGP + IG
WSPL(IG,NREG) I = LYCWTS + SMGPREG + (NREG-1)®MAXGP + IG
%gSP(IG,NREG) I = LYCWTS + GSMGPREG + (NREG-1)®MAXGP + IG
WNgS(IG,NREG) I = LYCWTS + 3#MCPREG + (NREG-1)#MAXGP + IG
RRXL(IG,NREG) I = LYCWTS + 6#MPREG + (NREG-1)®MAXGP + IG
WRKL(IG,NREG) I = LYCWTS + 7"MGPREG + (NREG-1)®MAXGP + IG
RRSU(IG,NREG) I = LYCWTS + 10WMGPREG + (WREG-1)®MAXGP + IG
WRSU(IG,NREG) I = LYCWTS + 11%MGPREG + (NREG-1)#MAXGP + IG
INIWHI(IG,NREG) B23(I); I = LYCWTS + 12sMGPREG + (NREG-1)#MAXGP + IG
INIVLY(IG ,NREG) I = LYCWTS + 13%MGPREG + (WREG-1)®MAXGP + IG
INIWAV(IG ,NREG) T = LYCWTS + 1haMGPREG + (NREG-1)%MAXGP + IG
FVLJ(NREG) BC(I); T = LYCFWL + NREG

TNIPLA(NRRG) I = LOCFNL + MYRPG &+ NWOOQ

GWLJ(IG,NREG) I = LYCFWL + 28MXREG + (NRSC-1)®HMIC + IG
EPRB(IG,NREG) BC(I); I = LYCEPR + (WNREG-1)#AMIC + IG

ESCT(IG ,NREG) BC\I); I = LECHSC + (NREG-1)s3MIG + IG
wSCT{1G,3R=G) BC{I); I = LPTRSC + BMEGAMXREG + (ERBG~1)+@MIG + IG
NALB( IG,NKEG) NC(I); I = LGCHSC + 2«NMIGeMXREG + (NREG-1)sNMTG + IG
WAL IG ,NREG) BC(I); I = LOCHSC + 3«EMIGaMXREG + (FNREG-1)«NMIG + IG
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Table IV (cont.)

Mremonic

Variable Location of Array in Blank Common
Name (BC(I) or NC(I))

KF1Z NC(I); I = LOCNSC + 4gNMTG#MXREG + (NREG-1)sKMTG + IG

WFIZ BC(I); I = LYCNSC + SeRMTCAMXREG + (NREG-1)#NMTG + IG

NGAM KC(I); I = LYCNSC + GRNMTGAMXREG + (NREG-1)sNMTG + IG

WGAM BC(I); I = LYCNSC + TuNMTCaMXREG + (N"'EG-1)«EMTG + IG

NSCA( IMED) RC(I); I = LYCRSC + TMED + SeRMIGaMXREC

or I = LYCFSN - MEDIA + IMED

FISH(IG,IMED) BC(I):; I = LGCFSN + (IMED-1)aNMI'GC + IG
FSE(IG,IMED) I = LYCFSN + NMPGSMEDIA + (IMED-1)sNMTG + IG
GMGN(1G,IMED) I = L4CFSN + 2aNMIGsMEDIA + (IMED-1)*RAMTG + IG

h = e A R e 0 i il - M Mmoo T

}
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Main Program

The main program performs the following functions:

1. Sets the maximum allowed size of blank common (all other
routines using blank common use a dummy dimersion of 1);

2. Ensures that certain labelled commons are loaded in a specified
aorder (which must agree with the order of these commons in the
diagnostic routines using the i@C function);

3. Loads the junk word (h8h8h8h816) in blank common and all labelled
commons present in this routine;

4. Sets the two variables used for input and output logical units;
and

5. Calls MJRSE fo the actual administration ol the jcb. {(The size
of blank comaon is transferred to MJRSE as an argument.)

Subroutines call=2i: MPRSE
Functions required: L@C (library function at Oak Ridge National Labora-

tory - output is the absolute address (in 8-bit bytes)
of the cell given as the argument)

Variables required: JUNK
Variables changed: ITGUT (IO in most other routines)

ITIN (I1 in most other routines).

Commons required: Blank, APYLLY, FISBNK, NUTRgN, LJCSIG, MEANS, MJMENT,

QAL, RESULT, GE¢MC, NJRMAL, PDET, USER, DUMMY.

Helpful Hints:

1.

e ey e

Note that if a new cross section, geametry, or analysis package is
used, the labelled commons here may have to be modified correspond-
ingly.

The junk word is the bit pattern that comes closest to beirng output
identically as either a fixed or floeting number. It is also recog-
nized by subroutine HELPER that the cell has not been used by the code.
The LYC function returns an absolite address of e variable in bytes,
requiring division by ¥ to obtain the number of i-byte (32 bit) words.»
To change the size of blank common only the statement defining the
commot: needs to be changed, since the LYC function is used to obtain
this value to be transferred to MJRSE.

¥
' See Appendix E for a description ox all library routines used in MORSE.

m *m.” | LTS SR Y
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5. It is recommended that this routine always be compiled and that it be
the first routine compiled. This insures that it is loaded first and
that the commons it specifies are loaded first, and in the desired
order, in the common area.

6. The program size, in bytes, is usually on the order of 150000 + L#®

(plank common size in words).

Main Routine

DETERMINE SIZE OF AREA
TO BE LOADED WITH JUNK WORD

O

PR

COMMON SIZE (NMLFT)

-

CALL MPRSE (NLFT

DY T A

U
[ e e D LR ]
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Subroutine E (NLFT)

MPRSE is the executive routine for the walk process and controls
the succession of events which comprise the Monte Carlo »rocess. The
problem is assumed to consist of NQUIT runs, each consisting of KITS
batches, and starting out with NSTRT particles in each batch. Thus the
furctions of MPZRSE are logically broken down into nested loops with the
inner loop consisting of the execution of the walk process for each particle.
The next loop is for each batch of particles and the outer loop is for
each run. Several problems may be run in succession by stacking input

data.

There is no significant part of the walk process pertormed in MJRSE
except for the termination of histories. The bookkeeping of vefore-~
collision parameters, the determination of history terminations, and
the ordering of the subroutine calls are the basic functioas. The option
of terminat.ng a problem by an execution time limit is provided; this option
may only be executed at the end of a batch and the normal termination

of a prcblem occurs in that all end of run processes are completed.

Called from: Main program.
Subroutines called: INPUT, TIMER,BANKR(-1), BANKR(2), MS@UR, ¢UTPT{1),
GETNT, TESTW, NXTC¢L, BANKR(10), ALBDg, BANKR(6),
GTMED, FPR¥B, GPRYB, C@LISN, BANKR(5), BANKR(9),
BANKR(-3) , @UTPT(2), BANK(-L), #ITPT(3), ICIigCK.
Commons required: Blank, APYLLY, NUTRUN, FISBNK.
Variables required: NLFT, BKILL, NSPLT, NGPQTN, from cosmon APPLIG
NGPQTG, NITS, NQUIT, NSTRT, (cee page 8)
NFISH, ITSTR, KMEM, MAXTIM, TCUT )
NALB - index jindicating that an albedo collision has
occurred.
MFISTP - index indicating that fissions are allowed
ir > 0.
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Variables changed:
NDEAD(I), DEADWT(I) - counters
I = 1 - Russian roulette kill
= 2 - particle escaped the system
= 3 - particle reached energy cutoff
= b - particle reached age limit ~ it was retired.
NPSCL{I) - counters
I = 5 - number of real collisions
= 6 - number of albedo collisions
= 9 - number of energy deaths

= 10 - number of age terminations.

P 20 S L i B2+ 4 s BT W A BRI . P
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Subroatine MPRSE(NLFY')

CALL INFUT FOR
THE NEXT PHOBLEM

[ SAVE FISSION WEIGHTS,

SPLITTING AND ROULETTE
PARAMETERS IN
TEMPORARY LOCATION

I

BEGIN NEW RUN
KITS = INITS
ITERS = NITS [&
ITSIR = 0

CALL BANKR(-1)
ANALYSIS INTERFACE ﬁ
AT START OF RUN

RESTORE FISSION WEIGHTS, |
SPLITTING AND ROULETTE
PARAMETERS FROM
TEMPORARY I,OCATION

CR—

BATCH PROCESS }(cee next
(DURING A SINGLE RUN) page)
’
CALL BANKR(-%2)

ANALYSIS INTERFACE AT END OF RUN

Wy

-
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MJRSE (Random Walk, cont.)

INCREMENT COUNTIKS
$OCT( 1G ,NREG)
woCT(1G NREG)

NPSCL

CGLION TO GENERATE

BANKE POR
| AMAL-COLLISION ANALYSIS |

(see previcus pege)
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Subroutine DATE (A, WW) .
Given an array A, DATE inserts a hollerith string wvith the day of the

wveek, the month, the dsy of the month, and the year. It will use as .
many as 32 bytes, 80 A must be dimensiored at 8 for gingle precision. NW,
on return, is the number of M-byte words which must de ovtput.
Typical calling sequence:
DIMENSIQN ARRAY (8)
CALL DATE (ARRAY, WUM)
PRINT ), (ARRAY(I),I=1,NUM)
1 FPRMAT ('TEDAY IS ',8ak)
producing, it called on May 30, 1970:
*TYDAY IS SATURDAY, MAY 30, 1970°.
Called from: INPUT
Boutinzs called:
INEEX
INTYBC (library function st Oak Ridge National Labaratory, converts
a M-Dyte integer to an EBCDIC string)
INTBECD - same as INTUBC except also returns the number of bytes in
the EBCDIC string
Commons: DATDAT which contains arrays of EBCDIC characters for months
and weekdays, arrays of numbers of EBCDIC characters and starting
points. It is loaded in a Block Data routine with the following
values:
CHOgN /DATDAT/ XMJWTH(11), WEXE(6), DAY(1), IMJNTH(12), MMJNTH(12),
IWEXE(8), IWEEX(8)




. . ——— o —

XMJNTH WEXE DAY
Index _(REAL#8) (REAL#8) (REAL#3) TMJNTH NMJNTH IWEKE IWEEK
1 Jamry(D* muErsURD par,(Duod o 7 o b
2  FEBRUARY  MN(DTUES 8 8 4 3
3 mrca(3)  WEDMES(® 16 5 8 3 J
5 aR® TERS(D) 2h 5 12 & :
s  MY@ime FrI(5) 32 3 16 6
6  JuLyausu  SATUR(®D) 36 I 2h 5
7  sr(®sepr %0 % 32 3
8 BEERQD) B 6 o S
9  ¢cYBER(D) 52 9
10 NOVEMBER 64 T
11  DECEMBER 72 8
12 80 8

I Lo A b, S e WA IG5 BN [t AT . T T - PR ey . ——
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Subroutioe DATE \A,AW

CALL FUSCTION IWEEK
FOR THE DAY OF WEEK (IVWEX)
INTEGER MOFTH (Mgwi)
INTEGER DAY OF MONTH (IDAT)
INTEGER YEAR (IYEAR)
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BUTLID (HRK Zi, E2 2, PIFZ, 1G, ARG, NTD. WEDIUM)

SUDIUUMLLINE BUGCLLL \Sithy &iy iy 22, X2,

IN)
\)

1<}
iN)

This routine is provided for the user to determine the number of
mean free paths between two points in the system. It will eitner returm
the total number of mean free peths or will return the first boundary
intersection point :ind the nuwrber of mean free paths to that point.

Called ‘rom: GETETA

Subtroutines called: GRgM, L@J@KZ, ESIGTA.
Functions used: DSQRT (library)

Commons required: GEBYMC.

Variables required:

MRK - Set to 1 upon calling,
X1, 11, Z1 - coordinates of stariing point,

X2, Y2, 22 - coordinates of end point,
P1P2 - distance between starting and end points,
IG - energy group index,
NTD = 0 for total mean free paths
# 0 for intersection points and mean free peths between.

Variables changed:
MRZ = ] for a flight reaching the end point,
= ¢ for a flight crossing a medium boundary (NT # O omly),
= -1 for a flight escaping the system,
= -2 for a flight encountering an internal void (¥T ¢ 0 only),
X1, Y1, Z1 = returns boundary intersection point if WNTD # O,
ARG - negative of number of mean free paths,
¥ID - if FTD # O on input, will return as -1 if an escspe occurs,
MEDIUM - medium number of end point.
Significant internal variadles:
MARK - flag set by GEfM (returned as MRK - defined sbove)
NINTV - internal flag set to 1 vhen traversing an internal void
(medium 1000).
Lisitations: No provision is mede in this version for albedo boundaries.
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Subroutine FBANK

Fissicn neutrons are stored by FSAEK in the area in blavk common set
aside for this purpose. Seven persmeters can be stored for NMIST neutromns
in this fission benk. If it is called as many as 50 times vhen the beuk
is full, HEILP aad EXIT are called.

HFISBE - location of cell zero of the fission bank in blamk commonm,
NFISH - pusber of neutroms in fission bank,
DYST - maximm zusber of particles allowed in bank,
SATEF - weight of fission neutrom to be banked,
MNMATE - total weight of banked fission neutroms,
AGE, IG, NBEX, X, Y, Z (from NUTR@E common, see page 12)
Variablex chamged:
AFISK -~ incresented after bdanking,
FVUATE - incremented by VATEF after banking.
Significant internal varisbles:
NPULL - incremented upon each call wvhen bank is full.
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Subroutine FBARK

s ek & nin s

'
e+ O A s

STORE PARAMETERS
IN BLARK COMMON
CELIS (MFISHN+7T*NFISH+I),
I=21,7

M # it B Al A L . 2. Ml

1
i
]
E 3
;
i
|
t
}
|
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Randon Number Package

The ranxiom number package is essentially the SR package as modified

for the YBM-360 camputers.

34

Six-byte (48 bit) arithmetic is used with a

generator (constant multiplier) equal to umh98016 (= 32n2hh6158). It
no startiag rumber is given (a value of zero input) the routine uses

35PA93IA16 vhich is twice the gererator. The trailing zero bit restricts

the significance cf the arithmetic to 47 bits so that the pseudo-random
secuence generated by the CDC-160k package may be dur'‘cated. (The CDC-

160k package must use 327721056158 as the generator and starting number to

give the sazme sequence.)

The following subprograms are available in the package:

PURTRAN Calling Statement

W

Random Kumber Generated

R = pFLrsar (0)

R = SFLRAF (0)

k& « EXPRIF (O)

CALL AZIRM (SIN,C#S)

CALL PYLRN (SIN,CSS)

CALL Ov7s® (X,Y,2)

R = IVAXP(T)

R = FIspP (0)

Uniforxly distributed ca the interval (0,1).
Uniformly distributed on the irnierval (-1,1).
Exponentially distributed: P(R) dR = e Nar
O<R<ew,

The sine and cosine of ¢ where ¢ is uniformly
distributed on the interval (0,2x). A random
azimuthal angle.

The sine and cosiae of § vhere cosd is uni-
formly distributed on the interval {-1,1).

A rendcm polar angle.

An isotropic unit vector. X = cosb, Y = cosé
8ind, Z = gin¢ sinb where 9 is a random polsr
angle and $ is a random azinuthal angle.
Maxwvellian energy:

ll \1/2

P(R)AR = [,,.ﬂ;J a® .

A neutron speed squared from the Watt fiscion
spectrum: P(R) dR = e 7T ginn (2/E'Ef/‘1‘),
vhere T = 0,965 x 1.913220092 x 100 and £ =
0.533 x 1.913220092 x 101'8 (rer. 8).

Rll 2 e-R/T

“w-« T T T T T
}
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(cont.)

FORTRAN Calling Statement Random Number Generated

CALL RMDIN(R) Loads R into RANDM(I), I = 2, h if R ¥ 0.
R is read with a 212 format and must be double
precision (8 bytes).

CALL REDQUT(R) Loads RAADPM(I), I = 2, &4 into R.

Note: The argwments of FLTRNF, SFLRAF, EXPRYF, FISRNF are not used
by the routines.




Subroutine FPRJB

FPRB calculates the expected weight of fission neutrons at a colli-
sion point and tnen splits or plays Russian rculette so as to produce the
correct sverage number of fissions, all of weight FWLS (specified in prob-
lem input for each region). FBANK is called for each neutron produced, to
be stored for processing in the next generatiom.

Called ‘rom: MJRSE.
Subroutines called: GIMED, BANKR(3), FBANK, HELP, ERRSR (1ibrary).
Commons required: Blank, NUTR@N, APYLLY, FISBEK.
Varisbles required:
NMED, WATE, NREG, IG (from NUTRM common, see pege 12)
IJCFSH - location in blank common of cell zero of array of fission
crose gsections,

LYCEBSC - location in blank common of cell zero of scattering counter

arrays,
IMED - cross-section medium of collision point,

MXREG - maximm region number,

IMIG -~ total number of energy groups,
FIYTL - total of fission weights from all collisions,
LYCPL - location in vlank common of cell zero of array FWLOW,
NPSCL(3) - fission counter.
Variables changed:
WATEF - fission weight transierred to FBANK
FIYI'L
NPSCL( 3)
Significant internsl variables:
WL - current value from array FWL{,

ISCT - location in blank common of (IG,NREG) cell of scattering

counter array NFIZ (and later WFIZ).
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DXPECTID FISSION
% WIEF - OF

wrecL(3), FageL,

"f,’_A ’

Er1zZ(10,5080) .l.
FOR FISSION
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Subroutine FSPUR

This routine is called by the source executive routine, MSPUR, vhen
the scurce for the present tatch is to be taken from the previous dbatch
fissions. Its function is to transfer the neutron parameters fros. the

fission bank to the neutron bank. If there were no fissions in thec vrevious
batch, it sets a flag, priats a message, and returns.

Called fram: MSGUR.
Subroutines called:
STYRET(N) - loads perameters in common NUTRN into the B2 jocation
in tae neutron dank.
Commons required: Blank, NUTRN, FISBEK, APSLLY.
Varisbles required:
WFISH - number of fissions produced in the previous dbatch,
EMEM - get equal to NFISH,
NITS - number of batches requested for the run,
ITERS - betch counter,
NFISBE - location in blank common of cell zero of the fission bank.
Variables changed:
NITS - set to number of batches completed if NFISH = O,
ITERS - set to zero if NFISH = O,
NAME
NMED
NREG set to zero (in NUTRgN common, see page 12)
v, Vv, W
BLZNT
X, Y, 2
WATE
AGE set to values found in fission bank (in NUTR@N common,
16 see page 12)

NAMEX Note: IG is group index of neutron causing fission.







Subroutine GETETA

The subroutine@TETA selects ETA, the number of mean-free-paths for
the next flight, from appropriate exponential distribution. Path-
length stretching bdased on the exponential trmsfom9’n is included, as
well as an option to select from a modified distribution which does not
permit a particle to escane frcx the sysiam.

The unbiased flight path distribution function is given by
Po(!l) =e "

vhere n is the distance traveled in mean-free paths. Selection of a

particular flight path ETA from Po(n) is done by the function EXPRNF
(in random number package, see page 3k).

If an external boundary occurs at some distance, ARG mean-free paths
from the starting point along the flight direction, then the probebility
of escape is MG 15t is required that no particle escape, then the

» distribution function e is normalized over the irterval (0,ARG), and

the flight path is selected from the modified distribution

Path-length stretching, which is a form of biasing (or importance
seapling), can be accomplished by selecting fram the modified distribution

_ .1 - n/BIAS
Pyn) =iz e ’

which produces vaiues of ETA a factor of BIAS times those produced by
the unbiased distridbution Po(n) . Therefore, values of BIAS greater than
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unity will stretch the path length and values less than unity will shrink
the path length. The actual selection is accomplished in terme of the
distribution function for n' = n/BIAS,

Pynt) = py(m |8 o "

A selection is made from 1>2(n') vhich yields values of ETA' and then

ETA = BIAS*ETA' .

If path-length biasing is used, then the particle's weight must be adjusted
by the factor

P,(ETA)
P (AT = BIAS

2

(1 - (1/BIAS))*ETA .

Por the combination of path-length stretching and no escape, the
modified distridbution is givea by

e n/BIAS
BIAS*(1 - e-AR‘;/B 1A,

P3(n) =

with the actual selection of ETA' being made from the modified distribution

-n'

P.(n') =P (n) |2 = <

vhere n = BIAS™\'. The path-length ETA is then given by

ETA = BIAS"ETA',

and the particle's weight multiplied by the factor

Po(m)

P(ETAY = BIAS®*[1 - e
3

-ETA(1 - 1/BIAS)j(, _ - ARG/BIAS)

The form for the factor BIAS used in this version of GETETA is based
on the exponential transform and can be expressed as




where

DIREC is the cosine Of the angle Detween the flight direction and the
most important direction (calculated by the user functica DIREC),

PATE is a measure of the maximm smount of path-length stretching to
be applied. A wvalue of zero corresponds to BIAS = 1.0, and no
biasing is accomplished. Larger values of PATH(but less than
unity) yield values of BIAS > 1.0 vhen DIREC > O, and the
particle’s path length is stretched accordingly. Couversely,
vhen DIREC < O (the particle is traveling sway from the impor-
tant direction) BIAS < 1.0 and the track is shori._ned.

Callsd from: NXTCYL.
Subroutines called: EUCLID.
Commons required: Blank, NUTRNM, APYLLY.
Varisbles required:
1G, X, Y, 2, U, V, W, W.Y'E, NREG (from WUTRgN common, see page 12)
HAXGP - number of energr groups for weight standards and/cr path-
| length stretchirgz parameters PATH,
| N@LEAK - an index for nonleskage biasing,
% RAD - the largest overall dimension in the system,
‘ PATH - path-length stretching parameters (in blank common).
Variables changed:
ETA -~ the number of mean-free paths to the next collision,
WATE - the particle's weight corrected for the biasing employed
during the present flight selection.
Significant internal variebles:
ARG - the distance in mean-free paths from the last collisicn site
to an external boundary along the present flight direction.

i
;
|
|
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% PARTICLE'S
JOR WONLEAKAGR BXASING
WATE = WATE*(1.0 - EXP(-ARG/N

2 PARTICIE'S WEITCHW XYRDING 10

THE PATHLENGTH BIASING BWLOYED,

WATE = WATE*BIAS*EXP(-EM*(2.-1. (mn
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Subroutine GEYNT(N

Three entry points are used in this routine. Entry SETHT saves the
sddress (in words) of the first ce’ vailable for the neutron bank in blank
common and returns the address of ... last cell it will use. Entry
STYRET(N) stores values from common NUTRYN into the 3B get of locations
in the ncutron bSank and Eatry GEIWT(N) does the reverse; it picks up

variables from the bank and puts them in common NUTRgK.

Called from: INPUT (SETNT), MJRSE (GETST), MS@UR (STORNT), FSPUR (STYRNT),
guTPT (GET®T).
Commons required: Blank, NUTR@N. The area of blank common used for the
neutron bank is shown in Fig. 3. Notice that IG,
NAME, RAMEX, NMED, and BREG are stored in 2-byte words
(and are therefore limited to < 65535), symbolized by
a dotted line splitting the normal 4-byte word.
Variables required:
SETNT: NLAST
EMJST
GEINT: N
STJRAT: N, MAME, NAMEX, EMED, XREG, IG5, U, V, W, X, Y, Z, WATE,
BIZNT, AGE (fivom NUTRGN common, see page 12)
Variables changed:

SETNT: KLAST
GETNT: variables in common NUTRUN required by SETNT above,
STYRNET: 12 consecutive locations in blank common. .

Significant internal variables:
NEJ - location in riank common of start of neutron bank.

DU B Sl LT VAT K M P e R e g Y s e M ) e s bR e
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NLAST before ),
SETNT call
(stored in MWg) (umased ) R
1G
% U
V']
W
X
Y
Z
WATE > parameters for neutrom 1
AGE
BLZBT
NAME
P -------
NAMEX
NMED
/
(unused)
o - - parameters for neutrom 2
iG
similerly for up to NMPST neutrons
NLAST after.. ), NMED
SETNT call - - - - parameters for neutron NMMSST
KREG

Pig. 3. Layout of the Neutron Bank in BElank Common




ENTRY
SETNT

NLAST,NMSST)

SAVE STARTING
ADDRESS OF BAKRK

IN NNy

INCREMENT NIAST BY
SIZE OF BANK (12*NM§ST)
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Subroutine GETNT(N)

STYRNT (N)

STORE VALUES
FROM /NUTRgN/
INTO Kth

LOCATION IN

(=)
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Subroutine G@MST (TSIG, MARK)

The end-of-flight coordinates are computed assuming the sterting
medium extends infinitely. The proper data are stored in GE@MC before
calling GEM and is restored after the CE@M call. If the flight is
starting in interior void (NMED = 1000), velocity components (or direction
cosines) rather than an end point are given to GEgM. If an albedo medium
is encontered the flag NALB is set to the albedo medium number, and then
NORML and GPMFLP are called, respectively, to determine the normal to the
surface encountered, and to reset certain parax-ters for GEfM to use later
in going awvay from the albedo surface.

Called from: NXTC@L.

Subroutines called: GE@M, N@RL.
Functions used: SQRT (library)

Commons required: AP¢LL@, NUTRJN, GEGMC

Variables required:

X¢LD, Y@LD, ZdLDL * { from NUTRgM common, see page 12)

U, VvV, W, NREG

IBLZ@ - packed word cortaining block and zone numbers for starting
point,

ETATH - distance to be traveled (in cm) if the flight remains in
the starting medium,
MARK - initial value of flag used by GE¢gM,
TSIG - total cross section of starting point medium,
ETA - flight distance in m.f.p.
Variables changed:
X, Y, Z - end point of flight,

NALB - albedo flag (= MEDALB or 0),

MARK - flag indicating type of termination of flight,

ETA - actual flight distance (in m.f.p.) if albedo collision occurs,
NMED - medium of end point,

NREG - region of end point,

ETAUSD - actual flight distance (in m.f.p.),
IBLZN - block and zone of end point,

ETATH - actual flight distance (in cm).
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Subroc-ine GEMST (TSIG,MARK)

RE S G

COORDYIMATES, HBLOCK
AND ZONE WOMBERS

i |
- STORE END o) IS FLIGHT ) ¢~ STORE DIRECTION
T IN STARTING IN AS ERD POINT
"‘;,,‘,.c, INTERMAL VOID? /(WMED = 1000) ™ /cRuc/

c¥ FLIGHT IN X, Y. Z
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Subroutine GPRJB

This subroutine is the executive routine for the generation and
storage of secondary gsmma rays (or neutrons for an adjoint, coupled prob-
lem). The probability of generating a gamma ray is determined and the
resulting gamma-ray weight, WATEG, is campared with input values of the
desired gamma-ray veigit, GWL. Russian roulette and splitting are used
to produce gamma rays of weight GWL. That is, if the gemma-ray weight is
less than the input values, then the gamma ray is killed with probability
(GWL- |WATEG|) /GWL and stored with prcbability ( [WATEG|)/GWL. If the
gamma-ray veight is greater than the input value, then there are J =
VATEG/GWL gamma rays stored with weight GWL with Russian roulette played
with the remaining gamma ray of weight WATEG - J#GWL.

Ancther version of GPRfL which has been found to be more useful in
some cases does nut use GWL as a desired gamma weight but instead uses it
acs the probability of generating a gamma ray. Thus, a random number, if
compared with GWL, and, if greater, no gamma ray is generated; if less than
or equal, then a gama ray with weight = WATESPGEN/GWL is stored. This
procedure produces gamma rays of varying weights, but the number of gamma
rays may be controlled easily.

Called from: WJRSE
Subroutines called: GAMGEN, GST¢RE, HELP, ERR¢R.
Functions used: SIGN, ABS (library).
Commons required: Blank, KUTR¢GN, APYLLY.
Variables required: IG - primary particle energy group,
NMED - geometry medium,
WATE - primary particle weight,
GWL
NREG - geometry region,
NMI'G - total number of particle groups,
MXREG - number of regions for which there are
weight standards.
Significant internal variables:
WATEG - gamma-ray weight .

input weight values for gamma rays,

PCEN - gamma-ray generation probability.




by

Subroutine GPRB

(soua)

CALL GAMGEN 70 FIND

GAMMA-BAY GROUP AND GENERATION

PROBABILITY

GAMMA-RAY WEIGHT

{ LOOX UP INPUT VALUES OF |

WEIGHT FROM GENERATION

CALL GSTORE

T0 STORE A GAMMA

CALL GST$RE

GdL < O
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Subroutine GSTYRE (W8G, IGG)

This subroutine checks tc see if there is room in th.- bank, and if
so stores the significant variables for the genernted gamma ray (or neutron
in an adjoint coupled problem). Since the information in NUTRGN common
is stored, the current neutron parameters must be saved temporarily and
then restored. It is assumed that the gamma ray is emitted uniforrly
in direction. An option for analyzing the generated gamma ray is provided
through the BANKR interface.

Called from: GPR¢B.
Subroutines called: GTIS@ (U, V, W), ST¢RNT (NMEM), BANKR (k).
Commons required: NUTRPN, APYLLQ.
Variables required:
W8G - gamma-ray weight,
IGG - gamma-ray energy group,
L#CNSC - location in blank common of cell zero of scattering counter
arrays,
NMEM - last location in bank that has been used,
NMJST - maximum number of particles allowed in the bank,
NMI'G - total mumber of energy groups,
MXREG - maximum region number,
IG
NREG
WATE (from NUTRgN common, see page 12)
NAME
U,vV,W
Variables changed:
NMEM - last location in bank that has been used,
NEWNM - the gamma-ray name.
Significant internal variables:
U,V,W - direction cosines of gamma ray.
Limitations: Isotropic gamma-ray emission.

s i
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Subroutine GST@RE

STORE TEMPORARILY THE

NEUTRON NAME, WEIGHT,

ENERGY GROUP, DYRECTION
COSINES

A =
CALL GTISP(U,V,W

I—Lnssmns KEUTEON |
| PARAMEIERS

| INCREMENT GAMMA-RAY COUNTERS

NPSCL( 4)
NGAM )} ENTERING AND
WGAM J LEAVING COLLISION

CALL BANKR(%)

(ANALYSIS OF GAMMA SOURCES )

o)

COUNTER OF
GAMMA RAYS LOST

W L R A
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Sudbroutine INPUT

The basic functions of subroutine INPUT are to read, from cards,
the basic problem description, and to print out this information, to initialize
parameters, to perform some initial transformations on basic problem data,
and to call other more specialized routines that perform similar initializationms.
As an example, several group indices must be set differently depending
on whether the problem is a neutron only, gamma only, or combined neutron
and gamma. If an adjoint problem is being done, many quantities must be
stored differently since all values are input as though a forward calcula-.
tion was being done. For complete details, refer to the flow chart.

Called from: MJRSE.
Subroutines called:

DATE - provides EBCDIC string containing day of week and date,

SPRIN - reads cards E, sovrce spectra and relative importance of

source groups, if biasing is desired,

REDIN - stores initial random number,

RNDJUT - retrieves current random number,

JOMIN - reads geametry data,

XSEC - reads cross-section dats,

SETNT - sets up neutron bank,

EXIT - library,

SCPRIK - vcer rouatine for reading analysis data,

GAMGEN - provides gamma-generation probabilities,

FISGFN - provides fission-generation probabilities.

Functions called:

ICgMPA (A,B,N) {library function at Oak Ridge National Laboratory -
compares, bit by bit, N bytes of locations A and 3; returns
zero if A and B are identical)

MODEL - (1jbrary function at Oak Ridge National Laboratory which

determines the model of the computer)
Commons required: Blank, GE@MC, BANK, USER, ENKNMC, NUTR¢N, APYLLY,
FISBNK, N@RMAL.
Variables input: (see definitions of variables in common APYLLY, ITUTRGN,
USER, pages 8, 12, 167, A more detailed listing of input is given
in Appendix C.)
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CARD A (20AbL)
Title
(Any character other than a blank or alphameric in column one wili
terminate the job.)

CARD B (14IS)

NSTRT, NMAST, NITS, NQUIT, NGPQTN, NGPQTG, NMGP, NMTG, NC@L™P,
IADJM, MAXTIM, MEDIA, MEDALB

CARD C (kI5,5E10.5)
ISGUR, NGPFS, ISBIAS,(unused), WPSTRT, EB@TN, EB@TG, TCUT, VELTH
CARD D (TE10.4)
XSTRT, YSTRT, ZSTRT, AGSTRT, UINP, VINP, WINP
CARDS El1 (7E10.h4) (skipped if IS@UR > 0) (read by SPRIN)
FS(I), I =1, KGPFS
CARDS E2 (TE10.4) (skipped if ISPUR > 0) (skipped if ISBIAS < Q)
(read by S@RIN) -
BFs(I), I = 1, NGPFS
CARDS F (7E10.4)
ENER(I), I - 1, NMT'G
CARD G (215,5X,36I1,5X,1311)
NAISTR, NHISMX, (NBIND(J),J=1,36),(NCgLLS(J),J=1,13)
CARD H (212)
RANDGM
CARD I (1415)
NSPLT, NKILL, KPAST, B¢YLEAK, IEBIAS, MXREG, MAXGP
CARDS J (615, 4E10.5)
NGP1, NDG, NGP2, NRG1, NDRG, NRG2, WTFHIH1, WTLgW1l, WTAVEl, PATH
(read until NGP1l < 2)
CARDS K (TE10.4) (szipped if IEBIAS < 0)
( (EPR¢B(IG,NREG) ,IG=1,NMI'G) ,NREG=1, MXREG)
CARD L (14I5)
NS@UR, MFISTP, NKCALC, NJRMF
CARDS M (TE10.4) (skipped if MFISTP < O)
(FPWL@(1) ,1=1 MAREG)
CARI 3 N (TE10.4) (skipped if MFISTP < 0)
(FSE(1G,IMED) ,1G=1 ,NMGP) ,IMED=1 ,MEDIA)
CARDS O (TE10.4) (skipped if NGPQTN or NGPQTG = 0)

-t -

e e T .

PO L ORI o - o cpmi - 1
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((GWL@(IG,NREG) ,IG=1, NMGP or NMT'G-NMGP), NREG=1, MXREG)

JOMIN called for gemmetry data
XSEC called for cross-section data
SCURIN called for analysis data.

Variables changed:
All in common USER - set for use by anslysis routines,
All in common NURMAL - zeroed,
A1l in common G¥PMC - zeroed,
All in common NUTR@N - filled with junk word (h8h8h8h816),
All in common APYLLY - except I1, I0, 1TIME, NLAST are filled with

Junk vord,

MAXTIM
DFF )
NGPQTO
NGPQT1 } for definitions, see common APPLLY, page 8,
NGPQT?2
NGPQT3
NWPCYL y
NCOLPR
RANDZM - set to internal number by REDIN if zero is read im,
MAXGP - set to 1 if O is read iu,
MXREG - set to 1 if O is read in,
MGPREG - MAXGP*MXREG
LPCWTS
L@CFVL \
L@CEPR
LUCNSC
L@CFsN
NGEgM
NLAST

and diagram of energy group structure, page 11

$ for definitions, see common APJLLY, page 8

NSIGL
NFISBN

[ >4 &.—(



Wsw——— T [

56

ISVGP = EMGP
3MCP = 0

YSTRT, YSTRT, zsm AGSTRT, UIrP, VINP, WINP

ZERO BLANK COMMON CELLS
1 TO L*NMIG

DFF = 1.C
DDF = WISTRT

NGPQTO = 0
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NP

READ: CARDS F (7E10.%
NEMIG VALUES OF UPPER
ENERGY LIMITS OF GROUFS
INTO CELLS 1 TO NMIG
OF BLARK COMMON

IS SOURCE
SPECTR'M TO
BE INPUT?

4~

ISPUR < O

CALL SPRIN(DFF,NGPPS
READ: CARDS E(7E10.4)
NGPFS VALUES OF FS
AND, TF ISBIAS > 9

CALCULATE VELOCITI®S
AS VEIOCITY OF MEAN

ENERGY IN GROUP.

STORE IN BLANK COMDN CELL
NMIG + GROUP NRMBER
STORE VELTH IN CELL Bk + NMGP

NGPFS VALUES OF BFS
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PRINT: ADJOIRT MESSAGE |

"M = mM1G/2 |

1/§: CARD G (215,5X, 26I1,5X,1311
HISTR, NHISMX, (RBIND(J), J=1,26
(NegLIS(3), J = 1,13)

.

