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' INTRODUCTION | .
An important sburée« éf damage to a solid exposed to high energy ‘rieutrbnst
(or ions) :is the displacement of atams from normal lattice sites. In a fast -
- reactor, energies of tens of keV may be transferred to the primary Knock—on
atom (PK?\) , producing 1n medium and high atomic weight materials a displacement
cascade comprising a localized high density of point defects in the atomic '
lattice.  These defects will subsequently interact with one ariother to produce -
clusters and to reduce their density by mutual annihilation-—- a process called
shoft—terrn annealing in the present dontext. | |
“The objectivé of this work was to studyz by con"puterlsi.rmlation the défecit
clustering characteristics of. y-iron, a stand-in for fhe stainless steel used
..in fact 'reactors.,. under various simulated env1ronmental co'nditions‘. . An a-,—i,i:on
model has also been si.rmiated. The technical resuits and implications of these
studies have been reported in prévio_us papers. (1,2) :I‘his paper preséats a
det;ailed descriptioﬁ 'of' the cd'nputer prograns. and sinr\tz;l.ation te&miques which
were applied. | R | g A \\

POINT DEFECTS AND RADIATION DAMAGE IN METALS

A brief 'dis’;cﬁs';;ion of point defects in‘_'atoﬁﬁ.c"iattices is presented in this
A séction in order to iht;oduce certain terms that will be used J.n the sﬁbsequent
diséussion. _ Reference 3 is d. yud source of additional information.

| Several common metals crystallize in either the body-centered c"ubic (bce)
or féce—céntered cubic (fcc) stxucﬁures. The former can be characterized by

a cubic cell of size c with atoms at the corners and at the center of the cube;

the latter has atoms at the cdrnérs and at. the centérs of the faces of the cube. The
'half-lattic,e unit (hlu), equal to the quantity c/2, is the unit of length used :
throughout thlS work. The symmetry of the lattice resul_ts- in groups of atoms
having equivalent positj;ons. with respect to a given atom. These neighbor sht_alls

are described in Table 1 for the fcc lattice.
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Table 1.
FCC Neighbors

Distance
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Neighbor Relative Coordinates (Half-Lattice Units)
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There are two types of point defects which can occur in the lattice as a
result of atoms being displaced from their normal positiohs. The absence of 'an
atcm at a -normally occupied lattice site is called a vacahcy.’ An atom which is
located at an interstice rather than at a normal lattice site is telmed an inter-
stitial. Actually a displaced atom will cause an adjacent atom to move over and
share its lattice site, thus creatincj a pair of atoms near and on oppcsite sides
©of the lattice site. The interstitial is then said to be located at the lattice
site about which the two atams are split. The line jOlm.ng the two atams defines
the orientation of the split intefstltial. | ) -

'-Althcugh there are stable interstitial positions, they are of ccnsiderably

. higher energy than normal sites and therefore remain unoccupied in the absence ., e

of sufficient excitation; however, a metal placed inla fast i:eactor is bombarded
by energetlc neutrons that transfer much of their energy in collisicns with the
atoms. An atcm receiving sufficient. energy is dlsplaced fram J.ts normal site,
leaving‘,behlnd a vacancy, and may in turn displace other atoms. When the energy
of a moving atom becaomes too low to cause fﬁrther displacements, it will come to
rest as an interstit.;i.al' unless it finds a vacancy with wh:i.ch,it can recombine. If
the latter event occurs, both the interstitial and vacancy cease to exist and are
said to be annihilated. The totallty of interstitials and vacancies resultmg
from a single neutron—atom encounter is corrmonly called a "dJ.splacement cascade."

-13 seconds.

. The formation of the cascade is very rapJ.d, requiring perhaps 10
The process of formation is such that the spata.al dlstrlbuta.on of defects is
; characteristically a vacancy—rlch central region surrounded by an interstitial-
i rich peripheral region. 'I‘he-vacancy concéntration is sufficiently high. that |

numerous Vacancy clusters are fcnned, but essentially all interst_itials are

unclustered initially. A cluster is defined as two or more defects of the same

(7=
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type in close proximity with one another so as to be rather tightly bourd together.
In the fcc model, first-neighbor separation constitutes clustering.

