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*  HHSS — A MATERIAL WANDLING SYSTEM SIMULATOR
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ABSTRACT

A Matarial Handiing System Siwmulatar (MISS) program ia
deseribed that provides speclalized funceional blocks for
modeling and simulatinn of nauclear wacarfal bandling systems,
Hodels of nuclear fuel fabrication plants may be bullt using
functlonal blucka that wioulate matecfal recefving, utoral
trangpott, laventory, processing, and thipping aperations as
wall g the control and rcporting tasks of operators or an~
itne compurers. Block, are 2130 provided that ajlow the uver
to ohBerve and pather stutincical information on the dynasic
behavior of sloulated plants jver single or Ttepifcated runs.
Although It {8 currentlv belng developed for the auclear
matezials hundling application, MISS can be adepted to other
industries 1n which paterisl accountability {9 important. In
this paper, emphasls 13 on the simulation methodology of the
MHSS peagraa with appl{caclon to tne auclear waterial a
xvaris problem.

INTRCDUCT 10N

Conputeac sizulation can play an ispartant role Ln the
design ard evaluation of nuclear matcrial safeguards systema
(1,2} and has already beun used in the simulution of REal TTee
MAterlal Control (RETIMAC) concepts For the U.5. Nuclear
Regulatory Comatssion (3). There 4s & real need for a stan-
Yardized simulation methodology in the nuclear industries to
avold the added complenity that the use of different simulation
languapes and dffterent ad hoc cechaiques would bring to the
problem of evaluating the safeguards systems of applicanta
sceking license to process nuclear saterisls.

Standard octhods for materis! handling sizulation can of
zourae be develuped using any of the established gener.
purpose simulatlon langnages (GPSS, SIMSCRIPT, SIMULA, etc.},
but all lagua sty nue suppocted by all cosputer systems,
3¢ to moke thew pemorally available, it would be nascessary to
deveiop standatdized methods ol oiterdal handling eimulstion
to geveral stralacion languages, Duc to basic differences in
the languages themselwes, thedr input and output formats, ete.,
we believe trts would be impractical and that standardized
nuclea wmaterlal handling simulacion programs should be based
or progedural languages that are genernlly available and in
widespeead use.

The GASP 1V Siculation Languasge (4), on the other hand,
Is a cellection of FORTRAN subprcgrass that could be uaed to
provide » spucisllzad taterial handling system siculator, per-
hapy bascd in t on the Jpproach used in Q-CERTS, 3 general-
purpose quedclug system dimulator (5). MHSE began as an effort
in this direectien, but Lt has evolved ineo a coaceptually
Jifrerent approach. We do, however, acknowledge the important
influence that our first efforts to use GASP IV have had on
the developmenr af MESS.

MHSS syatem models are sets of interaceing, high-jevel
blocks that represent corfesponding functional eleaents of
materfal haadling sy-tena. In block diagrams of these system
models, the MISS user shows anly the interconnecting paths
along which aaterial is transterred from block to block, as io
F1g. 1(a). Interactions among blocke are implted by thelr
functional kperifications, but the curzunication paths required
to {aplemcat these {nteractions are aot showa, as in Fig. 1{b).
and che MMSS user does =ob have to be conceéraed vith the
detatls of the underlying siculation Sethodology.

MiSS 15 not a lunguage in which stmulation programs are
written. 1t is a program that builds and runs codel aystem:,
deflned by the user In terms that paraliel the runctivnal
specifications of cleuents of the siauluted systens.
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Callfarnia Polytechntc State Univetsity, 5an Luis Qblspe
San Lule Obiepo, Caitfarnta

* Work gerformed under the auspices
of the US, Ensrgy Resoarch &
Development Administration under DRISEREOY
contract No. W-7405-Enu-4,§'. vt Y

|

(a)

Figura 1 Materisl hacdling system block diagram notation:
(a) 82 used tn MHSS syscam models, and (b} showing co=nu-
nication paths awong interacting functionsl bdlocks

THE MHSS PROGAAM

Qrgantzation

The MASS prograw conslats of two major subwystens: -
(1) an Erccutive Subsyatam that provides dynuoic storage B
winagesent, avent scheduling, means of communication asmong
functional blocks, suparvicaty control of systee modals; and
(2) a Kodeling Subsyster that contains the functional block
and utility subprograme vsed in matecial handling systco
simulation.