),

STORE SUM OF NBIND IN RWPCPL
NCYLPR = 253/NWPCHL

I PRINT GOLLERITH NAMES CORRESPONDING
T0 EACH POSITIVE VALUE OF

CALL RNDGUT (RANDGM

I/§: CARD I (1815
NSPLT, NKILL, NPAST, NPLEAK, IEBIAS,

MXREG, MAXGP

IF MAXGP < 0, SET MAXGP =
IF MXREG < 0, SET MXREG =
MGPREG = MAXGP*MXREG

LR A P N
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LOAD /USER] WITH
I1, 10, NGPQT1, NGPQT2,
NGPQT2, NITS, NMGP, NMT3,

NSTRT, IADJM, TCUT,
WISTRT, XSTRT, 'STRT, ZSTRT,
AGSTRT, DFF. NGPQIG, |

NGPQTN

} R

CALCULATE STARTING POTRTS
FOR ARRAYS IN BIANK COMMDN:
WHTS; mumy WCHR,
14CRSC, L#CFSN

t 2ERO BLARK COMMDN #ROM
I4CWIS + 1 TO LYCFSN + 2*NMTG*MEDIA

SWITCH NGP1
AND NGP2 TO
ADJCINT VALUES
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TE10. &)
((W(mm) ,IG=1 ,IMGP OR NMT'G-NMGP)
RREG = 1, MXREG)
STORE TN BLANK COMMON
(IN REVERSE ORDER IF ADJOINT)

[ STORE JUNK WORD IN BLANK |
COMMON CELLS #GEM + 1 l
TO NLEFT

| CALL R , I1, 1I0)
READS GEOMETRY DATA IN:
RETURNS NUMBER OF CELLS USED IN

RSTYR (NGEM)

MEDIA, NLAST, NMGP, NMIG, nmm 10, I1)
READS CROSS SECTIONS IN AND SETS
UP PROBABILITIES

O

-
s

@ -
-

Y AT Y R 4
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NLAST = NLAST + 7*RM§ST
|_(FISSION BAMK SET UP)

ZERO IC IN THE BANK }

CALL RIN
USER KOUTINE WHICH
READS IN NECESSARY

ARALYSIS DATA
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Punction TWEEX (M@TH, IDAT, IYEAR)

This routine will lock up the date for you if you don't know it and
£i11 in integer values for MJNTH, IDAT, and IYEAR (requested with M@NTH
< 0). It also returns, as the function value, an integer from 1 to 7
representing the day cf the week. If it is given a positive value of
MJBTH, it aussumes you have given it a month, day of month, and year and
wvill not disturdb these but will simply determine the day of the week.

If you stump it (by specifying a year before 1901 or after 2039) IWEEX
is returned as zero.

Called by: DATE

Routines called:

IDAY - library routine at ORAL; the output is two h-byte words con-
taining 8 EBCDIC characters representing the number of the
month, a hyphen, the day of the month, a hyphen, and the last
two digits of the year. That is, on May 30, 1970, the argument
for IDAY will return containing the EBCDIC representation of
05-30-T0.

Variables required:

MJTH < 0 - flag to calculate M@ETH, IDAT, and IYEAR.

> 0 - flug to leave arguments alore.
Variables modiried:

MJRTH - integer representing =manth

IDAT - integer representing day of month

IYEAR - integer representing year

IWEEK - integer representing day of week.

e e o R o e, i, dpain SN
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Punction IWEFK (MJSTH,IDAT,IYEAR)

RS

(MINTH < 0)

CALL IDAY(IDA) |
FOR EBCDIC DATE |

CALCULATE IWEEK, THE INTEGER
REPRESENTING THE DAY OF THE
WEEK W)R THE GIVEN DATE

(s )

UNPACK INTO
MPNTH, IDAT,
AND IYEAR

« oty
A



Subroutine IR

MSPUR is the executive routine for the generation and storage of
the source parameters at the starting of each batch. The source parameters
may be read into INPUT on cards, generated by subrcutine S@URCE or ob:ained
from the fission bank for a multiplying system. For either type ci problem
the calculations by subroutine SPURCE override tke fission bank input or

the velues read from curds. If the direction cosines are all input as
zero, an isotropic source direction is generated. The group number obtained

from the fission bank is the group causing fission and may be used in the
selection of the source group for the fission neutrons. FSE in blank cosmop

contains the group distribution for each mediua.

Called from: MJRSE

Subroutines called: FS@UR, GETNT, SPURCE, GTIS¢, STYRET, BANKR(1),
LOgKZ

Commons required: NUTRGN, FISBNK, APGLLY, GEMC

Variables required:

ITSTR - an indea vhich determines if the source should be obtained
from the previous datch fissions (ITSTR # 0) or generated
by S@URCE or from input data (ITSTR = 0)

ISJUR - an index which determines the options for the energy
distribution of the source. If ISJUR ) O the source
energies are all generated in energy group ISPUR. If
ISGUR € 0 subroutine INPUT calls SYRIN and the energy is
selected by S@JRCE

NMEM - the number of particles to be generated for the batch

= NSTART for non-fissioning systems and NFISH for multiplyirg

systeas
XSTRT, YSTRT, ZSTRT
WISTRT, AGSTRT starting parameters input from cards,
UINP, VINP, ZINP from common APJLLP, see page 8

Variables changed:
U4LD, VPLD, W¢LD, ETATH, X#LD, YSLD, Z¢LD, IBLZ@, ETA, IGH,

MEDJLD, @GLDAGE -~ previous collision parameters are zeroed for the source.

@LDNT - previous collision veight set equal to WPSTRT
X,Y,Z, WATE, AGE, NAMEX,

IBLZN, NREG, NMED, NAME, parameters set for each particle generated,
U, V. W. IG put in NUTRGN common, see page 12
b4 9 ?
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NPSCL{(1) - counter for number of sources
NEWNM - set tc name of last particle generated
FTYTL

FHATE zeroed for the next batch

NFISH

N O

R R VR

“
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Subrcutine MSPUR

INITIALIZE THE FOLLOWING PRECOLLISIOR
PARTICLE PARAMETERS:

UBLD - o. gLIMT = WISTRT

VD = . ETA = O.

WiLD = ). 16§ = 0.

ETATH = O. MEDgLD = O.

XD = 0. ¢LDAGE = O.

LD = O. I8LZg = O

Zg1D = 0.

&

ARE THE PARTICLE PARAMETERS T0 BE\ yarpn .
CBTAINED FROM INFUT DATA OR FROM
OATA STORED IN THE FISSIOR BARK?

ISTR|£ O

[CALL FS@UR TO TRANSFER THE NEUTRON
PARAMETERS FROM THE FISSION BANK
T0 THE NEUTRON BANK

I

WERE FISSION NEUTROKS PRODUCED.\ YES
DURING THE PREVIOUS GENERATIONY NMEM > O

KO
NMEM < O
= NMEM
= 0.0
FWATE = 0.0
NFISH = O

CALL SOURCE TO OBTAIN OK
ALTER X,Y.7 WATE AGE,U,V,W,IG
(IG MUST BE SET FOR
A FISSION PROBLEM)

CALL
T0 FIND REGION, MEDIUM
AND BLOCK WUMBERS

SET THE FOLLOWING SOURCE
PARAMETERS FOR EACH PARTICLE

NAME HMED
IBLZN U,V ¥
HREG

[
AL ST T RSP T

PARTICLE PARAMETERS INTO THE BANK

[ INCREMENT SO |um"3' > PARTICLE |

COUNTER NPSCL(1)

m'm_iﬁ*ﬂm

ANALYSIS OF SOURCE EVENTS

HAVE ALL PARTIC RO

BEEN STORED? R < NMEM

WM:»-#MM P
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Subroutine NXTC@L

This subroutine is called by the main program to determine the spatial
coordinates, the block and zone number, particle's age, and nonabsorption
probability at the next collision site and at every boundary crossing

encountered alorng the wvay. The total number of boundary crossings is-

recorded as is the number of escapes. If a particle escapes, its weight
} is set equal to zero and the history will be terminated by the main pro-
gram.

Called from: M@RSE
Subroutines called: GETETA, NSIGTA, G@MST, BANKR(7}, BANKR(8). |
Commons required: Blank, NUTR$N, AP@LLg
Variables required:

AGE - chronological age of the particle at the previous collision site,

BLZNT - a packed worc containing the block and zone number at the

previous collision site,
NMED - the medium number at the previous collision site,

X@1.D, YPLD, ZPLD - spatial coordinates at the previous collision site,

S T IR

UPund, Vi, weuiw = St o laci& e preccrlislfi ALI0CLIon wok.aee
TSIG - total cross section.
Variables ckanged:
AGE - chronological age at new collision site,
BLZNT - a packed word containing the block and zone number at the new
collision site,
NMED - end-of-flight medium,
NPSCL(7) - total number of boundary crossings,
NPSCL(8} - number of escapes,
X, Y, Z - end-of-flight spatial coordinates,
WATE - weight of particle undergoing flight to the new collision site.
Significant internal variables:
MARK - an index which identifies tae type of event at (X,Y,Z);
MARK = O, normal boundary crossing, MARK = 1, flight ended
within the medium, MARK = -1, particle escaped, MARK = -2,
particle entered an interior void,

ST T T rmyemm—m——m—m—

ETA - mean-free paths of flight remaining afte: a boundary crossing,
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ETATH - total distance that a particle would travel if the medium at
the starting point was extended indefinitely,

ETAUSD - mean-~free paths of flight consumed vhile traversing a given
medium,

A pawa \ B -
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Subroutine EKXTCYL

()

CALL GETETA TO OBTAIK THE TOTAL MEAN-FREE PATHS
OF PARTICLE TRAVEL (ETA) AND THE PARTICLE'S
CORRESPONDING WEYCRT (SKIP IF LiST COLLISION

WAS AK ALBEDO SCATTERING)

,( IS'EBS!AJEEII}POI!T \ s

LOCATED IN AN INTERIOR VOIDY/™ gD = 1000

CALL ESIGTA TO OBTAIN TOTAL CROSS
REDUCE EIA BY THE SECTION (TSIG) FOR THE MEnyim
MEAN-FREE-PATH T0 BE TRAVERSED 1
DISTANCE TRAVELED ]
BETWEEN BOUMDARY _ l ;
CROSSTNGS, CALCULATE THE DISTANCE THAT A PARTICLE |
ETA = ETA - ETAUSD TRAVEL IF THE METTUM WAS EXTENDED IWDEFINITELY

ETATH = ETA/TSIG

CALL CAl MST 10 ORTAIN THE COORDINATES OF
FOR USER ANALYSIS NEXT EVENT (X,Y,Z), THE DISTANCE
| OF BOUSDARY CROSSIMGS (ETATH AND ETATSD), AND MARK WHICH
IDENTIFIES THE TYPE OF EVENT. !
l !
IF (X,Y.Z) IS ON A ALBEDO SURFACE ‘
ETA = EPA — ETAUSD
cmssmm Emmnnm(mmot\m(m=-1)
s Bovndary \ EVENT AT (X,Y,2)
msc(l) Crossing /
(MRK = O or -2) Real
Collision TERMNATE HISTORY,
(MERK = 1) SET WATE = 0

1 i)
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Subroutine @UTPT (KEY)

This routine controls the calculation and output of the average values
of the source parameters (beginning of the batch, KEY = 1) and the ccllision
counters at the end of each batch (KEY = 2). At the end of the run (¥XY
= 3), results for the number of scatterings, the ways in which the particles
were termineted, and the counters for splitting and Russian rculette
are printed.

For K calculations, the estimate of k at the end of each batch is
output, with the final value of k and its staidsrd deviation output at

the end of the run.

In addition, thz c.p.u. time used is output for each batch.

Called from: MJRSE
Subroutines called: TIMER, REDJUT, GETNT, QUTPT2
Commons required: Blank, NUTR¢N, AP@LL@, FISBNK
Variables required: (nearly all variables from NUTR¢N common, see page 12
for definition)
NITS, ITERS, NMEM, RANDgM
NPSCL(I) -
N@RMF, NFISH, NKCALC, NSPLT, NKILL (from common APYLLY, see page 8)
Significant internal variables:
FNKFV - a running count of the total number of particles starting,
SWATE - the sum of the source particle weights,
FKSUM - running sum of the k values weighted by the number of
particles starting the batch,
VARK - running sum of the square of the k values weighted by the
number of particles starting the batch,
NITSK - number of batches used for k calculation.
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Subroutine GUTPT (KEY)

START OF BATCH END OF RUN

SCATTERINGS FOR
EACH MEDIUM

@: FGMBER AND WEIGHT OF
SCATTERIEGS FOR EACH RNERGY
GROUP, REGION AND TYPE OF

ARE THE FISSION
FARAMETEES 10
BE RENORMALIZED?

3: B A9 »
TOTAL FISSION WEIGHT, TOTAL
WEIGHT OF BANKED NEUTRON,
TOTAL NUMEER OF FISSIONS

- .

L R R,

R T N ST My Mo -
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Subroutine GUTFT2 (NI, WNI, MAXGP, MXREG, I¢)

This sutroutine is used to output tne number (NI) and weight (WNI)
counters indicating the results of Russian roulette, splitting, and
scatterings for the complete problem. The output arrays depend on »egion
and energy group.

Called from: @UTPT
Variables required: NI - the two-dimensional array to be output,
WHI - the twc-dimensional array to be output,
MAXGP - the lsargest group for which Russian roulette
and splitting were considered,
MXREG - the number of regions for weight standards,
19 - logical output tape number.

Subroutine @UTPT2

OUTPUT: HEADING A®D |
REGION NUMBERS

[ OUTPUT: HEADING |
>

———e
OUTPUT COUNTERS
FOR ALL REGIORS

o VE RESULTS FOR
ALl, GROUPS
BEEN OUTPUT?
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Subroutine SPRIN (DFF, NGPFS)

The source energy spectrum (in group form) and, if needed for tiasing,
the relative importance of source groups, are input and transformed to
curulative distribution functions {(c.d.f.) by this routine. (Note that
the biased spectrum is not input but rather calculated by S@RIN.)

Forwvard and adjoint cases are handled automatically. If an adjoint problem
is heing done, the c.d.f.'s start at 1.0 and decrease with group so they
will be in the correct order after INPUT reverses the arrays. NGPFS

values of the natural spectrum (referred to as the array FS) and, if
requested, the relative importance (referred to as the array BFS) are

input into blank common. After FS is input the summaticns DDF over groups
1 to NGPFS, and DFF over all groups actually being used up to NGPFS are
formed. DDF is replaced by (DFF/DDF)*WISTRT for use, in S@URCE, as a
veight correction when less than NGPFS groups are being used in the pro-
blem. DFF is transferred to common USER for use by the analysis as a
normalization in adjoint problems. It should be noted that the array

FS, as input, is treated as fractions of particles to be emitted in the
natural distributions, but, for the adjoint case, should consist of averages

over the group width, not integrals.

Called from: INPUT
Functions used: ABS  MAXO (library)
Commons required: APYLLY
Variables required:
NGPFS - number of values of FS (and BFS) to be read,
NMI'G - total number of groups in cross sectionms,
NGPQTK - number of neutron groups,
NGPQTG - number of gamma-ray grouns,
NMGP - number of primary particle groups in cross sections,
WISTRT - starting particle weight, as input,
IADJM - positive for adjoint problem, ¢ 0 for forward,
ISBIAS - source bias switch, biasing used if > O.
Variables input:
Fs(1), I=1, NGPFS, and
it ISBIAS> O, format (TE10.4)
BFS(I), I=1, NGPFS

he
‘. smmnene
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Variables changed:
DFF -~ summation of FS over groups beirg used in problem,
DDF -~ ratio of DFF to summation of FS over NGPFS groups, times
starting weight.
Significant internal variables:
NGPQT - set to NGPQTN if neutron only or combined problem,
set to NGPQTG if gamma only problem,
NGl -~ set to the largest of NGPFS, NGPQTN, NGPQTG for single particle
provlem, set to RMGP+1 for combined probiem,
NG2 -~ set to NMGP+NGPQTG for combined problem,
irrelevant for single particle type problem.
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WITH BSF(1)*¥S(I)

F_—ron‘lx_ﬁ_—

nrQr G2
wF - ) mes(1) + ¥ )
1-1 1801




IS SOURCEY

YES

BIASED?

NO

PRINT FS
ARRAY

ISBIAS > O

PRINT FS AND
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Subroutine TESTW

TESTW is called after a particle is withdrawn from the bank and then
after each collision. A test is first verformed to determine if the
Russian roulette and splitting options have been specified. Then a com-
parison of the particle's weight is made with the Russian rculette weight
standara WTLJR to determine if the particle will experience Russian
roulette. If the particle is killed, its weight is set equal to zero,
and if it survives it assumes a nev weight, WTAVE, vhich is designated

by the user.

If Russian roulette is not performed, a comparison of the particle's
weight is made with the splitting weight standard WTHIR to determine if
the particle should be split. If the particle is split, each of the two
particles will assume a weight which is half that of the original particl-.
One of the peair is given i name not in current use, and then placed in
the bank. The splitting process is repeated on tke remaining particle
until the particle's weight falls below the splitting standard WTHIR.

Called from: MJRSE
Subroutines called: BANKR(11), BANKR(12), ST@¢RNT, BANKR(2).
Commons required: Blank, NUTRGN, AP¢LLY
Variabies input:
IG, MAXuP, NKILL, NSPLT,
NMST, NMEM, NEWKM } from common APJLL@, see page 8
WTHIR .- weight standard for splitting,
WIL@R - weight standard for Russian roulette,
WTAVE - weight assigned to particle which survives Russian roulette.
Variables changed:
WATE - the weight of the particle after splitting or Russian roulette
and Just before its next collision,
NMEM -~ the new number of particles in the bank,
NEWNM - the names of the daughter particles created by splitting.


http://sp3.it

81

SPLITTINC TO BE PERFORMED?

[ CALL FOR THE RUSSIAN ROULETTE AND SPLITTIFG
WEIGHT STANDARDS: WTHIP, WTLZR, WTAVE

S PARTITLE'S

INCREMERT R.R. KIII " UNTERS
FOR BATCH (NPSCL(1i. AND RUN

CALL nm:ﬂ¥1) FOR
R.R. KILL ANALYSIS

RETURN

WTR 751 70 DETERMINE
IF THE BANK CAN
o \ACCEPT A KEW PARTICLE
WATE = WIAVE YES
__ WATE - WATE®0.5
INCREMENT R.H. SURVIVAL COUNTERS FOR T

BATCH (NPSCL(12))AND RUN

[ CALL BANKR(1Z) FOR R.R.
SURVIVAL ARALYSIS

[PLDWT - WATE |

RETURN

[ RE-ESTABLISE ORIGIMAL PROPERTIES

[ESTABLISH IDENTITY AND |
PROPERTIES OF THE
DAUGHTER PARTICLE

DATA ON DAUGHTER PARTICLE |

FOR BATCH RPSCL(2)

[CALL BANKR(Z) FOR SPLIT

DAUGHTER ANALYSIS

OF THE PARENT PARTICLE EXCEPT
FOR ITS WEIGHT WHICH HAS BEEN

REDUCED BY ONE-~HAIZ?

INCREMENT SPLITTING

WEIGHT
GREATER THAN WTHIR?
YES

COUNTERS FOR RUN
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Subroutire TIMER (L,A)

Upon entry to this routine, L is an index having values of -2, -1,

0, or 1, which specify cne of the following options:

L Option
-2 Initialize local and global clocks
-1 Read global clock
Read and reset local clock
1 Read local clock.
For all except L = -2, the appropriate cleck rea

T o AnwmIrs A A -
ilig 15 <cJolivervea o i

EBCDIC string of up to 39 bytes. If the number of hours is zero, only
T

minutes and seconds are provided.

are zero, only the number of seconds is provided.

f both the number of hours and minutes

If all three are zero,

the string is 'LESS THAN ORE SECOND'. The number of L-byte words necessary

to contain the string is returned in L.
Typical Usage:

DIMENSI@N ARRAY {iQ)

CALL TIMER (-2, ARRAY)

Dg1I=1, 10

LENGTH = O

CALL TIMER (LENGT.{, ARRAY)

1 PRINT 2, I, (ARRAY(J), J = 1, LENGTH)

2 FYRMAT ('TIME REQUIRED FYR THE' ,I4,' TIME THRU THIS L@¢P WAS ',10Ak)

LENGTH = -1
CALL TIMER (LENGTH, ARRAY)
PRINT 3, (ARRAY(I), I = 1, LENO™)

3 PYRMAT ('T¢TAL TIME FYR THIS CALC. WAS ',10Ak)

Called by: MJRSE, @UTPT

Rout:ne3 called:

ICL@CK - 1ibrary function at Cak Ridge National Laboratory; returns

reading of computer timer {c.p.u. time) in hundredthc of seconds.

INTBCD - library subroutine at ORNL; converts a LU-byte integer to an
EBCDIC string; also returns the length of the string.




e e pp—r ————

INSERT ~ library subroutine at ORNL; inserils a string of given length
at a specificzd point in anotker string.
Variauples required:
L - see abtove
Variables modified:

A - see above.

ﬁ '{1.!-.’!
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Subrout.

E'rzcmcx

=4

[RESET IL¢C |

—
DECODE IT INTO
IH - 0. OF HOURS

IS - KO. OF SECONDS

ine TIMER (L.A)

-2 | sET TLGC AND

IGLgB TO CLOCK

IM - NO. OF MINUTES [€

'LESS THAN ¢NE SECYED.'

7
S
>
"ou

CONVERT IS TO EBCDIC AND
INSERT IN A

| ADD 'SECGND.' TC A |

INSERT 'S' AFTER 'SECGND' IN A |
] |

CONVERT IM TO EBCDIC
AXD INSERT 1IN A

2
{ INSERT 'MINUTE,' IN A |

NO

| INSERT 'S' AFTER 'MINUTE' IN A |

¢
CONVERT IH TO EBCDIC
AND INSERT IN A

INSERT 'S’ AFTER 'HOUR' IN A |

A
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ITI. Multigroup Cross-Section Module

The function of this module in the muitigroup Monte Carlo code is to
read ANISN-type cross sections for media or elements, mix several elements
together tc sbtain media cross sections, determine group-to-group iransfer
probabilities and determine the probabilities and angles of scattering for
each group-to-group transfer. All variables are flexibly dimensioned,
and are part of blank common. Many types of cross sections may be treated,
such as neutron only, gemma only, neutron-gamma-ray coupled or gamma rays
from a neutron gamma-ray coupled input. Cross sections for either a for-
vard or adjoint solution may be obtained, and the Legendre coefficients
for each group-to-group transfer may be retained for next-flight estimation.

The cross sections are read for one coefficient and one element into
a buffer area. Then these ~ross sections are decomposed into total,
fission, and downscatter matrix and stored in temporary arrays so that
they may be mixed to form media cross sections. The total and fission
cross sections are stored oaly once for an element, but the downscatter
matrix is stored for each coefficient. The cross sections are transposed

as stored if an adjoint problem is being solved.

After all cross sections are stored the contribvtion of each elemert
to the cross section for the media is determined. Also at this time the

sum of the downscatter vector for each group is determined for the future

C ere i 1B
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calculation of the nonabsorption probability; the gamma-production cross
section is also determined by summing the transfers o the gamma groups.
After the cross sections for the medium have been determined, the non- :
absorption probability, fission probability, and gamma-production proda-
bilities are formed by dividing by the total cross section. The downscatter
matrix is converted to a probability table by dividing by the scattering

cross section.

The Legendre coefficients for each group-to-group transfer are con-
verted to angles and probabilities of scattering at those angles oy the
use of a generalized Gaussian quadrature using the angular distribution
as a weight function., That is,

e g me
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f(y) ic any polynomia. cf order 2n-1 or less,
@(p) ic the angular distribution for u, the cosine of the scattering
angle,

is a set of discrete cosines,

is the probability of the corresponding cosirc.

Thus, a set of ui's and pi's that satisfy the equation must be found.

To do this, & set »f polymomials, Qi’ wvhich is orthogonal with respect
to the angular distribution, is defined such that

1
I 2 () @ (n) o(u) @ =&, X,
1

vhere K. is a normalization constant. i
i

The moments of the angular distributicn Hi, i=l, 2n-1, determine
the orthogonal pclynomials, Qi’ i=l, n. The desired cosines, s are
given by the rcots of Qn,

Qn(ui) =0,

and the corresponding probabilities are

nfl Qi(ui)]-l
@, = —————
1 lenr %)

In the process of deriving the ortnogonal polynomials, some restric-
tions on the moments of the angular distribution sre chizined. These
restrictions arise if toth the original digtribution and

- st A G w
©

distribution are to be everywhere non-negative. The restrictions are:

1) !i > 0 for i=1, n.
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This restriction may be written in terms of the determinant of

the moments:

1 “1 !l2 ...l!i

MM MM
]

l(i Ki . Hi+2 coe H2i

2) Tke roots of Qi(u) must all lie in the interval
-1 < us <1l.

It must be emphasized that the restriction arising from the original dis-
tribution being everywhere positive (or zero) does not restrict the trun-
cated expansion of the distribution to be everywhkLere positive. That is,
moments from s truncated distribution that is not necessarily everyvhere
positive are used to derive a discrete distributior with positive proba-
bilities.

Other characteristics of this representation are that the information
is compact, the angles are clustered where the angular distribution is
peaked, and because of the restrictions, cross sections that have blunders
in them ere rejected because they produce angles outside the range of -1
to +1. All of the variables used to locate cross sectioms occur in common
LYCSIG. Definitione of the variables vhich are set up in subroutine XSEC
are given in Table V. An outline of the storage of the cross sections
in blank common is given in Table VI. Other details of the cross-sectiom
module are given with the description of the various subroutines. A more
detailed description of the theory for the generslized Gaussian quadrature
is given in Apperdix B.
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Table V. Definitions or Varisbles in Common LYCSIG

e

Variadble Definition

ISTART starting location for the total cross-section vector for the
first medium

I13CCPG starting iocation for the scattering cross-section vector for
the first medium

INABIG starting location for the nonabsorption vector for the first
medium

IGANIG starting locat.om for the gssma-productiocn vector for the
first medium

IFPYRG starting location :or the v# fission probability vector for
the first medium

IFEGP starting location for the primary-secondary transfer proba-

bility matrix
IFSPYG starting location of the primary downscatter probability

matrix

IDSGYG starting location of tke secondary downscatter probability
matrix

TPRBNG starting location of tL- primary scattering angle probability
matrix

IPRBGG starting location of the secondary s~attering angle probabil-
ity matrix

ISCARG starting location of the primsry scattering angle matrix

ISCRGG starting location of the secondary scattering =rgie matrix
ISPYRG size of storage needed for each medium, not including Legendre
coefficients

ISPYRT® starting location for temporary storage of downscatter matrix

INPBUF starting location of input Buffer region for the I‘o table

IS IGYG starting location for temporary storage of tots) cross section
for element 1

INFPYG* starting location for temporary stroage of vi ¢

IABS@G starting location for temporary storage of downscatter matrix
for P, coefficients (primary groups,element 1)

L
IMSG! total storage required vy temporary storage

for element 1

"

M‘M | 31 % S
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Table V (cont.)

Variable Definition

AGP the number of primary grcups to be treated

NDS number of downscatters for NGP (usuaily equal to BGP)

NGG number of seccndary groups to be treated

NDSG number of downscatters for NGG (usually equal to NGG)

INGP number of groups for which cross sections are to be inmput

INDS number of downscatters for the IBGP groups

D number of media for which cross sections are tc be stored -
should be same as MEDIA (see common APYLLY, page 8)

RELEM nmmber of elements for vhich cross sections are to be read

EMIX rumber of elements times density operations to be performed

NC@EF number of coefficients, including P0

HSCT number of discrete angles (usually ICGEFIZI . ])

NTS number of downscatters for combined primary and secondary
groups (usually equal to NTG)

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

NDSHGP the number of locations needed for the doumscatter matrix for

the primary particle
NDSRGG the number of locations needed for the downscatter matrix

for the secondary particles

IADY same as JADJM (see common APGLIY, see page 8)

e indicator for stripping gamma rays from a coupled neutron
gamma-ray cross-section set - set equal to nmmmber of neutron
groups + 1

LgC same as LJCEPR (see common APYLLY, see page 8)

IRGS starting location of the indices for starting locaticz of ihe
downscatter vector for each group (primary)

IRSG same a3 above for secondary

11, 10 input and ocutput logical unit numbers

KKK a running index of the number of cross sections that have

already been read in (used in checking the element mmbers
obtained from tape)

IXTAPE logicel tape mmber of crogs-section tape if > O
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Table Y- {comt.)

Variable Definition

IDEL starting location for <lement identifiers wvhich determiae the
element cross sections to be read from tape

ITOML amount of storage for prina~y and secondary group dcwnscatters
per element

ITEMG starting location for temporary storage of dovuscatter matrix
for P, coefficients (secondary groups) for element 1

IRSG starting location of the mixing parameters

IRDSG svitch 2o print the cross sections and to test the card sequence

as they ¢re read if > 0 (tast card sequence only if = 0, and
does neithes if < 0)

switch to print creoss s=ectinr=z as they are stored i€ > O
svitch to print angles and prcbabilities if > 0

switch to print intermediate results of p's calculation if > O
svitch to print moments of angular distribution if > O

switch to signal that input “ormat is DTF-IV format if > 0;
othervise, ANISY format is assumed

flag to store Legendre coefficients if > O

switch to print results of bad Legendre coefficients if > O.

id d8did

'If Legendre coefficients are to be restored, then:
INFFAG - redefined by JEPUT as starting location of P
for secondary group for medium 1
ITYTSC - redefined by JHPUT as total storage required for all medis
for each Legendre coefficient
ISPORT - redefined by JEPUT as starting locetion of P, coefficients
for primary groups for medfum 1.

1 coefficients

- e Tt 7
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Table VI. Location of Permanent Cross
Sections in Blank Common

Location® Information Size
IRSG = NLAST  List of JaNMIX
Mixing Tatle
IBGS
Index to NGP
tGG(Pn-ary)
IPSG
Index to NGG
tGG(Secondary)
IDEL
List of Element NELEM=NCOEF
I.D. Numbers if IXTAPE > O
ISTAKT
xT BTG
ISCCOG
)X BTG
S
INABYG
zs/t,r BTG
IGABGG
tv/i.r BGP
IFPYRG
vtf/):T NTS
IFEGP
}'.-_'Y BGPsIGG
IFSPYG & (Mps+L) (NDS)
g’ 2
IDSciG £ (¥DSG+1) (EDSG)
g’ 2
IPRBNG . {=ps+1){MDS) XSCT
g’ 2
TPRBGG P, (¥pSc+1) (XDSG) RSCT
g8''g 2
ISCANG
Al' (#DS+1) (DS ASCT
g'¢ 2
AGC Y (NDSG+1) (ADSG
A, NSCT
8' g 2
ISPYRG
+ ISTART Repeat for ISPYRG
next medium

N OV

pare
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Location® Information Size
If ISTAT > O
ISPYRT
Pl Coeff. NDS#NMED
Primary
IKFPEG
Pl Coeff. NDSGu#NMED
Secondary
Repeat for (NDS + NDSG)#NMED®( RCOEF-2)
P, Coeff.
L
NLAST

E e — L -

»
Locations are for index of zero.

Total storage is NTG + NMED*ISPYRG + 3#NMIX + IX + LEG

where:

RTG = NGP + NGG
ISPPRG = LeNTG + NGP(1 + KGG)

v (22 (msan) (ams)

( 3
+ LQ'_!%EILI (¥DSG+1) (NDSG)

4

IX = NELEMsNCOEF if IXTAPE > 0
= 0 otherwise, and

LEG = (NDS+NDSG)#NMED*(NCOEF-1) if ISTAT > O
= 0 otherwise.
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Subroutine ALLDG
Tris routine is called upon encountering an albedo scattering surface

and provides the outgoing neutron parameters for the albedo collision.

The sample rouwtine performs specular reflection at the albedo
scattering surface. The requiremen.s of specular reflection may be
written as

I°N = -R°N,
and
IxN=RxN,
where I is the incoming neutron direction vector,
R is the reflected neutron directicn vector, and
N is the outward ncrmal to the surface {I°N < 0).
Manipulation of the above two equations results in

R=1 - 2(I-N)N.

Called from: MJRSE.
Commons required: NUTRGN, NJRMAL.
Variables required: U, V, W (from common NUTRJN, see page 12)
UNJRM, VNJRM, WNJRM - components of unit vector normal to boundary.
Variables changed: U, V, W.

Subroutine ALBDY

| REPLACE VECTOR I BY |

.
|
1
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Subroutine ANGLES (1G1l, JG1, MX)

This is the main executive routine for the generalized Caussirn
quadrature. First it calls GETMUS vhich uses the moments of the angular
distribution to determine the recurrence relations which generate the
orthogonal polynomials. In so doing GETMUS performs the check for N $ > 0,
which is one of the requirements on the moments. Next ANGLES calls FIND
in an iterative fashion in order to calculate the roots of the orthogonal
polynomials. FIND checks the roots to determine if the second restriction
on the moments, namely that the roots must lie in the interval (-1, +1),
is satisfied. Next ANGLES calculates the weight ractors associated with
each root in the Gaussian quadrature. Finally the angles and probabilities
vhich have been calculated are rearranged so that they appear in order of
decreasing probability. If the given moments do not satisfy the two
requirements, ther it is not possible to determine as many angles and
weights as initially requested. However, ANGLES determines as many as it
can from the data given.

NOTE: If 2n+l moments are given (and all are acceptable), then a discrete
distribution wvith n+l scattering angles may be determined. If only 2n
moments are given, then there is a certain amount of freedom in choosing

a 2n+l-st moment to ccmplete the calculation. In these cases AFGLES will
compute a value of u . (and hence of "2n+1) vhich is in the middle of the
allowed range for pu n+l and, using this value of u 1’ complete the calcula-
tion of a (n+l)-angle distribution.

Called from: JNPUT
Subroutines called: GETMUS, FIND, Q, EXIT, BADMJM, XSCHLP.
Commons required: MEAN, RESULT, MZMENT, LgCSIG.
Variables required:
IG1 indices of group-to-group transfer being
JG1 } calculated
NMIM - number of moments given,
XT(I) = M, i=1, NMJM,

> 0 print moments
M} < 0 do not print moments

MX - medium number

e e by SR a R

SROEPIN e e
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IPUN < 0 do not print error messages
> 0 print error messages

I¢ - output unit mmber,
HESCT - number of scattering angles expected.
Variables changed:
POINT(I) = X; = cosine of scattering angle for I=1l, NV+1,
Weight(I) = W, = probability of scattering angle for I=1, NV+l,
HM = number of u values accepted,
NV - number of 02 values accepted.
Significant internal wvariables:
60(I) - uys
VAR(I) - o2,

RJP2(1,J) - Ith root of Q(X),
NP = EV+1 = number of angles in discrete distribution,
NACC = NM+EV = number of moments accepted.
Output:
XMPMIT(I) = M, I=1, NMJNM.
Indices of group, number of moments accepted (only if mmber accepted
is less than number given.

e o maman il s o e A e e 4 dnns

e i i e tam,




e S ———

e e

» TR T Y T U e T
1 SR AR At S U At

R ™ R

s,

SIRELTUN P PR

ot o

azqmnt
1

1t1:3 calculated

values are positive, MHEY = pumber
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) ©

SET NOMBER OF u's AND - YES
TMEER OF c2's 0 I-1 | ALL MOMENTS HAVE BEEN EHECXED
N

o2 HAS BOT BEEN CHECKED YET

wmwlmmmm-mmwmmm

!

CALL FIND (NV+l

cnmnmmorsopq"uusmmmmvmmnhl

¥.55

REDUCE NUMBER OF o“'s BY ONE |

Sk

NUMBER OF ARGLES IN DISTRIBUTION = RV+1=HP
NUMBER OF MOMENTS ACCEPTED = IM+EV

CALCULATE COSINES AND PROBABILITIES OF DISCRETE DISTRIBUTION

x, = ROUT, OF Q'P(x), i=1, NP

W QAlx,} |2
w,=| ] 3= | = PROBABILITY OF COSINE x;
=1 &

AWWMDO%OPWMW

FOR EFFICIENCY IN MOFTE CARLO SELECTION

|
i
° “
‘




ERROR MESSAGES

PRINT OUT NUMBER OF MOMENTS ACCEPTED
AND GROUP INDICES FOR THIS DISTRIBUTION

(o)

m‘ﬁ\\‘ﬂwﬂ'w Wy



Subroutine

In the event that a moment has been rejected because it implied nega-
tivity in the angular distribution, BADMIM is called to provide a printout
to the user giving the value of the quantity rejected, u 5 °F ci, of the
noment rejected, and of the Legendre coefficient which was rejected. In
addition, the allowed limits on these quantities are also printed out.