If the irradiation temperature is near absolute .zero, no thermally activated
pfocesses can occur, but certain oonfigulfations of ﬁnterstitial—Vacancy pairs are
expected to recombine spontaneously. For irradiation terperatures above perhaps
20°K, however, thennally activated processes will take place subsequent to '
cascade formation. These flr;clude, in order of increasing éotivation energy (and
hence increasing charaoteristio temperature) : additional J;eoombihation of inter- _
stitial-vacancy pairs, migration of interstitials, and z.nigration‘ of vé_canc‘;ies.

THE C(IVJ.PUI‘ER SMJIATION ~— HISTORICAL PERSPECTIVE

(4,5)

' .ertten in FORTRAN, it applied to a bee lattice (mm:.nally alpha-iron) at .about

‘rocm temperature——a temperature suff:.c:.ently low that vacancies were taken to

. be J.trmoblle, Scme preliminary results of this code were published in 1966. )

’I'he code was. extended by Doran to J.nclude vaca.ncy migration and hence be appll-'
cable to higher similated temperatures, results from the extended ANNEAL code '
(cun on & UNIVAC 1108) have been published ) for both low and hlgh temperature
similated anneals in alpha-lrnn .

In early 1969 the Process Analysis and Simulation Section of Battelle'—-

"Northwest undertook ‘a project to evaluate the comparative simulation capabilities.

of their small hybrid computer and the available big machine, a UNIVAC 1108, on

a cross-section of scientific problems. () The ANNEAL code was one of the pro- '
grams selected for comparison. ANNEAL was being run in three sepa.t"ate modes,
two'for interstitial motion (Mode 1-'-low tenperature; Mode 2—-high temperature)
and one fof vecancy' motion (Mode 3); iditially, only the interstitial modes 'were
programued on. the hybrid computer. The program was rewritten in assenbly

4

J. R Beeler, Jr. and D. G. Besco developed a oonputer code to s:.mulate the .
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- language directly from the model, rather than adapting the FORTRAN source program

to the hybrid camputer or attempting a direct translation of the FORTRAN code

. into assembly language .mstructlons This was done in order to maximize the

efficiency of the hybrid program in terms of memory reqﬁirerrents and run time.
In erder to validate the hybrid program, a deterministic run was made on
both mchiaes by replacing the random nurber routines with fixed sequences of
nurbers. This run also provided a direct comparison of run time. The outputs
of both programs were identical, bﬁt the Ahybrid program was faster than the 1108
by a fac_;tor of 3.5. The average run time of nseveral random runs also yieléled a

hybrld speed advantage of ‘approximately 3.5.. This advantage plus the much lower

charge—out rate of the hybrld computer led to the dec1$10n to transfe.r .the entire

v

The resulting program, ;:alled HAPBCC (Hybrid Anneal Program - BCC lattice),
was completed in December 1969. The vacancy migration mode was aaded, and a new
mode (Mode 4) permitted simultaneous vacancy and interstitial‘mf;ion. This code

has been eﬁployedAto study the effect of variations in the pararreters of the

physical model and to study the overlap of sever'al cascades. A display capability -

was added that permitted the production of ste.reo pair -representations of cascades.

An elec Lrostatic printcr plott.lng program was later developed to qenerate 2-d1men
sional hard-copy plots of defect distributions, ) _ |
The iatest system of programs, 'the main annealing program of which is called

HAPFOC, was developed in 1970 for fcc cascades and is the principal subject of

~ this report. The simulation of peint defects and small clusters in gamma-iron

‘ by Johnson (é) provided the physical model foi‘. the code.

The fcc code is more complex than the earlier bce code in several respects:

" 1) There are nore nobile species. 2) The orientations of the interstitials (the

stress fields are not isotxopic). are si.rmlated and have an effect on interstitial

(1)
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clustering, interstitial migration, and annihilation. 3) Periodic-boundary

conditions were included so that cascade interactions could be more effectively

. studJ.ed. -

G.ENERAL DESCRIPI‘ION OF THE FCC ANNEAL]NG S]MIJLATION

'I‘he Computer System

The fcc anneallng simulation was programmed on a small hybrid ootr\puter(s)

consisting of a D:LgJ.tal Equlpment Corporation PDP-7 computer (8K mem)ry) inter-
faced to'a Beckman EASE 2133 analog computer Actually the only contribution
from the analog side is a s:Lgnal cond:.t:.on.mg c:chult which prov:.des gaJ.n and

dc drift stablllzatlon for a noise signal from a random noise generator This -

,,_::A.,oorx:'ia.tloned noise signal is then oonverted to digital form and used by the PDP-7 .. ........

