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AIXANCINGINsTRumNTATIONANDCDNI’ROLAT THENEVADATESTSITE:

AN INCREMENTALAPPROACHlUWARDA GLOBALSTJ?lTON

Ikona.mlT. Trujillo

Comnand,Control,andCcm7munication

I.DSAlamosNationalLaboratory

k Alarms,NewMexico

ABSTRACI

The ‘mcreasd overall complexity@ costof mdern experimentsinvolving
ur&qrouM nuclearweapQnstestingat theNevadaTestSite (NTS)demanls
tk~twe usexncdemccxnputercontrolsystemsratherthan%ell-es’tablishedt~
traditionalteclulology.Historically,instrumentationandcontrolhave
en@oyed Iqe nunbersof ~ive, heavyhardwirecableseming from
surfacegrmni zero,to a diagnosticsarea@ergroud in a verti~l shaft.
TheCablesarethentenu.na“ tedand inmostcasesperformsinguiarfunctions.
By adaptirqMustrial instmmntationaxxicontroltecimiques(namely
p~le C=PU@ ~t~l @ di~tr~ @Wat@) w ~ JX
connectedto a largenmber of dataandpwer distri.butimchannelswitha
singlepairof fibercpticor coaxialcables. Hwever, to gainsystem
confi* @ b xmdify+~ferred technologyto ouruniqueneeds,we
integratesucht.e(%nolqyincrementally. Thispaperwilldiscussexamplesof
our incrementalapproachby describingsaw wsqon eventtests. Thispaper
willalsodiscussgoalsforfutureautcnationat theNE.

.INH’ROIXK!I’iON

Since1963,whentheLimitxxjTestBanTreatywas signal by the UniW
Kirqdun,the SovietUnion,ardtheUni= States,nearlyallU.S, nuclear
CestihavebeenComcted deep~ at * ~* ~~ ~cl- t=ts
areperforn@usingoneof twodistinctformats.The firstfomat, usedto
d@xxminenucl~ weaponor “device”yield @/or to test the reliabilityof
stockpikd weapors, iS perfoti by inserting the nucleardeviceanda
diagnosticsrackdwn a verticalshaft(Fig.1). ~ese shaftsrangefm’n48
to 120inchesin diameterandaretypically600 to 2200 teat deep, The
diagnosticsrackanddevicearebackfilldin a way thatpreventsradiative
debrisandgasesfranescapingtheshaft--call~stemming.TM secoti
fomat, usedto evaluatetheeffectsof devicedetxmationon variulscritical
wmpments of mimilss h warheads,is performedwithina horizontaltunnel
mjnedintothesideof a rosa. The deviceMX3 diagnosticsequipnenta“s
podtionedin ckiftsdeepwithinthetunnel(Fig. 2). The driftis sealed
witha cenwnt-like-t to contahqtheblast1sshockwaveand the
rad~oactivedebria andgases.

Forbothtestirqformats,w establisha forwardarm oontrolstationto
houseequ@nent forviewingandmntrmlllngvariousexperimentalsystem:
beforedetonation.Forverticaltests,thacent.mlstitionconsistsof
speciallyde~~gnedinstrumentationtrailerwsituatedup to 2500feetfrom
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ground Z“ero. Both hazdwiread fiberopticcablesare laid across the
desertfloorW conductinformationW cxnmmn&- between‘hetrailers@
thediagnosticsrack. The cablesare loweredalongwiththediagnostics
rack,beforefinalstemming. Forhorizontalteststhe forwardareacontrol
stationis situatedwithinsmallalcmes carvedintotie sideof themain
shaftdeepwithinthemesa. Ccmmunicationis relayedbetweenthe
diagnosticsequipmentaxxlthecontrolstationthroughhardwim axi fiber
oqticcables.

Becauseremainingin theseforwardmntrol stationsduringthedetonationis
-tile, themonitord controlsignalsfromgrowl zeromustbe
tranmittd viamicrcwaveto a mannedlocmtion,calledthe controlpoint.
‘Ihecontrolpointbeaanesthe qeratioml centerforthetestsshortlyafter
dwice insertionandstemming.me physicaldistancebetweenthecontxol
pointailgroundzem variesfrcnna fewmilesto approximatelythirty-five
miles.