See mathematical description for formulas used.

Called from: ANGLES.
Subroutines called: MAMENRT.
Functions used: Q.
Commons required: MJMENT, MRANS, QAL, L@CSIG.
Variables required:
N - number of ¢'s accepted,
NN - number of y's accepted,
(NOTE: N=NN implies Mg,y Tedected; N < NE implies
WMENT(I) - M,
MI(1) - Mys
VAR(I) - o2,
MJRM(I) - K,
QR(I) = q, = L,/N, .,

A(I,K) - 8

(Note that I = i, but K = k+1)

Significant internal variables:
NM = N+iN = number of moments accepted,
NBAD = NM*l = index of moment rejected,
NP1l - N+1,
Ml =N - 1.

Output:

2
Tge1 rejected)

i St Ko €
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Subroutine BADMIM

L %
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B)

\

Call MAMERT to convertﬁl,nz,...lm‘,l;ni:n to Legendre coefficients
seve Ton

Calculate amount by which '&Bﬂ! and fl(BAD exceed their limits

C&lculatem.ouedrmgeforumn andfm

, maximm and minimum allowed values, allowed range, error

Print out: M.~ maxiwmm and minimm allowed values, allowed range, error |
f xpaAD

3
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Subroutine CYLISN (IG, U, V, W, WATE, IMED, NREG)

The subroutine is called at each collision and the incoming group
number, direction cosines, and particle weight are converted into post-
collision parameters. The outgoing group is celected from the downscatter
matrix (the vector corresponding to the incoming group). After determining
the outgoing group the cosine of the angle of scattering is jetermined frcm
the set of probabilities and angles for the particular group-to-group
trensfer. The outgoidng direction cosines in the laboratory coordinate
system are determined from the incoming directions and the angle of
scattering and a uniformly selected azimuthal angle. The particle's
weight is altered by the non-absorption probability in lieu of absorption.

As an importance sampling scheme the outgoing group probability dis-
tribution may be altered and selection of the outgoing group is made from
this biased distribution. If this option is chosen., LCEPR > 0, and
subroutine GTIgUT is called.

Called from: MJRSE
Subroutines called: GTMED, GTI@UT, GTIS@#, AZIRK.
Functions used: FLTRNF, SQRT (1ibrary).
Commons required: Blank, L#CSIG.
Variables required:
IG - the precollision energy group,
U,V,W - the precollision direction cosines,
WATE - precollision particle weight,
IMED - geametry medium of collision,
NREG - -eometry region of collision.
(Various indices from common L$CSIG, see page 88 )
Variables changed:
IG - post-collision group,
U,V ,W - post-collision direction cosines,
WATE - post-collision weight.

Y )
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Significant internal variables:
FNAB - non-absorption probability,
IH - group number = IG for primary particie,
= IG - NGP for secondary rarticle,
NADDPG - number of locations .etween starting location of scattering
angle probadilities for primary and secondary particles,
R - randam number,
IND - location of biasing parameters for s oup IG,
KDSK - number of downscatter groups,
FM - cosine of polar angle of scattering,
SMA} sine and cosine of azimuthal angle of scatiering
CYSETA
Limitations: number of angles is equal to number of probabilities for

each group (assumed in use of RALDPG).

[ : N\ TN RS

e
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Subroutine CELISKN

» CAICULATE
FOR LOOKING UP
1 > W DOMMSCATTER PROBABILITIES!

I

P Xt »
NDSK, IG,WATE,IN) H
DETERMINES DOWRSCATTER
I AND )ODIFIES
FARTICLE WEIGHT

©

8
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PROBABILITY\_NO

@: INCOMING GROUP
OUTGOING GROUP
LAST INDEX FCR PROBABILITIES
LAST PROBABILITY
RANDOM NUMBER

SET ANGLE TO ONE OF |

LARGFST PROBABILiTY

PICK UP ANGLE CORRESPONDING
TO PROBABILITY

CALL AZIRN (SINETA,C@SETA
SELECT AZIMUTHAL SCATTERING ANGLE

DETERMINE OUTGOING DIRECTION
COSINES FROM INCOMING DIRECTIONS
AND SCATTERING ANGLES

MM?SNN o g
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Subroutine FIND (L,NF)

This subroutine determines if the roots of QL(x), the Lth order orthog-
onal polynomiai, lie within the range (-1,+1). If not, a flag, NF, is set
to 1 and the subroutine returns. If the roots lie within the range (-1,+1),
then NF = 0, and the subroutine proceeds to calculate the rcots. The
roots, X, k = 1,L, ere stored in RGPT(K,L), K = 1,L in labelled common |
RESULT. The roots are in increasing order RPGT(1,L) < RJ@T(2,L)< ...
< RgoT(L,L).

FIND presumes that the roots of QL_l(x) have already been calculated
and stored in RGJT(K,I-1), K = 1,L-1. Thus it is neczssary to use FIND
in a bootstrapping manner. First RPFT(1,1) = M,, the root of Ql(x), is
stored. Then cne sequentially calls FIND(2,NF), FIND(3,NF), etc. It is
also presumed that the roots of QL_l(x) are in the interval (-1,+1).

FIND uses the property of orthogonal polynomials that the roots of
", " .

QL and QL-l interleave. Thus:

1) Q;, has no roots above +1 if Q . has no roots sbove +1 and QL(+1)
> 0. (Rememker that QL(+°) > 0.)

2) Q. bas no roots below -1 if QL(-l) differs in sign from QL(n¢¢T(1,
L-1)) vhere RYPT(1,L-1) is the lowest root of Q . (x).

3) The Kth root and no other root of Q lies between the K-1th and
the Kth roots of QL—l'

Once the root has been isolated as being between XL@W = RAGT(K-1,L-1)
and XUP = RGPT(K,L-1), it is found by a very simple procedure. The interval
(XL@W,XUP) is bisected by XTRY = (XLgW + XUP)/2. Then the subintervai con-
taining the root is determined by the fact that the sign of QL muist change
in passing over the root. Thus the root lies in (XLGW,XTRY) if sign
[q (xxgw)] # sign [Q (XTRY)] and it lies in (XTRY,XUP) otherwise. XTRY
replaces the apprcpriate iimit, XUP or XL¢W, and the process is repeated.
Each iteration reduces the size of the boundary interval by 2, or, in other
words, increases the accuracy to which the roct is known by one binary bit.
Obviously, after as many iterations as the computer word has bits, XTRY

will be =8 close to the root as cen be calculated by the computer.

i e e A e i b a RS e RPN L o7 ;a
| w7 v
N i‘;
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Called from: ANGLES

Subroutines called: Q

Commons required: RESULT, L¢CSIG

Variables required:
L - the order of the polynomial whose roots are desired,
ROJT(K,L-1), K=1,L-1 - the roots of QL_l(x) in increasing order,

IPUN - < 0 do not print errcr message
> 0 print error message

Vari-~bies changed:

- _(= 0, the roots of QL(x) lie in the interval {-1,+1)

1, the roots of QL(x) do not lie in the interval {-1,+1).

IFNF =0

RPIT(K,L), K=1,L - the roots of QL(x), in increasing order.
Significant internal variables:

VALUE(K) - Q (RggT(K,L-1)), K = 1,L-1,

M =L -1,

NSP -~ number of iterations taken in root-finding procedure.
Linitat.mms: L < 1h,

S A Y TR ot el i e R

a4 .
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Subroutine FIND

Calculate Q (K¢
Set ROIT(L,L-1) =
for Lth root of {vsed below in loop

A

K,L-1)) XK=1,L=-1
1. tesporarily as er limit

v

C[atherearootonLbelw-ltm

R

the same sign

X'P = Iiﬁix,l.-li

Number of iterations = 0

%—1(-1) have

Increase mumber of iterations by 1
XTRY = midpoint of /XIgW,XUP) interval

Sign (Q (XTRY)): Sign (QL(M)‘)/\R;T-LIB IN
Y (xugw, XrRY)

-z

_ { Fnough iterations \YTES
O \Oush ra onsj_

NSP = L8

XUP = X

e S b

T
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Return RPPT(L,L-1) to zero
RF =0

G

N e L T T ——
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Subroutine FISGEN (

Thie subroutine look

energy and geometry medium.

Called from: INPIFT,
Subroutines called: GTMED

Commons required:
Variables required:

Variables changed:

Blank,

LgCSIG.

ISPYRG, IFPGRG}
IG, MED

PNUF.

Subroutine FISGEN

C

¢ “..T for the current neutron

(fros common 14CSIG, page 8%)

CALL GTMED

LOOX UP CROSS-SECTION MEDTUM
GIVEN THE GEOMETRY MEDIUM

PICK UP VALUE OF

ve/ Iy

(o)
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Subroutine GAMGEN (I1G, IMED, PGEM, IGG)

This subroutine provides the function of determining the energy of
the secondary particle to be generated and its probadbility of generation.
For a forward neutron gamma-ray prodblem, a neutron of energy IG upon
suffering a collision in medium IMED may generate a secondary gamma ray
of energy IGG. For an adjoint gamma-ray neutron problem, a gamma ray of
energy IG generates a neutron of energy IGG.

Called from: GPRUB

Subrcutines called: GTHED

Functions used: FLTRNF

Commons required: Blank, L#CSIG

Variables required: ISPPRSG, IFNGP, XGG, IGSBJG (from common LPCSIG,
see page 88)
IG - incoming energy group,
IMED - medium Of collision site as provided by the

geometry module.
Variables changed: PGEN, IG..

mm‘ﬂf\ NPT
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Sudbrout ine GAMGEN

[DETERMINE STAXTING INDEX
FOR SECONDARY PARTICLE
FROBAKILITY TASLE

SELECT SECONDARY PARTICLE

GROUP

| LOOK UP SECONDARY PARTICLE

GENERATION PROBABILITY

|
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Subroutine GETMUS

This subroutine calculates the quantities My and o% used in the
recurrence rzlation for the orthogonal volynomials, Qi(x). It uses as
input the mowents, M., of the distribution f(x)}. GETMUS also checks to

Aetermine if oi > 0. If not, a flag is set to indicate this.

Let us assume that EMJM moments are given initially. Then NMEM =
BN + NV vhere KV = NMJM/2 is the mumber of 07 quantities to be calculated
and M ie= the numder of v, quentities to te caiculated. NM = NV or NM =
NV + 1, depending on whether KMM is even or odd. GETMUS calculates
u; = 1,6M and oi, i=1,AV. This is sufficient to determine Q. (x) for
i =0,AM. If it turns out that some value of ai is not positive, say
a;.g_o (this will happen vhen RP < 0, a violetion of the "non-aegativity"
condition on f(x)), then the calculation is terminated, a flag is set,

and GEIMUS returns with XV = p - 1 and NM = p.

The relevant equations are as follows:
The orthogonal polyncmials are writien
i

k *
Z a,, X witha,. =1
k=0 ik ii

Qi(x)

(x - u) Q_)(x) - a2 q ,x) .

This leads tn

= - - a2
81k T %3-1,k-1 " M5 B5o1.k T %-1 B2k .

If we define

i

N, = } a, M. ,
17 2o ik Titk
ifl
L, = a M ., and

Vo]
[
N

o™y
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Then we have

My T gt g, s

Q
=N
i

.

The calculation proceeds as follows:

Step 1: initial values for quantities for i = 1 and Z are set up from
explicit formulas from the momerts.
Step 2: set i = 3.
Step 3: calculate Li from moments and coefficients for i - 1.
- h ]
Step 4: calculate q, from L. and N

Step >: ui = q1 - qi-l'

1

Step 6: calculate 850 k=0, i from s og_l, and 85 1 x-
9
- '
Step 7: calculate Ni from moments and ai,k S.

. B a2 =
Step 8: 0% Eilui-l'
Step 9: Test og. If oi < 0, terminate the calculation with n = i-1 ard
set error flag.

Step 10: 1 = iri, return tc step 3.

If NMIM is even, the calculetion terminates after step 9 when i = EM@M/2.
If NMIM is odd, the calculation terminates at step 5 when i = (NM@M+:/2).

Called from: ANGLES
Commons rcquired: MUMERT, MEANS, QAL, L@CSIG
Variables required: MJPMENT(k) = M k = 1 ,NMJM (type real)
# O print out all the quantities calculated

IFMU by GETMUS
= 0 do not print out data except in case

of error (oi < 0).
Variables changed:
NV - the number of 02's calculated,
NM - the number of u's calculated,
MU(I) = by, 1 = 1,FM {type real),
SIG(I) = o2, 1 = 1,8V,
NgRM(I) = Ni, i = 2,8V (type real).

oy
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Also calculated and put in labelled common QAL, although they are not used
elsewhere in the program,

Q(I)=q1. i=1, N\M

ACLK) = ug ) 1= 105 K = 1,41

L(I) =L, i =1,NM.
Limitations: NM@M < 27.

Subroutine GETMUS

v

lZero b, 02, N, L, q, and a arrays

N~ N - :

=3

2 .
!Set up B, Qy, Li’ aik’ Ni’ o fori=1

K

YES o =0
-1
I t.@
1

L]
(&

ICa.lculate Li’ Qs Bys Bsos Ni’ oy for i = 21

g—_(1s M, acceptable?)——‘&-— =21 ]
<0 ' )

2

N NN
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: NM = NV
{ Calculate 1‘n+1’ °ﬂ+1’ and "‘m1|
lPrlnt out By 5 o 52 ., L. 5 ql, aik’ if desired

=

&5)

NV =

e
I

Write error message and resuits of calculation, if desired

G
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Subrcatine GTIGUT (IS, J, NREG, NDSK, IG, WATE. IND)

This subroutine is called when the selection of the group-to-group
transfer is to be biased. Thus, the natural probabilities of scatter
from group I to group J, P(I+J), is to be altered by an importance
function V(J). Selection of the outgoing group L is made from P(I->J)V(J)
with an associated weight correction of N/[V(L) Jwhere N = N§SK V(J)P(1>2).
J=1
Called froa: CQ@LISN

Functions used: FLTRNF
Commons required: Blank
Variables required:
IS - one less thar index for within-group scattering,
NREG - geometrical region of the coliision,
NDSK - number of possible downscatter groups,
IG - incomirg energy group,
WATE - incoming pa:‘ticle weight,
IND - index for the location of importance of within-group scattering.
Variables changed:
J - the number of downscattering groups,
WATE - modified to correct for the biasing.
Significant internal variables:
SBSIG is the normzlization N of the biased distribution.
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Subrcut‘ne GTIFUT

START

SUM THE BIASED
DISTRIBUTION

l

SCALE RANDOM NUMBER
BY SUM OF DISTRIBUTION

l

SELECT DOWNSCATTER
FROM BIASED DISTRIBUTION

CORRECT PARTICI® WEIGHT |
TO COMPENSATE FGR
BIASING
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Subroutine JNPUT

This subroutine is the executive routine for processing the cross
sections from the ANISN or DTF-IV formats to tlLe necessary probsbility
tables. The major function of this routire is to mix the cross section
stored for each element to form media cross sections and tc decompose these
cross sections into the individual probability distributions. The Legendre
ccefficients for each group-to-group transfer may be restored in a perman-
ent storage area after the discrete angles and probabilities have been

decermined. Output of the cross sections as read (if IRDSG > O) and as
stored (if [PRIN > 0) and the gamma-production cross sections is initiated
by this rcutine. If diagnestic printout of cross-section storage is required
a call to XSCHLP (1, LHINPT) will give a decimal dump of &ll cross-section

storage and commons.

Called from: XSEC
Subroutines called: READSG, ST¢RE, LEGEND, ANGLES
Functions used: IABS (library)
Commons required: Blank, LECSIC, MJMENT, MEANS, RESULT
Variables required: all variables in LYICSIG, see page 88
Variables changed: lank common from ISTART to NMXSEC.
Input read: MIX RH@ +times the cross section of the eiement NEL is added
NEL to the MIX medium cross section. If NEL is negative, the
RH¢ current mixing operation completes the cross section for
that medium. There are NMIX of these cards read.
Significant internal veriables:
NDSK is the current number of downscatter groups for s:iarting from
present location.
Limitaticns: If cross sections are to be mixed, and then the Legendre
coefficients are to be restored, the first element must
be mixel first. The first element should no: appear

in several media since the Legendre coefficients stored

for medium 1 may write over the element 1 cross sections.
The seriousness of this limitation is strorgly cependent

on the number of groups, coefficients, and elements.




=
2 mm
: R
Z mam
: :
&a 2 mmm
2a
4
| ©
-
R —




- —

-

Gy AT @

” VA L WAV R P Y e

1 v e

H
i
!

122
ON v
OF THE NEL ELEMENT FOR
GROUP I

PARTICLE GENERATION CROSS SECTION |

I < NGP
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CALCULATE PROBABILITIES:
vZe/Zn, Z5/ir. L/2p

FOR EACH PRIMARY GROUP

CALCULATE PROBABILITIES:

Is/or
FOR EACH SECONDARY GROUP

o{=

IS GROUP-TO-GROUP

TRANSFER ZERO?

IDTF > O

F(L)=0 |

ALL L

DIV=1'—]

——————cte 18—
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[SET DIV = 2L + 1] ®

[SUM LEGENDRE COEFFICIENT ]

PARTICLES TO
BE PROCESSED?

IS SCATTERING YES

ISOTROPICZ~  BSCT < ol
NO @ p. 6
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®{

PICK UF DENSITY, ELEMENT |
AND MEDIUM

» F(L) =¢C

ALL L

[SEF DIV - 2L + 1]

—w{ SET DIV = 1 |

SUM LEGENDRE COEFFICIENT

CALL LEGEND

CALCULATE MOMENTS OF
ANGULAR DISTRIBUTION

CALL ANGLES
RETURNS ANGLES ARD WEIGHTS

PROBABILITIES ANRD
STORE




[SEr calL) = 1. )

.

T

SET
21(L) = 2L + 1

[[SET_INDEX FOR Ith GROUP )

SET FLAG TO INDICATE
FIRST MIX

{ PICK UP DENSTTIES ELEMENTS, MEDIA |

IS GROUP-TO
GROUP TRARSFER
ZERO0 FOR THIS

J < NDSK

HAVE ALL
DOWNSTATTERS
BEEN PROCESSED?

1) /mvs AL

1 < NG

GROUF=
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FORM NORMALIZED
CUMULATIVE DOWNSCATTER
DISTRIBUTION {PRIMARY GPOUP)

YES

J2 < NDX\ DGWNSCATTERS?

[ FORM NORMALIZED CUMULATIVE
DOWNSCATTER DISTRIBUTION
(SECONDARY GROUP)

0: PRIMARY TO
SECONDARY PROBABILITIES
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YES

NSCT = O

NO
IPRIN = O

IO: ANGLES AND

PROBABILITIES

\
—p-

W

I < NMED NTHER MEDIA?
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Subroutine LEGEND

Subroutine LEGFND converts Legendrs coefficients 4o moments.
ccefficients are given in 1lsbelled common MPMENT in the form

1
1 NF 2L + 1

L 2 L

-1 2=0

The cutput of LEGEND consists of che moments,
1
f n_, .
Mh = J u f(p)de n = 1 ,NM@M .
-1
Method: If we let

P p” Pl(u)du .

1
-1 _ 22 +1 J
L% 2

1

Then by using the fundamental recurrence relation for Legendre polynomials

we can derive

1
P:l =% J v (20 + 1) Pl(u)]du
-1
1
=% J W+ l)P9,+1(") + 2 Pz-l(")] du
-1

£ = Jf(u)Pl(u)du £ =1NFor f(u) = ) S5=rp (W)(x, =

The

1).

1 1
2 +1 n-1 L n-1
= ( =
> J[ W TP (wdn + 3 J wo o P, (wdu
-1 -1
L +1 _-1 L -1
= —— + ——— .
20 + 3 Pn-1,2.+1 2L - 1 Pn-l,i-l
Since we have trivially P-l =46 and P'-l = ¢ the ccefficients P-l
' 0,L 0oL 1¢ i’ n

may easily be computed. Then

. s e e

P O St e s

e e e s R i L
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1
_ n
Mn = J u f(u)a
-1
" 1
_ 20 + 1 n .
=1 5=, [vpGa
2=0 -1

n
) Pni £, -
=0
Called from: JNPUT
Commons required: MJHMENT
Variables required:
MM
F(L), L = 1 ,NMJM (presumably NF > NMJM, no check is made).
Variables changed: XMJMNT{(N), N = 1, NM¢ZM.
Significant internal variables:

NS |
PL(2) =P 7 o

P2(2)

"
o

n,%
P10 =

l
av)

P20

]
d

Limitations: NM@M < 2L,

LN

)
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Subroutine LEGEND

P1(2) =p'1i,, =

> XMiMRT(1) = F(1)

K ,

-1 1 1 +1 1
rPZ(l) =pn" =~ZT-_-—1-P1(I - 1) +m—§P1(l +1) 1 =0,0DM1}

51

P2(NMM) = =—— P1(t - 1)

21 -1
.
| XMIT (1) =1,-:0 + 2 P2(1) = (1)
=1

l

i
; BIOBRRONELN 1|
i

Note: Recursion relation terms involving zeroth order coefficients sust be harndled
separctely. PiO is P1(0), ete.

il i b
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Subroutine MAMENT (NM@)

This routine converts moments to Legendre -.oefficients. The moments

1
M = J u® £(u)du n = 1,NMF ,
-}

are given in labelled common MJMENT. The output of the subroutine consists

of the same number of Legendre coefficients stored in labelled common M@MZNT.

P,(r) f£{u)du

Method: f_ = ¢

L

e ——

"
[ b2

0 Pl,n

1

1 n

J u f(u)du
n -1

£,n Mh ?

l
| R

n=C

where the Pz o 3T€ the ccefficients of the £th Legendre pclynomial,

L
n=0 7’
Since (22 - 1)u P _(u) - (2 -2)p ,(u)
' 2-1 2-2
P () = ’
[} £
e - B - 5 o

As this is an identity, we may separately ejuate the coefficients of each

power of u giving the reliation

_fee -1 [z -1
Pon © [ ) ) Pe-1,n1 L2 ) Pg-2,n -
Since
p) = 1 and P (y) = h
0 = an 1 W) = u, we have
P, =6, andP, =86, .

O,n On i,n 1n
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Called fram: BADMJM

Cormons required: MJIMENT

Variables required: NMJ, (XMZMNT(N), K=1,RMp)
Variables changed: (F(L), L=1,NMg)

Significant internal variables:

PO(n) = Pn_e’n
Pln) =P, , .
P2(n) = PZ“
POO =P, , ,
PI0 = Py 1.0
P20 =P,

Limitations: NMJ < 25.
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Subrout? e MAMENT

3
g
W

g'b
]

P2(n) = p, = (2’1’ 1 )Pl(n-- 1) - ( L - 1 \)Pb’n), n= 0,1]
I
F(2) =p , + 2 P2(n) * xghvr(n)

n=1

PR i Bl Rsdaeld

« AP o e b § o b arn s

Eo(n) = Pi(n) n=0,2"
| _ Pl(n) =P2(n) n=0,1¢

[Eale—2—( - npu) = (rerum)

f:
B Note: Recursion relatiors involving zeroth order coefficients must be handled
separately. P00 is PO(0), ete.
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Subroutine NSIGTA (IGA, JMED, TSIG, PNAB)

The function of this subroutine is to lock up the total cross section

and non-absorption probabilivy for energy group IGA and geometry medium JMED.

Zalled from: EUCLID, NXTC@L, User routines
Subroutines called: GTMED
Commons required: Blank, B@#CSIG
Variables required:
ISPPRG, ISTART, INABYG - from common LPCSIG, see page 88,
IGA - energy group,
JMED - gecmetry medium.
Variables changed:
TSIG - total cross section,

PNAB - non-absorption probability.

Subroutine NSIGTA

CALL. GTMED
LCux UP CROSS-SECTION MEDIUM
GIVEN THE GEOMETRY MEDIUM

[ CALCULATE INDEX FOR TOTAL
CRO3S SECTION

PICK UP TOTAL CROSS SECTION
TSIG AND NONABSORPTION PROBLEM
PNAB




136

Subroutine PTHETA (IMED,IG@LD,IGQ,THETA,PMU,NMTG)

This routine calculates the probability per steradian of scattering
through an angle whose cosine is THETA for an energy transfer from group
IGPLD to other groups. Use is made of the restored Legendre coefficients
with the group-to-group transfer incorporated. Thus, evaluation of

PI*J

M
PT(e) = {1+ mg (2e+41)£p (6)
n -1 2 R

scattering from group 1 to group J,
I->J . . .

fz is the £th Legendre coefficient for scattering from group I
to group J,

Pz(ﬂ) is the value of the f£th Legendre polynomial for an a:qle
whose cosine is 6.

There are NCPEF-1 coefficients restored by JNPUT; i.e., the P0 table
is not restored.

It is assumed that within-group scattering is not zero and is calculated
for each entry. An option is prcvided for calculating the probability

of scattering to all other groups or to a set number of downccaiter groups.

The following recursion relation is used for caiculating the Legendre
polynomial :

L PL(x) = (2L-1) x PL_l(x) - (L—l)PL_Q(x) .
Called from: User routines only.
Subroutines called: GTME.T), XSCHLP
Commons required: Blank, L@CSIG
Variables required:
IMED - geometry medium,
IGJLD - the incoming energy group,

s e
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IGQ - the limit of the downscatter for which P{6} is calculated.
That is, P{8) is determined for group IGPLD to IGQ. If IGQ is
zero full downscatter is assumed and P(8) is determined for
IGPLD to NGP,
THETA - cosine of the scattering angle.
Variables rsquired:
ISTAT, NC@EF, NGP, NTG, NTS, ISP@PRG, IDSG@G, INSG, IFSPYG (from
common LPCSIG, se« page 88)
Variasbles changed:
PMU - tne probabiliiy cf scuttering through an angle whose cosine
is 6; PMU is dimensicned by NMIG,
NMI'G - the total number groups to be considered in the problem.
Significant internal variables:
P(K) ~ Legendre polynomial of order K evaluated at 8.
Limitations: dimension of 10 for Legendre coefficients. A change in this

dimension will allow higher cradaer of expansions.
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HAVE LEGENDEE \ mo
COEFFICIZNTS

IS THE SCATTER-
ING ISCTROPIC?

BEEN ST:RED? J/ 1STAT = 0

mﬁﬂm NO

WNSCATTER A
] 16Q s o@ jl [CALL [)(SCHLﬂ
PRIMARY 1:@ 5O &
I > NGP 1 | CALL ERR4R |
[ SET IGQD = NIG | | SET IGQD = IGQ }
-
—
CALL GTMED

LOOK UP CROSS-SECTION MEDIUM

9
LOOK UP INDEX OF WITHIN
GROUF SCATTERING

CALCULATE LEGENDRE POLYNOMIAL
FOR COSINE THETA

|

CALCULATE SCATTERING PROBABILITY
FOR WITHIN GROUP SCATTERING

41

CALCULATE SCATTERING PROBABILITY
FOR SCATTERING TO GROUP I
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Funetion Q(ND,X)

This function subprogram generates QND(X) - the value at X of the

orthogonal polynomial, Q, of order ND. The recurrence relation for the

Q pclynomials is employed to generate the function

2

Qi(x) = (x - ui) Qi_l(x) - 0% Qi-Q(X)
Qo(x) =1
Ql(x) == u .

Called from: ANGLES, FIND, BADMQ

Commons required: MEANS

Variables required:
ND - the degree of the polynomial desired,
X - value of the argument desired,
™MU(i) = u

i 1 o
VAR(i) = o in labeiled common MEANS

e N e

Variables changed:
Q - the value of the function.
Limitations: ND < 1kL.

4
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Function Q .ND,X)

Q’:1+1(x) -

i+ 1

Q= QOTX)
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Subroutine READSG

The purpose of this routine is to read mltigroup cross sections
and store them in a buffer region of common. If the flag IDIF is greater

than zero, DTF-IV format cross sections may be read; otherwise, the ARISE

fcrmat is assumed.

The ANISN cross-section format makes use of the repeat feature; thus,
there is a mixture of Hollerith and numbers on the card. This subroutine
will therefore be different for various computers. On IBM machines each
cross-section card is read twice; once for the Hollerith R and once for

the cross-section values. For CDC machines decode may be used to separate

the Hollerith. DTF-IV format does not permit repeats, and thus the subroutine

reads the card numbers directly into the buffer storage region starting
at INPBUF.

If cross sections are read from cards, in the ANRISN format, a card
sequence check is performed. Three possibilities are taken into account:
(1) an energy group number in columns 73-76 and a sequence number for
that group in colummns 77-80 (format from codes such as GAM or MUG); (2) same
as (1) except colummns 73-76 are blank (format from codes such as SUPERTOG
or XSDRN); (3) zolumns 73-76 are blank and columns T7-80 contain a card
sequence number starting at 1 for each set of cross sections (format from
ANISN). Non-numeric characters, including blanks, may precede or follow

th> sbove sequence numbers without affecting the checks.

-

If a card is out of order, the card image is printed and the program
continues. This test may be removed by setting IRDSG negative. (This also

removes the optior of printirg the cross section as read.)

If IXTAPE > O then cross sections are read from a standard ARICH
binary cross-section tape. An identification record (4I6,6A8) precedes
the cross section for each :oefficient. The desired cross sectiommust
be required in the order in which they are on tape, and the element identi-
fiers must be the fourth integer I~ the identification record. These
identification numbers are required on input card D of the cross-section

input.

- e eeees
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Called fram: JNPUT
Subroutines called:

\
YSCHLP | Library functions at Oak Ridge National Laboratory to determine

FETYPE >if a Hollerith is a number or a letter and to convert EBCDIC to
BCDTYI | integer, respectively.

Commons required: Biank, LZCSIG
Variables required: INPBUF, INGP, INDS, KKK, IXTAPE, IDTF (from common
LJICSIG, see page 88)
Input: (INGP#(INDS+3)) vaiues of cross sections for each call.
Significant internal variables:
M - number of cross sections fér each coefficient,
NP - number of repeats for a particular cross section.

Limitations: Card formats must be either ANISN or DTF-IV, or a binary

tape may be used.
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Subroutine READSG

DETE RMINE NUMBER OF
CROSS SECTIONS TO BE READ |

'zxmnur%a\ml

CROSS YES 7 41: Il)lim(m])k:.—|
SECTIONS IXTAPE > 0 [D@eq TAPE

P
TAPE RECORD |
o 1s maIs o
¥0 ELEMENT
BA > ID Bo. \ pecrrEny/ k< ID Wo.
0: ERROR MESSAGE
CALL XSCHLP
k= ID No.
| CALL ERROR | ‘
CALL ERROR READ CROSS SECTIONS
TNTO CORE

W . YES
| LDTF-IV FORMAT |~ IDTF > 0




1kl

EXAMINE NEXT CROSS SFCTION

YES

HPL(I) =

YES SET NUMBER
(1) = rp LOF REPEATS

STORE REQUIRED CROSS
SECTIONS

e b ——
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Subroutine STYRE (IE,IC)

The purpose of subroutine STPRE is to pick up the cross sections
for element IE and coefficient IC from the input buffer region and store
the total, fission, and downscatter matrix in the temporary storage. Only
those parts of the input cross sections that are to be reused are stored.
That is, the neutrons may be stripped from a coupled neutron-gamma set,
or the gammas may be stripped from a coupled neutron-gamma set. Also,
during the restoring the cross sections are transposed if an adjoint solutiorn

is desired.

Called fro- JNPUT
Commons required: Blank, L$CSIG
Variables required: IE - element number
IC - coefficient number
cross sections in blank common from INPBUF to
INPBUF+INGP*( INDS+3)
INPBUF, NTG, NTS NCJEF, ISPZRT, INFPJG, ISIGYG,
INDS, IADJ, NME (from common L@CSIG, see page 88).
Variables changed: cross sections in blank common from ISPPRT to ITYTSG
Significant interaal variables:
INDX - starting location of downscatter matrix for the IE element
and IC coefficient,
IEl - number of locations to be skipped in the total cross-section

array for other elements.




e semam -

- e

1k6

STORE PL COEPPICIDST
PRIMRRY GROUP

A m
V4
(mm m AR CAMMA RATS rms
TO BE PRIV P = e T
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Subroutine XSEC (IADJM,L@CEPR,MEDALB ,MEDIA ,NLAST ,NMGP ,NM"G NLEFT ,I¢,IN)

Subroutine XSEC is the primary interface of the cross-section module

with the rest of MJRSE.

The function of XSEC is tc read the cross-section information defining
the numbe:r of groups, coefficients, eiements, media, etc., and to set
up the storage locations required. All variables in common L@CSIG are
defined in subroutine XSEC. (Three variables are redefined in JNFUT if
Legendre coefficients are restored.) After the storage is allccated,
subroutine JNPUT is called and is the executive routine for manipulating

the cross sections.

Tne first medium cross sections are stored from ISTART to ISPYRG+
ISTART; each successive medium requires ISPPRG cross sections. The Legendre

coefficients are stored behind the media cross sections.

Called from: INPUT
Subroutines called: JNPUT, ALBIN, XSCHLP
Commons required: Blank, LYCSIG
Variables required:
IADJM - switch indicating that the problem is an adjoint problem if > O,
LAICEPR - location of energv-hiscing parameters; if 0, oo energy
biasing will be used,
MEDALB - medium number for the albedc scatterer; MEDALB > O signals
a combined albedo and normal transport problem; = 0 is flag
for normal transport only and ALBIN will not be called; < O
signals aa albedo only problem, normal cross sections will
not be read, MEDALB is the albedo medium,
MEDIA - number of media for which cross sections are to be read,
NLAST - the cell used in blank common before XSEC was called.
Input: There are four cards read by subroutine XSEC. These cards contain:¥
First Card - comment card,
Second Card - NGP, NDC, NGG, NDSG, INGP, INDS, NMED, NELEM, NMIX,
NCJETF, NSCT, ISTAT, IXTAPE. Por definitions see common

LYCSIG, page 88.

®
A more detailed description is given in Appendix C.

L Y [V

o
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Third Card - IRDSG, ISTR, IFMU, IM§M, IPRIN, IPUN, TDTF. For defi-
nitions see common LECSIG, page 88.
Fourth Card (omitted if IXTAPE < 0) - element identifiers of cross
sections to be read from tape.
Variables changed:
MEDALB - set to 7777 if there is no albedo surface in problen,
NLAST - The last cell of permanent storage required,

Significant internal variables:

NEC - number of cross sections to be read from tape.
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Subrciotine XSES

NUMBER OF GROUPS FOR
WAICH CROSS SECTIONS ARE
TC BE STORED
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CALCULATE INDEX OF
DOWISCATTER VECTORS FOR

FACH GROUP (SECONDARY)

CALCULATE INDEX FOR
PERMANENT STORAGE
ARRAYS

CALCULATE INDEX FOR
INPUT RUFFER LOCATION

CALCULATE INDEX FOR
TEMPORARY STORAGE ARRAYS

4

JALCULATE TOTAL STORAI Gf'l
REQUIRED

10: STORAGE INFORMATION

COMMON BEEN 1ES >{0: MESSAGE |
EXCEEDED? RTEMP > 0 |
CALL XSCHLD
CALL INPOUT
EXECUTIVE ROUTINE FOR MANIPULATING T

CROSS SECTIONS

BB Wt i v g,
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IV. Diagnostic Module

Frequently in debugging a problem or in trying to gain further insight

into the physics of a problem, it is desirable to dump the contents of
certain labelled commons or parts of blank common. This module of MPRSE
makes it possible to print out in a readabie format the values of these
variables.

The key routine in this module is subroutine HELPER' wvhich prints out,
in decimal form, any part of a single-precision (l-byte word) array.
This routine, along with two machine-language (IBM-360 series) routines,
decides whether a number is an integer or & flcating point number and
conver.s to EBCDIC accordingly. It also recognizes the "junk" word
(h8h8h8h816) and outputs the string "N@T USED" in its place. This feature
is included because it is nct aiways feasible to depend on the core being
zeroed or filled with any particular constant. Selected portions of core
are therefore filled with this word, which was selected because it is
essertially the same number when treated as an integer or as a floating
point number.