Executive Subsystem

anlc Starage Manugement MASS does nat pcadrve stap-

age space for prrdeteruined numbers of fusctional block types

tevial data typ PP thar, although straight-
forvard, would requive s large g-avage apace, use it ineffi-
clently, and inevitably require prosram modificstions to
:u'lur the reservad storage for specific cases. 43S instead
clicoates Btorsge ot run time for all rodel Jdependeic tasks,
and when allocated space is no looger needed, returns it to
& frae~storage pool.

The biock-chatn data structure in Fig. 2 i3 used for
dynamic stotage canagrment and throughout MISS ¢o uctltee
storage allocated in noncontiguous seRments. Storage Lg
first allocuced tu coutiyrous blocks from che beginning of
the free spaco until the original block is exhausted and it
1s necessary co reallacate space linked to the end of the free
wtore chain fn the order that it becomes available. Y
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Figure 2 Black-chaln data atructure
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When temporary atorage is needed, the frae store chain
1n scanued and space 1s allocated trom the first blotk that
contalus at least the required number of locations; the
tematnder of tho hlock 15 Left in the free stora chain 1f Lt
contains at least ten avatlable locations--the eize of the
scallest storage fragment-~otherwise the entire block Ls
allocated. If no block (n the frea store chaln ts fown that
contsina at least the veyuired nusber of locationn, 4 scgment
atarting with the largeat block found during the scan {3 cut
from the chain and allocated; ia khis proser *locke are nok
eplit LE fragmenta containing less than ten available
locationa would remain in the free stors chafn,

As small bloeks mccumulate toward che begianing of the
free store chain, more and more tiee must be devoted to
acaaning the chasn f{n wearch of large free blacks, The over=
head tiwe s reduced by aggregating free storage during the
acan process., Each time it 13 necessary to scan the free
store chain, one of the free blocks in the chain 1s checked
fatr adjaccney with the scanned blocks, and when two blocks
are found co be adjacent, they are combined. The block
checked for ad)acency is lucreaented cyclically over the
entire free store chain. Hence the time devoted to free
atore agg Lon with the time required
to search for large free blocks.

Event_Scheduling MHSS allocates a largs block of con~
tiguous locations with{n which a next~event chala and & free-
evert chatn are mailntained. Event notices contafalug

a polnter to the aext event notlee,

the tioe tne event 1s to oceur,

the Functional block numbcr in which the eveat origicates,

an event code, and

a poluter to additional daca
are chalued {n increasing order of event times, Siosulated
time advances from eveat time ta even: time as the notices
are removed from the noxc-esent chain and executed by
functional block subroutines. Event notice storage blocks
ate lloked to che {ree-cvent cnain as they are removad from
the pext-cvent chain. hcn an event im acheduled, the firet
avallable free-event tilock 15 used and the notice fs linked
into the next-event chain behind the notices with earifer
event times, Events schedule! to ottur at the same instant
of sloulated time are executed in the order scheduled. When
the frec-event chaln 1: exhausted, 4 warning mes is
printed and a predetermined amount of additional space is
sllocated to extend the evenc scheduling fecilities.

Coezwnications Interaction of the :vecutive and wodeling
subsystens and interactlons amoag functional blocke of MHSS
wodel systems ara based on a simple tocunication data
structure contalni

the address {integer block-number) of the sender,
the address of the receiver,
a communication type code, and
a polnter to addirional data.
Tne executive sudsystea 15 asslgned address zero and the
HNSS user a3y assign block-nuzber addresses from 1 to 100,
«n arbitrary maxisua value determined by the spucc allocated
for a table of block location gointers. Cocaunicacion types:
create block
destroy blozk
set parascters
ace vartables
eontrol function
met initial condizlons
dump block zodel
eveat
block interactlon
are used to classify all MASS communications and determine
the highest-level of £ 1 block
sobprograms.

Communicatians are alsa categorized as elther messcges
ar respansen. Mesesages are transdlteed by a sender to a
receiver and must eventually be ackoowledged by a response
tragsattced by the recelver to the sender. Several messages
mAy be transmitted consccutively, bowever, before their
Tesponses atc returaed In roverse oTder. Response communi-
catfons arc idencified by nvgdtIng the communication type
code of the original message.