Becausethenumberof testsperformedat theNE variesfora givenyew and
=ch testrequiresa differentprocessconfiguration,ourtestsarenot
designed,built,ti usedrepetitivelyforlongperiodsof th.

m?ADITIoNALRWIKMNTATION AND CC)NTROL.—

In thepast,individualexperimentshavebeencontrolledas they-d ke at
anyotherprocesscontrolplant. HamMire wn3uctorsam directlyconnected
toacontrol panelanda.reterm.na‘ M directlyto thepi- Of ecjtli~t

being controlled.Si@e swit&s andactuatorsfnmntheoontml panel
oftendirectlysupplytiepxqer operatingvoltages@ currentsto this
equipwnt. Analq anddiscretermzmitorsareterminatedat sensorson the
diagnosticsrack- again at thecontrolpanel;typically,eachmonitor has
itsownsignalpair. In addition,selectanalogchannelsaremultiplexed
=d~v&-@d tiation units d sent to control point mrputem for

. TM.sis a sirplifieddescriptionof a cunplicat4 process;
hwever thisdescriptionprovidesa generaloverviewof ths instmmentation
andcontrolsysteznwe use.

It iS difficultto arcjueWith kmth the sj,,xtlplicityard reliability of this
systemWheregoodequipllentisUsd. And,to attemptan alternatemethcdof
~=whm “it’sbeer.donethatway foryemn “ ~ts witha gooddealof

Becausetheverynatureof nuclearwcapn testingrequiresan
a%traned&ree of reliability,we scrutinizenew testingad d~agnostics
techniquesthoroughly,Hcwsver,inpmving traditional tedmiques is
essential.Withoutan aqfressiveprogramto dm.’olop faste:,mm accurate,
andsafertechniqueswe are in danqerof )3ecxmhqstagnant.

‘(nreality,policy@cQrs @ managersarenotalwayswillingto commit
themselvesto thistypeof fo~fi thinking,Mso, mostsystem suchas
oursaannotsimplyshutdam whilea totallynsw systm isbeingfmpbmented
or a newopsrating@iloso@y developed.‘Iooverccm thislimitationws
haveestablisheda sectionwithinu groupfor inve~tigatingenlMnCMlwnts
to ouroperatingpmcedums andthenphasingin theseenhammmts. This
oontinuous,ongoingreseamhanddevehpnsntactivttyis d- i~l to pnvent
us frcmstagnatirqwhilekeepirqour instxumeI,tationandcontrolsystems
sxtranelyreliable.



A NEW GENERATION

AlthoughtheNIS instrumentation@ controlsystemappars eX&enEly
efficientti reliable,we mustupdateit to meetincreasedrequirements.
As thetestsystem bemm marecmplex, moredatachannelsmustbe designed
intothe system. RememMr,witheatiadditionaldata-Mel a Inininnnnof
onepairof hamlwirecotictcm mustbe added(oftenmoreconductorsmustbe
addedfora particulardatachannelforgaugeexcitationetc..). Eventually
thesizeof the cableMe &canes toolaqe titooheavyt obelwerd
intotheverticalshaft. Also,thesemble bundlesareveryexpensiveand
aredestruyedwitheachtest.

Modem experimentsinvolveunprecedentcxlsq.histicationml requireclose
self-interrogationwithprovisionsforemerqencyshutdmm andevasiveaction
algorithms,reliableunattendedsupervisorycontrol,and alarmannunciation.
Thesefeaturesaresomewhatstandardforprogrammablelcgiccontrol(PLC)
systemswithintheprocesscontrolMustry and,‘Jereforearedirectly
applicableat theNIS.

In Februaryof 1984,in l!T~~tunnel,thenucl- test,code-namdMIDAS
~-, involvedthe firstmajoruseof PLCat tieNl?S.The controller
was responsiblefornmnitoring,display-, - scalinganaloggauges;
monitoringanddisplayingdigitalinputsandc.dqmts;distributingpcwerto a
laxyevacuumsystem(supplyingvacuumto 46,000litersof VOIUIE) ; h

linking the vacuwn system as & humaninterfaceto eXpSrhlU31tiliStS
(Fig.3). Thevacuumsystemcmsistedof a F@&’s blower- mdwmioal
vacuumpunp,twocryogenicvacuumpqx3 ead withseparatecontpres.sors,and
two~ical roughingpumps, Thepresmreqera tedvalvesusednitrogen
andrequiredcontrolfortwonitrogenmanifoldcontrolvalves. M
Leybold-Heraeussolenoidvalves,onesix-ti pressureactuatedgatevalve
andonetwentyinchpressureactuated gate valvewere used. A watercooling
system,usd forthecryogenicccunpressorsamltbeRoot’ssystem,was also
controlledad mnitoredthroughpumpsand flowmeters. All controlleditems
Carrid 100%mhdancy to preventsingle-pcd.ntfailures.