Apmgrams to generate random nunbers. ' : -\\

. A carxd reader and teletype provide inputs to the programs Two Dectape

magnetic tape units prov:Lde storage and retrleval of programs and data. Both

numer:.c and graphlc output are generated by an electrostatlc prlnter. A CRT
display program is capable of producmg 3- dm;ensmnal stereo pair representatlons
of cascades. :

‘The primary reason for using the srnall camputer is the high level of man-
machine interaction it provides-- a significant consideration because the anneal—-
ing ruus are open-ended.’ | Parameters can be. changed through teletype entry.at

the beglnm.ng of a run, and several optlons can be exerc:nsed through console

'sw:.tches to control a run in progress. In addltlon, the program runs faster

than an equivalent FORTRAN program on the available big machine '(a UNIVAC 1108)
and tﬁe charge rate is much lower on the small machine. A |

The annealing programs operate from the PDP-7 Relocatable Dectape Programming
System, a software system designed especialiy for Battelle's,.hybrid conputer.~(9)

The Relocatable System provides for simpli'.fied' debugging and on-line program
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' orlentat.lon dlrectlon if an. :mtersta.tlal ‘ \
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changes and permits efficient use of the 8K memoxy through the relocatable

loading feature. Core dump programs allow the user to save all (CORIT2) or

. selected blocks (CORIT) of core memory on Dectape.

The Simalation ' '. L

‘ Each pomt defect is :mJ.tJ.ally descr:.bed by its latt:.ce pos:.tlon in terms
of X ¥ and z coordinates (half-lattice umts) relative to an arbitrary origin,
and its type (vacancy or 1nterst1t1al) .’ These data , normally the output _of a
UNIVAC 1108 cascade simulation program, are punched on cards and corrprise‘ H}the
initial inputi to the annealing sjltallation. The pre-annealing prograrn then' '

detemines or assigns additional information for each defect: its class (size -

‘...of the cluster to which the defect belongs) , its cluster nurber (J.dentlfymg

S

'number of the cluster to th.ch the defect belongs, zero if unclustered) ' and J.tS

\
\

The Itbblllty of a given defect is a functlon of its type and class. Each-

mblle defect executes a random walk on a tl-mee—d:.mens:.onal lattice so long as’

~ it 1s suff1c1ently 1solated from other defects. In the presence of other defec'ts,'

the walk is no longer completely random but is correlated with the positions of -
nearby defects. Correlated configurations and the st;rengths of the correlations
are necessary parameters of the simulation. Other pay;-ameters include the anni-
hilation region (those donfigurations that result in mutual anrdldlation of
vacancy—interstitial pairs) and clustering criteria.

| The annealing is carriedout in a series of. time steps. In choosing .the
length of a ‘time step, a conpronuse is made between the poss:.ble elimination of
nearly simultaneous events through use of a long step, and the excessive use of
computer t;me that results from using a short step. Each mobile defect is glven
an opportunlty to ]me w:.th an assigned probablllty dur:.ng each time step. The

consequences of any jumps that occur-- clusterlng, dlSSOClathn, or annihilation--
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are ascertained as they occur. The sequence is continued until defect inter-
actions became rare. ' |
Randgm numbers are used by the simulation in three major ways:
1) Determination of ‘the order in which the mobile defects are selected.
. for a jump opportunity; .‘ | | |
o 2) Select:.cn of ‘the direction (jump vector) in which a given defect may
| ‘jump in a gn.ven ‘time step; .‘
. 3) Determination of whether or not a mobile defect with a gJ.ven Jump
o _prcbablllty actually executes the jump. ' '
- In ade.tJ.on, the random number routine is used in several ways by the pre-

annealmg program in preparing the J.nput data for annealJ.ng.
Overall Program Flow ' '