Coumuntcations are tranamitted by placing the comeuni-
catlon data in common storage and tr3NSEETEINg caneroy to the
teciplent blosk, Since any nusber of INYtances of egch
funetional block type may be sizulated by @3ch funceqeq,)

block subroutine, thay muat be reentrant, And since the
wodeling subayatew functional blrcks opera in genecal, at
the same level of authority, the subroutlues that wimula
them wust, in effect, be coroutings amung vhich control 1w
transferrad freely during the execution cf sequences of
|v-hn-t:. Thesa featuras are providad in MISS by the (ollowing
schase. .

Tha seader amd
and ladal for
sxscution upon peceipt of the
cation are pushed oato & stack each tlme & communticatian Ls
tranamitted and popped off .he stack wach Lime a2 vespenae
1s transsitted. The sender &id recaiver addresses sod type
of tha current communication are chacked for complliance vith
the / goved
statement label 13 used to transfer control to the eppropriate
point in the subrouvtine.

type,
of subroutine

The control structure of the HHSS program is illustrated
The matin pee wvith functional
and C before snd batvesn simylaticn tuns in
ordar to, for exasple, create or destroy blocks, wodify values
of block paremetars or varfable inftlal conditions, or to
requast teports of dats collatted during previous runs. To
parfora a siaulstion run, MAIN calls CLOCK, the MISS time
advante aechanism, which removes evant notices from the next-
svant chain in temporal sequeénce and transmits evant e
to the sppropriate functional hlocks. Many wes: ponse
saong tunctionsl biocka
affectad by an event that originates tn one particuler block
bafore 4n avent responas commsunicatioa is returned to the
block ber zerv tndicacing that the
wsvant has baen completed and that sizulated tim: may be
advanced to the time of ths next event. A1l rommunicationa
ara transattend by transfar of control through an executive
subroutine SEND.

WAIN
CLOCK
SEND
t
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The 9155 unwt dublde magesial
ducts sinalation experimnts
sumhirized delow,

CREATE  block-nudvr  Slock-tupe
orrent

porswter valure

varichle initlsl conditiom val

DESTROY  blockemufwr  bloshelypy
comment

PARMGCTERS  }lockemiode=  blosketup.
ideneficr  limt-inir  typoecodv fnzeger  reel

VARTABLES

{nteger o

one aale

oot
weEr TTY) NP ITRRCE

EXR

et

Systenm sodels are built by CREATIng wach functional
biock, and the wodel L RUS tot o tiec inteeval [S7UF over
a seg of ZEEF replications with a aysies aodol Jusp prio: to
the fizst sun 4 te 1 and vith ail wosmunications
printed 4t -4

SRR

Stoulatlea *oh, aay be eticiked by uning & logtcal string
of corrunin.  Fat caaeple, 4 sequence of CALATE comeands thit
Bulld A badel avalen and 3 BUN corrand that conducty o
pacttcular cxpeti~eat tuy be folicwed by groups of tommands
that golity The struvture ana/dr parasciers of the wodel
aystes and R < viten Jgain urder the evdified conditlons.
Bluvks 2ay de adled to the pecviounly deflned ten ustug
(HL3TH coaminds of they Bay be fesoved by DESTROY comeands.
Fatsseter and nitial condition values sre scdifted by
PAPAMETER and VARIABLE coemands ceapectivaly. CONTROL comm
ands are usrd, ‘or ensnple, to peint ceports of data gachered
Quring previons tuns,  Scte of cormands that defino sequencer
af MISS ~ivalatton Jols are Rerainated by an END comaand.
Cotrents mav be sapplicd with cach command to annotete the
cesults of alenlation experiocnes.