A more inclusive dump may be obtained with subroutine HELP which outputs,

on request, selected portions of blank common and commons AP@LI{, FISBNK,
NUTR@N, and '"'SER.

#
HELPER is a 3light revision of TDUMP.12

-—

4
1
]
]

i
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Subroutine BNKHLP (NAME)

This routine outputs (one par:icle to a line) all of the particle
; bank and, if used, all of “he fission bank. If identical lines are

encountered, it prints a message giving the number of identical lines.

The last line is always printed.

: Called from:
! ; HELP - when index IGXBP < 0.
Subroutines called:

LY T S

1cgMrA (A B N) {library function at Oak Ridge National Laboratory -
compares, bit by bit, N bytes of locations A and B; returns

zero if A and B are identical)

A Ny

BN T LY 2

Commons recuired:
Blank, APYLL$, FISBRK

% Variables required:

1
|
%
!
!
!

SR

NSIGL - location in blank common of cell zero of the particle bank,
NMJST - maximum number of particles allowed for in the bank(s), ‘
10 - logical unit for output,

MFISTP ~ index indicating that fissions are to be considered if > O,

NFISBN -~ location ir blank common of celli zero of the fission bank.

AR i1+ v T s IR Vv ghey
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Subroutine BNKHLP (NAME)

PRINT TITLE AND NAME

il

CALCULATE INDEX OF FIRST
CELL FPOR PARTICLE I(JB)

>o

=0

PRINT ONE LINE

IS NEXT LINEY NC =0

IDENTICAL? !
>0

[ PRI®T JUMP WITH
| MESSAGE

JUMP =




> P

LU T P Tp

.~ aw

e, O s A, M, g

.

-

;
B
1
{

15k
W
l PRINT FISSION
BANK TITLE
JUMP = 0
CALCULATE INDEX OF FIRST
CELL FOR PARTICLE I(JB)
IS NEXT LINE NO =0
IDENTICAL? JUMP?
> 0
= NMJST T2 RMAST - 1 PRINT JUMF WITH
. - MESSASE !
< mweT - 1 A
JUHE = O
JUMP = JUMP + 1 i
d z
VE NMgST PARTICLE\ v !

NO

HEEN TREATED? J

I < NMZST

YES

RPTURN

e s ol

Pred i

I
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Subroutine HELP (ICALL, INUMP, ILABP, IGXBP, IUSRP)

This routine is used to output values of selected variables used by
the code, at any desired point in the solution of the problem. It will
provide, with setting or the proper switch, prints of:

1) blank common from cell one up to the gemmetry data storage,

2) first and last eight vords of geometry and cross-section data

i storage areas,
3) first and last 12 words of the neutron bank, or the entire neutron
and fission (if used) banks,
4) all the user area in blank common (beyond the neutron and fission
banks), and
5) labelled cammons APPLL@, FISBNK, NUTR#N, and USER.
HELF has been found useful to the writers of the code in debugging.
For this purpose, temporary calls are inserted at pcints of interest. As
the code stands now, calls are made in MJRSE just after each problem is
completed, and also at a few points in the code that will not be reached

unless an error occurs.

Called from: MJRSE, FBANK, FPR¢B, GPR@B.
Subroutines called:
HELPER
BNKHLP - prints ali of the neutron bank and all of the fissior bank
E if it is being used.
Function used: I4C
Commons required: Blank, NUTRgN, FISBNK, APYLL@, USER.
Variables required:

ICALL - 4 EBCDIC characters representing locatiomn of call,

IRUMP - > 0 for print of blank coemon,

ILABP - > 0 for print of labelled commons,

IGXBP - » O for print of first and last 8 cells of geometry and
cross-section storage, and the first and last 12 cells of
the bank,
< 0 for above print of geometry and cross section and also

- - - T PDWIIIT N S e er 9 A . ——r .. A ~; A% . .. "L - ~e . .
Lo call BondLr 107 compléle priav OF vac péutron anu fissiomn

(if used) banks.

IUSRE -~ > O for print of user avea in tlank common,
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EIMIG - total number of energy groups,

LANWTS - location

of cell zero of ve.ght standards arrays,

MGPREG -~ product of number of groups and regions for weight standards,

L#CWL - location
MXIEZG - nus=der of
LYCEPR - location

(=0ir
LYCESC - location
MFDTA - nusber of
LACFSN - locatiomn

of cell zero of FVWL@ array,

regions for veight standards,

of cell zero of energy group bias array,
energy group bias not being used)

of cell zero of scattering counter arrays,
=edia in ~ross sections,

of cell zero of FISH array,

NGEgM - location of cell one of geometry data storage,

NSIGL - location of last cell in permanent cross-—section storage,

NLAST - last cell
NLEFT - number of

used by neutron or fission bank,
cells available to user beyond banks.

PG Sreny -y
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Subroutine HELP (ICALL,INUMP,ILABP,IGXE®,IUSRP)

S e 1A (P 1t B . W
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PRINT FIRST AND
Bmmmsﬂ
XSEC STORAGE

S ALL OF YES

BANK(S) TO BE
OUTPUT?

CALL BAEKHLP (ICALL) ]

NO IGXBP > C

PRINT PARAMETERS
OF FIRST ARD LAST

(from previous page)

DARTICLES 1=
NEUTRON BANK
YES
JUSRP > O
CALL HELPER
TO PRINT
USER AREA
NO

LS8 REEE
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Subroutine HELPER (A, INIT, NLAST, NAME, 10)

HELPER enables the user to output, in decimal form, any part of a
single-precision (4-byte word) array at any point in the program. Tue
user need not know vhether the numbers are integer or floating point.
Fumbers that can be translated as integers in the range _-0;166 (+16777216)
will be printed as such; floating numbers are handled correctly between
11€°6h(~1o°76) and 11663(«-1075). If the junk word (kBA484BAS, () is
eccountered, “NJT USED" is printed. Numbers are printed eight to a line
in an E11.5 or I1l format and identical lines are replaced by a "REPEATING
LINE PATTERN" message (except that :the last line of an array output is
alvays prirnted).

Called from: HE.P, XSCHLP
Subroutines called:
SUBRT
ICAMPA - (library function at Oak Ridge National Laboratory; see
f BNKHLP writeup).
| Variables required:
| A - first vord of array of interest,
INIT - first h-byte worc of array A to be output,
NLAST - last L-byte word of array to be output,
NAME - Lk hollerith characters to be used as a label,
i I0 - output unit.
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Subroutine HELPER (A,INIT,NLAST . NAME,IO)

. INIT

[ |
NI = 181 !
{12 n-ll
JUMP = 0

N = ELAST - I2
K = SMALLER OF N ARD 8

%

PRINT 1 LINE
|

PRIRT
(IF >

=

2

f
&ISI2+8<ILAS'1'3

JUMP = JUMP + 1
I2=12+8
NI I2+1

N = BLAST - 12

]
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Subroutine SUBRT (A, N, Al)

SUBRT is an assembly larguage rcutine cailed by HELPER to perform
conversion of a h-byte computer word to a string of hollerith characters.
It tests for unused elements (h853h8h816) returning the string "NJT USED,"
decides vhether the number ic an integer or floating point, converts the

number into hollerith if floating point, and calls INTBCD if integer.

INTBCD is callied to coavert ail numbers it receives as inLEEETS inGto
hollerith and passes control back to SUBRT.
Called from: HELPER
Routines called: iINTBCD - library subroutine at ORNL; converts a b-byte
integer to an EBCVIC string.
Variables required:
A - bh-byte word to be converted,
N - format size (HELPER calls with N = 11 resulting in I11 and
1PE11.5 formats).
Variables changed:

Al - first word of 12-byte array for storage of hollerith string.

" APy, . ey HB

B Lo Rl .
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Subroutine XSCHLP (IBCDUM, NAME)

This routine outputs in decimal or integer form the contents of the
commons used in the cross-section module, as well as the contents of the
various cross-section arrays ir blank common. {See Table VI for layout of
the cross-section area.) This subroutiue way be called from any location.
Called from: READSG, PTHETA, XSEC, and ANGLE (just before error calls).
Subroutines called: HELPER
Functions used: L¢C
Commons required: Blank, L@CSIG, MEANS, MPMENT, QAL, RESULT.

Variables rzquired:
IBCDUM - contants of black common are printed if > 0.

NAME - a four-character wvord to indicate the calling program.
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Subroutine XSCHLP (IBCDUM, NAME)

()

0: CONTENTS

1475316

O:Chl'l‘s

Y _
0: CONTENTS
RESULT

O: MIXING TABLE

O: PRIMARY AND
SECONDARY GROUP

INDICES
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V. Analysis Interface and Sample User Routines

The MORSE interface to user-provided analysis routines is %ir
calls to function DIREU, and subroutines GTMEDL, SCYRIN, SQURCE, and
especially BANKR. PFunction DIREC supplies the do% product between the
neulrca direction vector and the most important direction. It is used
by GETETA, vhich determines the length of the next flight, to vary the
amount of path-length biasing depending on wisther the particle is traveling
in an important direction or not. If path-iength biasing is not desired
(or if it is desired to bias all paths indeprendently of direction), DIREC
should return 1.0. GIMED is used to reiate cross-section and geometry
medja. It is called from every routine ueeding cross-section data. These
calling routines have avaiiable the medium of the point of interest,
a8 specified by the geametry data, and need the proper medium to give
the cross-section routines. In most cases, the geometry and cross—-section
media are the same, but for special cases such as the infinite homogeneous
media vith a boundary crossing estimator tvo different media for GBJ are
required. All data required by user-written routines are input dy subroutine
SCERIN vhich is called after the general problem specification, geometry,
and cross-section data are input. Subroutine SJURCE is called for each
source particle (including neutrons just produced by fission) so that
the vser may specify the phase space coordinates of each (if it is not
desiradle to use the constant values specified ty input cards to the
valk routines).

BANKR is the primery interface to tie analysis package, being called
vith as many as 17 values of the argument index to direct the analysis.
These arguments and their meaning are outlined in Table VII.

It should be noted that not all the BANKR calls lfsted in Tadle VII
are actually programmed in the code {those not prograwmed are included
as comments); the user say have to add “hese cails for his special pur-
poses. Several labelled commons transfer data for use in the analysis,
and, in addition, the ugused portion of dlank common is made availadle.
Data vhich ;e determined by the problem specificution (which are not
po2ified by the walk or vhose iaitial value msy be useful) are loaded
in common UBER by subroutine INPUT. These quantities are given in Teble VIII.
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Table VII. BANKR Arguments

Location of call in walk

D e o

After call to INPJT - to set parameters

At the beginning of each batch of ESTRT

At the end of eaca batch of IWSTRT particles.

At the end of each set of NITS batches -
a nev problem is about to begin.

After a splitting has occurred.

After a fission has occurred.

After a secondary particle has been
After & real collision has occurred -
post-collision parameters are available.

After an albedo cullision has occurred -
post-collision parameters are available,

After a boundary crossi.ug occurs (the
track has encountered a newv geometry medium
other than the albedo or void media).

After an escape occurs (the geometry has
encountered medium zero).

After the post-collisisr energy group exceeds

After the maximum chronological age has

After a Russian roulette kill occurs.

After s Russian roulette survival occurs.

BANKR
Argument Called From
-1 MJRSE
for nev problen.
-2 MIRSE
particles.
-3 MPRSE
-k MJRSE
1 MS@UR After a source event.
2 TESTV
3 FPRgB
b GSTYRE
generated.
5 MJRSE
6 MJRSE
T NXTCIL
] NXTCYL
9 MJRSE
the maximum desired.
10 MJRSE
been exceeded.
11 TESTW
12 TESTW
13 GSTYRE

After a secondar’y particle has been gener-
ated but no room in the bank is available.

e e
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Table VIII. Definition of Variables in Common USER

AGSTRT Initial age (inmput on card D).

WTSTRT TAitial weight (inpui ou card CJ.

XSTRT Initial x position (input on card D).

YSTRT Initial y positicn (inmput on card D).

ZSTRT Initial z position (input on card D).

DFF Normalization for adjoint probtlems - calculated in
S@RIN. °

EB@TN Lower energy boundary of last neutron group-

EBJTG Lower energy boundary of last gamma-ray group.

TCUT Age limit (input on card C).

I0 Logical unit for output.

11 Logical unit for input.

1ADDM Adjoint switch (> 0 for adjoint problem).

NGPQT1 )

NGPQT2 Problem dependen- energy group limits - see flow

NGPQT3 ) chart for subroutine INPUT.

NGPQTG Lowest energy gamma-ray group.

NGPQTN Lowest energy neutron group-.

NITS Number of batches (input on card B).

NLAST Last cell in blank common used by either cross-section
package or bank(s), whichever is larger-.

NLEFT Kumber of cells in blank common available to user. |

NMGP Number of primary (neutron) groups (input on card B).

MG Number of tctal groups (input on card B).

NSTRT Number o§' source particles for each batch (input on
card B).
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The user vill alsc need common NUTRON which contains prior and present
collision parameters (the pre-collision weight is also provided).

All other variables in the walk which may be needed by the user
should be transmitted by the primary interface routine, BANKR, as argu-
ments in the called routine. See BANKR writeup for examples.

Sample User Routines

The problem chosen for this exemple is to calcuiate fluence at up
to 20 distances from a point, isotropic source in an infinite medium. A
boundary-crossing estimator is used along with alternating geometry media
1 and 2 in concentric spherical shells. The information required by the
sample analysis routines is passed by common DET. The variables required
are defined in Table IX. Descriptions of each routine including flow
charts and listings follow.

A description of the versatile analysis pacikage SAMBO is contained in
reference 1. Some of the user routines described here are replaced by

more general routines in SAMBO; other routines complement those in SAMBO.




Variable Definition

ND Number of detectors.

NSCAPE Counter for boundary crossings beyond the last detector,

RAD(20; Radii ir cm of the spherical detectors {must be medis
boundaries).

NN(20) Rumber of estimates at each detector.

UD(20) Uncollided response for the current batch.

sSuD(20) Uncollided response (UD) summed over batches.

SuD2(20) Sum, over batches, of the squares of the uncollided response
estimates weighted with NS@RC* (sum of UD®#2/NS@RC).

SD(20) Total (uncollided plus collided) respomse for the current
batch,

SSD(20) Total response (SD) summed over batches.

SsD2(20) Sum, over batches, of the squares of the total response esti-
mates weighted with NSPRC (sum of SD®#2/NS@RC).

FDCF(109) Response function array.

»
NSPRC is the number of particles starting the batch.
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Subroutine BANKR (NB#KID)

The function of BAMKR is to call analysis and diagnostic sudbroutines
as specified by the user. The particular subroutines called in the analysis
module are determined by the index NBEKID. In this problem: BANKR (-b)
calls NRM; BANKR (-3) ca’ls NBATCE; BANER (-2) calls STBTCE; BABKR (-1)
calls STRUN and HELP; BANKR (1) calls SDATA; and BANKR (7) calls BDFRYX.
Any other values of HBEKID result ir a return.

A version of BANKR that writes a collizion tape similar tc that
written by #5R is also available.

There are 26 possible variables that may be writterx on the tape for
each of the 13 types cf events. The use of the tape-writing version
of BANKR is not encouraged but it is provided for that oxcasional circum-
stance vhere it is advantageous.

Called from: MS@UR, FPRJB, MJRSE, MXTCJL, TESTW, GSTYRE.
Subroutines called: STRUN, STBTCH, KBATCH, NRUN, SDATA, BDRYX, HELP.
Commons rejuired: AP$LLY.
Variables reqguired:
NBNKID - an index vhich identifies the type of collision and/or
subroutine called (NBNKID = -b, -3, -2, -1, 1, 2, ... i3),
NITS - numbier of batches to be run,
ITERS - number of batches which remain to be zrocessed,
NQUIT - number of runs remaining plus one (set to negative of the
number of runs completed, when an execution time kill occurs),
NMEM - number of particles vhich remain to be processed in a given
batch.
Significant internal variables:
EBAT - the batch number less one,
HSAVE - the number of particles starting the current batch.
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SUSROUT TRE BANK®R (NRE TR}

C 0O 83T CALL EUCLTIO FRON QAMxE ¢ D)
COMRON /APOLLO/ AGSTRY ,DDF JDEADUT(S) JETALETATH,ETAUSD . UINP,VINP, BANKR 30
1 HWINP NTSTRY o XSTRTVSTRT o ZSTRT, TCUT XTRA (100 o
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seMP 10

- e

DB R 20

SANKR 3]

2 10,12 +NECTA, 1ADINM, ISBIAS ISOUR, ITERS, ITINE, ITSTR.LOCUHTS . LOCFUL .SANKR 32
3 LOCEPRAOCNSC.LOCFSH NAXGP NANT IR, NEDALS NGPREG . NXREG,NAL D, SANKR 33
& NDEAD( 5)  NEVIPL , ACEON ,NGCPOTY , NGPQAT 2 ,NCPOTI NGPQTG s NCPOTN,NITS » BANKR 34
S MXCALC MK ILL MLAST NNEN,NNEP o KNOS T, NNTG o KOL EAK  NORNF . NPAST , SAMNKR 35

6 NOSCLULI HOUTT (NS ICL MSCUR, NSPLT (NSTRT(KXTRA (109
COMMON /NUTRON/ NARE, MANEX 16+ 1GONPEC,RECOLGNREG yUs V¥, UOLD . YOLDBANKR 40
1 oNOLDyXoVoZoeXOLC: YOLO ZOLCMATE ,CLOUT ,NTBL +BLINT,BL20N,AGE,OLDAGEBANKR 4]

SANKR 36

NONK = NBNKID BANKR SO

IF (NBNK) 100,10 °,140 SANKR 60
100 NBMK = NBMK £ 5 SANKR TO
G0 YO (104,1C3,102,1013,M0MK SANKR 80

201 Catt STRUN BAMuR ¢
CALL MELP(4HSTRU,1.1,1,1) BAMK 100
RETURN BANK 110
102 NBAT = NITS -~ ITERS SANK 120
NSAVE = NNEN SANK 130
CALL STBTCH(NBAY) SANK 140
NBAY 1S THE BSATCH NO. LESS ONE BANK 150G
RETURN BANK 160

31C? CALL NBATCH(NSAVE) BANK 170
NSAVE IS THE NO. OF PARTICLES STARTED IN THE LAST BATIM SANK 180
PETURN SANK 190
106 CALL MRUNINITS ,NQUIT) SAMK 200
NITS 1S THE NC. OF BATCMES COMPLETED IN THE RUN JUST COMM ETED SANK 210
AQULIT .GT. 1 IF MORE RUNS PERALN GANK 220
+EQe 1 IF THE LAST SCHEDULED RUN HAS PEEN COMPLETED BANK 230

1S THE KEGATIVE OF TE 0. OF CONPLETE RUNS, WHEN AN SANK 240
EXECUTION TINE KILL OCCURS SAMK 250

VETURN BANK 260

40 GO TO t3620304¢5:607:8:9:10,11,12° .00 BANK 270
NOMKID COLL TYPE BAMKR CALL NONKID COtLL TYPE SANKR CALL BANK 280
) § SOURCE YES (NSOR) 2 seLlY MDD (TESTUIBANK 290

3 FI1SS 10N YES (FPROB) & SANGEN N0 (GSTOREBANK 300

S REAL COLL YES (MORSE) é ALBEDO YES (MORSE)IBANK 310

7 SORY X YES (NXTCOL) 8 ESCAPE YES (MXTCOLBANK 320

9 e=CuT NO (NORSE) 10 TINE KILL NO (MORSE)ISANK 330

11 RRKILL %0 (TESTW) 12 R R SURY N0 (TESTUIBANK 340
1® GAMLOSTY N0 (GSTORE) BANK 350

1 CALL SOATA SANK 260
RETURK SANK 270

2 RETURN SANK 380
3 RETURN SANK 350
4 RETURN SANK 400
5 RETURN BANK 410
¢ RETURN SANK 420
7 CALL 80RYX BANK 430
RETURN BANK 440

8 CETURN BANK 450
9 RETURN SANK 4860
10 RETURN SANK 470
11 RETURN SANK 480
12 RETURN SANE 490
&nd BANK 500

e e oo i . St M, 5 kot
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Subroutine BDRYX

This routine is called vhenever the particle in the walk encounters
a change in geomelry media. If the source-to-collision distance corresponds
to a detector position, the reciprocal of the cosine of the angle from
the radius vectcr is used as a fluence estimate. The response
value for the appropriate erergy grovp modifies the estimate, which is
then stored in the counter for tke apprcpriate detector.

Called from: BANKR (7)
Subroutines Called: ERR¢R (librarv)
ABS (library function)
Commsons required: USER, NUTR¢N, DET
Variables requir.3d:
X, Y, 2, U, V, W, WATE (from common NUTRGN, see page 12)
ND, NSCAPE, NN(I), FDCP(I), SD(I), KAD(I) (from common DET, see
page 169)
Varisbles changed: NSCAPE, EN, SD.
Significant internal variables:
R21 - radial distance to boundary crossing,
R2 -~ 99% of R21,
R22 - 101% of R21,
C#S - cosine of angle between particle direction and radius vector,
ABC@S - absolute value of C@S,
C@N - fluence estimate,
COND - response eéstimate.

i
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Subroutine BDRYX

(suamn

CALCULATE R21,
DISTANCE FROM ORIGIN
TO BOUNDARY CRCSSING

ww A\‘ol

RRESPOND TO A
REQUESTF., DETECTOR
POSITION?

CALCULATE Cg@S,
COSINE OF ARGLE
BETWE=N PARTICLE

(Detector indi
by Index

DIRECTION AND SURFACE

ﬁted |

IS R21 GREATER
THAN LARGEST
DETECT"R POSITION?

r ca'u'—"= m\m"z' ZJAECES |
STORE C@N*FOCF(IG)
1N 8u(I;
INCREMENT Nv(1)

—-

RETURN

1Mwm- [
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SUBROUT INE 2CRYX SDAYX 10

c S8CRYX 20
C FCR USE IN SPHER ICAL GEOMETRY OMLY soRYX 30
C BSORYX 40
C IOENT IFIES ODETECTYOR POSITION WITH A BOUNCARY CROSSING AND THEN SDRYX S0
C CALCULATES AND SUMS QUANTITIES COF INTERESY FCR EACM BATCH. bORYX 60
c SORYX 70
CONMMON FUSER/ AGSTRT WTSTRY XSTRT,YSTRT,2STRT ,LFF,EBOTNK,EBOTG, BORYX 80

1 TCUT,10,11,1ADJM NGPQT NGPQT2,NGPQT2(NGPOTG . NGPOTN ,NITS, MLAST, 80ORYX 81

2 NLEFT,NMGP NMTG,NSTRT SDRYX 82
COMMON /DEY/ NONSCAPERAC(29),MK120),U0(2C) ,SUD120),SUD2{20), BORYX 90

1 SC(20}),550(20),5502(20),FOCFi1GO) SORYX 91
COMMCN /NUTRON/ NAME, NAMEX 16, IGCNPEDMEDOLDNPEG U,V N,U0LD,VOLDBDRY 100

1 oWOLDeXsYeZoeXOLL, YOLDyZOLD I WATELOLDOHT (UTBC,BLINT (BLZONJAGE .,OLDAGEBDRY 101

£21 = SQRT (X982 + Y882 ¢ 7982) SDRY 110

R = R2120,.99 89RY 120

R22 = R21+]1,.01 GORY 130

00 5 I=1,ND BORY 140

I (R2-RAD(1I)) 15,15,5 apRY 150

5 CONTINUE BORY 160
NSCAPE=NSCAPE+] SORY 173

10 RETURN 8OLY 180
7 15 IF (R22-RAD(1)) 10,20,20 SDRY 1%0
Y 20 ERA = USX o VaY o Ws2 SORY 200
£0S = ERA/R2] - 1.6-10 sDRY 210

I (COS) 30,25.20 GORY 220

25 WRIYE (30,1000) BORY 230
1000 FORMAT( 1HO, 144 COS=0. ,.RETURN) BORY 240
RETURN BOR: 2%¢

30 AECCS=ABS [CCS) BDRY 260
IF (ABCOS~-1.0091) 40,40,25 SORY 270

35 WR.TE (10,1010) ABCOS BORY 280
1010 FOFMAT(1HO, *ABCOS.6Y.1. = *E10.4) SORY 230
CALL EPROR BORY 300

40 I (ABC0S-0.01) 45,50,50 80RY 310
45 ABCOS = 0.005 8DRY 320
50 CONSWATE/ZABCOS ODRY 330
NNCE) = NNCT) ¢ ) BORY 349

COND = CON®FOCF(15) SDRY 330

SO(1) = S0(1) ¢+ COND SDRY 360
RETURN S8ORY 370

END CORY 380

; g . Ly o iy s e - -
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FPunction DIREC (DUMMY)

Thic function provides the dot product of the neutron direction vector
and the radius vector. Thus DIREC = 1.0 for an outgoing neutron and =
=1.0 for an invard going neutron. These valuss result in maximum path

stretching and shrinking, respectively, vhen used in the calling routine
CETETA.

Calleld from: GETETA
Punction used: SQRT (1ibrary)
Commons required: NKUTRON
Variables required:
WILD, VYLD, WPLD - prior colliaion direction ccsines (at this point
they are equal to the current collision values),
XPLD, YPLD, ZPLD - coordirates of prior collision site (at this point
they are equal to the current collision values).
Variables changed:
DIREC - the fuaction value,

e S e e N
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Function DIREC (DUMMY)

CALCULATE R1, DoOT
PRODUCT OF NEUTRON
VECTOR AND UNNORMALIZED
FADIUS VECTOR

MORMALIZATION OF

RADIUS VECTOR
YES
DIREC = 1.0 }

B Vo 4 AN ot 13T g 2. o Gl ST




.
4
. y P
LT I S PN

.

b e

s

S aTas el OO S

[P
N

178

FUNCT ION DIRECIF) OIREC 10

c OIREC X0
c SPHERICAL GRIFETRY VERSION OIREC &0
c OIREC 50
CORRON /0UTRON/ RARE . NAREX , 1Go 1GD NNED, NEOOLD MR EGL UV, W, UOLD,VOLODIREC SO

1 oWORDeRoVe2eR0LDs YOLDoZOLO oHATE OLOUT o WTBC 0L 71T, 80 20N AGE ,OLOACED IREC 51
R1=ULOSROLOVOLISYOLOWMOLO®ZOLD OIREC &0
R2=SORT (XDLOGS2eVOL 00020201000 2) OIREC 10

1 (R2 - 2.E=8) 10,10,3 OIREC (O

S COosS=R1/R2 OIREC 90
OIREC=COS OIRE 100
RETURN o1z 110

10 DOIREC=]. OtRE 120
RETURN OIRE 130




179

Subroutine GTMED (MDGE@M, MDXSEC)

This subroutine allows one to equate the cross sections for two differ-
ent geometric media. Thus, if one uses a bcundary crossing estimator,
GEfM requires that the media on both sides of the boundary differ. However,
for a homogeneous problem, the transport needs only one cross section
to be stored. For any problem not involving a boundary crossing estimator
for a homngeneous system, "DGE@M and MDXSEC may be equivalenced and the

subroutine calls removed.

A data statement sot.s the two media numbers that are to have the

same cross sections.

Called from: M@RSE, FPRPB, NSIGTA, COLISN, PTHETA, FISGEN, GAMGEN
Variables required: MDGE@M, MEDI1E, MED2E
Variables changed: MDXSEC

Subroutine GTMED (MDGE¢M, MDXSEC)

IS CROSS SECTION
MEDIUM SAME AS
GEOMETRY

MEDTUM?

NO > SET
MDXSEC = MED]1E

10

SET MDXSEC = MDGEg¢M
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SUBSROUTINE GTREDINDGEOM, MDXSEC)
OATA REDL1E/1/7,.ME02¢727

IF (NDGEON - NED2E) 1C.5.1C
MDXSEC = NED]LE

RETURN

MDXSEC = MDGEOM

RETURN

END

e I O Ao L e S
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Subroutine NBATCH (NS@RC)

This routive is crlled at the end of each batch to perform the sums
needed for calculation of batch statistics. Provision is made, although
not used in this case, for batches of different sizes. Beceuse of this,
the summation of the square of the accumulated estimate is divided by

the number of particles starting the batch. (See VARl writeup for statis-
tical formulae.)

Called from: BANKR (-3)
Commons required: DET
Variables required:
KD, UD(T), sup(I), sup2(1), sb(1), SSB(I), SSp2(I} (from comson DET,
see page 169)
NS@RC -~ number of particles beginning the batch.
Variables modified: SUD(I), SUD2(I), SSD(I), SSD2(I).

Subroutine NBATCH (NSgRC)

SUM UNCOLLIDED RESPONSE
AND SQUARE OF UNCOLLIDED RESPONSE/PAKTICLE |

SUM TOTAL RESPONSE
ARD SQUARE OF TOTAL RESPONSE/PARTICLE
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¢ SUSOUTINE maTCH(NSORC) mar 1o

©  NOATLN SUMS SATOH-QUANTITIES OF INTEREST OVER ALL SATCHES. maTE 30

Coiae) SET/ NOLMSCAPERADI201010(20) WOI20),SHDL20), SHB2020)s  WOATC oo

1 $9120),5501201,3502120), FOCF(100) NOATC 31

90 S f=1,m0 NOATC 60

X NOAYC 79

SU(L) = SWOLI) o ¢ NSATC 8¢

SVD2(1) = SUD2(IS o Feo2/MsORC NBATC %0

¢ = $5(1) NBAT 100

; SSOLI) = SSO(I) o 6 NSAT 110

: S SS0201) = $SB2I) ¢ Gee2/nSONC NOAT 129

: RETURN NOAT 130

: () NSAT 140
I
¢
{
i
i
|
i
1
3
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Subroutine NRUS (NRUNS, NQUIT)

This routine is called at the end of each run (consisting of NRUNS
batches of ESTRT particles in this case). The calculated quantities are
normalized and output, along vith fractional standard deviations.

Called from: BANKR(-b)
Subroutines called:
VARl - calculates fractional standard deviations,
Commons required: DET, USER
Variables required:

NRUNS - number of batches completed (note the NITS in common USER
is the requested number of batches, not necessarily the
actual number completed),

BQUIT - number of runs remaining plus one, or negative of the aumber
of rung completed vhen an execution time kill occurs,

NSTRT -~ number of particles per batch,

WD, SuD(I), sub2(1), ssp(1), Ssp2(I), MN{I), RAD(I), NSCAPE (from

common DET, see page 169)
Variables changed:

sim2(1) converted to fractionel stendswd devietions by
ssna(x)‘} VARl
suD(I)
ssp(1) } normalized to unit source particle
Variables output: RAD(I), SuD(I), sub2(I), ssp(1), ssp2(1), FIN (aN(I) ,
normalized)
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Subroutine NRUE (ARUN,NQUIT)

(s

CALCULATE
TOTAL FUMBER
OF HISTORIES,

NPART

CALL VAR1
T CALCUIATE
.8.d4.'s FOR
UNCOLLIDED
ARD TOTAL
RESPONSE ARRAYSJJ

f.s8.d.'s AND NUMBER
OF ESTIMATES FORQR
DETECTOR 1

LY VE AL., DETECTORS

BEEN TREATED?

YES I>ND

H
Wﬂm«w‘ Cer
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SUBROUT INE NRUN(NRUNSyNQUIT)

SUBRCUTINE NRUN SUMS OVER ALl BATCHES, AND CALCULATES AND
OUTPUTS QUANITITIES OF INTEREST AFTER A COMPLETE RUN.

COMMON /DET/ ND:NSCAPELRAT(20),NNL20),UD(20) ySUD(20),SUD2(20),
1 SD(20),SSD(25),SSD2(20),4FOCF (100)

COMMON /USER/ AGSTRTyWTSTRTyXSTRTyYSTRTZSTRT yDFF,EBOTNyEBOTG,

1 TCUT,10,111ADJMINGPQT1,NGPQT2,NGPQT3,NGPQTGyNGPQTNyNITS,NLAST,
2 NLEFTyNMGP yNMTGoNSTRT

NPART = NRUNS*NSTRT

FNB = 1.0/NPART

WRITE (10,1000)

FORMAT(1H1,52X,'4 P! R%*x%2 RESPONSE'
1 /1HO 6 Xy "RADIUS® 414X *UNCOLLY 416X,
1°FSD" g ISX o *TOTALY 917X *'FSD" 912Xy *FRACTICN OF'/1H ,25X,YRESPONSE?,
213Xy "UNCOLL ' 913Xy *RESPONSE " 913X, TOTAL?,12Xy 'CROSSINGS?)

CALL VARL(SUD(1),SJUD2(1)¢NDyNRUNSyNPART)

CALL VAR1(SSD(1),+SSC2(1) s NDyNRUNSyNPART)

00 5 I=14ND

FIN = NN(T)

FIN = FIN®FNB

SUD(I) = SUC(1)*FNB

SSD(I) = SSC(1)*FNB

WRITE (10,1010) RAD(I),SUC!T),SUD2(]),SSD(1),SSD2(1),FIN

FORMAT( lH 92X92(E1004911x) QF 8.59521.‘092F190 5,

RETURN

END

NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
NRUN
PRUN
NMRUN
NRUN

10
20
30
40
50
60
61
70
71
72
80
90
100
110
111
112
113
120
130
140
150
160
170
180
190
200
210
220

SgT
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Subroutine SCJRIN

This routine is called by subroutine INPUT for the user to input
necessary analysis data. In this sample, a title card, the number asnd
radii of detectors, und values of the response function are rezad in

and ouvcput.

Called from: INPUT
Commons required: USER, DET
Variables input =nd output:
K¢GMENT - 80 hollerith characters,
ND - number of detectors,
RAD(I) - radii for each of ND detectors,
FDCF(I) - NGPQT3 (=NGPQTN in this case) values f the response
function.
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Subroutine SCPRIN

I/@: YQMENT
80 CHARACTERS
TITLE INFCRMATION

RADII TO DETECTORS

§
i

I/9: FDCF
RGPQT3 VALUES
OF KRESPONSE
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SUBROUTINE SCORIN SCORI 10

c SCORI 20
¢ ANALYSIS INPUT DATA ARE READ INTO SCORIN SCORI 30
c SCORI 40
COMMON /USER/ AGSTRT,WTSTRT,XSTRT,YSTRT,2STRT,DFF ,EBOTN,EBOTG, SCORI 50

1 TCUT,12,11+1ADJMyNGPQT1,NGPQT2,NGPQT3,NGPQTG+NGPQTN,NITS,NLAST, SCORI S1

2 NLEFT,NMGP o NMTGyNSTRT SCORI 52
COMMON /DET/ NDyNSCAPE,RAD(20)yNN(20),UD(20) ySUD(20),SUD2?20), SCOR! 60

1 SD(20),5S50(20),SSD2(20), FDCF (100) SCORT 61
DIMENSION KOMENT(20) SCORI 70

READ (Y1,1000) KOMENT SCORI 80

1000 FORMAT (20A4) SCORI 90
c SCOR 100
C READ IN PROBLEM OUTPUT PARAMETERS SCOR 110
c SCOR 120
c WHERE SCOR 130
c ND = NUMBER OF DETECTORS SCOR 140
c SCOR 150
READ (11,1010) ND SCOR 160

1010 FORMAT (8110) SCOR 170
c SCOR 180
C READ IN DETECTOR POSITIONS (MUST CORRESPOND TO MEDIA BOUNDARIES) SCOR 190
g DETECTOR MUST NOT BE PLACED AT THE LAST MEDIUM BOUNDARY. sgoa 200
SCOR 210

READ (11,1020) (RAD(I),I=1,ND) SCOR 220

1020 FORMAT (7E10.4) SCOR 230
c SCOR 240
c READ IN NGPQT3 VALUES OF THE RESPONSE FUNCTIONS SCOR 250
c SCOR 260
REAC (11,1020) (FOCF(1),1=1,NGPQT3) SCOR 270

c SCOR 280
WRITE (12,1020) KOMENT SCQR 290

1020 FURMAT (1H1,20A4) SCOR 300
WRITE (1241040) NDy{RAD(1),I=1,ND) SCOR 310

1040 FORMAT (1HO,19HMUMBER OF DETECTORS,I14/20H DETECTOR RADII, SCOR 320
1 (1P5E14.3)) SCOR 321
WRITE (12,1050) (FDCF(1),1s1,NGPQT3) SCOR 330

1050 FORMAT (1H2,' RESPONSE FUNCTION 14/ +6(1PEL14.3)) SCOR 340
RETU-N SCOR 350

ENC SCOR 360

BNy e SN




Subroutine SDATA

Called by BANKR(1), from MS@UR, for each source collision, this rou-

tine calculates uncollided response for each detector.