. *.\

‘ F:Lgure 1 deplcts the overall flow of programs and data, mcludlng control
actions by the operator, during a typlcal.anneallng sequence. " Program RANDOM
is used to test and adjust the random noise generator to insure uniform distri-
bution in the generation of random mmbers. Defect data representing the initial
radiation damage state are read from cards by program CARDIN and stored on’
| magnetic tape. If keypunch errors are subsequently detected in the data 1lst1ng ’
or if it is decided to add and/or delete certain defects fram the data file,
these operations-can be acconplished by using the "edit" mode of CARDIN. \
' If the input deck contains more than the limit of 4'32'-de‘fects of either type,
program IAP (Input Annihilation Brogram) can be used to reduce the first 864 |
defects (432 of each type) to a smaller number via lst and 2nd neighbcr annihila-
tions. 'I'heh more defects can be added with CARDIN. This procedure can be re- -

peated until all the cards have been' read, or until no more annihilations occur.

Prograin INFACE prepares the input data -for annealing by checking for illegal

BT A AR LS I AP AN U S SR
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Overall Opemtwn of FCC System During the. Processing and

Annealzng of a Typical. Displacement. Cascade.

RANDOM: Test the noise generator.
Operator: Adjust the noise gain, if

' necessary, for uniform-

random number generation.

CARDIN: Read defect cards,

list element table, and’
create a Dectape data file.

imit of 432 defects
Yes

. 11 defects were read

IAP: Perform initial
annihilations using a
lst and 2nd neighbor

reconbination region.

A

4

Operator: Verify input
element table listing.

CARDIN: EJdit the input file
by making changes, deletions,

“lor additions as necessary.

A2

INFACE: Prepare input data for annealing;

perform error detection and correction
functions; define initial clustering.

s
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; . More - .
than 63 clusters of one

type?

Yes

IAP: Perform annihila-

tions on the input data

using a lst and 2nd

neighbor recambination
region.

~ Were
any clusters of .
size >63?

Yes
ere

HAPFCC: Perform a Mode 2 (interstitial

=~ migration only) annealing simulation.

Save the resulting defect data on Dectape.

\.
3

HAPFCC: Perform a Mode 3 (vacancy migra-
tion only) annealing simulation on the
output of the Mode 2 run. Save the re-
'sulting defect data on Dectape.

4

SORT: Obtain element table listings
of the input, Mode 2 output, and Mode .
3 output defects in order 6f ascending.
values of x, then y, then =z.

-~

)

| GPLOT: " Make plots of the input, Mode 2
‘1 output, and Mode 3 output defect distrihu-
tions on the Gould electrostatic printer.

[ ’
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conditions and performing certain data initialization operations. Functions

performed by INFACE include the following:
‘ 1) Qheck for defects at non—fcc sites (sum of ooordinates must be even).
A non-fcc defect is moved to one of the six adjacent fce s:Ltes, chosen A‘
ra.ndomly.. . |
2) Check for two or more defects occupying the .same fce site. lf this
| occurs with like defects, one of the defects is allowed to remain,
while_ the others are successively moved to lst n‘eig_hbbr sites, chosen
randomly, until a free site is found for' each defect. If a pair of -

unlike defects cccupy the same s:.te the pair is annihilated.

W at AN S e v e e

3) .Check.fcr defects lying outside the periodic boundaries. Such defects _ . L

are systematically shifted into the periodic volure.

4) Define the initial clustering. T\

5) Assign orientations to interstitials. Sin?;le‘. interstitials are randomly
. assigned, but the orientations. of nembers of interstitial clusters are
dependent upon the size and configuration of the cluster. o
6). Put clusters of certain sizes and types into their’ "most stable" con-
figurations. | |
- The snmulation is limited to no more than 63 clusters of either type, and to ..
cluster sizes of 63 or less. If 'either of these limits is exceeded.by INFACE, |
an error message is printed. Program IAP must then be used.‘in an attempt to
reduce the defects such’ that the exceeded clustering limit can be satisfied.
Program HAPFCC (Eybrid Annealing gmgranr— FCC ‘lattice) performs the actual
step—by—step ‘annealing of the prepared displacement cascade. Before program

execution begins, the user must enter from the teletype the appropriate set of

. parameter values for the run to be made. T;hese parameters are listed in

-

v mk—i—— s« e bt e o e s oS s s cabrd A A LI UE U IE S

EEESPE IRV B
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When control is given to ﬁAPTCC, a parameter information listing of the type shown
in Figure 2 is printed. The data file is then read into memory, -an initial element
_table listing and clusterlng summary are- prlnted, and the annealing begins.