Foacling § dapst

MiSS functional blocks are divided inte eight categories
tdencified by the flrat d1gst of the bloch-type nyaber:

Ixx HONITOR blocks that collect ant tepcel systen
pesformance data
2xn  CONTROL Blochs that simulatv managesent and con

erot functlons of operaturs or autemstic
equipsent

Jux WECEIVING  blacks that accept material feoa cutside
the sloulated system

&ux  SHIPPING blocks that send materist outside the
sixvlazed systen

Sax  INVERTORY  bluckt that determtnc quantities of
matccials present vithin the siculated
aysten

6xx TRANSPORT  hlocks that simulate the conveyance of
materials {rom one locatfon to another

blocks that hold :1neriols for extanded
perfods of tiae

Tan  STORACE
Sxx PRACESSING blocks that modlfy the form or contain-
weat of maeerdals

Me ncxt describe sonv blocks In de€all to tllustrare the
functlanal specifications uscd Ln HISS fodeling vl saterlal

hendling systens. [n the tnitiel developacnt of the pregren.
owphasts has Lean blcchs that sisulate b

wutlear satertal procasuing and sal
blocks described ha

I »wt ded 18 provide 3 complel

PurTPOse Tepertolve. e plan to add mara g 8,

An the future, but fesl the principal sdvaat, [ 3 U
the spechalized tor 4 ol hig

Javel elemanty of real and model eyatems. Block dlagram
syabele for the functlonal biocks desceided Mere ara ahowm (n
g &,

n.Jat 0,501
CONTAINER RECEIVING STATION ¢ ASSA

r(é';:‘m e
7,101 POINT vOu1TOR ) }@z ot K108 )
bd .. L

[ A0}
MATCRIAL PROCESSING COKTAINER SHIPPING STATION
2} ...

qure & Soew MNSS Block dicgess symools

Contatoey Recelving Scarion 3O TA{s fenctional biosh
type simulates he arvival of watches of materisly in Jieceetre
comtatncr:. The numsher of comtaimers recefved 18 wniformly
dlstributed vith & specified waan and spreed. and shere oar
b any aunver of differant typan of materisl in the sontaim
the mans of ssth type (s nocmsliy distriduted with a spec
Bean, Standars Jeviation, msnitud, Snd B
miterdals ave hosogeneously wixed, and the coatalaere are not
tagged.

Batches of containers are schedualed go sreive at pertodic
delivery tines, but they sctually srpive at tanios tloes wizh
waiforaly distrivuted doviscions from the scheduled arvival
tises. The recefving atations may be opecated continually,
S.¢e., wccept dedivucrics vhencver they afrive, of thatr hours
of operstion may be controlled by spacificd tiner Hlocks.
Wnea operating uniec the comtrol af a tiser block, delivrries
that arcive vhile 8 Tuceiving station {8 cloved are scropted
st the beginalag of the neat shift or iacerval.

The receiving statlion blocks have no stor,
thay surt be connactsd olocks that will retcve
al} af the contatanra 3t the tiee of arrival, L blocks are
coanccted 20 mora Chan one eecelivity staglon cutput terminal,
they dte nocified of che satetisl aviilable foc cransfer in the
aumerical ordec of the cutput terainal numbers, 1f all of the
noe Femoved by the block connected to the flest
autput ‘tervinal, tha block coznected to the secand output tec
®1nsL &5 notified, asd 30 on, until all of the containers have
L of the output Blocka bave besn notified

lable. Peiordty of output dlocks to
saterial a:atlable &t the receiving station Is rhus Jecermined
by tha ordrr of outfut termins] connactions.

e capacity so

To CAEATC Contatner 1
supplies the follewing dura:
auader of Jellvertes por pertod
wean nusbet of coatalners in batch deliveries
spread of tho nubbec uf contatnars Sn bateh deliveries
nuaber ol material types 4o the recelived containers
bunber of cutput teratlnals
control optina: cuntirual, during timer anifts or
during tincr intervale
Pimey Blpch-nuaber
parfod of the c¢elivery mchrdule

lver Station 30) blocks the user

. ——
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rasd of delivery tiew Jeviotlons {rem the scheduled tines
itsc ol eutpul connnntione
Lot of schmlyled Julivery tines relative ta ¢
¢ each pertad

., materfsl I the cecelved zontainere, the
watertal type
.ran Bade
tendacd deviatien of sase
waxious e
lous Rt
enatty.
These d4ta 4te pelnted In laput forast 50 the unef Bay chech
(e onleling errory and verily (Kag the data Ras Seen cerd
cuetactly.

sinning

any

Cach Bunztional Sluch La the mulel eysten Le an fnstance
o1 1Es unctional Bluck type which Bhae 3 spechiic dats
sttucture, he general Sloch 34t sttuctute <ontatmi 3 Mloda
Neader &b lecation L0, 2 1 at b .
varkadle 1398 3t bacatlon L&, and an fattiad condlitor 3iac
st location Ll For emasple, the Contalner Receiviog Statten
301 Sloch dats atrwctute La sham below,

18 Slock type o Y01
1"

blech st @

.