Calied from: BANKR(1)
Subroutines called: NSIGTA
Functions required: EXP (library)
Commons required: USER, DET, NUTR@N
Variables required:
IG - energy group index,
NMED - medium number,
TSIG - total cross sectiom provided by NSIGTA,
ND - number of detectors,
RAD(I) - array of detector radii,
WATE - neutron wveight,
FDCF(I) - array of response functions
Variables modified:
tD(I) - array of uncollided respenses.

e e Tl M T e
|
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Stbroutine SDATA

START

CALL RSIGTA
TO PROVIDE TOTAL
CROSS SECTION FOR
GROUP IG AND
MEDIUM RMED

1

CAICULATE

UNCOLLIDED
FLUENCE, CgN

ogy - WATE e~ (TSIG)*RAD(I)

!

STORE RESPCNSE ESTIMATE,
CPN*FDCF(IG) FCR
DETECTOR I




191

SUBROUT IRE SDATA SOATA 10

c SOATA 20
Cc SUBROUT INE SOATA CALCULATES UNCOLLIDED QUANTITIES OF INTEREST ATSDATA 30
c EACH DETECTOR POSITION FOR EACH BATCH. SOATA 40
Cc SDN\TA S50
CONNON /DET/ NONSCAPERADI20),MN(20) ,UD(20) ,SUD{20) o SUD2( 205, SOATA &0

1 SO(20):SSD(20),5502(20),FOCF(100) SDATA 63
COMNON FUSER/ AGSTRT JUTSTRT XSTRTYSTRT ZSTRT,OFF.EB0OTN, EBOTG, SOATA 70

L TCUT 10,11, 1ADINNGPQT L NGPQT 2,NGPQAT 3, NGPITGC,NGPATN,NITS ,LAST, SOATA 71

2 MLEFT,NNRGP NNTG,NSTRT SOATA T2
COMMON /7NUTRON/ NAME, NAREX, G, 1GD MRED, REDOLD JNREG,U» Vo M UOLD,VOLOSDATA 80

1 oWOLDe X oV o2 XOLDs YOLODoZOLOD LUATE,OLDUT cWTBC,BLINT (BLION,AGE,OLOAGESDATA §1

CALL NS ISTYAUIGINMED, TSIGHXI) SOATA 9%

00 8 I=1,MD SOAT 100
XI1=sRAD( 1) SOAT 110

i CONSUATE®EXP (-TSIG*X1) SOAT 120
COND = CON®FDCF(16) SOAY 130

UD(1? = UDL(1) ¢+ COND SOAT 140

S CONTINVE SOAT 1%
RETURN SOAY 160

EnO SOAY 1T0

[
ey

e Pl R WY ey s e
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Subroutine SQURCE (IG, U, V, W, X, Y, Z, WATE, MED, AG, IS§UR, ITSTR,
NGPQT3, DDF, YSBIAS, NMTG)

This subroutine determines the initial parameters for all primary
particles. If the variabler which are input to MJRSE are not altered by
S@URCE tben those input parameters are used for every particle. If a
fission problem is being considered, the particle group at the time
S@QURCE is called is the group causing ihe fission event and the source
energy group for the new particle must be reset. The version of source
discussed here merely selects from an input energy spectrum. An option
to select from a biased ener:yy distribution is provided. The weight
correction for selecting from the modified distribution is given by the
ratio of the natural probability to the biased probability at the selected
energy group.

Called from: MSPUR
Commons required: Blank
Variables required:

ISPUR - a switch which determines the type of source - see INPUT,

ITSTR - a switch which indicates whether fission is an originai

source particle or a daughter (irrelevant in this problem),

NGPQT'3 - total number of groups over vhich the problem is defined,

DDF - starting weight corrected for source being defined over differ-

ent number of groups than actually being wsed in the problem,

ISBIAS - switch indicating if biased sampling is used for source

energy,

EMTG - total number of groups.

Variables changed:

WATE - particle source veight,

IG - particle energy group.
Significant internal variables:

NWT - location of group zero source probability (either biased or

unbiased).
Limitations: This version only selects an energy group.
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Subroutine S@URCE (IG,U,V,W,X,Y,Z WATE,MED,AG,IS@UR,ITSTR

NGPQT3,DDF,ISBIAS ,NMTG)

IS SOURCE

MONOENERGETIC ?

[SET PARTICLE SOURCE WEIG 'mr"']

1S SOURCE ENSRGY) YBS

BIASED? ISBIAS > O

! SET INDEX FOR SOURCE |
PROBABILITY TAELE

SET INDEX FOR
SOURCE PROBABILITY

SELECT SOURCE ENRERGY
GROUP 1

WAS DISTHYBUTICON) YES

MAKE WEIGHT

Pr BIASED? / ISBIAS >0

CORRECTION
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SUSROUT INE SOURCE( 1GoUoV oMo XoV o2y MATE ¢NEDeAG, ISOUR, ITSTR,NGPQTI, SOURC 10
1 DOF, 1SBIAS . NNTG) | SouRC 11

SOURC 20

IF ITSTR=20, RUST PROVIDE 1GeXsVold UsVeMMATE AND AG IF OESIRED TG ZESOURC 30

DIFFERENT FRON CARD VALUES (WNHICH ARE THE VALUES INPUT TO SOURCE) SOURC 40

IF 1TSTR=sl, (G IS THE GRP MO, CAUSING FISSION, MUST PROVI( S NEV 16 SOURC 50
YHIS VERSION OF SOURCE SELECTS INITIAL GROUP FRON THE FISSION SPECTRUN.

SOURC 70
CONMON W1S(1) SOURC 00
IFCISOUR)S, 5,50 SOURC 90
WAT E=Q0F SOUR 100
IF (ISBIAS) 10,10,15 SOUR 110
WT = 20NNTG SOUR 120
G0 TO 20 SOUR 130
T = 3SNNTG SOUR 140
R = FLTRNFIR) SoUR 150
00 23 [=1,MGPQT) SOUR 180
IF (R.LE.MTS(TMT)) GO TO 30 SOUR 170
CONT INVE SOUR 100
16=1 SOUR 190
IF (ISBIAS) 50050035 SOUR 200
IF (1-1) 50,40,45 SOUR 210
WATE o WATESWTS(20NNTG1)/UTS(ISNNTGe L) SOUR 220
RETURN SOUR 230
WATE = WATES(MTSI26NNTGS I )-NTSI20MNTG1-1) )/ (UTSIISNNTGH [)-UTS( ISNSOUR 240

INTGeI-1)0 SOUR 241
RETURN SOUR 230
Eno SOUR 260
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Subroutine STBTCH (NBATCH)

The arrays used to accumulate uncollided and total respcase are zeroed
ty tbhis routine. In addition, if NBATCH = 0 Indicating the first batch
in a rur: is about to begin, all arrays are zeroed which accumulate esti-

mates and squared estimates over batches.

Called from: MPRSE
Subroutines called: ERRPR (library)
Commons required: DET, USER
Va-iables required:
NBATCH - batch number less one,
ND - number cf detectors.
Variables modified:
NSCAPE, NN(I), subp(I), sup2(1), ssp(1), ssp2(1), SD(I}, ud(1} (from
common DET, see page 169).

T
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Subroutine STBTCH

ZERD NSCAPE
AND ND VALUES
OF NN, SUD,
SUD2, SSD AND
SSD2 ARRAYS

NO
FIRST BATCH
NBATCH = 0 OF THE RUN? NBATCH > O

(NBATCH)

¢ IS THIS THE

ZERO ND VALUES

OF UD AND SD %——
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SUBROUT INE STBTCH(NBATCH) STBTC 10

STBTC 20

THE FOLLOWING QUANITIES ARE INITIALIZED IN STEBATCH STBTC 30
STBTC 40

UD(I) = UNCOLL iDED RESPONSE SUMMED OVER A SINGLE BATCH STBTYC 50
SUD(I) = SUM OF UNCOLLICED RESPONSE SUMMED OVER ALL BATCHES STBTC 60
SUD2(1) = SUM QF UD(TI)*%*2 STBYC 70
SD(1) = TOTAL RESPONSE SUMMED OVER A SINGLE BATCH STBTC 80
$SD(I) = SUM OF TOTAL RESPONSE CVER ALL BATCHES STBTC 90
SSD2( 1) = SUM OF SD(I)%**2 STBT 100
ST3T 110

WHERE STBT 120
Y IS THE INDEX FOR DETECTORS (CM) STBT 130
STBT 140

COMMON /DET/ NDyNSCAPE,RAD(20),NN(20),UD(2C),SUD(20),SUD2(20), STBT 150
1 SD(20),SSD(20),SSD2(20),FOCF(100) STBT 151

COMMON /USER/ AGSTRT WTSTRTyXSTRTyYSTRTHZSTRT,CFF,EBOTN,yEBCTG, STBT 160
1 TCUTy10911,yIADJM.NGPQTYLINGPQT2,NGPQT2yNGCGPQTGyNGPQTNyNITSyNLASTy STBT 161

2 NLEFT NMGP yNMTYG,NSTRT STBT 162
IF (NBATCH) 5,10,20 STBY 170
CALL ERROR STBT 180
NSCAPE = 0 STBT 190
DO 15 1=]1,ND STBT 200
NN(1)=0 STBT 210
SuUp(1I) = 0,0 STBT 220
SUD2(1) = 0.0 STBT 230
SSD(1) = 0,0 STBY 240
$SD2(1) = 0.0 STBT 250
DC 25 I=),4NCT STBT 260
SO(I) = 0.0 STBY 270
Ud(l) = 0.0 STBY 280
RETURN STBT 290

END STRT 200

e e

L61
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Subroutine STRUN

This routine is called at the beginning of each set of NITS batches
and is normally used only for problems like time-dependent fissioning
systems. In this sample, it is used to print out the first 50 random
numbers for assistarce to users trying to duplicate the random number

generator. Note that the starting random number is saved and restored

before returning.

Called from: BANKR(-1)
Subroutines called:
RNPOUT
RNDIN
Functions used: FLTRNF

SO S VU
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Subroutine STRUN

‘ START>
CALL RNDOUT zmll; :

[SAVE AND 'ox___@"z,m RANDOM |

__”

STORE NEW RANDOM
NUMBER IN X

CALL RRDGUT (RANDgM) ;

OUTPUT X AND RANDgM :

- HAVE S50 RANDOM
NUMBERS BEEN

I <50 PRINTED?
RESTORE SAVED

VALUE OF RANDGM :

[SLTRRT L

Rip g
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SUBROUTINE STRUN SThun 10
TMLS RIUTINE 1S ENTERED ONLY AT THE BEGINNING OF EACH SET OF NITS SATCHES
& THIS VERSION PRINTS A LIST OF THE FIRSY FEW RANDOR NUNBERS SO THAT USERS
& OF VARIOUS MACHINES MAY DUPLICATE THE RANDON NUNBTR SEQUENCE STRUN 40
REALSS RANOON,RSAVE STRUN 5O
CALL ANDOUT (RAKDON) STRUN 60
RSAVE = RANDON STRUN T0
MRITE (6,10C0) RANOON STRUN 80
FORMAT (° THE INITIAL RANDON NUMBER, IN HEX, IS °*,216-/ STRUN 90
1 ¢ THE NEXT 50 NUNBERS FOLLOW®/) STRUN 91
DO S I=1,5C STRU 100
X = FLYRNF(X) ' STRY 110
CALL RNOOUT (RANDOM) STRYU 120
WRITE £{6+1005) X .RANDO® STRVU 130
FORMAT (F20.8,4X.212) STRY 140
RANOON = RSAVE STRY 150
CALL FNDIN(RANDOM) STau 160
RETURN STRY 17C
END STRU 180
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Subroutine VARl (SX, SX2, M, HBAT, NPART)

This routine calculates variances and frai.tional standard deviatioms
(f.s.d.) for batch statistics allowing for unequallv weighted batches.
The formula for the variance of the mean is

2y
o2 = 7= [lli x2 - & snx
x (81) ln £ 2% T n? L % ’
v 1=l i=1
wvhere N = number of batches,
n = total number of independent histories,
n. = number of independent histories in the ith batch,

i
xi = accumulated estimate in the ith batch.
Note that
N
n= ) n
i=1
ns
= zlx_ ) X5 °
iJj=1
where xs 3 is the estimste from the jth history in the ith batch,
N
- 1
x = ; 'X nlxi F )
i=1

where x is the mean, averaged over n histories.
The fractional standard deviation is

f.s.d. = JoZ2/x .
x

Note that the routine must bYe called before the array SX=nx) is normalized.

Called from: NRUN
Functions required: SQRT, ASS (library functions).

Variables required:
N

SX(I) - array of values of nXx = ) n.x,_,
=1 ii
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N
SX2(I) - array of values of ) n.x2
jop 11

M ~ number of elements in SX and SX2,
NBAT = X,
NPART = n.
Variables changed:
3X2(1I) changed to f.s.d.

Subroutine VARl (SX,SX2,M,NBAT,NPART)

WAS ORLY %0

YES
4  ONE BATCH

WITY f.8.d.

YES
ZERO M I
VALUES |

ZERO

OF Sx2(1) [;XZ(I)

[ REPLACE sSx2(1) |
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SUBROUT INE VAR]L(SX,SK2,R,NBAT ,NPART)
NBAY IS THE NO. OF INODEPENDENT BGATOMES
NPART IS TME TOTAL NUNESER OF PARTICLES PRUCESSED

VAR]L
VAR]
VARL

10
20
30

IT 1S ASSUNEC THAT THE SUNSQ ARRAY MAS ACCUMMLATED THE NUNBER OF PARTICLES
TIRES THE SQUARE OF THE BATCH AVERAGE (TNIS 1S OBVAINED BY OIVIOING
THE SJUARED BATCN SUR BY THE NUMBER OF PARTICLES STARTING THE sATCH)

DINENSION SXIM),.SX2(m)

IF (NBAT=1) S5,95,1%

30 10 I=1,N

$x2(1) = 0.0

RETURN

00 3% 1=1,N

IF (SXU(I)) 25,20,25

Sx2(1) = 0.0

G0 TO 30

SX2(1) = (SX2(TM/NPARTY - (SXUI)/NPART )8 02)/7(NEBAT~-]1,.)
SR2(I) = SQRT{ABSISX2(I D I/SKLIISNPARTY
CONTIMUE

RETURM

EnN0

VAR]
VAR]
VAR]Y
VAR]
VAR]Y
VAR])
var}
VAR
VAR
VAR)
VAR]
VaR}
VARL
varl

S0

"t~ e
. .
. R
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Sampla Problem

The fast-neutron fluence at several radial distances is calculated
for a point, isotropic, fission source in an infinite medium of air.
The air was assumed to be made up of only oxygen and nitrogen with a
total density of 1.29 g/%.. The special spherical geometry was used to
describe the concentric spherical shells of air surrounding the point
source. Although the entire medium was air, the geometry medium numbers
alternate between each of tke sliells for use with tke houndary-crossing
estimator. This estimator requires that each detector lie on a boundary
separating tvo media. The cross sections for air usec in this calculation
vere for 22 neutrcn groups with five Legendre coefficients used for the
angular expansion. Only the top 13 neutron groups wvere analyzed. The
group structuwre with the corresponding fraction of particles emitted in
each group is given in Table X. Splitting, Russian roulecte, and path
length stretching were also implemented.

The prcblem input and output are listed a. follows:

A Al S | e T T I
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Table X. Fission Spectrum in la-Group Structure

Energy Limits

Group Ko. (MeV) Fraction of Source Neutrons
1 15.0-12.21 1.5529(-k)?
2 12.21-10.0 8.9338(-h)
3 10.0-8.187 3.4786(-3)
L 8.167-6.36 1.3903(-2,
5 6.36-4.966 3.4557(-2)
6 %4 .966-4. 066 3.5047(-2)
7 4.066-3.012 1.0724(-1)
8 3.012-2. 466 8.8963(-2)
9 2.466-2.350 2.3186(-2)

10 2.350-1.827 1.2036(-1)
11 1.827-1.108 2.1803(-1)
12 1.108-0.5502 1.9837(-1)
13 0.5502-0.1111 1.4036(-1)
1k 0.1111-0.3308 1.5k89(-2)

8 ead as 1.5529 x 10~ .
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MORSE SAMPLE PROBLEM POINT FISSICN SOURCE IN AIR
THIS CASE WAS BEGUN ON TUESDAY, AUGUST 4, 1970

NSTRT= 200 NMOST= 400 NITS= 10 NQUIT= 1 NGPQTN= 13
NGPQTG= 0 NMGP= 22 NMTG= 22 NCOLTP= 0 IADJ M= o
MAXIMUM EXECUTION TIME = 5 MINUTES MEDIA= 1 MEDALB= 0
ISOUR= o NGPFS= 14 ISBIAS= 0 NRESP= 0
WTSTRT=0.1000E 01 EBOTN=0.0 tEBOTG=0.0 TCUT=0.1000E 01 VELTH=0.2200E 06
XSTRT=0.0 YSTRT=0,.0 ISTRT=0,0 AGSTRT=0,0
UINP=0.0 VINP=0,.0 WINP*G,. 0

ODF IS DIFFERENT FROM WTSTRTy, DDF = 0.98451E 0O
SPECTRUM OF CUMULATIVE GROUP PROBABILITIES

FS( 1)=0.1582E-03 FS( 2)=0,1066E-02
FS( 3)=0.4599E-02 FS( 4)=0.1872E-01
" FS({ 5)=0.5382€E-01 FS({ 6)=0.8942E~01
FS( 7)=0.1984E 00 FS( 8)=0,2887E 0©C
FS({ 9)=0.3123E 00 FS(10)=0.4245E 00
FS(11)=0.6559E 00 FS(12)=0.8574E 00
FS(13)=0.1000E O] FS(14)=0.0

GROUP PARAMETERS, GROUP NUMBERS GREATER THAN 22 CORRESPONC TC SECONDARY PARTICLES

g80c
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WNEHOODODNOWM P DN

b=t Pt gt s

UPPER EDGE

(EV
0.1500¢E
0.1221€E
0.1000E
0.8187E
0.63260F
0.4966E
0.4066E
0.2012E
0.2466E
0.2350F
0.1827E
0.1108E
0.5502E

)

08
og
08
07
07
07
07
07
o7
07
ov
07
06

VELO

(Cv/
C.5102°%
0.4609E
0.4171E
0.37230E€
0.2291°¢
0.2929E
0.2602E
0.2289E
0.2146F
0.1999F
0.1675¢€
0.1259E
0.7952¢F

CITY
SEC)
10
10
10
10
10
10
10
10
10
10
10
10
c9

INITIAL RANDOM NUMBER = 000025FA7314

NSPLT= 1

NKILL= 1

NPAST= ]

NOLEAK= 0

IEBIAS= O

MXREG= 1

MAXGP= 13

WEIGHT STANDARDS F0OR SPLITTING ANC RUSSIAN ROULETTE AND PATHLENGTH STRETCHING PARAMETERS

NGP1 NDG NG
0 0

NSOUR= O

0

0

MFISTP=

0

0

P2 NRG1l NDRG NRG2
C 0.10COE 02

NKCALC=

WTHIH1 WTLOW1
0.1C00E~01
0 NORMF= O

WTAVE] XNU
C.10CCE 00, 0.5000F 0O

602




SPHERICAL GEOM

MEDI UM RACIUS
0.30000D

0.500000
0.750000
0.10000D
0.150000D
0.200000
0.300000
0.600000
0.700000
0.900000D
0.120000
0.150000
0.100000

NN NN D) e

REGION RADIUS
1 0.100002

NGEOm= 529 NGLAST=

b e i ko i i ik

prer RS T YRR YT TR VRERTTR AR T PP, WRGHD VAISA  GRA AT 00 bbb e

04
04
04
05
0%
05
05
05
05
05
06
06
o7

07

ote




<2 GROUP AIR CROSS SFECTIONS === P5 ===
NUMBER OF NEUTRON GROUPS 22
NUMBER OF NEUTRON DCWNSCATTERS 22
NUMBER OF GAMMA GRCUPS 0
NUMBER OF GAMMA DOWNSCATTERS 0
NUMBER OF INPUT GRGOUFS 22
NUMBER OF INPUT DOWNSCATTERS 22
NUMBER OF MFDIA ]
NUMBER OF INPUT ELEMENTS 1
NUMBEFR OF MIXING ENTRIES |
NUMBER OF COEFFICIENTS 6
NUMBER OF ANGLES 2
ADJOINT SWITCH 0

CPTIONS ARE ACCEPVED IF VARIABLE IS GT O
1FMU=
IXTAPE=

IRDSG=
ICTF=

CROSS SECTIONS START AT

LAST LOCATIGN USEC (PERM)
LAST LOCATION USEC

ELEMENT

A e B kNt e ki

0 ISTR= 0
0 ISTAT= 0
529
2435
(TEMP) 4228
1 APPEARS IN MEDIA 1

TTNTTT v vy -

0
0

WITH DENSITY

IMOM=

DENSITY = 1.29 G/L

0

IPRIN=

1.16CO0E 00

R e L P

0

IPUN=

0

D B - . et A e

e e e e sy ey
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GROUP
1

9
10
i1
12
13
14
135
16
17
18
19
20

21
2¢

BANKS
LAST

SIGT
8.149E-05

T.568E-~05

6.718E-05

6.663E-05

7.320E-05

8.4S5E-05

10 0015‘0‘
702125'05
6.210E-05
8. 651 E"O5
1.172E-04
1.175E-04
l .8505-06
3.186E-04
4,159E-04
4.432E-0¢
4, 626E~04
4.6867E-04
4. T43E-04
4, 8265-0“
4,884E-04
5.407E-04

START AT

LOCATION USED

CROSS
S1GS
6.753€E-05

6.2598-03

5.516€E-05

5 ° 5905"05

6.267E-05

6 01595-05

8 .§6OE-05
6.391E-05
5.819E-08%
8.227E~-05
1 ° 1595"0‘
1.847E-04
3.1856-04
~0156E"0‘
4.424E~-04
4 .,609E-04
4.637E-04
4.691E-04
4.T32E=-04
4,.T20E-04
4.735E-04

2436
7235

SECTIONS
PNABS
0.8287

0.8271

0.8212

0.8390

0.8562

0.7994

0.8463
0.8861
0.9369
0.9510
0.9736
0.9863
0.9985
0.9998
0.9992
0.9982
0.9962
0.9935
0.9887/
0.980%

0.9684
0.8787

1
GAMGEN NU#FISS DOWNSCATTER PROBABILITY
0.2414 0.0535 0.0503 0.0593 0.0445

FOR MEDIA

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
C.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 C.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0.3791
0.0081
0.0V00

0.3928
0.0208%
0.0000

0.4106
0.0437
0.0

0.4969
0.013%4
0.V

0.5150
0.0016
0.0

0.5146¢
0.0001
0.0

0.5757
0.0000

0.42643
0.0000

0.1%507

0.0
0.7315
0.0
0.8099
0.0
0.9135
0.0
0.9614
0.0
0.9238%

0.9240
0.8941
0.8682
0.8974
0.8734
0.87179
1.0000

0.0264
€. 0000
0.2664
0.0366
0.0
0.3386
0.01%0
0.0
0.4007
0.0066
0.0
0.4087
0.0001
0.0
0.4754
0.0000

0.2669
0.0000
0.1600
0.0
0.0218
0.0
0.4924
0.0
0.268%
0.0
0.1901
0.0
0.0865
0.0
0.0386

0.0763

0.0760
0.1059
0.1318
0.1026
0.1266
c.1221

0.0311 0.0168 0.0062 0.0003
0.0000 0.0 0.0 0.0
0.0607 0.0429 0.06407 O0.0613

0.0202 00,0076 0.0004 0.0000
0.0 0.0 0.0

0.033%9 0.0276 0.0420 0.,0304
0.0050 0.0002 0.0000 0.0800
0.0 0.0

0.0146 0.0202 0.0117 0.002%
g.gooz 0.0000 0©.00n0 0.0

0.0%28 0.0042 0.0012 0.008%)3
0.0000 0.,0000 0.0 0.0
0.0000 0.0001 0.0015 0©.0044
0.006) 0.0 0.0 0.0
0.0430 0.0109 0.C204& 0.001¢
0.0 0.0 0.0 0.0
0.4142 0.0 0.0 0.0011
0.0 0.0 0.0 0.0
0.0276 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0

0.0 0.0 0.0 0.0
0.0 0.0

0.0 0.0 0.0 0.0
0.0

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0

0.0

0.05%560

0.0000

0.0330

0.0000

0.0063
0.0

0.0113
0.0

0.0

0.0029
0.0

0.0013
0.0
0.0004
Ce0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0292
0.0000

0.007Q
0. 0000

0.0468
0.0

C.0198
°\'o

0.004)
0.0

0.0012
9.0

0.0001
0.0
0.0000
0.0
0.0
0.0
0.0
0.0
0.1

0.0

cte



ANALYSIS INPUT DATA

T T———

NUMBER OF DETECTORS 7
DETECTOR RADII 1.000E 04 2.000€ 04 3.000€E 04 6. 000E 04 7.000E 04
9.000E 04 1.200E 05
RESPONSE FUNCTION
1.000E 00 1.000E 00 1.000E 00 1.000€E 00 1.000€E 00 1. 000E 00
1.000€ 00 1.000E 00 1.000E 00 1.000€E 00 1.000E 00 1.000€ 00

1.000& 00

ETe
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TIME REQUIRED FOR INPUT WAS & SECONDS.
YOU ARE USING THE DEFAULT VERSION OF STRUN WHICH DOEL NOUTHING.

YOU ARE USING THE DEFAULY VERSION OF SOURCE WHICH SETS WATE TO CCF AND PROVIDES AN ENERGY 6.
S*»START BATCH 1 RANDOM=CAFFET112412

SOURCE DATA ‘
LA 1.96908 02 UAVEs -1.7613E-02 VAVEs =$8.237%€-03 WAVEs  4,5008E8-02 AGEAVEw 0.0
IAVEs 10.38 XAVE=» 0.0 YAVEs 0,0 1AVEe 0.0

SIONS OF TvPE NCOLL
0) FISHN GAMGEN REALCOLL ALBEOO BDRYX ESCAPE E-CUT TIMEKILL R R KILL K R SURYV
] (o] 0 jae 0 AN 74 o 100 0 24 3

NUMBER OF COLLI
SOURCE SPLITI
W00

TIME JEQUIRED FCR THE PRECECING BATCH wAS 7 SECONDS.

*48START BATCH 2 RANDOM=A0902979E5%A

SOURCE DATA
Wls 1.9690E 02 UAVEs  -4,1214E-02 VAVEs ~6.1608€-02 WAVEw 1.96038-02 AGEAVEe 0.0
TAVE= 10.12 XAVE= 0.0 YAVE= 0.0 1AVEe 0.0

NUMBER OF COLLISICAS OF TYPE NCOLL

SOURCE SPLIT(D) FISHN GAMGEN REALCOLL  ALBEDO 8DRYX ESCAPE €E-CUT TIMEKILL R R KILL R R SURY

200 0 0 3 3749 0 2100 0 178 0 2% 1

TIME REQUIREN FOR THE “RECEDING BATCH WAS & SECONDS.

*SeSTART BATCH 3 RANOQOM=C BEDABSHTTOA

SOURCE DATA
LA 1.9690E 02 UAVEs =2.8424E-02 VAVEs ~4,2949E€-02 WAVE= ~5,5498€-0) AGEAVEs 0.0

LAVE= 10.08 XAVE= 0.0 YAVEs 0.0 ZAVEs 0,0

NUMBER OF COLL ISIONS OF TY"E NCOLL
SOURCE S$PLITILOD) FISHN GAMGEMN REALCOLL ALBRELD 8DRYX ESCAPE E=-CUT TIMEKILL R R XILL R R SURY
200 [ o (] 3ere 0 2179 0 179 J 27 4

Y}HE REQUIRED FOR THE PRECECING BAICK WAS 7 SECONDS.

*88STARY BATCH 4 RANOCQN=2B8B9AES60E2

SOURCE DATA
WTs 1.9690EF 02 UAVE= 1.3472¢8~02 VAVEs 9.0401E-~02 WAVEe <3,91476-09% AGEAVEw 0.0
JAVE~= 10.,12 XAVE= 0.0 YAVEw 0.0 IAVE~ 0.0

ONS OF TYPE NCCLL

181
) FISHN GAMGEN REALCULL ALBFDO QDRYX ESCAPE F-CUT TIMEKILL R P KILL R R SURV
3 0 0 38%4 0 2161 0 181 0 a2 1

NUMBER OF COLL
SOQURCE SPLITY
200

TIME REQUIRED FOR THE |RECECING BATCH wAS 7 SECCONDS,
$s*STARY BATCH L] RANDOMaB40R2CC 56114

SOURCE DATA
T= 1.3690E 02  UAVEe 2.6382E-02 VAVE= 1.9443¢-02 WAVEe «1,5468£-02 AGEAVEs 0.0

TAVE= 10.664 AAVE= 0.0 YAVEs 0.0 1AVE= 0.0

SIONS OF /YPE MCOLL
0) Fl1,HN GAMGEN REaLCOLL ALBEDO BDRYX ESCAPE E-CUT TIMEXILL R R KILL # R SURY
e 0 o 3809 0 20%9 0 191 0 11 i

NUMBER OF rOLL1
SOURCE SPLTYT!
200

o e e ————— tafn b § e s %

T I e R I Ty o

GAMLOST
0

GAMLOSY
o]

GAMLOST
0

GAMLOSY
0

GAMLOST
0

L] €



TIME REQUIRED FOR THE PRECECING BATCKH WAS & SECONDS.
3 eSTART BATCH Y RANDOM=A2EL1102427€2
SOURCE OATA

1= 1.9690€ 02 UAVE= 1.2133€E-02 VAVEm =2,4994E-02 WAVEm =2,1430E8-02 AGEAVEs= 0.0
JAVE= 10.09 XAVE= 0.0 YAVEs 0.0 LAVE= 0.0

NUMBER OF COLLLISIONS OF TYPE NCOLL
SOURCE SPLIT(D) FISHN GAMGEN REALCOLL ALBEDO 8DAYX ESCAPE E-CUT TIMEKILL R R KILL R A SURYV
200 2 0 0 3968 ¢ 2237 0 189 0 13 2

TIME REQUIRED FOR THE PRECECING BATCH WAS 7 SECONDS.

#»uSTART BATCH 7 RANDOM=423CADCCECCA

SOLRCE DATA
WTs 1.9690E 02 UAVE= %3.6879€-02 VAVEn 8.C583E-02 WAVEw 1.6982€~02 AGEAVEs 0.0
iAVE» 9.99 XAVEs 0.0 YAVE= G.0 IAVE= 0.0

SIONS OF TYPE NCOLL
D) FISHN CAMGEN REALCOLL ALAEDO BLRYX ESCAPE E-CUT TIMEKILL R R KILL R R SURV
? (o] o 4072 0 2241 0 178 (o] 24 2

AUMBER OF COLL1
SOURCE SPLITI
200

TIME REQUIRED FOR THE PRECECING BATCH wAS 7 SECCNDS.

s**START BATCH 8 RANDOM=B19728628%8086A

SOURCE DATA
Wla 1.9690F 02 UAVEw= 6.,8224€E-03 VAVE® =¢,4666E-02 WAVEm =3,1843E-(2 AGEAVEs 0.0
1AVE= 10.00 XAVE= 0.0 YAVEw 0.0 IAVEw 0.0

NUMBER OF COLLIS!ONS OF TYPE NCOLL
SOURCE SPLIY (D) FISHN GAMGEN REALCOLL ALBEDO 8ORYX ESCAPE E=CUT TIMEKILL R R KILL R f SURY
200 1 () 0 3878 0 2111 0 174 0 27 0

TIME HEQUIRED FOR THE PRECEDING RATCH wWAS 6 SECONDS,
*8#START BATCH 9 RANDOM=9Q)EB T73930EAA

SOURCE DATA
WT= 1.9690E 02 UAVEs =9,4371€-03 VAVEs -2,.39%9E-02 WAVEs -2.0416€-02 AGEAVEs 0.0

1AVE= 9.93 XAVEe 0.0 YAVEs 0.0 IAVEw 0.0

NUMBER OF COLLISTIONS OF TYPE NCOIL
SOURCE SPLTT (D) FISHN GAM(EN REALC
o]

oLl ALBEND BORYX  ESCAPE E=CUT TIMEKILL R R KILL R R SURV
200 o o 3799 0 2178 0 7

173 1) 27 3
TIME REQUIRED FOR THE PRECEDING BAT(H wWAS 7 SECONDS.

*e#START BATCH 10 RANDOM=1D6B293¢4432

SOURCE OATA
Wl= 1.9690€ 02 UAVE= 1.9811€E-02 VAVEs 6.73918-02 WAVEs 1.3778€-02 AGEAVEs 0.0
1AVE» 10.28 XAVE= 0.0 YAVEs 0.0 1AVEw 0.0

NUMBER OF COLLISIONS OF TYPE NCOLL
SOURCE SPLIT(D) EISHN  GAMGEN REALCOLL ALBECO BORYX  BSCAPE E=-CUT TIMEKILL R R KILL R R SURY
200 o o (o] 3682 0 2199 0 174 0 26 0

TIME REQUIRED FOR VHE PRECEDING BAT(H WAS & SECONDS.

GAMLOSY
0

GAMLOSY

0

GAMLOST
0

GAMLOST
0

GAMLOSTY
0

. et b, S8y
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4 PI R*%2 RESPONSE

RADIUS UNCOLL FSD TOTAL FSD FRACTION OF

RESPONSE UNCOLL RESPONSE TOTAL CROSSINGS
0.1000E 05 0.3351€ 00 0.00704 0.1788E 01 0.03067 1.23650
0.2000E 05 0.1245E 00 0.01255 0.2029E 01 0.04221 1.30250
0.3000E 05 0.4924E-01 0.01725 C.1606E 01 0.05644 1.21050
0.6000E 05 0.3925€6-02 0.02827 0.6230E 00 0.07218 0.87250
0.7T000E 05 0.1792€E-02 0.03110 0.3905E 00 0.10718 0.73600
0.9000E 05 0.3950E-03 0.03574 0.1329E 00 0.11209 0.47550
0.1200E 06 De4536E-04 0.04082 0.4508E~01 0.21420 0.22200

TIME REQUIRED FOR THE PRECEDING

10 BATCHES WAS 1 MINUTE, 16 SECONDS.

91e

NEUTRON DEATHS NUMBER WEIGHT
KILLED BY RUSSIAN ROULETTE 226 0.15116E 01
ESCAPED 0 0.0
REACHED ENERGY CUTOFF 1794 0.13430€ 04
REACHED TIME CUTOFF 0 0.0

NUMBER OF SCATTERINGS

MECIUM NUMBER
1 38010



REAL SCATTERING COUNTERS

ENERGY
GROUP

s
QOVO~NOWMPUWNF

11
12
13
14
15
16
i7
18
19
<0
21
22

REGION 1
NUMBER WEIGHT

0 C.0
7 2.57€ 00
11 7.08E 00
50 5.15€ 01
151 1.17€ 02
282 2.CTE 02
835 5.69E 02
766 S.32E 02
257 1.68E 02
1617 1.06E 03
4619 3.29E 03
8313 6.12€ 03
21101 1.62E 04

0 0.0

0 0.0

0 0.0

0 0.0

0 0.0

0 0.0

o 0.0

0 0.0

0 0.0

ol s g oy .