An element table llstlng prov1des complete information ooncernlng the state
of the cascade at the time the llstlng is nade. Each defect's position, class,
cluster nunber, and orientation direction (if an interstitiali are glven. A
sample listing is shown in~Figure 3. A'clustering summary, such as the cne in
Figure 4, provmdes a more concise indication of the state of the cascade. )Clusterf
ing. summarles are provided at pre—spec1f1ed time step lntervals as the run pro-

' gresses.' Element table llstlngs are printed only at the beglnnlng, at 1nterval-
whﬁbreakpointsV, and at the end of‘a.simulation run unless requested,by a console

-switch. . o - S .\ "' | | |

. Arun is termlnated when either a pre-spec1f1ed number of time steps have
.been completed or when a-console SWltCh is thrown The annealed data are then
saved on Dectape for plottlng and p0551ble further annealing. ‘ _

As shown in Flgure 1, the anneallng process is normally carried out ln two‘
stages, a Mode 2 run (1nterst1t1al migration) followed by a Mcde 3 run (vacancy :
migration). Due to the fact that interstitials are many times more mobile than
vacancies, thic:nethod was chosen to conserve computer time. A Mode 4 simulation
(simultaneous interstitial and vacancy miqration) is also available.

- With the program GPLOT, two—dlmen51onal proyectlons, such as the series of
| -three plots shown in Figures 5—7, can be made for both the 1nput cascade and the
annealed cascade. Program SORT facilitates the specification of coordinate ranges
for the plots by making three element table listingsAof the defects in a data“

file: first in order of ascending values of x, then y,,then Z.
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DRTE: 1@-28-71
PROELEM NO . 2851
RUN HO. 14

INFUT FILE:

g651-164
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DIRECTION COSINES OF PKA' DIRX = 25_66
DIRY = §_B7
DIRZ = 13. 23
MODE 2 —-- INTERSTITIAL MIGRATION ONLY
JANNTIHILATICNS: . . ‘ '
o ¢118> TYPE . EXCEPT WHEN DELTA B (INT“ST. ORIENT. DIRECTIOH) = +
(2@0> TYFE EXCEPT WHEMN DELTA B CINT’ST. ORIENT. DIRECTION) = +
<Z11) TvPE' EXCEFT WHEN DELTR E CINT-5T ORIEHT. DIRECTIGH) = +
(22 £ : A
(316> IYPE EXCEPT WHEN DELTA.E CINT/ST GRIENT. DIRECTION) = '+
(222 = : :
g re e e e (2321) TYFPE - EXCEPT WHEN DELTA E (IMTZST. ORIENT... DIRECTIONY = +
(238> TYFE EWCEPT MHEN DELTA E ¢(INTST. ORIEHT. DIRECTIOHY = +
JUMP PROBREILITIES: \
~INTERSTITIALS -\

_ FROBI4 = @.588 (11, UNCORRELATED) \ .
ALERA = 4. @@@ (14, JURP FROM > OR = STH TO < 'Ok = 4TH MABOR OF AHOTHER INTZST)
FROEIZ = B, 862 (12, UHCORRELATED) o \ :

. PROEIZ = @ @B& (1% MIGRATIGN JUMP) ‘ |

AN 14 THET IS 4TH, xRD, OF 2ND HABOR TO ANOTHER Ii WILL MOVE TO FORM AH 12, _
IF POSSIELE, WITH UMITY PROBAEILITY. IF 12 FORMATIOMN 15 IMFOSSIBLE. 14 MOVES
Y0 INCRERSE SEFARATION MITH URITY FPROEGEBILITY. )
AN 11 THAT 1S 47TH, 2kD, 0OR 2HD HAEQR TO THWO DR MORE INTERSTITIALS WILL MOVE
TO DECREASE TOTRL SEPARATION WITH UHITY PROSBAEILITY. T
THE RPEZ INTERSTITIAL OF AN 13¢112>--2 PRARALLEL MWILL MAKE A "PLANE ROTATION
JURP WITH FROERBILITY = PROBIL. :

| PERIODIC EOUMDRRIES XMIN = -SB88 ¥MAX = 3508

- YMIN = -588 YHAX = 2580

ZMIN = -588 ZMAX = X586
Figure 2. Typical HAPFCC Parameter Information Listing.
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. APPENDIX A