-1
numbet 0¥ 1adles = ¢

rusbior of delivertes jer petiod
®can nunbes of containers per baten
spresd 4! the number of carzalaers
auzder of eatrrial 1x;es vecelved
ausdar of Sutrul terstasls

contrel sptien code

tiaws blochoruster

ForI0d of the Jelliery scheltule
wptesd of Jolivery tlae Jeviations
peinter vy 1tet of oviput Serminal conneitions
polnter o Lbsg schaduled delivery bises
polater ta 1At of sateelal spesifications
alsirllanevus

Fointes to satacial 1ats

Q

Nornally, the MX>S aeet mill not bo concerted with functional
B! o M4 U0 dchugging sew funetionel
oisck tubPowtires and peuvidv s caylcte mcdel verification
copadtifty, the tuapirte uysten tofel can buv duaped In dlock
28ta ATut.ute formar fuil belote minalstion runs sre e ]
sy setttng 100C to § tn RUX commands.

Titot cades ate pelnted By 1%e onacueira sudmycten and
by functionsl B *hfautirec when Blledat conditions are
encounterrt. The Contalnet Pecctvlng Stacton )O3 Blocks, tor
essaale, ir saditica to trutine offe? codea cioman to all
functionai Blovks 12 aa qrrot cade and $13) the 3eopran
A the user saezidies an tllegal ¢onttel option or (7 the
output blockin) tail ta Temove all of the containets fecclved.

Thie functiosal block type
tanazortadle asterial contalnots.
Mo Ylodth rezeaves notice that
hey teanslorsad tnto the
inct Ihata th the otder tecelived,

Contajner Stovsgs 7O
alsmlates the seorage of
Shen an operational wta
erntaiaets ate avalladic,
bloca snd placed v 2 .
Any nusbes of conta = 24y Se
froa stotafe fa any osdei by bloces
teralaals; thaze dlecka ato notlticd whonevet the aretun of
satectal avatlable in atsgage in clanged, Shen operating
the control of a tiser Slase, materdal Ln teansforsed
tnto szorage anly serdng the specificd shifte or tetervals.

AN cption =ap be favaked o 4atetsing the wamimun mum-
ber of conraincra szared, the {163t tlec the Jaxieue s
toached, the sean, ang standard deviation of the ausder of
contatners atorc:, Theso dats cee Trportod upon ComtROL
cocminls (a the usee faput d4ta of walcer the dicection af
rrpoct gencrator blecks.

To CREATE Contagnee Stovage Tul bloeks, the user
supylien the folinving data:

aushar of output teemlnals

caatrsl optian: cuntinual, durirg Clwet ahifte ar
duetng tlese [nzervals

timer block-nuaber

cantrol gption! wuporrss <ata collection of collrer
purforsance data itat of output cunnectloas.

A warning ersuagc ts printed 1 o

& whesh ton t 1cattng that
- 1 ta avatisble but IMEEP s1e A teaneportable
contalmive ol Ihe (mitcated Baterial tucative.

Assay 303 Thie (unitional Bloch type ateuletas

X9 Readestituctioe Jasdy of eprciiivd suteorial 1rpes 1n trans-

pectadle contalndrs. Using the :

BHeriAle Ik Ine crat
e dat

acnt errur. The €r(ar conponents atw foreslly disteibuted,
total etrer (> trumzated 5o B¢ ko w0t e
pecifiod aanimm valur o7 produce 3 negative 1og dnaent of
aaterial In any contatnee.

Contalnete atr acsayed sne=aloa=time and are troasfereed
1600 the 1 ine {yem thE Regcinning o The avatladie
<ontalner chaln the Sloch coRmected 1o the Input tersiaal.
Coniaince anvay timen are unileraly desteiduted with
dpsciliied ®eam anl dytesd. When opetating woder ‘he conteel
of & timse Vleck, cumtainets
sy enly {1 the thae seaalning ja (hp current shi
Intarvil sncands the 2osm meatviemnt Time, If the acray
FLAtINA |8 operared coatimuelly, avatlaNie contalwery o
translosrad INEo the Bleck &, ) Lire (he greviounly a
Woved, MeauTeBeAtY ate 4
connactied Lo the ~uiput serninat $8es not demoww a0
contalner. These bz as nogmally gecuise containers fros
ond doltuer iLcalners to sterage blocda.