L ]
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NUMBER OF SPLITTINGS

ENERGY REGION 1
GROUP NUMBER WEIGHT
1 0 0.0
2 0 0.0
3 0 0.0
4 0 0.0
5 0 0.0
6 0 0.0
7 0 0.0
8 0 0.0
9 0 0.0
10 0 0.0
11 0 ¢.0
12 2 1.39E 01
13 18 1.09F 02

NUMBER OF SPLITTINGS PREVENYED BY LACK NF ROOM

ENERGY REGION 1
GROUP NUMBER WEIGHT

1 0 0.0

2 0 0.0

3 0 0.0

4 0 0.0

5 0 0.0

6 0 0.0

7 0 0.0

8 0 0.0

9 0 0.0

10 0 0.0

11 0 0.0

l2 c 0.0

13 0 0.0

e

g1c
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NUMSER OF RUSSIAN RCULETTE KILLS

ENERGY
GROUP

WN <O OO~ WMP UGN

14 b b e

REGICN 1
NUMBER WEIGHT
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0
g 3,17€E-02
7 3,41E-02
é 4,03F-02
24 2.10€-02
129 9.04F-01

NUMBER OF FUSSIAN RCULETTE

ENERGY
GROUP
1

VOOJO PN

TOTAL CPU TIMe FOR THIS PROBLEM WAS

$$$$848$5 ¢SS

REGION 1
NJMBER WFIGHT
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0
0 0.0
C 0.0
1 9.94E-07?
2 2245 2
10 8.41E~02

SURVIVALS

1.28 MINUTES,
MCRSE SAMPLE PROBLEM

e 200 o a2l e ok e e o ok ok o ok e o K

S A ¢ Y Smp
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VI. Geometry Module

MORSE uses the geometry packages that are used with O0O5R with minor
changes. That is, there are spherical, slab, cylindrical, ard general
three-dimensional geometry packages that can be used. There are several
descriptions of the various geometry routines in the OSR manual6 and
in the helpful hints for O5R user's manaal:r

Changes were made to all of the GEOM packages to allow for albedc
scattering from any material surface and for variable input-output
logical units. The GFROM packages are available in double precision for
the IBM-360.

The geometry packages may be replaced with any special-purpose
geametry routines the user might write. The three main functions of the

geometry package are performed by the three subroutines discussed below.

Subroutine JEMIN (NADD, INTAPE, 1@TAPE)

This subroutine reads geometry input and NADD is the rirst location
in blank common that may be used for input storage. In the special geometry
packages blank commpn is rct used, so NADD is not incremented; otherwise,

NADD must be incremented by the storage required by geometry data.

Subroutine L@PPKZ (¥, Y, Z)

This subroutine determines the block and zone number, medium, and

region for the point X, Y, Z. This routine is called from MSPUR to determine

the starting region and medium for source particles.

Subroutine GE@M

This is the main executive routine in that it determines the end
point of a flight given the starting point, direction cosines or a tenta-
tive end point, and the number of mean free paths (or physical distance
in any desired units) the particle will travel. It is called from G@MST
ana the information is transferred through common GEPMC (see Table XI).
In the more complicated geometry packages there are many routines that

assist subroutine GE@M in determining the collision point.

To facilitate the use of the various geometry packages, a btrief descrip-
tion of each is inciuded here, and the input instructions for each are

given in Appendix D.
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Table XI . Definitions of Variables in Common GE@MC

As Found in Subroutine GEgM

Variable Definition

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

Xi,Y1,Z21 Starting coordinates for the parti-:le.

ETA Number of mean free paths to be traversed if flight goes
to X2, Y2, Z2.

ETAUSD Number of mean free paths zcitually traversed after the
call to GEgM.

IBLZ An index to the medium number for the special geometry
packages. For GENERAL GEgM, IBLZ is a packed word giving
the block and zone of the end of flight.

IBZN A dummy variatle.

MARK A flag set by GEgM indicating the results of the trajec-
tory calculation.
= 1 for completed flight.
= 0 for boundary crossing.
= -1 for escape.
= -2 for er “ering an internal void.

NMED Medium number at end nf flight or of medium about to be
entered at a boundary crossing.

NEEG Region number at end of flight; not set at boundary

crossings.

T R
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SPHERICAL GEgM®

Spherical GE@M is used to describe up to 20 concentric spheres ceuntered
at X=Y =2 = 0. Internal voids may ve used in ary location and media
pumbers need not be ordered with increasing radii; however, regions must
be numbered consecutively from the center. The medium and regions are
bounded by the outer radius input. For example, the first region is interior
to the surface of redius R . External (pure absorber) voids are not allowed
except outside the maximum racdius.

Subroutine GPMFLP sets the medium index IBLZ and region number NREG
to the values appropriate to the medium re-entered after a reflection.

Subroutine NZRML calculates the direction cosines of the normal to the

spherical surface.

Subroutines required: GBgM, JPMIN, LOPKZ, GPMFLP, NORML.
Input instructions are given on page D-1.

»
Taken from references € and 7.
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SLAB GEgM®

SLAB GBJM can be used whenever there are recuangular paralielepipeds
with normals to mediur and region boundaries parallel to the % axis. A
finite width and height are allowed. A maximum of 20 medium and region boundaries

may be used with interrsl voids (medium 1000) allowed, but external voids
(medium 0) are not permitted inside the system. Media may be numbered
in any order but regions must be numbered consecutively with the region
of lowest Z being region 1. The media and regions may have different
internal boundaries but the external boundary must be the same. Subroutines
GPMFLP and N@RML provide the czme functions for SLAB GEfM as for SPHERICAL
GE@M.

Subroutines required: GE¢M, JPMIN, LPPKZ, GIMFLP, NORML.

Input instructions are giver on page D-2.

"
Originally written by N. A. Betz.
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CYLINDRICAL GEZM®

CYLINDRICAL GE¢M may be used to describe a series of concentric cylindrical
cylindrical surfaces with up to 20 heights and 20 radial boundaries.
The radial boundaries may ve different for each height interval and
internal voids (mediwm 1000) are allowed. Negative heights, i.e., Z < 0,

are nct allowed. Media and regions numbers may be used in any order.

Subroutines required: GCE@M, JPMIN, LOJKZ, GPMFLP, NYRML, JOML, JOMS,
J@M6, JGM9, JPM1O.

Input instructions are given on page D-3.

a——

)
Originally written by K. D. Franz and W. Morrison.
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GENERAL GEgM*

The general three-dimensional geometry package has been descrided
in detail elsevhere. The only limitation of geametry detail that may be

treated is that surfaces must be describable by quadratic surfaces.

The description of thne system must include a rectangular parallelepiped

vhose faces are parallel to the XY, YZ, and XZ coordinate planes. This
parallelepiped is then divided into zones with planes that extend across
the entire system. The 2zones are divided into blocks with planes parallel
to coordinate axes bui. which extend only across the individual zones.

Each block is.then divided into sectors by quadratic surfaces with the
sector defined by whether the volume is positive or negative with respect
to the quadratic surfaces. Each sector may contain only one medium;
therefore, if a medium cannot be described by a single quadratic surface,

it must be divided into several sectors.

Besides material boundaries, internal (medium 1000) and external
(medium 0) voids may be used. If an external void is interior to the
system it behaves as a perfect absorber since the particle is assumed

to have escaped upon entering.

Region geometry msy also be described for use in importance sampling.
The block and zorz boundaries for region geometry must be identical
wvith the material boundaries. A description of geam input is givea
on page D-4. A code, PIC'I'U'RB13 » has been written to aid in debusging
both material and region geometry input.

Subroutines required: GE¢M, JOMIN, L@PKZ, GIMFLP, NPRML, J@Mh,
JOMS, JIM6, JOMT, JgM9, JeMLO, JPM11, JPMI2, JgML3, J@Mik, JAMIS.

Functions required: J¢M8, JgM16, JoM1T, LgC.
Figure U shows the hierarchy of subroutines for GENERAL GEOM.

Detailed descriptioms of the various routines are given in references
6 and 7 ; however, some changes have been mede since those reports were
written. The two main changes incorporated in Subroutines GUMFLP and
NgRML are discussed.

“Discussion taken from references 6 and 7.
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GEgM

= J@MU
J@M13

— JOMS —EJ¢M6 -~ JPM8
JOMT-J@M8

J@M15
—JPM15 JEML3
~JgM6 — J@M8
—LJ¢M13
—J@MLY
—J@M15

Hierarchy of Subroutines in GENERAL GE@M

Ak o B

GEMFLP

J@M8 J— JEME ==
JEM13

JEMLO

JLWKZ
—~J@ML0 - JPM9 - L@@PKZ - J@EM9 ~ JPM13

JPM6 JgM8
_LJ¢M13
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Changes to Geometry Packages
In order to implement the albedo option, it was necessary to make a

minor change to the general GE@M package (and to all other special geometry
packages). Previously a perticle was always traced through the geometry to
a collision point inside a medium. In the albedo option a particle is

tracked to the boundary of ths albedo medium where it undergoes & collision

ot

' and departs in a different direction. In addition, the scattering and

’ other routines needed to know the normal direction to the surface of the
aibvedo medium and the region in which the albedo scattering occurred. To
accomplish this, two subroutines were written and added to the GE$M package.
These are GHMFLP, which prepares GE@M for the particle to reverse direction

on its next flight, and N@RML, , which calculates the normal to the albedo

1 et ' g P S B 3 B ¢ 7 5.

4 AWt e st

surface. One change was made to subroutine GE§M to implement this: at §
block boundary crossings the variable NCUE, indicating which boundary was |
crossed, is saved in NCUESV located in labelled common GE§M1l. The storing

of NCUESV is made at FPRTRAN statement 7 and the previous statement T becomes

- e A g s @5 e

E the next statement in the program.

i

In addition to the above modification, two other changes to the general §§
GE¢M package, which is described in reference 7, have been made. The
first consists of putting several additional variables in labelled
common for greater ease in examining dumps while debugging. The second
change was made only to the IBM-3(J version of GE§M. This involved changing
the logical unit numbers used for the standard input and output umits to
variables NIN and N@UT which were stored in common JPMINX. The calling |
sequence for JPMIN was changed to CALL J@PMIN (ADDR, NIN, BJUT) so that the
user could convey the desired logical unit numbers to the GEgM subroutines.

Additional Parameters in Labelled Common ‘
In JPM5 and JPMS, the GEPMS6 common added the parameter REG which is ! |
a packed word that describes the present position of the particle with respect §_
to the quadric surfaces in the block. A "1" indicates the particle is om the
positive side of the surface, a "0” the negative side. The surfaces are in

Cwreeah e wy

the order ia which they were mentioned in the block description, starting

at the last bit in the word and working back.

¢
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In JPMT a new labelled common, GE@PMTO, was added to contain the variables
P, Q, £(0), £(1), (Q° - PFO), u, v, v, Au, Bv, Cw,{Au + Dv + Ew), (Bv + Fvw)

used in calculating intersections with the quadric surfaces.

In JOM9 and L@JKZ, the parameters in their calling sequence were
changed to X1, Y1, and Zl. Then the statements

XgNE = X1
YPNE = Y1
ZgNE = Z1

vere added at the start of the program. Finally, X¢NE, YPNE, and Z@NE were
added to the labelled common GE@M39. The error mecsage "YOU ARE LOST,"
indicating that a point is located outside the system, has been mcdified

to print out the coordinetes of the offending j;uint.

£ .4 T INN



Subroutine GEMFLP (General GE@M)

The purpose of this subroutine is to prepare GEPM for the fact that

an albedo-scattered particle is about to reverse direction while at a

boundary. The indicators specifying that the particle has crossed the

boundary and is entering the new medium must be flipped to indicate that

the particle is reentering its original medium.

It also calls J@M6 to

obtain the region number of the albedo-scattering site and stores this in

RREG in GEZMC common.

IS BOUNDARY A BLOCK

Subroutine G@MFLP

Sl

BOUNDARY OR A
QUADRIC SURFACE?

PARTICLE ON OPPOSITE SIDE OF
BOUNDARY

CALL JPM1S: PACKS THE KEw |
SGNF INTO BLZON

[ DETERMINE WHICH DIRECTION

BOUNDARY WAS CROSSED
BY INSPECTING NCUESV.
SET NCUE TO REPRESENT
THE OPPOSITE DIRECTION

CALL JgMiO: THIS UPDATES
THE BLOCK AND ZONE NUMBERS
FOR THE CROSSING OF A
BOUNDARY IN THE DIRECTION

INDICATED BY NCUE

CALL JgMIS: PACK THE NEW
BLOCK AND ZOXE NUMBERS INTO

IS THERE A RECGTO NO
GEOMETRY IN
PROBLEM?

Yes
ESTAT £ O

P

BLZgN
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Subroutine NJRML (General GEPM)

Subroutine NGRML. jetermines the n.vmal to the albedo surface. The nor-

mal is stored .n UNJRM, VN@RM, WNJRM in labe’led common NJRMAL and always
points out of the albedo medium.

Subroutine N@RML

'GET COEFFICLIENTS OF QUADRATI(|

| DETERMINE IN WHICH DIRECTION
BOUNDARY WAS CROSSED
USING NCUESV. SET

APPROPRIATE COEFFICIENT OF
NORMAL TO +1.

5| NUMBER NBGUND. CALCULATE

FUNCTION FOR BOUNDARY

UNSRM, VF'RM, WNYRM AS
GRADIENT = FUNCTION AT

CR* ,IFG PCINT.

DETERMINE IF PARTICLE
WAS CROSSING SURFACE

I A DIRECTION TO
IN_TEASE OR DECREASE

‘ \UF _ms RH)
= ~ "MfRM, VESRM, WE/RM) |

NORMALIZE RM, VNPRM,
| WR¢RM) TC BE A UNIT VECTOR

(s
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APPENDIX A

The Many Integral Forms of the Beltzmann Transport Equation and its Adjoint

The purpose here is to derive a complete set of forward and adjoint

integral transport equations in energy-group notatior and to relate these

equations to the Monte Carlo procedures used in the M@RSE code.

The Boltzmann Transport Ejuation

The derivation begins with the general time-dependent integro-differential

form of the Boltzmann transport equation, the derivation of which can be
regarded as 2 bookkeeping process that sets the net storage of particles
within a differential element of phase space (drdEdfl) equal to the particle
gains minus particle losses in (drdEdfl) and leads to the following familiar
and useful form:

3
at

d|-

#(T,E,0,t) + Veo(T,E,0,t) + zt(F.E) ¢(7,E,8,t)

(1)
- S(F.EG,0) ¢ | | ardll 5 (RN o(F.R )

vhere
(;,E,ﬁ,t) denotes the general seven-dimensional phase spsace,
r= position variable,
= the particle's kinetic energy,
= the particle's speed corresponding to its kinetic energy E,
= a unit vector which describes the particle's direction of motiom,

Ol ¢ B N

t = time variable,

¢(T,E,R2,t) = the time-dependent angular flux,

¢(T,E,2,t)dEAR = the number of particles that cross a unit area normal
to the @ direction per unit time at the space point r and time t
with energies in dE about E and with directions that lie within
the differential solid angle dfl about the unit vector &,

%~%€ ¢(T,E,,t)AEAR = net storage (gains minus losses) per unit volume
and time at the space point r and time t of particles with ener-
gies in dE about E and with directions which lie in aff about {i.

bl Rt i el o oa oot el e Ak d e o ons




A=2

8-v¢(r,B,8,t)aBa0 = net convective 1588 per unit volume and time at
the space point r and time t of particles with energies in dE
about E and directions shich lie ir. afl about §,

}:t(?,B) = the total cross section at the space point r for particles
of energy E,

zt(F,BN(i".B,ﬁ,t)dEdﬁ = collision loss per unit volume and time at the

space point r and time t of particles with emergies in dE about
E and directions vwhich lie in afl about i,

ts(?.B'-rB,ﬁ'-'ﬁ)dBdﬁ = the differential scattering cross section which

describes the prodbability per unit path that a particle with an
initiai energy E' and an initial dirsction {i' undergoes a
scattering collision at T which places it into a direction that
lies in afl about & vith a new energy in 4E about E,

[”}:s(?.k'-vﬂ.ﬁ'-vﬁ) ¢(r,B',2',t)aE'an’' |aEall = inscattering gain per
unit volume and time at the spate point r and time t of particles
vith energie« in dE about E and directions which lie in 23 about

q,

S(r,B,f,t)dBA} = source particles emitted per unit volume and time at
the space point r and time t with energies in dE about E and

directions which lie in afi about &,
An effect of intc.zst such as tiological dose, energy depositiom, or

particle flux (denoted by A) for a given problea can de expressed in terms

of the flux field #(T,E,f,t) and an appropriate response function P*(7,E,3,t)
due to a unit angular flux and is given by:

A = [ [ [ [p'(;,z.a.tm;.z.n.t)a;am« : (2}

Consistent witia the MIRSE code, the energy dependence of Eguation (1)
wil® be represented in terms of energy groups vhich are defined such that:

AE g = ._nergy vidth of the gth gsroup,
€ = 1 corresponds to the highest energy group,

€ = G corresponds to the lowest energy group,

vith the obvious constraint that
) 4
(od

G
} 4B = I dE = E_, the maximum particle energy.
er & ] °

A "group” form of Equation (1) is obtained by integrsating each term
vith respect to the energy variable over the energy interval AR :

- e et s
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,[ % ¢(r,E,0,t)daE + {-7 ’f ¢(T.E,%,t)dE + j £, (T,E)o(F,E,0,t)dE
“Bg " AEe (3)
.o s T (
= I S(F,E,i#,t)dE + ] J [ E'al' | E(F.EETARIEELT )G
oE 8'%8 sp  lm AE
g g’ e

Equation (3) provides the formal basis for the following group parameters:#

08(;.3,1:) = time-dependent group angular flux,

= I #(r,B0,t)eE , (})
AE
€

2:(;) = energy-averaged total cross section for the gth group,

J xt(i.z) ¢(r,E{l,t)dE
AE

—~£ (5)

] .(;’E’c’t)dg
AE
g

V_ = energy-aversged particie speed for the gth group,

» — R
¢(r,E,%,t)38

(6)
% ¢(r,E;Qt)aE

g‘-——s Lgﬁ-—n

g -
tf E(T,041) = group g' to group g scattering cross section,

I J ta('z‘-,z'-»z,a'-vd) ¢(r,E*' SI',t)dE'AE

AE , AE
2 BB : (7)

[ sz g oe
E

AS'

88(;.5 »t) = distribution of source particles for the gth group,

I S(r.,EQ,t)dE . (8)

AE
-4

'Thece perameters vill be referred to as forvard-weigited group parameters.
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A=k

The group form of the Boltzmann equation expressed in terms of the afore-
defined group paramesters is given by
1 3

— cm— r O -. r o g r r.Q
v 08(r,a,t) + QeV ¢8(r.n.t) + £ (F) og(r,n,t)

=8 (r,id,t) +
g

| t~3

ag" zg'*g(;,a'xz) 40 (FaTa0)

€ 4y

8

vhere the summation over emergy groups could be expanded over all g' to

allow for upscattering -- not usually considered important in shielding

problems.

Integral Flux Density Equation

The transformation of Equation (9) into an integral form is now con-
sidered. To accomplish this, the combination of the convection and storage
terms are first expressed in terms of the spatial variable R which relates

a fixed point in space (r) to an arbitrary point (r'), as shown in Fig. A.l.

z -
f
r
®
/"x
cos-ln
x 4" -
o\ g a
cos i
x
ax b'e
3§.= ) ﬁx r'=r - R}
R
t' =t -7

Figure 5.1
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The total derivative of the angular flux with respect to R is given by

x 3¢ 3y 3 9z 39 3t ¥

o5 Bt = =
ar ¥ Bt =+ r 3y * 3Rz T 3R ¢

which, according to Fig. A.l and noting that the particle's speed {(v) is
equal to (- dR/dt) can be rewritten as

a_ 43 1) = 32. Ei.- 22.- Eugi
dR ¢o(r',E.R,t') = - nx x Qy dy 2 32 v 9t
(10)
= -0V ¢(3',E,R,tr) - 2 2
V ov
Equation (10) can be expressed in group notation as
d (-,-,)_13 ' O t! Q. ('!"v)
g »
Substitution of Eq. (11) into Eq. (8) with r = r' and t = t' yields
Ly (FLEt) + 38FY) ¢ (F.8.t7) = 5_(F',G,t)
dR g t g g
1 (12)
N ' - - - - -
v 1| adr 227BGraa) ¢ L, (7ia) .
g'=g g
"
The integrating factor
R
-I Io(F - R'A)aR’
o
e
is introduced in the following manner:
R R
- J (r - R'@)aR" - I ST - R'B)aR
%R-[¢g(;' 9‘-2:1:') e 0 =-8 0
1§
[ as (13)
x (o —B &= S0 4
l = zt(r ) ¢g(r 8t )J .
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Using Eq. (23), Bq. (12) can be rewritten as

R R
r - [ &G - rmae - [ G - R
‘% ‘g(;',ﬁ,t') e 0 = @ 0
{ (1%)
) L .
< fs e ¢ ] { it 18"8(E 3 o, (500 .
L & =g 7
Multiply Eq. (14) by dR and integrate (R = 0 to R = ®); then
- J p(r - R'Q)aR’
- = - 0
’g(rsnat) - ¢8( :ﬁst.)e
R
. [ £g(r - R'@)aR’ (15)
=[<me° [s(r- ,at-—)
0
1 - g,
+ ] & ST - maA) ¢, (7180 ,)
g'=g |, €
Require that
- J 3(r - R'A)aR’
08(~,§,t,)e 0 ] =0, (16)
and introduce the "optical thickness”
R
(.08 = [ 553 - midam (1n) ‘
0
and Eq. (15) beccues
% - B (;gRﬁ)
¢ (rﬁ.t) J € SG(E - R ,&,t - R/V)
(18)

+ { aar zs TEr - M) e (B,
g8'=g €
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Equation (18) will be referred to as the "Integral Flux Density Equaticn."

An eftect of interest A in group notation can be expressed as

A = ”[ P i{r,Qa,t) 0 (r,2,t)daraat , (19)

vhere
’(r {,t) = the response function of the effect of interest due to a
urit angular &roup flux (group g, r, {I, time t),

J P*(F.E.8,t)¢(F,E,8,t)4E

AE
= —B

[ ®(r,E,1,t)dE

AE
g

xs = that portion of the effect of interest associated with the gth
energy group.

The Xg are 8o defined that the total effect of interest a is given by the
summation

A= Y oA, (20)

Integral Event Density Equation

The "event density” tg(?,ﬁ »t) describes the density of particles going
into a collision and is related to the group angular flux in the following

manner:

v (r,i,t) = z‘(r) ‘e (r.4,t) . (21)

vhere
vs(;,ﬁ »t)d = the number of collision events per unit volume and time
at the space point r and time ¢ experienced by particles having
erzrgies within the gth energy group and directions in & about 3.
The defining equation for the event density is obtained by multiplying both
sides of Eq. (18) by the group total cross section tg(r) and identifying
the product tg(rh (r,fi,t) as the event density t (r J.t):




oo

¢

T - 8 (¥,R,8)
s GA.t) = I &) e © s (F - MOt - R/v)
(.4 t g
0
(22)
1 t878(3 - §3,0'0) ]
+ ) I & 2 IR LKL
€'=g }, g (£') 8 J

Equation (22) will be referred to as the "Integral Event Density Equation."

The effect oi interest As can be expressed in terms of the event den-
sity; consider Eq. (19) rewritten as

p*(7,3,t)
v [[] B 28 o780 aatae
& z&(r)
t (23)

. m BH(E,0,0) o (F,0,¢)aFalat

vhere

P:(;,ﬁ »t) = the response function of the effect of interest due to a
particle which experiences an event at (group g, r, 2, time t),

¥z = p*(; 8

Pg(r,ﬁ.t) Pg(r.ﬁ.t)ltt(r)

or

*G:5t) = £8(5) PP (E.5.4)

Pé(r,n,t) r(x) Ps(r,n,t, . (24)

Integral Emergent Particle Density Equation

Define the emergent particle density y 8(;,5 ,t) as the density of
particles leaving a source or rmerging from a real collision with phase
space coordinates (group g, r, fi, t),

xg(Fallst) = 8 (7,8,t) + )

Loa- 1878 (F,308) o ,(Fd'0) . (25)
g' €

Then Eq. (18) can be written as
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- 68(§,R,n)

’g(;’nat) = J dR e Xg(;',n,t') . (26)
0

The "Integral Fmergent Particle Density Equation" is obtained by substi-
tuting Eq. (26) into Eq. (25):

xg(f'.ﬁ.t)

1 . T
=S (r,8,t) + Z J afte 8 '8(;,5-..5) J dR e & X ,(;',n',t')
g ' s €
€€ 4z 0

1
-5 (F,0,t) + ) 1 afi°
g L
78 (21)

The effect of interest Ag can also be expressed in terms of the emergent
particle density

A - m P(E,8,¢) x(F0,¢)aralat . (26)

The response function P:(?,ﬁ,t) is obtained by considering a particle vhich
emerges from a coilision at r with phase space coordinates (group g, f1,
time t). This particle will experience an event in dR about r’' = r + Rl

at time t' = t + R,V with the probability
R

- [ G+ BIare

tf(?') e © dR ,
and the contribution of this event is the response fuuction P:(;'.ﬁ,t').
The sum of all such contributions to the effect of interest is given by

‘ -

- - T ro(r + R'#)aR’

J(an zf(?') e ? p:(?-'.ﬁ,t') .

0

and should be the same as a response function P:(F,ﬁ,t) vhich is based on
emergent particle density. This leads to the fcllowing relaticnship:

P(FE) = | 2R o8 & SERENG 5 (29)
v/
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vhere

Iz(;,ﬁ,t) = the response function (of the effect of interest due to a
particle vhich emerges from a collision having the phase space
coordinates (group g, r, {4, time t)

R
8*(7,R,0) = [ (7 + RB)R" (30)
0

It is noted that B;(F,R.ﬁ) differs from the optical thickness Bs(i,n,ﬁ)

as defined by Bq. (17) in that the integration is performed in the positive
2 direction and as such Bz(r R,2)is the adjoint of 8 (r,R Q). }x(r

can also be expressed in terms of P‘(r »2,t) by su‘-stituting Eq. (25) into
Eq. (29), yielding

ﬁs(;saat) =

T - B’(r.R,n)
J aR e PEA,e) (31)
0

Operatar Notation and Summary of the Forward Equations
Deline the transport intagral operator

I -8 (;,R,ﬁ)
sl s [mokm e &, (32

0
and the col:-ision integral operator

1 18 8(F G'l)
grogl P00 = 1 a2
& g'=g tg(?)

, (33)

vhich can be rewritten as

4 . ’

1 £8 7€ (r.a-5)| {8 ()

.‘g(r Gofl) = ) I a -3—8, - ] ;, - ], (3k)
g8'=g % (r) J Iy (r)J

vhere

5'(F) = ) [ @ 805 (35)
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1 - l._.
In Eq. (3%), [Xg g(r,Q'-’ﬁ)/ig (r))} is a normalized probability density
function from which the selection of a new energy group and direction can

L. ' _
be accomplished and [Zg (r)/Zg (r)] is the nonabsorption probability.

Using the transport and collision integral operators, Eq. (22) can be

rewritten as

T+ O = F'or O ' O ¢ r! G180 (r' ' .¢') .
Wg(r,ﬂ.t) Tg(r r,8) S (r',2,t") + Cg._,g(r > )ivg.r A',t') . (36)

The term Tg(?',?,ﬁ)sg(;',ﬁ,t') can be identified as the "first collision

source” and denoted by
s(7.0,t) = T (¥'-7,0)s (7',8,¢") , (37)
c £ g

and the "Integral £vent Density Equation" becomes

v (T,8,t) = sS(r.a,t) + T(E'>T,0)C,,, (T, 000) (F7,85) . (38)

Using the relationship v g(I',s'z ,t) = zﬁ(?hg(i’-,ﬁ »t), Eq. (30) can be
transformed into the "Integral Flux Density Equation:"

(F.8.t) 15,8, (F'F .0 (3 T0) % @ (Fr.a'.t7). (
¢ (rfl,t) = + T .;"’;9 )C 1 ;' > - —_— r' » ' st' N 39)
g eir) & g~e iBz) & i

Finally, the integral operators are introduced into Eq. (28) and the
following form for the "Integral Emergent Particle Density Equation" is
obtained:

=~ a - 0 +) & = O'0 Flar O St Ot ]
xg(r,ﬂ,t) = Sg(r,ﬂ,t: ‘ Cgl+g(r,9 Q) Tg,(r +r, Q') xg,(r A',t7). (ko)

An examination of Equations (38), (39), and (LO) would reveal that
either the "Integral Event Density Equation" or the "Integral Emergent
Particle Density Equation"” would provide a reasonable basis for a Mcnte
Carlo random walk. Equation (40) was selected for the MJRSE code since
the source particles would be introduced according to the natural distri-

Yution rather than the distribution of first collisions. However, it is
noted that after the introduction of the source particle, the subsequent

)
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random walk can be regarded in terms cf either Eq. {38) or Eq. (%0)
with the particle's weight at a collisiza site being the weight befoure
collision (WIBC) or the weighi efter collision (WATE), respectively.

The random valk based on the "Integral Emergent Particle Density
Equation” would introduce a particle into the system according to the
source functior. The particle travels to the site of its first col.isio.
as determined by the transport kernel. Its weight is modified by the
non-absorption probability and a new energy group and flight direction
are szlectéd froxm the collision kernz2l. The transport and collision
kernels are applied successively determining the perticle's emergent
phase snace coordinates corresponding to the second, third, etc., collision
sites until the random walk is terminated due to the reduction of the
particile'’s weight below scme cut-off value or because the particle escapes
from that portion of phase spece associated with a particular prodblem
(for example, escape fiom the system, slowing down below an energy cut-
off, or exceeding some arbitrarily specified age cut-off).

fandom Walk Procedure

‘The actual implenientation of the random walk procedure is accomplished
by sapproxirating the integrals implied in the collision and transport
integral operators by the sum

(r R,t) = { Y UEAL) (41)
n=0 €
vhere
x:(?,ﬁ,t)dﬁ'z the emergent particle density of particles emerging
from its znth collision and having phase space cocrdinates (group
&, r, dft about fi, time t),
‘(r Hl,t) = Sg\r,ﬁ,t)
XpIE,t) = O (FAE) P (FUR A NG HE A )
Thus, the source conrdinates (grouv 8y ro, ﬁo’ time ¢ ) are selected
from Sstr £i,t) end a flight Aistance R is picked t‘°(r) - Bgo(TiR,0,)
tc deteraine the site for the first collisica :land the particle's age
1= t, * B/vg . The probability of ecattering is £fo(q)/zfo(F,). ALl
particles are forced to scatter and thelr weight is modified with this
probability. A newv group glis selected according to the distribution

TR NP oo < -
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j &t 185°8(7, 0, +0)

e

€o(r+)
st(rl
and then a nev direction # is determined from
g8 "¢
o °1l,=-
I (grﬁofﬁ)
8 78
o ~l,-
I (rl)
The process is repeated until the particle history is terminated. Contri-
vutions to the quantity of interest are estimated at appropriate points in
the random valk (boundary crossings, before or after real collisions, etc.)
using the particle's WATS and the estimator Pé(?,ﬁ,t).
Derivation of the Adjoint Integro-Differcntial Boltzmann Transport Equation

Consider a (as yet unspecified) function ¢*(r,E,3,t) vhich exists over
the same phase spa~e and satisfies the same kind of boundary conditions
satisffed by the forward angular flux ¢(r,E,{i,t). Further, let an operator
O®* be defined such that the following integral relationship is satisfied:

| JJII ¢*{r,E,Q,t) 0 ¢(r,E,Q,t)drdEdfdt

!

. ”H o(F.E,0,t) 0% ¢(F,E,0,0)dRaEafict + (Boundary Terms) .

The O* operator will be referred to as the adjoint operator to the
corresponding forward orerator O.

Multiply each term of the Boltzmann tra sport equation, Eq. (1), by
the function ¢*(r,E,,t) and integrate tie resultant equation (term by
term) over all phase space:

jIJI ¢*(r,E,R,t) %-%;-0(?,2.5,t)d§dzdﬁdz + JJIJ $*(r,E,0,t)

e

x V-3 ¢(F,E,0,¢t)araEalat + m I W(7,2.8,t) T, (F,8)
(42)
x ¢(T,E,Qi,t)draEafidt = Jjj{ o*(r,B,f,t) S(r,E,li,t)ardEdfidt
J

+ ”” ¢*(r,E,8,¢) ” L (F,E'EQ'+8) ¢(F,B',0",¢t)aE " afi' araEafat .

It can be shown that the folliowing adjoint relationships are true for
the conditions associated with a particle transport problem:
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[[[] emmbier 23 sz 0ramatan = - f[[[ srzze 22

x ¢%(r,E,{,t)araEafiat + [”” %% ¢ ¢*ardedfiat (53)
Boundary Term

[[[] o280 £ 701 0t 8801 arematne = [[[[ 0iz.m.800
(Lk)
x £, (r,E) ¢*(7,E,0,t)drdEafiat ,
”” ¢*(r,B,{i,t) V-0 ¢(r,E0,t)drdEaliat = - ”” ¢(r,E,8,t)
(45)
Boundary Term
”” ¢*(r B0, ¢t) ” L (r,E+E,8'+f) o(r,B',8',¢)aE ali arevdldt

x V-G ¢*(F,B,0,t)araEaliat + {}‘j” ¢ ¢o%i-asazaBat

(46)
= ”” o(r,B,8,t) ” I (T,BoE',1b") ¢*(T,B' 0" ,t)dE" dfi* draEafidt

The boundary terms vhich occu” in Bquations (43) and (45) may be made

to vanish while conforming to the natural characteristics cf the system
under analysis. For example, the extent of the time domein can be defined
such that initial and final values of @ and/or #* are zero [and the boundary
term of Eq. (43) vanishes]. Also, the surface vithin vhich the spatial
domain of phase space is contained can be s0 located that the combination

{¢ #*] is zero everywhere on that surface [and the boundary term of Eq. (U45)
vanishes]. For most Monte Carlo arnalyses, the elimination of the boundary
terms in no way restricts the generality of the solution obtained.

Using the adjoint relationships given by Equations (43) through (L46),
and presuming that the boundary terms vanish, Eq. {42) can be rewritten as

][] o5 a0 24 ers 80 amanagan - [[[[ o720
x VR ¢*(T,E,R,t)drcEMdt + ”” ¢(r,E8,t) zt(i,n) ¢*(T,E,,t)drdealldt

. er o(5,E0.t) S%3.E0,¢)araEadat + ”H o(F,E,0,t)
(L7)

) J I (F.Bo8" R) ¢8(F,E" " ,t)aE" ak araraliat




A-15
vhere the edjoint spurce ter-.S’(;,E,ﬁ,t) is defined sucn that

[[I] #z.2.8.6) s%(7.8.8.4)aFapaicr

4

(48)
. [!]I ¢*(F,E,8,t) S(F,E,3,t)arasaidt .

Noting that the forward flux ¢(r,E,ll,t) can be factored from each term,
f Eq. (47) can be rearranged as followe:

”” ¢(r,E,Q,t) [— %%t- ¢*(T,B,0,t) - v-Q ¢®(T,E,Q,t)

+ zt(f-,g) ¢*(r B, Q,t) - S%(r,E,Q,t) - ” zs(f-,s-vs',s'»ﬁ')
(k9)
x 0'(?,3',5',t)d3'd§'] drdEdfdt = 0 .

It is required that the forward angular flux ¢(r,E,Q,t) correspond to
aon-trivial physical situations, i.e., ¢(r,E,2,t) > O over at least some
portion of phase space. The cbservation is made that ¢#*(r,E,Q,t) is still
essentially undefined and that many functions ¢*(r,E,l,t) probably satisfy
Eq. (49). At this point, ¢*(r,E,Q,t) is defined to be that function which
satisfies the following equation:

l- iv:_{ $*(T,E,Q,t) - V-0e8(T,E,8,t) + L (T,E)e*(r,E,R,t) - S¥(T,E,Q,¢)

S| EAGE SRS SRCE IR I O R

, This condition also satisfies Eq. (49) exactly and provides the following
| ¢*(T,E,ll,t)-defining irtegro-differential equation:
- 32 g%(F,E,8,t) - Vel 9R(F,EH,t) + I, (F,E) #%(F,E,0,¢)

(50)

r
= S%(E.E0.t) + JJ I (7,808 BoAi') ¢9(F,2" 0 t)azrallt

vhicn is commonly cal'ed the "Adjoint Integro-Differential Boltzmann Equation.”
However, it will not be the practice here to refer to the function ¢*(r,E,{i,t)

L wehad PRA (e u e s ba s A akis by e ke R e T n o
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as the adjoint flux; consistent terminology will be jintroduced later in
this section.