.CARDIN Parameters and Switch Functions

Symbolic Typical : )
Address Contents* . Description
IDELNO -3 - Total no. of interstitials to be deleted
' ' from input flle (applies only if AC switch
# is up) : .
IouT 7 . S -Identification mmbers of interstitials
IOUT+1 111 : " to be deleted. (Only the first IDELNO
IOUT+2 L 32 © .interstitials in the table will be
' . . 7 deleted; applles only if AC switch g
. P - -+ is up- ) .
\HHBI«DV 2. -  Total no. of vacancies to be deleted.from
T T ‘ . 1nput file - (applles only. if AC switch g
: 1s up. ) -
vour - 49 : . . " Identification numbers of vacancies to be
2 VOUTHL - - s 38 v deleted, (Only the first VDEINO vacancies
VOUT+2 ’ . T in the table will be deleted; applies only
. oo " if AC Switch ﬂ is up.)
PROBLM ' 2071 o . Problem (spike) identification nunber
' : : ' .~ (applies only if AC Switch g is down).
DIRX | .- ‘_8298 - PKA- direction cosines xlO (applies only
DIRY 2076 if AC Switch g is down).
DIRZ . 5185 |
NEWPRO 2081 : ‘Replace problem no. with this no. (applies
: ~only if AC switches f and 2 are up.)
NEWDX 7071 ‘ A, Replace direction cosines with these values
NFWDYV. 4242 . (applies only if AC switches @ and 3 are
NEWDZ 5656 ) up) . _ :
YZBIAS 1000, o Bias value added to each coordinate to
: ' B insure a 12-bit positive number.
TLIMIT 400 ' Maximm nurber of interstitials desired
S ‘ ‘ : (must not exceed program limit of 432).
VLIMIT - 400 .  Maximum number of vadancies desired (must
o ‘ - .not exceed program limit of 432).
BLKIN ' : 152 S Dectape starting block number of input data
- : file (applies only if AC switch # is up).
BLKY ' 162 | ‘Dectape starting block number of output

-fdata file.

* . ] . :
Numbers are decimal vadizx unless otherwise noted.
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Accumulator Switch Functions

Switch No.

g

oo a4 e s r S e e T NI T st K et

Meaning if ﬁp

| Read data file from BLKIN

and edit it. Examine AC

switches 1, 2, and 3. (New data . |

file is created from cards if

.switch # is down.)

Read defects from cards and
add to input data file (applies
only if switch f§ is up).

Change problem number to NEWPRO

. (applies only if switch ff is up).

Change direction cosines to NEWDX,

NEWDY, NEWDZ (applies only if

RNWL-SA-4114

. ' SVVitc}'l ﬁ is up) . O T ~ Sed eV PRI e e e i N, L e '."T-".'.‘i_ S



emn Accumilator Switch Functions

ENWL~SA-4114
' B-1
" APPENDIX B

INFACE Run Parameters and Switch Functions

Symbalic Typical - : .

Address ‘ Contents* : Description

XLOW o) . . o :

XHIGH 200 ' Lower and upper limits

YLOW . 100 in x, y, and z for

YHIGH » "300 periodic boundary

ZLOW -500 - -+ conditions.#

ZHIGH 3500 . - : A

BLKIN 1005 | ‘Location (Dectape block) of
‘ T input data file.

BIKS - - 1123  ° Location (Dectape block) of

output data file.

Switch No. o Meaning if up
g -~ . List the data file at block
' S BLKIN, but do. not operate
on it. _ ‘

*Numbers are. decimal radix unless othewise noted.