T CREATE Contalrcr Awsay 301 Blocas, The wset supplies
the (olleving dot
control eption: continuald, durlag Tinsr shisua ot
during tier wntorvals
timet bloch-nusder
autpur comnaction
susber of milesiat 1ypes ansayed

wran masusewent tine
pread avasutencnt tlee
amd far @ matertal type assayed, the

Lyrpe
maan Jhselute eeicurement ¥
stend davistion ul abevl
aesn relalize sessurcaent erver
standard deviation of relative weasureacn: error snd
SARIEUL total Seisutament Sreor.

u
Beasagaecal ergor

A varning eranage Ls printed 1§ 4 containee In in the
Slock 3t the time & SLIrL-MEasuRlemeRl e¥cnl van <cheduled o
@CUE; Snd JP10FS are printed LI the uier spesiftec an tllegal
CORLIDL OpTion, & Tinlsh-Seasufraral cveal native L1 reoeived
WItH a2 soatdtaer In the Block, of Ch 2atc1ial Sype o br
yed s Aot Jefincd tn & contalnee 1 atructore,

Ttoae 301 This fumctlomal dlech typs schadules peelodic
WhLELS wnd intervals of aperatbun for any Auebet ol othes
Plocks that refer to the timer blocks to obtain the

tlse the current poriod will end

curcent shify

time the current whift ~{ll and
tle will bcgta

Interval will end ond the

val wiil begln,

Any auaber of timet blacks way be uscd 1o estadiish Ji(furert
sperating schedules for subsets of systen functionsl dlacks.
The @ ' nyy oo In the tleer block dlagras sysbol Lnltiate the
blocll thic tefer to 2 particular timer block.

. To CREATE T{zcc 201 blecks, the user supplies the follow-
lng daza:

tiner pariod

ausbar of whifey ,

umbar of Ent
tony
1ist of shift starting ¢
1ist of shift ending time
1tst of Inte riing tloes
Jist of Inteeval gading Cimes

Point Montror 10) This fuactiona: dlock tvpe 14 used to
4l flow at spacifec points in nucergal handling
aysteas, Any nuaber af mi.erfal iypes wiy be mantecred either
contloually of unicr the conteol of timer blacko.
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L]
awrat ul ululd tn transtorred thicugh tha eoaitor 'olnl.
or shw cusulative values of these quantitivs auy be Lahulated
ot » epectitod timo In repliceted sirubatlon zuns, Polint

Moatier 101 Mloche
Thow,

v a0t wied o sealtor coatimucus aaterial

The Deun and stamlard deviation aod histogren of tabu-
La printed In palnt senitor ort farnat upon
CONTRUL command of under the conteol of report genatater
Blecha.

#atnt sonlior Blocks Have onx Lapuk and one output
terniasl. Any nusber of block 1y be coanected to the input
L0 they 2ra all cospatinle with the vlock type connscted to
e outpat,

Te JJLtt Peint Wunitor 101 Slvika, the user suppiies

1hy followiag Msta.

output connrction

susber ol suterial aanitoriag specifications
and (2t earh eenitored saterial, the

- U=

eptian:  tag, ecteel, errae

optlon.  cownt, w3 viluae
santtawal, durtng tlame sbifts, during tiset
plicated run 2lnes

oot blechnn

2
anter af histocras cells

Wit of Blatecian swlls

lovet itntt of $1tat Ristogran crll
saspling tier in teplicats funs

glons (foncs) ot naterlad . andlIng sveteos. A fone

voted yogiun suin 31 toom of eatlre lullllu.
of
dietributed 1hroughout s matepial

storage feas that
handiing rereen,

Zene woritor apccificatloan ste sisllar to thone of
Pulat mnnttor blacks, howeene, &
ol L4l entwsing or
have, b0 effect, 3-IRT Tonilots gt every place saterisls are
tranuterted actons I8r pure boundaty. Terwinal nusbe
sty usel In the fone Bonitor Slock diagram -mo\ to
ilngulah polnts aaterial entey and .
syatoln ave geecrsils gequited To represent & -l
Eongeor funcrianal tloci.