At this point, two procedures for defining and calculating group
adjoint fluxes are considered. Omne method involves integrating each
term of Eq. (50) over the energy interval AEg, vhich leads to the following

group equations:

;5'2—'A r.G - U0 a%(7 3 8=\ lu(= A
- og(r,s,t) v-d #;(r,n,t) + £(F) ¢;(r,3,n,t)

$ ¢
g G i (51)
-sEa | [ @ IS @E) e Ga .
g g'=g <
g =1,2,...G
wvhere
¢5(r.0,¢) =-;nlg— I ¢*(T,E,Q,t)dE , (s2)
€ e
g
I ¢*(r,E,3,t)dE
A AEg
Vg = (53)
1 - -
! ;".(r,E’Q’t)dE
AE
g
J zt(f-,E) ¢*(r,EB,Q2,t)dE
~_ _ AE
7&(7) = —& s (5k)
t
¢.(;’E’§’t)dE
AE
g
j J zs(‘x'-,E+E',s'z->§') ¢*(r,E',Q',t)dE'AE
., AE_ AE
z§+$ (;’§+§') = g £ 'Y (55)
¢*(r,E' Q" ,t)dE"
AE ,
g
A = g | s (56)
Y
g
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The tf(r), zg*g (r,0+%'), and v, are adjoint wveighted group parameters
and their use in the solution of Eq. (51) provides group adjoint fluxes
defined by Eq. (52) where #*(r,E,l,t) represents the solution of Eq. (50).

Another approach for defining group adjoint fluxes is to directly
devise the equation which is adjoint to the group form of the Boltzmann
equation [Eq. (9)]. The group adjoint equation so obtained® is given by

-%—a—to(er)—A~90*(er)+Zg(r)¢ (F,E,&,t)
& c . (57) g
SSHEAL) + ) | a8 (5 A )eES L) , "
g g'=g J S g l;

g =1,2,...G. ;

i

where vs, tg(r) are forwvard weighted group parameters identified to those
which occur in Eq. (9) and the matrix zg»g (r,2+Q') is simply the transposi-
tion of the forward weighted group-to—group differential scattering croes-

section metrix.

The group adjoint fluxes Q;(?,ﬁ,t) which represent the solution of
Eq. (57) are adjoint to the group fluxes Qg and do not necessarily assume
i the same values as the group adjoint fluxes Sz(i,n,t), i.e.,

o (r Q,t) # —— J ¢*(T,E,Q,t)dE .

SAE
g

- ' - e e
This follows since r&(7), t® € (¥,3+3'), and v_are, in general, different
t s 4
from the adjoint weighted values. Usually fcrward weignted group para-
meters, as implied by Eq. (57), are used in MORSE. However, other weighting

schemes, such as adjoint or adjoint and forward, deserve consideration

e v
Pt

Y R T T e T o e L

vhen cross-sectioa weighting is a problem. When a sufficiently fine group
structure is employed, the group parameters become less sensitive to the
weighting scheme and the corresponding group adjoint fluxes are also

nearly the sanme.

-
The derivation of Eq. (57) is nut presented here because of its similarity

with the previcus derivation of Eq. (50); the integrals over energy are
simply replaced by appropriate group summations.
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Integral Point-Value Egquation

Bquation (57) is now transformed into an integral form following essen~

tially the same procedures used with thc forvard equations. As shown in
Fig. A.2, 1t ' = r + RO rather than r' = r - RQ as vas the convention with

the forwardi equations. The total derivative of 0;(;,5,1:) vith respect to
R is given by

3 e -‘ﬁ—s-:; $o(r',0,80) + V- 42(r1,0,8") (58)

iz ]

r' =7 + Ri

t' =t + R/v

Figure A.2
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zg(; + R'8)aR’

(o e Y-

Use of the integrating factor e provides the following
relationship:

R
- I :g(? + R'I)dR"
0

‘-;5 (2(2',8,¢°) e }
R
- j 2:(; + R'3)ar’
&
= =& (F8,L7) e 0 - 18(7) 02 Bt
R F (59)
- I zg(? + R'J)aR’ - Iz:(?' + RFa)ar'
0 0
X e = ¢

< (& 02 Baen) - 28 geir )]

Equation (59), together with Eq. (58), can be arranged to give

{- %-sg—t PICE ROMEY PUTCE RORE () 0;(?'.5,1:‘))
] i (60)
. Jf 287 + R)aR - ] 187 + RO’
=e ° FlEae e °

It is noted that Eq. (60) is identically the left-hand side of Eq. (57)
wvhich can now be rewritten cs
- T zf(?- + R'fi)ar’ - y :5(5 + R'Q)aR’
- lem(Fr d.ttve © =e ©
dR |"e (61)

G '
x {S'(;',ﬁ,t') + X I a 28’8 (;vMu) .u'(;v’ﬁv’tv)}'
8 g'=g 8 €

I
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Integrate Eq. (61) from R = 0 tc R = » and assume that

- I zf(? + R'3)4R’

(92(=,3,t )e 0 }zo; (62)

then the following integral expression for oz(i,ﬁ.t) is obtained:
- s’(;.n.ﬁ)

‘.(;vﬁot) = [ dR e
’ 0

{(s*(r + Ri,i,t + R/v )
& &
(63)

o7 ] &t 186 (7 + B,BE) 68, (7,860
8'

Equation (63) contains the adjoint optical thickness a;(?,n,ﬁ) vhich vas
defined earlisr by Eq. (30) as

R
g*(r,R4) = I &t + R'G)aRr? .
04 t
0

Redefine the source term as

& " = %
s® (».Q,t) j dR e Sg(r + R,a,t + R/vs) . (64)

0

and Eq. (63) can be rewritten as

_ . I - B3(r.R.8) &g = = =
$(7.8,0) = 5p (7,8,0) +J i e E ] B 1€ (51 5a)

oy = sn i o | e 2805+ o SRR
x ¢g|(r LR A ) = Sm(r’ 9t) + I dR zt(r + Iﬁ) e g )
' 0 p
_ 28"‘8 (;"ﬁ.’ﬁ')
x ] Idﬂ' — or,(xr 8 ,t0)
g' zg(rv) 8

G mheaiion WA g A M TR
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and in terms of the transport and coliision operstors, Eq. (65) becomes

o2 {r,0,¢t) = s;‘(?.ﬁ,t) + r‘({-o;'.ﬁ) c",(M'.F') 0:.(?‘,6',1;') . (66)

L ]
g
A comparison of Eq. (66) with Equations (38), (39), and {30) reveals
that the function ¢*(r.li,t) ac defined by Bq. {66) is adjoint to the emergent

particle density x‘f?.ﬁ.t) as defined by Bq. (40). Theretcre, let 0;(?.5.&
be denoted by x;(?.ﬁ.t) and Eq. {66) becomes

x;(r.ﬁ.t) = s'rg("“") + r‘(m'.ﬁ) cp‘.(é’a'.r'! z;.(r'.ﬁ'.t') . (67)

The reture of x:(i'-,ﬁ,t) vill depend on s‘u(i",ﬁ.t) - how or on vhat
basis should s;‘(?,n,t) be specified? If S¥(r,E,fi,t) is set equal to
P*T.E,i,t) (the response function cf the effect of interest A due to a
unit anguiar flux), then

”” ¢(r,E,0,t) s*(r,B0,t)draEaflat = ”” ¢(r,E Q,t) @

x P¥(%,E,8,t)drdEafiat = A

According to Eq. (48), the effect of interest A would also be given by

z = ” ] IQ'(;,E,ﬁ,t) S(5.E.8.t)dcaealiat . (69)

The effect of interest as given by Eq. (69) can also be expressed in
group notation

\ = r” 8 (5.0,4)8 (F,3,t)araiat
[ 4 J (-4 €

= f” qs(i,ﬁ,tﬁ;(i'-.ﬁ ,t)ardiat ,

vaere
;;(;,5 ,t) is the group adjoint flux corresponding to the adjoint
veighted group parameters,

- TUE TR it 2]
bt o < <
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I o*(r E 8,t)S{r,B,3,t)aE

- AE
S (;-ﬁot) = AE D -
& & HERRY

( S*(r,B,0,t)e(r B 0, t)cE

')

é;(:-.a,t) - —£&

|

¢ (7.0,0)

<

f - - -
j P'(r,E.Q,t)eir B fi,t)aE

AE [ ]
= —‘ = P (;,ﬁ,t) .
0 (7.3,¢) &

However, as noted earlier, usually forvard weighted group parsmeters are
input to MORSE and the group adjoint fluxes 0;(?,&.1:) are czlculated.

As a direct consequence of the derivation of the 0;(?,§,t ) @efining
equation, Eq. (57), the effect of interest for the gth group is also

&glven by

\ = mo-(f-,n,t)s (7,0,t)aTallat
4 & e
(70)
. [ I Iog('i,ﬁ,t)s;(f',ﬁ,t)d?dﬁdt ,

vhere
o*(r fi,t) is the group adjoint flux corresponding to the forward
veighted group parameters,

Ss(P,ﬁ,t) = [S(F,B.ﬁ,t)d! ,

AE
€ (71)

== o) 2 ¥
S;(r,ﬁ,,) Pg(r,ﬁ,t) .

'The derivation from this point on will implicitly assume forward
veighted group parameters. However, the results can, with slight mndi-
fication, be made to correspond to the adjoint weighted group parameters.
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Substitution of Eq. (71) into Eq. (6k4) yields

- - B%(r Q - =
S8 (%,8,t) = j R e BNERA) 0z g4y (12)
Tg €
and according to Equations {25) and {29), Eq. {72) can be rewritten as
Equations {73) and (74), respectively:

- A%y q
se (F,8,t) = ] daR £8(3') e (.0 P*(5'.,4,t') (73)
8 990 9 t e b ] b

and

5pg(T-,t} = P(T,8,t) . (73)

Substitution of Zq. (73) into Eq. (67) and Eq. (7h) into Bq. (67) yields
the following forms for ihe "Integral Point-Value Bquation:"

x;(;,‘a‘,t) = Tz(?’;',ﬁ) {P:(E',ﬁ,t') + cm,(‘{-',ﬁrﬁ') x;,(f-' 8',5} (75)

and

>
.
o~
g |
v
o]}
w
ct
~
"

Inte Event-Value Equation

At this point let us introduce a value function based on the event

density and to relate this guantity to the point-valus~ function by consid-

ering a particle leuving a collision at r with phase space coordinates

(group g, &, time t). The value of this particie to-the effect of inierest

is the point-value function x;(?,ﬁ,t). This perticle will experience an
event in dR about r' = r + R with the probability [Zg(x.")e- Bﬁ("n’m
and the value of this event (to the effect of interest) will be referred
to as the "event-value" and be denoted by Wg(;',ﬁ o,t'). That is, the
"event-value" Hg(f-' J,t') is defined as the value (to the effect of
intersst) of having an event at r’' with an incoming particle which has

P’g‘(i-',ﬁ,t) + Tg(i'»f" ,a) cm,(i',!.‘ﬁ') x;,(?',ﬁ',t') . (76)

dr]
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phase space coordinates (group g, ﬁ, time t'). The sum of all such contri-

butions to the effect of interest is given by

D - -
g =y B*(r,R,Q)
I dR z(r') e 8 w(r',Q,t') ,
t g
0
and, if the ev:nt-value function is properly defined, should equal the

point-value function; that is,

. "f .. - BHERD
x;(r,ﬂ,t) = ) aP Zt(r') e B Hg(r',g,t') (17
0
or
Xg(rsi,t) = T (r7',8) W (r',8,¢') . (78)

A comparison of Eq. (78) with Eq. (75) would show that Wg(?,ﬁ,t) can be

identified as
wg(?,ﬁ,t) = Pz(i,ﬁ,t) +C o (F,@A) x;.ﬁ,ﬁ-,f.) , (19)

and substitution of Eq. (78) into Eq. (79) yields the defining equation
for the "Event-Value Function"

W (Fd.0) = PZ(?,ﬁ,t) +C g (oY) T (BFLE) WL(F.8",e") . (80)

Equation (80) will be referred to as the "Integral Event-Value Equation.”
A comparison of Eq. (80) with Eq. {38) would show that the event-value
function Wg(?,ﬁ,t) is adjoint to the event density wg(f,ﬁ,t). Therefore
the effect of interest Ag is given by

- 8/= 8 4\ -3 ==
Ag = JJJ Sc(r,Q,t, Wg(r,ﬂ,t)drdﬂdt . (81)

Integral Emergent Adjuncton Density Equation

The solution of either the point-value equation, Eq. (76), or the
event-value equation, Ej. (79), could be accomplished by monte Carlo
procedures; however, the random walk would not be the same as that implied

by Eq. (40)*. Consider the following altered form of Eq. (76),

»
The desire in M@RSE :s to use the same random walk logic for both forward

and adjoint calculations.
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- B*(T,R,) (z&(F")
x*(T,8,t) = PY(7,8,t) + J R zS(r) e B [JL--J
& € [zg(;)
J (82)
1878 (31 i) IZ t&78 (v, 0)
x ¥ J ag' = g - WR(Era,t) .
&' 7 8 (2 man) l ert)
g

- At A e -y .

The additional weight factor [gf(;-),-gf(;)] ariges since Eg. (76)
and its altered form (Eq. (82), are actuaily flux-like equations, even

though x;(F,ﬁ,t) is adjoint to the emergent particle density xg(;,ﬁ,t).

In a fashion analogous to the forward problem, the following new

quantities are defined:

1t

Hg(?,ﬁ,t) zi(i) x;(?,ﬁ,t) (83)
and

H (r,Q,t) = Tg(P*;',ﬁ) Gg(F',ﬁ,t'J . (84)

Since x;(?,o‘. ,t) is a flux-like variable, the new variable Hg(?,ﬁ ,t) can
be regerded as an event density and Gg(;,ﬁ,t) like an emergent particle
denisity. The defining integral equation for Gg(;,ﬁ,t) should be the

proper basis for an adjoint random walk.

The defining equation for the adjoint event density function Hg(?,ﬁ,t)
is obtained by considering the following altered form of Eq. (75):
- B*(; )R,ﬁ)

X(F,8,1) = J RIEGF) e € (P (7 3,00)
(85)
+ Cg*g,(F',§+§') xg,(?',ﬁ',t')] .
Multiply Eo. (CS) by Zf(?) and rearrange as follcws:
- 8*(r,R,q)
(%) R (72 O = 8o g g Vize = 4
£, (t) xg(-,ﬂ,t) J dR £ (r) e [z (r*) Pg(r R,t")
(86)

L 4 - - - g'- - -
+ Cg*g,(r',9+ﬂ') Iy (r') x;,(r',n',t')]
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where

3(r') -
¢, (rr,aat) . (87)

C . (F,Rr) = o
& Ig (7) &8

g*

Noting that:
Hg(F,ﬁ,t) = zf(?) x;(?,ﬁ,t) ,

[ g, — BR(¥.R.Q)
| R z(rje = =

m I
4\

g

g1

' A
&/

? ?

and
Bz ¥z 7 1) - p¥(=
zt(r) Pg(ranat) = Pg(ranyt) s

Eq. (86) becomes

>+ Q - > O (=i 5 40 4 Tt O30 1 O 4¢
Hg(r,ﬂ,t) = Tg(r+r ,Q)[Pg(r 2,t') + C g.(r Roey] )Hg-(r 2',t7)] . (88)

g*

A comparison of Eq. (88) with Eq. (84) reveals that

=5+¢) = pP(2.5 ¥ (7.0 2.8 )
Gg(r,ﬂ,t) = Pg(r,ﬂ,t) + cg+g,(r,n+n ) Hg,(r,Q st s (89)

and the subsequent substitution of Eq. (8l4) into Eq. (89) yieids the

following defining equation for the adjoint emergent particle density:

¢ (7,8,t) = PY(F,a,t) + G (F,0o8") T ,(For',8") G_,(7',8",t"). (90)
g g &8 g g

Equation (90) is almost identical with Eq. (40) which defines the
forward emergent particle density xg(?,ﬁ,t) and alsc serves as the formal
basis for the forward random walk. At this point, let us interpret Eq. (90)
in terms of the transport of pseudo-particles called "adjunctons" in the
(P'+P) direction of phase space. This presents two immediate prcblems:

1) The transport of the adjunctons from r' = T + R to r would be

in a direction opposite to the direction vector Q -- therefore,
the direction vector for the adjuncton should be 5 = -}, and

I

;'=;-RQ.

]

ot ol T e it

Py § A b, s o
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2) The collision kernel should be iuterpreted as describing the

(P'>P) change in phase space experienced by the adjuncton during
its randor walk; therefore, let

~

Carag®it) = & G000 = ] [ anr =
g8 &g g Zf (r)

1]
zg*g (,0-a')

. (91)

Equation (91) may be rewritten in terms of a noimalized collision
Kernel and & weight factor:
2 12 (2 )|
. ) Zg*g (5.38") EJ & " (a0 )I
Co1yglT>2"20) = Z' j da’ J (92)

g'(=
g Zt (r)

The selection of new phase space coorlinates (group g, & = Q) Is made

from the normalized kernel and the weight of the adjuncton is modified by
the weight factor []*® which is no longer a simple non-absorption probability
and may assume values in excess of unity. Therefore, there is no "analogue"

scattering for adjunctons and the adjuncton's weight may increase at some
ccllisions.

Equation (90) can be rewritten as
-7 _‘—“‘ .’"A|A - - -, 2 .
Gg(r,fz,t) = Pg(r,ﬂ,t,) + cg._}g\r,n Q) Tg,(r'—*r’gv) Gg,(r',g-,t') , (93)

which now corresponds to the transpcrt of adjunctons and provides the desired
basis for the adjoint random walk in the M@RSE code. Note that the source

of adjunctons is provided by P;(F,Q,t) which is related to PZ(F,ﬁ,t) as
follows:

o= o b= &
Q = = L
Pg(r, ,t) Pg(r, ,t) (9k)

which must be taken into consideration if the response function P:(;,E;t)
has angular dependence -—— however, meny physical situations permit an
isotropic assumption for the -dependence.

A Monte Carlo solution of Eq. (93), the "integral emergent adjuncton density
equation,'will generate data from which the adjuncton flux x;(?,ﬂ) and
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other quantities of interest can be determined. The general use of
x;(;,ﬂ) must take into e&ccount the reversal of direction between adjunctons
and real particles, i.e., 2 = . For example, consider the various ways

of calculating the answer of interest:

A = JJI ?%(7,3,t) ¢ (F.,8,t)dratat (95)
£ g g
e PPERY o
= J L T (r'ar,Q) x (r',2,t7/drdqdt
1) &%) &
t
Prr - - - . _ - _ a _ -
A= s (r,Q,t)x*(r,2,t)drddt = [[ S {r,2,t)y*r,-Q,t)drd@dt (96)
g JJJ - e s d g g
4 - - - - - - r - - - -~ - -
A = I J Sg(r,Q,t)H (r ,Q,t)drdQdt = IJ s&(7,3,t)W (F,-q,t)darddat  (97)
g ) c g J c g
r[ S, (E:8,t) _ s (r,@,t) .
A = JJJ e § (7,3,t)drdQdt = IJ] H (r,-Q,t)drdndt {98)
g 28(;) g 28(;) g -
t t
A ]
g

to(r) & |
(99)

s (r,2,t)
” B (715,00 (8,0 aralias

s (r,Q,t) . - o
JJ A T (r'or,-Q) G (r',-Q,t')éxrdQdt .
g(=: g
tt(r)

Further, if outward boundary crcssings woulu be scored in the forward
problem, the corresponding source adjunctons would be introduced in the
inward direction. Likewise, adjunctcns would be scored for entering a
volume from which the source particles in the forward problem would be
emitted. It should te noted that many sources and response functions are

isotropic and the problem of direction reversal need not be considered.
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Multiplying Cystems

The general integral equations in group notation of the previous sec-
tion are here specialized to the problem of multipiying systems. In a
fissioning system it will be presumed that the source of neutrons for
the nth generation comes from fissions which occur auring the previous
generation, the (n-1)st generation. In group nctation and seven-
dimensional phase space, the source term for the nth generation,

S;(;,ﬁ,t), is given by

S:(;,ﬁ,t) = J s™(r,E,%,t)dE {100)

AE
g

where

s™(r,E,&.t)dEAR} = source particles euitted for the nth generation per
it volume and time a the space point T and time t with energies

in dE about E and dire:tioms which lie in 4§ about @,

S?{T,E,0.1) = 5%51 JI dE'dG- vzf(F,E')¢n‘1(§,E',§',t) (101)
hn

f(E)dE = fraction of fission rcutrons emitited having energies in 4E

about E,
’n—l(; ,E,@,t) = anguiar neutron flux for the (n-1)st generation,
vi f.(;,E') = fission neutron yield x macroscopic fission cross section.

Substitution of Eq. (101) into Eq. (100) and expressing the energy integra-

tion as a summation over energy groups yields \
f 1 - , n-1
si(r,q,t) =& ¥ ad' vi€ (r) +7(F,ant) , (102)
g bn _, 4 g
g8'=G 4.
®

The terms generation and betch will be used interchangeably in this section

and will refer to the batches of neutrons processed in the MJRSE Monte
Carlo calculation.

e s e o -
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where
fg = J f(B)aE (103)
AE
g
J vzf(?,E)¢(§,E,§,t)dE
_ AE
vig (r) = —Br———— (10k)
[ ¢(T,E,Q,t)dE
AF
g

Equation (102) can also te expressed in terms of the emergent particle

deasity:
I S v¥E T -8 (FRE)
st g8 [ it [ o8 (e K27 L(E " ,a05t)(205)
¢ " g'=G @y ° &
t
where - -
_ -8 ,(r,R,2')
¢g.(r,ﬂ‘,t) = I dRe & xg,(?',ﬁ',t') s (106)
0

so that for e given SZ(;,ﬁ;tXthe emergent particle demsity distribution for
the nth generation can be calculated using the following modified form of
Eq. (27):

- f— =
xz(r,n,t) = Sg(r,ﬂ,t)

[ g, B ERE)
I dR L} (r) e xg,\r',ﬂ',t')
0

' -— - -
zg 8(£,0'0)

+ { [ aq’ T _
g'=g iw Xf (r)

n == = =5 .z = L=, =
= Sg(r,n,t) + cg,+g(r,9'+n) Tg,(rt+r,n') xg,(r',ﬁ',t' . (107)

Equations (105) and (107) can be combined and written as an eigenvalue =quation

in seven-dimensional phase space




£ 1 ve8' (3) . -8 (¥,R,Q)
(F,8,t) = X [ @ —f—ar =E'(F) e & (F'.8.47)
e < g'EG T R N
(108)
1 18782 arsg) T . -8, (FRA")
+ 7 j i =—— Jd.R 8 (F) e 8 L (Fr,ar,e).
g'=g 8 () ¢ g
S hn t 0

The usual objlective in a reactor calculation i
functions xg(?,ﬁ,t), and the eigenvalue k. In MORSE this is accomplished

iteratively, each batch being one iteration. The source for the first
> the

batch is unknown and must be assumed. From this source an estimate oZr
resulting emergent particle densities,x;, are caiculated from Eq. ‘107). Tte
source for the next batch, si , is obtained from Eq. (105) and then estimates
of the Xi are obtaired from Eq. (107). After the source has converged

(usuaily after a few batches), the x: are presumed to be a valid estimate
of the eigenfunction xg in Eq. (108) and an estimate of the multiplication

factor can be obtained for each of the succeeding batches.

The muitiplication factor correspording to the nth generation (or batch)
is defined as the ratio of the total proaiction of fission neutrons during

the nth generat.on to the total number of source neutrons introduced into

the rnth generation

1 vZo tr) 7 \ -8 _,(T,R,3')
X{[H&dﬁ'a — dR zg (r) e & xo (Fr,a',t)
k = &€ &y () (109)
a 1
LJ” s®, drafit
' 8
8
which can also be expressed as the ratio of successive sources
1
1 r” S0y (7.8 0 ) aradiat
=& . (110)

K
n 1

) ”J s? (r,d,t)aradat

g=cll] €



The multiplication factor is calculated at the end or each batch azd the
eigenvalue, k, is taken as the mean value f the kn averaged over all tk-

batches calculated after convergence of the eigenfunctions was aciieved.

Equation (107) is solved by MJRSE in the same manner as it would be
for non-fissioning systems. The fission event is treated as an absorption
and the neutron's weight is modified accordingly, i.e., fissions that occur
do not introduce new neutrons into the present genecration. The multiplica-

v8( 2

tion factor, kn’ is estimated by summing the comtribution '%"‘/u (r).

“b at every collision (Wb, the neutron's weight before collision, is an
estimate of the collision density). At the end of the batch, kn Is divided

by B, the total starting weight of the batch.

The source for the next batch is no: obtained direcily from the indi-
vidual contributions (vz8 Hb) Rather, Russien roulette and splitting are
used to discretize these contrlbutions intc ones of equel vaiilze. The splitting
and Russian roulelie parameters used are deterxined by the input parameter,
FWLGW, the desired value of a single contribution. To keep the number of
neutrons from multip’ying or decreasing indefinitely, FWI# is modified from
batch tc batch such that the number of source neulrons for each batch remains
nearly constant. The value of FWLYW for the (n+l)st batch is calculated at
the completion of the nth batch as follows:

FHL¢ = FWLY - (flss1on neutrons produced during the nth batch)
n n source neutrons introduced into the first batch)

, (111)

where En is an accuasulative estimate of k thr~ugh n batcaes. The in modifying
factor is requirea since the FWLY calculated aiter thz nth batch affects

the number of source neutrons in the {(n+2)nd batch.

The adjoint problem for the fissioning system is solved by MJRSE in terms
of the random walk of "adjunctons”" as described by the integral emergent
adjuncton density equation, Eq. (93), that car be rewritten in batch nota-

tion as

cz(;,s'z,t) = [pzﬁ,&,t)]" s g,*g(;,ﬁ»ﬁ) Tg,(;-+;,a-) Gg,(;',ﬁ',t'), (122)
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vith the source of adjunctons being provided by the response function
¢
P

based on flux density, g The =ffect of interest for the rth genertcion,
12, is the production of fission neutrons due to fissions in group g that
appear at the fission site in the next generation according to the group

fission spectrum, fg, and is given by
\o-1 _ [ [ j (p? (7,307 % L (7,3, )aranat
g J o g
(113)

[ , &(r ! =, gt *n-1.~- - \ n-1,- = --
- IJJ vzf(r) z l da!’ ﬂg—x ' '\rsn'atj ¢ (r,Q,t)ardQdt
g'=G w £ £

n

vhere
L) o
xgn(r,n,t) = the value to the effect of interest in the ath generation
of an emergent neutron with phase space coordinates (group g,

r, 3,t).

From Eq. (113), the source of adjunctons for the nth generation is

identified as

1 £
¢ -z n _ &= "_E......*n"l.'.'v
[Pg(r,ﬁ,t)] = vE2(r) EG 48" Fu Xgr (r,a',t) . (114)

Noting that according to Equations (83) and (8k)

x.n(; aﬁ at) =

-' -9- n -'$- ' 2 ]
g if(;) Tg(r +r.Q) Gg(r ot') (115)

Eq. (114) can be rewritten as

1
[PP(F,8,¢))" = vi&(r) J | ad’ -——&—T (FeE,8 )cn Lzrare)
f
€ g'=G ), 4x Xg (r)
vif(r) 1 _ I -8 (rRA') (116)
=1 Z J aq' f , J dR e & G , (I",Q',t') .
g'=G Lw ¢ 0 ¢
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Noting that the fission process is indeper.dent of che incident neutron's
direction and that the fission neutrons are emitted isotropically
yo = n_ %= 4
(P:\r,ﬁ,t)] = [Pg(r,ﬂ’t)]n , (117)

and Eq. (116) can be used in conjunction with Eq. (112), i.e., & replaced
by Q.

Equation (116) can be rewritten as
g»—- , - A'\
| vEsE) % - B ,(r,R,Q")
G
n

[PZ(;,ﬁ,t)]n i ey ¥ af' [fg. vzf(;)]J dRe &

t=
f -4 0
(118)
x G‘g‘jl(?',ﬁ' '),
where 1
vi(F) = [ vif(F), (119)
&=G
uzg(;)
:577;3-= energy disiribution of adjunctons emerging from an adjoint
) 4
fission,

[fg,vzf(;)]= the g'th group cross section for adjoint. fission.

It is noted that the integral emergent particl. density equation,
Eq. (1C7), is identical in form with the integral emergent adjuncton
density equation, Eq. (112), so that essentially® the same randomr walk
procedures can 2pply to the solution of the forward and adjoint fissioning
systems. The adjoint source, Eg. (118), differs from the forwari source,
Eq. (105), only in that the fission cross section and the group fiszion
spectrum have charged their roles. The adjoint-fission group cross
(r)] and the energy distribution of the =djunctons

f

section is [fg°v2
emerging from an adjoint fission is vZ%(F)/vZf(F).

»
The same differeaces will exist between the fcorward and adjoint collision

kernels here as was the case for non-fissioning systems.
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The adjoint solvtion is started by assuming scwe arbitrary initial
source, [P¢(;,§,t)]l,and calculating the G?"(f,ﬁ,t)using Eq.(112). A new source
term,h[PZ(f',ﬁ)]2 is thcn calculated from gq. (118) and the next estimate,
Gi(F,Q? is calculated using Eq. (112). This procedure continues until, as
in the forward case, the source has converged and the Gz's are presured to
be an estimate cf the eigenfuactions Gg. Then for each succeeding barch,
the following ectimate is made for the eigenvalue k:

1 - . [ - 8_,(F,R,Q")-
Zj“drdﬂ'dt[f{,-vzg (r)]] &R e g Gz,(;',. t')
=G > Z

L

k=&' = ,(120

1 ) X
) ”J [PZ. (7,0.t) IParanat

and the eigervalue, k, is taken as the mean value of the kn averaged over
all tre batches calculated after convergence of the eigenfunctions was

achieved -- exactly the same procedure used in the forward calculation.
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APPENDIX B

Generalized Gaussian Quadrature

General Statement of the Problem and Its Soiution

Given w(x), a < x < b, such that w(x) > 0 (Resiriction I).

Problem: find {xi,wi] for i = 1,n so that:

t
n

J £(x) wix) ax = } f(xi)'“i (Restriction II)
i=1 >

a

holds for all f(x) where f(x) is a polynomial of degree 2n-l or less.

Solution: Determine a set of polynomials Qi(x) (i=1,n) orthogonal with

respect to w(x). That is

b
j Qi(x) Qj(x) w(x) dx = Gij Ni s
a

vthere Gi is the Kronecker delta and Ni is a normalization constant.

J

n ) _ -
Then {xi}i=l are given by the roots of Qn(x), Qn(xi) = 0, and

n-1
_ 2 -1
w, = lizl Qi(xi)/Ni .

Note: Since the functions l,x,x2,....,x2n-l are independent snd form a

basis forr the space of all polynomials of degree 2n-1 or less, it is
equivalent to Restriction II to require that
b
v
M = J x w(x) dx =

a

li t~3

)
>4
L)
e)
"
<
]
C
»

N
o}
|

-

i=1

In other words, the problem is that of finding a discrete distribution.

L
w*(x) = § w, 8(x - x)
i=1
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having its first 2n moments, {Mv}ifgl identical to those of the original

distribution w(x).

It is then possible to relax ‘he non-negativity restriction, w(x) > 0,
apd in fact to state that w{x) n=ed not be completely specified but only

its first Z2n moments be given. Restriction I then becomes two restrictions

on the moments:

a lcil >0 i=l, n-i

vhere |Ci| is the Gram determinant

. z
HOMI’ MM M, MMMy oo My
el = , o] ={MMM ..., lC = (MM, ... M
1t H_‘le ' 2| H2M3Mz > s | n-—ll n
Mh-lui T M2n-2

and

Ib) The roots of Qn(x) lie inside the interval {a,b], i.e., a <x, <b
vhenever Qn(xi) = 0.

Equivalence of Moments and Legendre Coefficierts

W. shall use the following form “or the Legencére expansion of an
angular distribution:

t) = T R N (N (1)

From this it follows that

1l
= af,.=1.

£, J £(u) Py (u) ap and £, (2)

-1
The moments of the distribution are defirned by

1

n .

M = fu £(u) dau . (3)

-1
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If the Legendre pclynomials are writtien

L
. N 'n .
P(u) = } p,_uw (L)
n=0
[the pln's may be derived easily from the recurrence relation for P:(u)].

Then it follows simply from Equation (2) that

L 1 | 2
f = y n f f{n\ nn dn = Y n M . {l;)
L~ & fgn | R0 T TR T L Sanp He
n=0 n=
-1
Likewise
f - f
2L +
M o= £ au = X———lf [unP(u)du .
n J 2 L L
_3 £=0 _1

From the orthogonality property we know that Pz(u) is orthcgonal to any
polynomial of degree less than £. Hence

1
I un Pl(u) dg =0 for £ > n .
-1
Then
n
2L + 1 ~1 72\
M, = z 2 fz Prg o)
=0
where

.

P
Pnﬁ lxu

[The Legendre polynomial recurrence relation may also be used tc derive

13

recurrence relations for tne p;z.

Ao
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Equations (S) and (6) shcw that the first n moments of an ang lar
distribution may be derived from the first n Legendre coefficients and

vice verss.

CGeneration of Polynomials Orthogonal With Respect 10 w{x)

Let us now presume that we are given the first 2n moments, MO’HI’
«e+» M, ., of an arbitrary function w(x) and are given no additioral
information about w(x). We shall attempt to derive a set of polynomials
which are orthogonal with respect to w{x). If we define the notation

E[I(x)] = | I(x) w(x) dax ,

N ‘————ﬁkv‘

then wnat we wish is to deterrmine QO’QI’ cans Qn such that

»

he)
v
~~
-]
Nwe

Q.(x) =
i

with the normalization ccndition a.. = 1, ard that

E[Q, (x) Qa(x)] =84 N . (8)
Rcte that
b
N, = BLQ200] = [ QZx) o) ax .
a

Since w(x) > 0, then it follows that®

N.>0. (9)

From the properties of orthogonal polynomials we now that an arbi-
trary polynomial of order i, Si(x), may be expanded ir. terms of the Q
polynomials,

——

Since we wish to relax the non-negativity restriction slightly but not

completely, we will retain Eq. (9) as a reasonable requirement for = "well-

behaved" w(x). This requirement is essential to allow full use of the
properties of orthogonal polynomials. I% is also essential to the
eventual use of this development as a Monte Carlo selection technique
since it is needed to ensure that the "probabilities,” w,, be positive.
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i
S.(x) = Z S. (x) .
1 k=0 1ka
It follows that
E[Si(x) Qi(x)] =0 for i < j

Let us presume that we have obtained the first i polynomials and are

attempting to derive Qi+1(x). Due to our normalization condition (ai_.

we have
Qi+l(x) =Xt Ri(x) R
where
R;(x) = kio 3i41,k a
Qi+1(x) = x°x* + Ri(x)

= x-[Qi(x) - Ri-l(x” + Ri(x)

=x Qi(x) + [Ri(x) - x Ri-l

(x}]1 .

A

(10)

1)

The term Ri(x) - x Ri_l(x) is a polynomial of order i and may be expanded

in .erms of the Q's. Thus

Qi+1(x) =x Qi(x) + kZo dip Q,k(x) .

For J < i-2 we can use the orthogonality relation

i
E[Q;,;(x) ()] = 0= Elx q;(x) ()] + ] 4,

= E[Qi(x) (x Qj(x))] +dij Nj

(11)

E[Qk(x) QJ(x)]

-—— ey

- ay -

Wt AN e e
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since x Qj(x) is a polynomial of order < i-l1 and is orthogonal to Qi(x).

Since N, > 0 ve must have di = 0.