#’I‘he boundary condltlons must conform to the- follow:.ng
L. "bHIGH - bT.OW must be an even mteger >0
e DHIGH + XZBIAS <,4095 (7777 )
o bLOW + YZBIAS >1

where b = general coordinate i'epresentation 0,4 ,.Y, or 7).

e ARt St et it T T R e a0 e e R B 2 e atiie e e s Mabstelet
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APPENDIX C .

HAPFCC Run Parameters and Switch Functions

Symbolic - Typical

Address Contents* . -Description
MONTH 6 ’ o ‘
DAY : 1l Current date
YEAR 71

RUNNO : 2 - Run nunber -

_ SIMODE .20 o Simulation mode:
' ' I 2 = Interstitial migration only
-3 = Vacancy migration only
4 = Both interstitial and vacancy

' migration
. FMODE 4 , - Annihilation mode:
~ B 0 = Distance criterion (DMAXF)
o : ,,l = Specific s:.tes (WASXXX)
WAs11g cIa If FMODE=1, set WASYOXX.. -
WAS208 LAC TWO ' to indicate annihilation cond.ltmn
" - WAS211 - LAC T™WO for (XXX) s:.te :
WAS220 JMP KILL
WAS31f c1a _ _CLA Anmhllate only if Ab #0
WAS222 . JMP KILL
- Was321 IAC TWO ~ IAC ONE (TWO, THREE, FOUR, or FIVE): '
Vasigy  JMP NOKILL Annihilate only if |ab| #1 (2,3,4,0r 5).
WAS33f cIA o - A
- WAS44g . JMP NOKILIL, JMP KILL: Annihilate
WAS558 JMP NOKILL / o .
3 ) L JMP NOKILL: Do not annihilate
" (&b = Separation in direction of
interstitial orientation.)
‘DMAXF 12 S .Max;ume squared distance for
_ E . ' recomblnatlon when FMODE = 0

TPIMSET pzM TME Dz TIME: Reset TIME to zero at

beginning of run

NOP Continue counting from input
"~ file TIME value

*Numbers are decimal radix unless otherwise noted.



ENWL-SA-4114

. _ C-2
. Symbolic Typical . . ..
.Address Contents Description
BREAKS - 20 L Breakpoints (TIME values)
- BREAKS+1 - - 100 - for printout interval
. BREAKS+2 | 500 . changes and program
. © ’ pauses ‘
BREAKS+118. 10000 -
PRINTS 2 | :
PRINTS+1 10 T " Print intervals preceding the
PRINTS+2 100 ' - corresponding breakpoints above
PK!:NI‘S+118 1000 . '
el v CeL ot W aealaEt s : . -4' g :ﬁ N b Tt steps (automtic run
termination when TIME =
TLIMIT) \ |
LIGHT . HLT S 'HLT: Pause at each breakpoint.
o S ‘ . NOP: Do not pause at breakpoints.
PROBIL © o500 S o . \
" ALPHA 1000 S a
PROBI2 " 63
PROBI3 6 : S | 3
IP3A 500 - Jump probabilities x 10
IP3B : 11 ) g
" PROBVE 0
PROBVL 2
PV1A 1000
PV1B » : 86
PV1C ' 7
. PV1D ‘ 4
PROBV3 . 165
PROBV4 - 24 .
v2awes 10 . . ‘Nuwber of Vs jumps per
. : o time step (Version 2 only)
BLKIN ' 1208' 4 Dectape starting block number
' : o ’ of input data file (Unit 2)
_BLK@ 127'8 o Dectape starting block nurber
SR - of output data file (Unit 2)
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: " Accumulator Switch -Functions

Switch No. o Meaning if up

g o ~ .Print full element table listing
- S L if up at print time.

1 - Print input data listing at |
' beginning of run.

2 : ' At end of current time step,
- ' print the time step number on
the teletype and halt. Examine
AC switch 8 when program is con-
tinued.

8 . ' K Terminate this run: ILoad :
‘ I : " CORITX, print annihilation report,
and write output data file
beginning at BLK@ of Unit 2.
‘ : (Switch 8 is examined following
A S et em e wae e e g - - LG Printout at each breakpoint, . ..
' o T ‘ and after each "switch 2" interrupt.)