Beppst Gaaetstor IND Ihts functional slock Lype reads
enatatleons and atbten1ated teport gequest data {rom the wect
Input atzea and Innuen Che APRFOPTiate CONTROL commends ¥vr
Primting of funrti.nsl bluca faports,

Contagher Shipnibe Statisn 203 This functlonal bleck
Ctype stzulates fhe »Mlpzent D! ®alcrial tm discrete con-
Calarts f1o= 3 wtovare bluch comnected o it L0put terzinal.
A scheduie of ipriay ttewz !or peeectibed auabecs af

G0 7m0 VArLakions) 1s speciflec in @
eannet siaLls; hat 1ot fontagnur Necelving Station NI
blovks desctibed previcusiy.

Zeanafee Conerel snl This functional dlack type controls
the transfot of catcfial fron one blosk cutput terminal tu two
or more input terninals, 1%¢ block cperates tn afther of tuo
wodes: In ;e =+Jo, blacka are fotffied of waterial
avaidable In arder of their connection go the Llock output
trrminele.  In rawiw =ede, the bicsks ronaccted 1o the output
Trrmtnales ate notiifed with 3 specified dinccete probablifey
d1stridutiaon,

Salk Stoeage 701 This ¢ tonal dlock eype stmulates
one O B3TE STallvmary Stord zseln,  Availadble ratesssld
s arcepted shen anv of the situlated vessels Us below 3
wprcit capicity. Matertals are hocugencausly mlied
within €ach ve and are avalluble >nly ia the current
stagurr FaT? invprsiag saterlal s placed in one wessel
ond outgolng Baletisl fn removey fron the eiee vessel uatil
1€ 16 elther tiiicd or capeied.
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fual ved Lwspectaion
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pracesscs can Ve chatacterized by a fev functlonal
bleck typas with provinions (or slmulatica of
ve saterial tranafer fesa Input terminale
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generation of wi
accumlation (nollup) of satetfal withle the protess
ssaplieg of waterial lor smalyticel servic
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Urtifey Subroutd:

MNSS tunctionai Block subroutines are wimpliffed by sud-

vams that perfors the following oparations:

cruste funcctonal dlock Instance

éump functional block modol

priny arvor or varniog me

locate o dlock-chain data structuts

dutermine the amount of & eaterial typs svatlatle ac 2
watarisl data locarlen

prapate sotice of materisl available

generate randoa varlable vwith specified distridution

w22dule svant

set parameter value

set varishle value and

transfer al1 ot & spacilied aumber of contalners.

Structured FORTRAN Progtemming Conventions

The MSS progras iu weltien 1o FURKTRAN using pismple
translations of the siructured programming constructs
i

POTENTLAL APPLICATIONS TO NUCLEAR MATERIAL SAFELCUARDS

0080, 20 NUCLEA® MATERIAL SAFECUARDS

An axpanding nuclear industry, with its ssgociated
incraased quantizies of nuclear Ruel, Hos gonerszed concern
for the saleguards status of Spactal Nuclear Magerial (SNY)
vithin & essiag factlilty, Variou guards seasures
aov undar cocatdersticn, especially fnventory cantrol. can
banefir from the une of 2 MHSS program to sssces the effective-
aesa of » propased safegoards systes. Additionally, Ehis
progran con | h used to pcrlar- seasitivity szudies for dive
theredy, arciving st a cost-

affective :aul l.nu: lcn.

Aside from its utility in safeguards analyets, s MISS
PLORTA™ cdn OpeTate a5 & BCARS at avaluating tha functional
1 af tha p fer
uuplc. it could hr used in -:n-duunp, caterial tlov ond
in pinpolnting hau!:ne:ku in the process, thus Lndicating
the need for addittonal parallel proce: B units, Alter-
nately, it could atso locate lulhuu:ly used equ.phent .

Ja summity, wvhen confronted with & complen intercelsted
problem, sioulation can ba wa effective technique for per~
formance appraissl of nuclesr waterial processing facllities.
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