J J

If ve write

u1+l = - d1,1
and
o° = -
i 1l ,i-l ?
then Eq. {11) reduces to
Q. (x) = (x-u. ) Qlx) -d°Q (x). (12)
i+2 i+’ i -1

This equation is the basic recurrence relation for our polynomials. We

have

E[Qi+1(x) Qi_l(x)] =0

Elx Q.(x) Q,_,(x)] - u, ; ElQ,(x) q; ,(x)] - ci E[Q?_l(x)]

= BlQ,(x) (x q_,(x))] - o5 N__

1
i-1 5
= 5 ( -
= E[Q,(x) {Q.,{x) - } 4 g x QX -o; By,
k=0
2 2
= E[Qi(x)] -o, N,
2
= Ni - o, Ni-l .
This is easily solved for
2 _ ?)
of Ni/Ni-l . (13)

If we return tc Equation (10), it is easy to see that

1
N, E[Qi(») Qi(x)] = E[Qi(x) x] + E[Qi(x) Ri_l(x)]
b i (14)
a xk xi dx = Z a .
0 ik k=0 ik Mk+i

1

E[Q.(x) x*] =
1 x=
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Likewise we will define

_ i+l
Li+l = E[Qi(x) x ]
(15)
i
= kZO 2; &k Merinl

Then the final orthogonality relation used in defining Qi+l(x) gives us

"
[SE)
"

n
L4

Elq, (x) x'] + E{q,, (x) R, (x)]

Elx q (x) x'] - u_,  ElQ(x) x'] - of 2lq,_ (x) x']

2
=Lljer Y5 B -0 I
or
_lim o 2li
“i+1 T W iN.
1 1
L. L.
- i+l - . 1 . (16)
N. K.
i i-1

The coefficients Y may be obtaired from the recurrerce relation, Eq. (12),

by taking the coefficient of xk on both sides of the equation. This gives

2 a
i i-1,k

= - - X 1
3iv1,k k-1 Yi#1 %k °© (27)

To recapitulate, one uses moments through Méi and the values of aik from
Qi(x) to calculate N, (Eq. 14). N., along with th~ previously determined
2
| R T ¥
Ni-l’ allows one to calculate oi (Eq. 13). Tr= ts through Méi+l and
Qi(x) determine L. . (Eq. 15). This in turn allows the calculation of
the recurrence relation (Eq. 12) deter-

of w(x) allow the

R 2
Miel (Eq. 16). Witb o, and u .

mines Qi+1(x). In sum the moments M oMoseeesMy o

determination of the orthogonal polynomials Qo(x), Ql(x), ceeay Qn(x).
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This is subject only to the restriction Ri > 0, 1 =0,n. Although it is

far fram obvious, this restriction may be written in simple closed form as:

MOH1H2 cece Ki

MM, .M

Ki Hi+1 T MQi

Properties of the Roots of the Orthogonal Polynomials

The roots of the orthogonal polynomials have two useful properties
vhich we shall prove.

Lemma I: Qn(x) has n distinct, reai roots which "interlezve" with
the roots of Qn-l(x); that is, between any two adjacent roots of Qh—l(X)
there is one and only one root of Qn(x), and furthermore there is one root
of Qn(x) greater than the largest root of Qn-l(x) and one smaller than
the least root of Qn_l(x). Likewise there is cne and only one root of

Qh_l(x) between any two adjacent roots of Qn(x).

Proof: We assume the Lemma to be true for Qn- and Qn—2’ Let

1
Xy > 12 > xn_l be the roots of Qn-l’ Then it follows that the

sequence Qn-2(xl)’ Qn-2(x2)’ cees Qn-2(xn—l) alternates in sign. Since

2
(xi - un) Qn-l(xi) T %-1 Qn-2(xi)

Qn(xi)

2
= 0,1 olxg) -

The sequence Qn(xi)’ Qn(x22? cens Qn(xn_l) alsc alternates in sign. This

establishes that there is at 1east one root of Qn between any two roots of

Qn-l' Because the Qi's are normalized to a.s =1, they are all positive
at 4+ and alternate in sign at -=. Qn-2 has no root between Xy and +»;

2
hence Q _,(x;) > 0. But o . > 0 (because N . > O and N, > 0);

therefore, Qn(xl) < 0 and Qn must have at least one root greater than xl.
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Similar reasoning .eads to the conclusion that %n—Q(xn-l)’ Qh-2(x 5 =),
and Qr(x + -=) have the same sign while Qn(xn } 1is of the opposite sign.
) -

Thus Qn must have at least one root between x_ ., and -e=. Since this gives

us n intervals where Qn must have "at least one" root, it is clear that

Qn has r distinct roots which interleave with the rocts of Qn 1

The proof by induction may be comileted by using similar arguments
to show that one of the two roots cf Qg(x) lies above the singie root cf

Ql(x) and cne below it.
Lemma II: The n roots of Qn(x) lie in the interval (a,b).

Proof: Assume that Qn(x) has only s changes of =ign in the interval

(a,b) at the points X1s Xps -ees X . Let

8{x) = {x - xl)(k - x2)(x - x3) cees (x - XS) ’

then 6(x) Qn(x) does not change sign in the interval (a,b). It follows
that® b
Elo(x) q,6x)] = | 8(x)  (x) ulx) 2x # 0 .

a

However, 6(x) is a polynomial of order s < a. Since Qn(x) is orthogoral
to all polynomials of order less than n, we must have s = n, thus proving

the assertion.

The Meaning of the Two Restrictions Which Replace the Non-Regativity
Requirement, w(xj > O

In the foregcing development, knowledge of the entire function w(x)
is never required. Instead, all that is needed are the moments, Mb, Ml’
ceees My 0 of w(x). The generalized quadrature thus develcped is there-
by valid for the whole class of functions having those moments. Since
the moments are equivalent to the Legendre coefficients, fo, £ s ceees

f2n-l’ this class is coumprised of all functions having the same truncated

»
This step relies on the requirement that w(x) be non-negative. We wish

to relax this restriction somewhat but not completely. Since Lemmsa II
expresses a property which will be essential to the use of this develop-
ment as a Monte Carlo selection technique, we will use this property as
one of the requirements for a "well-behaved" w(x) with whick we shall
replace the non-negativity restriction.

[ .
P

| - g Suln § PR G - Y
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Legendre expansion; that is,

20-1
wix) ¥ w®*(x) = Z 2+ Pl(x) .
2=

0 2 2
In particular, the discrete distribution derived by this technique is

itself one function from this class.

It is not required that all functions of this class be non-negative;
in fact, there are infinitely many which are not. It is not even required
that the truncated Legendre expansion w*{x) be non-negative. However, it
is essential that at least one function in this class be non-negative.

The restrictions

1) Ni >0,i=1, ..., n and

~

2) Qn(x) has n roots in the interval (-1, +1)

express exactly this requirement. Then it follows that w*(x) is the
truncated expansion of some unspecified non-negative function. The failure
cf either of trose two conditions expresses the fact that the given moments

(or Legendre coeﬁficients) are not those of any everywhere positive function.

\

Generation of the \Generalized Gaussian Quadrature
AY

We are given d(x), a <x<b, [or rather, wve are given the moments of
w(x)] and we are attempting to find a set of points, X and associated

1
weights, W SO tha}, for any arbitrary polynomial, f(x), of order 2n-1
or less,

b
n
Elr(x)] = J f(x) w(x) ax = § flx ), .
=1+ 1
a

By simple division of polynomials,

f(x) = qn_l(x) Q(x) +r _,(x)
where qn_l(x) and rn_l(x) are polynomials of order n-1 or less.

E[f(x)]

Elq _,(x) Q (x;] + E[r__,(x}]

(18)

E[rn_l(x)] from the orthogonality property of § .
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However, we want

n n n
Ele(x)] = ] flx,)ew, = ) q, 1% Q (x)ew, + ) ro_q(x;) 0,
i=1 i=1 i=1
n (19)
" & U1 0%g) Qplxg)ewy + Bl GIT

By subtracting Eq. (18) from Eq. (19), we find that we must require, for

all polynomials, q__,(x), that
n
i£1 qn-l(xi) Qn(xi)'mi =0 . (20)

This condition can only be met if

Qn(xi) = 0, that is, the desired points, x., are the roots of Qn(x). (21)
Now we still must pick the weights, mi, so that
n
o, fNY = .
L[In-l\X}j i£1 rn—l(xi) ws

where rn_l(x) is an arbitrary polynomial of order n-1 or less. Since

r _q may be expanded as a linear sum of the orthogonal polynomials, QO’

Ql’ cees Qn-l’ it is sufficient to require

n
E{Qk(x)] = 121 Qk(xi)-mi for k = 0,1,...,n~1 . (22)
However,
E[Qk(x)] = E[Qk(x) QO(X)] =N_ & -
Thus we mrect have
n
-21 Q(x)ews =F & ~ for k=0,1,...,n-1 . (23)




B-12

Multiplying Eg. (23) by [Qk(x )/N1] and summing over k, we find

n-l r n-1 Q (x ) (Y )
X Q(x)0 = J wl ] e
k=0 j i=1 i=1 k‘O k
(2u)
n-1 Q (x,) Q (x.)
= z %—J—N 6}{ =°_.|]_.N =1
k=0 3 o No o
Iutrcducing the function
n-1 Q (x) @ (y)
Dn_,(x,y) = 1 *x N * ?
s k=0 k
we can vwrite Eq. (24) as
n
izl W, Dn_l(xj,xi) =1. (25)

To proceed further we must establish the Christoffel-Darboux identit; -

Qn(x) Qh_l(y) - Qn_l(x) Qn(y‘
Nn—l(x - ¥)

[(x -u)q ,(x) - 0121 1 Qox)le _(y) -q (x)y-ude ,(y) - ol

— = = - n-1i n__n-1 n~lQn-2

(y)1

Rn-l(x -y

(x - ¥) Q) Qi)+ ) 1q 500 Q) - §,0) Q)]

- nl(X-y)
Q1'% Q_,) Qn 1(%) Qh ,(¥) - ,(x)Q () N _,
) N2 1(x -y) n-2

; Q_1(x)Q_;(¥) . S 1(%) Q _,(¥y) - _,(x) Q_,(¥)

Nn-l N (x -y)

%) 4, O) _r Q,_,(%) @ _,(¥) X Q) Q_3(¥) - an_ix) Qo)

Nn-1 ¥n-2 Npalx -7

ey
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n-1 Q(x) Qk(y) QL(X) Qo(y) - Q(x) 9 (v)

= 2 N No(x -y)
k=1
n-1 Q (x) Qk(y) (x - ul) - ¥ -w)
- ji N * Ny(x - ¥)
k=
o)), TN e x) iyl qylx) 4,
= + == = + =
ﬁél § No k=1 " No
Bl Q. (x) @ (y)
- EJ R Y =—=D L(=y) -
k=0
Therefore

Qn(x ) Q (:l -Q _1(xj) Qn(xi)

, i rm-1 i n
D .(x_,x ) = -
n-1"3"1 N -l(x,j - xi)
: 4 o5 o - -
For i1 7 J and Qn(xj) - Qn(xi) = 0:
D (x,,x.)=0.
n=-s J py
Thceefore, returning to Eq. (25),
n
=3 n = ) =
g @y ”n—l(xj ,xi) ws Dn-l(x,j Xy 1
i=1
or
fa-z QS(x,))-1
oy = (D, 3 (xpx )17 = | 3‘3—4—
: k=0 'k

(26)

(27)

(28)

e e ¢ e pa—

- o vy
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Limits of ui and o?

Ir the calculations leading to the generalized Gaussian quedirature
we obtained two restrictions which had to be satisfied in order to have a

positive distribution located on the interval (-1,+1). These restrictions

were:

1) N, > 0.
i

2) All the roots of Qi(x) lie in the interval (-1,+1).

Let us determine first what limitations these two restrictions place on

the quantities ui, ci. Consider first the effect of adding an infinitesimal
amount Ap to ui. We have

,\. rs A Y - < 2
Qi{x) = (x-w) Q ,(x) -0, . Q ,(x)

and

- 2 - ’ { E
Q(x) = (x -, - 8u) Q_,(x) -0 . Q ,(x)=g;ix)-auq_  ix).

ir Qi has a root at Xy then Q; will have a root at xo+ Axo |

* = = ! -
Qi(xo + Axo) 0 Qi\xc + Axo) Au Qi-l(xo + Axo) ]
If we expand the right-hand side and keer only first order temms

0= Qi(xu) + Ax Qi(xo)- Bu Qi-l(xo) = Ax, Qi(xo)— Au Q )

i-18%

or

Qi-l(xo)

Ax0=whu . (29)

Since Qi(x) is positive as x approaches +», then Qi(xo) > 0 at x,
equal to the largest root of Qi‘ At successively smaller roots of Qi the
sign of Qi(x) alternates from positive tc n-gacive. Qi-l(X) is similarly
positive at +». Also, it has no rocts greater than ii:e largest root of
Q;. Therefore Qi_l(x) > 0 at the largest root of Q.. Because the roots

of Q; ".nterleave" with the roots of Qi’ the sign of Qi_l(x) must
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alternate at successive roots of Qi(x). Therefore, at all roots of Qi(x)

we must have:

Qi_l(x) '
—Q;GY-> 0 \ 30)

or, going back to Equation (29)

dx0 o
ai:, )
i
Therefore, as u. is increased, the roots of Qi(x) shift to the right, and,
as u, is decreased, the roots shift downward. If My is steadily increased,

the largest root of Qi will eventually equal 1. This point is determined

by
2

Q;(1) =0=(1-u)q_ (1) -0cf

Q. (i)
or
s @ _,(1)

ST S TN

This is clearly the maximum value of Mes which will generate positivity in
the interval (-1,+1). Likewise there is a minimum value at which the

lowest root of Qi occurs at x = =1.

© 4y _ \ 2
Q(-1) = 0=1(-1-4y)q (-1} -c, ;Q ,(-1)
or
min _ _ . _ Q;_p(-1)
SRS ST e
Note that
) Q, (1) o
ERNCTI E) R

due to the positivity of the functions as they approach +« and that

Q, ,(-1)
~2
B. b1 - 1“1-—— > 0 ’

S R VAP

e e+ 2% . ot . ek & - .

" A Sy S PGPy B vt W Sy - b



B-16

due to their altermation in sign at -*». Since 0? > ¢, we have the

i-1
following picture on a ui-axis
umin max
i R
I | 1 } }
I | l l i
2 2
- -1 +0 8 -Ga a +
1 P+%a% 1-%a% !

Now that we have upper and lower limits for u » What can we say about

o?? Since 02 = N. /N 5-1° restrlctlon I implies that 02 > 0. We can obtain

an upper- llmlt to o by setting U ? il PPOE For larger values of o;,
1] which means that there is no value of yu. which will allow

i+l > Wi i+l
all the roots of Qi+l(x) to lie inside (-1,+1). Thus

2y 4,01 2y %4.(-1)

BT ) i Uy e oy

2y T a0 g ,01)
1)mx Qi(+17 Q(-1;

2 = (

5y .2 [[ §_ () g, (-5 4
B Q (+1) 7 Q-1

We can work back f.oom the limits on My andof to obtain limits on the moments.

o = M/%
i i-1
\ a,. . sincea.. =1 .
L WL -
k=0 k=0
Therefore
o< 2<s r%. (1) q y(-1)
i L Q‘(+1T Qir-]T




implies
i-1 znl-l i:l
- 2 85k Mk+:1<MZl Ql (+1) 3_1 (1) 5 ~ Z 8k Mk+i
k=0 [ 1 - =2 1 k=0
- Qi(+j Q (-1) J -
L. . L
_ Ui+l i
Wiv1 © N, T X
i i-1
i i-1
_\ Z
I'i+l = /L %k Mk+i+1 21+1 &k }&+1+1
k=0
max i 1(1)

_ 2 _i- i
Biq = 1l - Os —6;117—-, therefore,

L (1)
max 2 & ;@ o -1 2
Ligg =N - N 1@1(17 1‘“ \1 - )"L°°-
i-1
Mpin \1 -9 Q@) JY L% % Mana
k=0
also
Q, . (-1) i-1
2 i-1 2
Min~ % (" 1-o0; Q¢ (-1) ) t Lo - 2 &k Merisl
k=0

To ottain the limits on the Legendre coefficients, take the set of

1° M2, cecesy M2i-l combined with M'. ehd

convert from mcments to Legendre coefficients. This gives f 3 When

.L

moments alrezdy determined M

'l’ 2 2i~1 2i 2i

s ~seey M. are combined with M .n and converted, one obtains fmln.

B e

o T

e S
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APPENDIX C

MORSE Input Instructions

There are five subroutines that read information for a complete M@RSE

run. A description of the formats and variable defiritions is given in

this appendix.

The input read by Subroutine INPUT is as follows:
CARD A (20Ah)
Title card.

{Any character other than a biank or alphameric in column one will
terminate the job.)

CARD B (15I5)

NSTRT -
NM@ST -
NITS -
NQUIT -
NGPQTN *-
NGPQTG *®-
NMGP* -
NMIG®* -
NCALTP -
JADJM -
MAXTIM -
MEDIA -
MEDALB -

»
See Table C~II,

number of particles per batch,

maximum number of particles allowed for in the bank(s),
number of batches,

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

number of neutron groups being analyzed,

number of gamma-ray groups being analyzed,

number of primary particle groups for which theire are
cross sections. Should be the same as NGP (or the same
as NGG when NGP = 0) on card XB read by subroutine XSEC,
total number of groups for which there are cross sectiocns.
Should be the same as NGP+NGG as read on card XB read by

subroutine XSEu,

set greater than zero if a coilision tape is desired; the

collision tape is written by the user routine BANKR,

set greater than zero for an adjoint problem,
pnaximum clock time in minutes allowed for the problem to
be on the computer (360/91 c.p.u. time),
number of cross-~section media. Should agree with NMED
r=ad by subroutine XSEC,
albedo scattering medium is absolute value of MEDALB;
if MEDALB = 0, no albedo information to be read in,
MEDALB < 0, albedo only problem - no cross sections
are to be read,
MEDAIB

v

0, coupled albedc and transport problem.

page C-8, for sample input.

s ——* C—y
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CARD C (LIS, 5E10.5)
ISPUR -~ source energy group if > O,
if ISPUR < 0, SPRIN is called for input,
NGPFS - number of groups for which the source spectrum is tc be
defined,

ISBIAS

no source energy tiasing if set equal to zero; otherwise

the source energy is to be biased,

N#TUSD - an unused variable,

WISTRT - weight assigned to each source particle,

EBJTN - lovwer energy limit of lowest neutron group (eV) {group WMGE),
EBPTG - lower energy limit of lowest gamma-ray group (eV) (group NMIG),
TCUT - age in sec at which particles are retired,

VELTH - velocity of group NMGP when NGPQTN > O; i.e., thermal-

neutron velocity (cm/sec).

CARD D
XSTRT coordinates for source parcicles
YSTRT (values may be overridden by subroutine S@PURCE)
ZSTRT

AGSTRT - starting age for source particles,

UINP source particle direction cosines
VINP . . . . .

if all are zero, isotropic directions are chosen
WINP

If ISPUR on card C is < O, subroutine SPRIN will be called for the input
of source data. For the sample problem &n input spectrum with biasing

parameters is input.

CARDS E1(TE10.k)
NGPF3 values of FS(I), the fraction of source particles in group
I, are requirecd.

CARDS ®2({TE10.k)
If ISEIAS > 0, NGPFS wvalues of BFS(I), the relative importance of
a source in group I, are required.

Reminder: Cards El and E2 are not needed if JS@UR > O.
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CARDS F (TE10.4)
NMTG values of ENER, the energies (in eV) at the upper edige of the
energy group boundaries.

Note: The lower energies of groups NMGP and ¥WWT'G were read on Card C. :

If a collision tape is desired (NCPL™P > 0) on card 5, inciude Card
G; otherwise omit.
CARD G (215, 5X, 36I1, 1311)

NHISTR - logical tape number for the first collision tape,

" B e BN et DR agene s v ! °

NHISMX - the highest logical number that a ccllision tape may be
assigned,
NBIND(J), J=1, 36 - an index o indicate the collision parameters
to be writien or tape (see Table C-1 for definition of parameters).

NCPLIS(J), J=1, 13 - an index to indicate the types of ccllisions ‘

to te put on tape (BANKR arguments 1-13, page 166 fcr definition).

CARD H (Zz12)
RANDM - starting random number.
CARD I {1kI5)
NSPLT - index indicating that splitting is allowed if > O,
NKILL - index indicating that Russiar rouiette is allowed if > O,
NPAST - index indicating that expcnential transform is allowed
if > 0,
N@LEAK - index indicating that noni-leakage is allowed if > O,
IEBIAS - index indicating that energy biasing is allowed if > O,
MXREG - maximum rnumber of regions for which there ars weight standards
and exponential transform variables (will be set to one if < 0),
MAXGP - maximum number of groups for which there are weight staadards
and exponential transform variables (will be set to cne if < 0).
If (NSPLT + NKILL + RPAST) = 0, omit cards J.
CARD J (615, 4£10.5) (see p. b4l of ref. €)

NGP1 from energy group NGPl to energy group NGF2, inclusive,
NDG in steps of NDG and frcm region NRG1 <o NRGZ2, inclusive,
NGP2 in steps of NDRG, the following weight standards and path
NRG1 stretching parameters are assigned, If NGP1 = 0, groups 1
NDRG to MAXGP will be used; if NRGl1l = 0, regions 1 to MXREG will
NRG2

J be used (both ir steps of one).
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WTHIH1
WILOW1

weight asbove which splitting will occur,

weight below which Russian roulette is played,
WTAVE]1l - weight given those particles surviving Russian roulette,
PATH - path length stretching parameters for use in exponential
transform (usually O < PATH < 1).
The above information is repeated until data for all groups and
regions are input. If either NGP1 or NRGl equai zero, th: values

will be stored for all MAXGP and MXREG.
End cards J with negative value of NGP1 (ex., -1 in columns L and 5).
The following cards are omitted if IEBIAS < O
CARDS K (TEL0.4)
( (EPR@B( IG,NREG), IG = 1, NMTG), NREG = 1, MXREG)
Values of the reiative energy importance of particles leaving a
c¢ollision in region NREG. Input for each region must start on
a new card.
CARD L (1415}
NSPUR - set < O for a fixed source problem; otherwise the source
is from fissions generated in a previous batch,
MFISTP - index for fission problem, if < O nc fissions are
allowed,
NKCALC - the number of thrc first batch to be included in the esti-
mate of k; it < 0 no estimate of k is made,
NJRMF - the weight standards and fission weights are unchanged
if < 0; otherwise fission weights will be multiplied,
at the end of each batch, by the latest estimate of k
and the weight standards are multiplied by the ratio of

fission weights produced in previous batch to the average

starting weight for the previous batch. For time-dependent

decaying systems, N@RMF should be > O.
If MFISTP < O, omit cards M and N
CARDS M (TE10.k)
(FWLY (I), I = 1, MXREG) values of the weight to be assigned to

fission neutrons.
CARDS N (TE10.L4)

(FSE(1G,IMED), IG=1, NMGP), IMED=1, MEDIA) the fraction of fission.
induced source particles in group IG and medium IMED.
Note: Input for each medium must start on a new card.

For a combined problem, the following cards must be included; omit

for a pure neutron or gamma-ray problem.



CARDS 0 :TE10.5)
({GWL$ (IG,NREG) IG = 1, HGPQTN or NGPQTG), NREG = 1, MYREG) -
values of the weight to be assigned to the secondary particles
being generated. NGPQTN groups are read for each region in a
forward problem and NGPQTG for an adjoint. Input for each region
must start on 2 new card.

Geometry input data

Read by subroutine JPMIN and the specific input depends oa i~ seometry

packages used (see ref. 1, pp. 49-53 and p. 18C, and see Appendix D).

Read by subroutine XSEC.
CARD XA (20AL)
Title card for crcss sections.
CARD XxB (1€15;
NGP* -~ the number of primary groups for which there are cross
sections to be stored. 3Should be same as NMGP on card B,
NDS -~ number of downscatters for KGP (usually NGP),
NGG*¥ -~ number of secondary groups f£Lr which there are cross sec-

tions to be stored,

NDSG -~ number of downscatters for NGG (usually NGG),

INGP* - total number of groups for which cross sections are to be
input,

INDS -~ number of downscatters for the INGP yroups (usually INGP),

NMED -~ number of media for which cross sections are to te stored -

should te same 25 MEDIA on card B,
NELEM -~ number of elements for which cross sections are to be read,
NMIX -~ number of mixing orcrations (elements times density
operations) to be performed (must be > 1),
NCPEF -~ number of coefficients, including Po,
NSCT - number of discrete angles (ususlly NC¢EF/2)Integral’
ISTAT -~ flag to store Legendre coefficients if greater than zero,

IXTAPE

logical tape unit of binary cross-section tape, set = G if

cross sections are from cards.
CARD XC (16I5)

IRDSG - switch to print the cross sections ac they are read if > v,

ISTR -~ switch to print cross sectionc as they are stored if > O,

*
See Table C-II, page C-8, for sample input.

e S e fem el v ————n 1S .-
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IFMU - switch to print intermediete results of u's cslculation

if > 0,
IMJM - switch to print moments of sngular distribution if > O,
IPRIN - switch to print angles and probabilities if > O,
iPUN - switch to print results of bad Legendre coef{icients if > O,
IDTF - switch to signal that input format is DTF-IV format if

> 0; otherwise, ANISN formda~ is ossumed.
CARD XD (16I5)

Element identifiers for cross-section tape, omit if IXTAPE < O.

Element i2entifiers must be in same order as elements are on tape.
The following cards are read by subroutine READSG.

CARD XE
ANISN format if IDTF < O; otherwise DTF-IV foruat.
Cross sections for INGP groups with I¥Ds downscatters for NELEM

elements each with NC@EF coefficients.
The mixing cards are read t; subrcutine JNPUT.

CARDS XF (2I5, E10.5)
malX (see card XB) cards are required.

?
|
|
E
|
]
E ¥ - medium number,
- KE - element number occurring in medium KM (negative value indi-
l

cates last mixing operation for that medium).
i RHP - density of element KE in medium KM.
Analysis input data

Read by subroutine SC@RIN.

For the sample probiem, the following cards are required:
CARD SA (20Ab)

] analysis title card
CARD SB (I16)

ND - number of detectors.
CARD SC (TE10.4)

RAD(I) I =1, ND - detector radii.
CARD SD (TF10.k)

FDCF(I) I = 1, NGPQTN - response function for neutrons groups

1 through NGPQTN, see Card B.



file:///dentifiers

Table C-I. Variables That May Be Written on Tape

J Variable®* J Variable
1 NCJLL 19 WTBC
2 NAME 20 ETAUSD
3 1G 21 ETA
) U 22 AGE
5 \'s 22 @LDAGE
6 W ek NREG
7 X 25 NMED
8 Y 26 NAMEX
9 Z 27 WATEF
10 WATE 28 BLZNT
11 1G¢ 29 BLZ@K
12 UPLD 30 VEL(IG)
13 V@LD 31 VEL({IG@)
1k WJLD 32 TSIG
15 X@rD 33 PNAB
15 Y@LD 34 RXTRA
17 ZgLD 35 EXTRA1
18 @LOWT 36 EXTRA2

These variables are defined in Table I, page 8,
and Table II, page 12.
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Representative Problems#®

Sample Group Input Kumbers for Some

Case A - Neutron Only Cross Sections (22 groups)

Case B - Gamma-Ray Only Cross Sections (18 groups)
Case C - Keutron-Gamma-Ray-Coupled Cross Sections (22-18 groups)

Froblem Type
h -
[ ] ® >y 0 ?: o a g
o N £ —~ O A g | P
3 = -3 po | +»
o C O 0 m O 3 g
| 9 - 4 ™k O e
(&) @] oo at rx t =T
= (¢ ~ [~
<3 m e © 0 o~ loda
@ — < i [ )] 3 = [ 1) % H L1 4’; —
Input @ o, w o @3 o W E Q& [0
Variable .S.S :Stg cgzglg Egc:ég .3,2.2.3
’
NGPQTN 14 0 1h 0 1k ]
NGPQTG 0 17 0 17 17 CARD B
NMGP 22 18 22 18 22  Variables
RMTG 22 18 22 18 |y
l J
(WGP 22 18 22 0 22 |\
NGG 0 0 0 18 18 }CARD X8
| GP 22 18 10 L0 ko Variables

&

For cross sections with full downscatter NDS = NGP, NDSG = NGG and
INDS = INGP.
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APPENDIX D

Geometry Input Instructions

SPHERICAL GEgM®*
CARD GA (IS5, D10.5)

MED - medium number interior to R (>0)

R - outer radius of sphere or spherical shell containing
MED.

Repeat CARD GA for all radii {<20) in increasing order.
End CARD GA input with blank card.
CARD GB (D10.5)

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

Repeat CARD GB for the number of regions (<20).
End CARD GB input with blank card. If no regions are desired,
a blank card st be used to signal no region geometry.

®
Taken from ref. 6.



D-2

SLAB GE®M

CARD GA {IS, D10.S)
MED - nediwm with Z as lower bound (>0)
Z - jower limit of mediurm MED.

Repeat CARD GA for 211 toumdaries with the last card contairing
MED = O and the boundary of the system.

CARD GB (D10.5)

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

Repeat CARD B for all region boundaries.

End CARD GB input with a blank card. Iif no region geometry is
desired a blank card is required.

CARD GC (k4D10.5)

XL - lower boundary of system in X direction.

upper boundary cf system in X direction.

lower boundary of system in Y direction.

d B 8

- upper boundary of systew in Y direction.
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CYLINDRICAL GE@M

CARD GA (IS5, S5X, A8)
NREGIN - flag to indicate material media (=1) or both region
and material media (=2).

SEX - sex of programmer.

CARD GB (E10.5)

R - radii of the cylindrical shells describing the material

media in ascending order.

Repeat CARD GB until all radii have been input.
End CARD GB input with a blank card.
CARD GC (E16.S5, 12I5/815)

H - upper height of medic= M(I) (>0).

Cylinders assummed to start at H = O.

M(I) - media for the cylindrical shells for this height.
Repeat CARD GC until all height intervals have been input.
End CARD GC input with a blank card or if there are more than
12 radial intervals, 2 blank cards.
CARD GD (E10.5) omit if NREGIN = 1

RG - radii of the cylindrical shells describing the region

geametry in ascending order.

Repeat CARD GD until all region geometry has been input.
End CARD GD with a blank card.
CARD GE (E10.5, 12I5/8I5) omit if NREGIN = 1

HG - upper height of regic: MG(I).

MG(I) - region numbers fcr the cylindrical shells for this

height.

Repeat CARD GE until 2ll height intervals have been input.
End CARD GE input with a blank card or if there are more than
12 radial intervals, 2 blank cards.
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GENERAL GE@M
CARLC GA (IS, 5X, A6, 1X, A7) Holleritn left adjusted
NSTAT - flag to indicate material media only if 1 and doth
region and material media if 2.
SEX - zc2x = the rrogrammer. (Select ome from MALE, FEMALE,or
blank indicating uncertain.)
STATUS - marital status of programmer.
CARD GB (2ak, A3, 5(D10.5, Al)
DUMMY{3) - hollerith characters not used.
FIR(I) - zone boundaries in increasing order along the
X-axis.
BCD(I) - flag to indicate end of input if blenk, cumec
means to continue.
Repeat CARD GB if more thaan five boundaries along the ¥ axis are needed.
CARD GC - same as CARD GB except for Y axis.
Repeat CARD GC if more than five boundaries along the Y axis are needec
CARD GD - same as CARD GB c.cept for Z axis.
Repeat CARD GD if more than five boundaries along the Z axis are needed.
CARD GE (AL, A2, 315)
BCD1 - hollerith ZONE

BCD2 - dummy
NXZKO - integers which specify the zone as being the NXZROta
KYXNO - zone in the X direction, NYZNOth 2zcne in the Y

NZZNO - direction, and NZZEOth zone in the Z direction.

CARD GF(2Ak, A3, 5(D10.5, Al)
DUMMY(3) - hollerith characters not used. |
FIN(I) - block boundaries in increasing order along the |
7 axis.
BCD(I) - flag to indicate end of input if blank, comma
means to continue.
Repeat CARD GF if more than five boundaries along the X axis are needed.
CARD GC - same as CARD GF except for Y axis.
Repeat CARD GG if more than five boundaries 2long the Y axis are needed.
CARD GH - same as CARD GF except for Z axis.
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Fereat CARD GH if more than five boundaries along the Z axis are needed.
CARDS GI to GO describe the geometry for a block and must be

included for each block in the zone.
CARD GI (AL, A2, 31IS)

BCD1 - hollerith BLOC

BCD"?

KXBEND - integers which specify the block as being the

SRYBND - NXBNDth in the X directicn, the NYBNDth in the
NZBRD - Y direction, and the NZBED in the Z direction.

CARD ¥ (3ah; 10(T5.A1)
NAM? - hollerith MEDI
DM(Z) - Gummy
INP{I) - a list of media sector by sector in the block
BCD(I) - flag to indicate end of input if blank, a comma
means 1o concinue.
Continuation with 12(I5,A1) format is permissible.
CARD GK (3A4, 10(IS5,A1))
NAM? - hollerith SURF
DUM(2) - dummy
WP(I) - a list of quadr=tic surfaces apperring in the block.
Numbers must appear in the order the surfaces are
described on CARD GQ.
BCD(I) - flag to indicate end of input of blank, a comma
xecans to continue.
Continuation of CARD GK in 12(15,A1) format is permissible.
CARD GL (Ak, A2, 18I3)
S1 - hollerith SECT
DUM - dummmy
IPD{I) - the designstion of each sector which describes the posi-
tion of the sector relative to quadratic surfaces.
+l: sector is on positive side of surface,
-1: 8sector is on negative side of surface,

0: surface is not needed to define sector.
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There must be a CARD GL for each sector and references to quadratic
surfaces mist be in same order as they are listed on CARD Q.
CARD M (3Ak, 10(15,A1)
NAM? - hollerith REGI
DUM(2) - dumy
IXP(I) - a list of regions sector by sector in the block.
BCD(I) - flag to indicate end of input if blark, a comma
means to continue.
Continuation with 12(I5,A1) format is permissible.
CARD GA (3Ab4, 10(15,A1))
NAM? - hollerith SURF
DM(2) - dummy

INP(I)
same as for CARD GK except for region input instead of

BCD{I){ material input.
CARD GO(AkL, A2, 18I3)
Sl - hollerith SECT
DM - ey
IXD(I) - same as for CARD GL except for region input instead of
material input.
Repeat CARDS GI to G@ for each block.
CARD GP (I5, 16Ak, A2)

NgBD - total number of gquadratic surfaces in the entire system.
DUM(I) - hollerith characters ignored by the code. (Helpful in
identifying input at a later time.)
CARD Gq {L4(D10.5, AL, 1X, A1))
COF(J) - coefficient of the term
BCD1(J) - hollerith indicating which term of the equstion.
xsQ, Ysq, 2sq, X2, YX, Y2, XY, zx, Yz, X, Y, Z, or
blank are the possibilities.
BCD2(J) - a flag which indicates the quadratic equation
ccatinues. Any non-blank character ends the field.
The next function must start on new card.
Repeat CARDS GQ until all surfaces have been described.
A sample of the input is shown in PFigure D.1.
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APPENDIX E

Librery Subroutines and Functions

The following subroutines and functions are library routines at Oak

Ridge Kational Laboratory and are not provided with MORSE.

Subroutine or

Function Called From

LgC Main, XSCHLP,
HELP

INT@BC DATE

INTBCD DATE, TIMER,
SUBRT

FETYP: READSG

BCDI@Y READSG

ICIMPA INPUT, BNKHLP,
HELPER

MJDEL INPUT

IDAY TWEEX

ICL@CK TIMER, M@RSE

INSERT TIMER

ose

Determine absolute address of cell given
as argument.

Converts integer to EBCDIC.

Converts integer to EBCDIC and returns
number of bytes in EBCDIC string.
Determines if a character is a number or
a letter.

Converts EBCDIC toc integer.

Compares tit by bit N bytes of two
variables; returns zero if the two

variables are identical.

Determines whether the problem is being
executed on the IBM-360 model 75 or 91.
Determines number of the month, day,
and year.

Determines c.p.u. time.

Inserts a string of given length at a
specified point in another string of

characters.

There are several uses oOf these library routines. One is to pro-

vide the time, day of the week, and year that the job is being executed.

A second use, provided by Subroutine TIMER, is ir determining the amount

of c.p.u. time used per batch and for input and output. To obviate sev-

eral of these library subroutines, dummy subroutines TIMER and DATE msy

be used. A third use is in the diagnostic module. The absolute iocation

of variables in commons, the determination of a repeating array, a "not

used" feature, and an integer or floeting pcint output are the features
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of the diagnostic module that require these special rcutines. If similar
routines are not available, other user-written routines can be supplied
for XSHLP, BNKHLP, and HELP.

Several other uses of these routines are made, but they are relatively
unimportant. MODEL is used to scale MAXTIM, depending on the machine on
which the job is being executed. ICPMPA is used by INPUT to terminate a
Job when a non-blank or alphanumeric character appears in the first column
of Card A. READSG has an opntion of checking for sequence errors in the
cross-section cards. Whiie none of tnhese features are necessary to the

cperstion of MCISE, they have proven to be quite useful.