In keep@ withthespiritof incremntal intqrationof new equipnentand
com~~, we distu.zbedas littleof theoperatingprocessas pmdble. Ihe
PIEwas mnf i- betweena conventionalhardwjm controlpanel(inthe
forwardcontrolalcove)m thediagmsticamnductorsjustbeforethe
Stlmi.nqWal1● The qerator interfacemnsistd of conventionalswitchesand
lights$rithwhichcperatorsm familiarandalsoprovidedthe securityof
Watch-dcgpm@duree derivedfrcznfault-treeanalysis.

We alscenhancedcommunicationsbetweenthecontrolpointa@ the forward
areacontrolal-e (Fig. 4), Fiberc@icS r~rriedFE-232dataSiCJMh3
betweenthePLC systemandthetunnelpotil. The signalswerethen
modulatedformicrowavetransmissionto thecontrolpint when theywere
demodulatedforremotemntrol ti mmitorirq&heentireoperation.Bemuse
of channel1Mtations of’themicrwavesystemduringprevioustests,only
datachannelslabeled“critical”couldbe sentto thecontrolpoint;withthe
new systm, alldatachannelsweresupplied
qhasizo theptentialof thisnew system,
@em at the forwardareacontrolalcme so
linesto controlthevacuumsystemfrcmLas

to the cxmt.mlpoint. To
we useda conventionaltele}hone
thatwe coulduse cmmsdal
Alamos●
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~ SEOXD GENERATION

The systemhandiinginfonnationd themqhnachineinterfacefortheMIDAS
qIH@IAGRD testwereundoubtedlytheweakestpoints. systemstatuswas
displayedin tabularform (frumtheprqramm@ unit) and lackedappropriate
1/0pointidentifiers,thustaxingtheuser!smemoryandrequiringtheuser
to ccmxlinatecontrolwithlook-uptables. And essentiallyno

tedeventlcxggingor dataarohivingexisted.Withthese
inmirdamlwithan immediateprqrammaticrequirementto

instrumenta veryiargeexperiment,we beganevaluat~ a commercialcontrol
softwarepackagethatpranisadto meetourrequirements.

Althudgh the PLCperformedflawlessly,.we feltuncertainaboutplacingthe
PWV’- ‘tintelligawfiof the systemdowna verticaltestholetiereit
wouldbe inaccessible.AM we wereun~in abouttransnu‘ttingthe
l??’’:y~=e ‘tovermicrcwavelinksbeamse of possiblesignal

● ‘Iherefore,allprqmmmable subsystemswouldbe
l-ted at the forwzud~ controlstations.

In Octoberof 1984,we choseoneof the fewavailablecontrolsoftware
packageswiththe featuresthatmet ourneeds. The control~fx
operatestier concument C@ on an I- or equivalentcomputer.me
pa+ge suppliedus withtiterwhiveoolorgraphicsandwithstaticard
dylamicpointstatus. Forthe firsttime,thissystemprovided
~imentalists witha nndtidimnsioralapproachto processvisibilityby
us]ngcolor,shapes,- dynamicsymbols.All.supportprogram--I/Odriver,
historian,alarm,anddatareductionforhistorimlviewing--run
cmmrrently withtit everprugramis reqd.md by a particular
application.Ccmmnmicationto theremote1/0 is establishedthroughan
RS-422portwithinthehostccmpte?.and is nmediatelyconveakedto a fiker
opticsignalformmnnmicationdownthe shaft. A secondporton thehost
qter~ W-232, is alsoconvertedto a fiberopticsignaland is sentto
themicrowaveserdirqstationso thata remte data terminalcanh usedfor
processcontrolat the controlpoint.

ElefxiusethisIEM/XT!-basedsystemwas notwellestablished,or overtime
prov~, we operateda back-upsystemusinga DECLSI-11/23computerand
Oustomin-hausesof* Concurmrltlywiththe IEq/XTsystem. Theback-up
systemdid nothavea graphicscapability@ displayedthedatain tabular
formtbut it provedto be a muohfaster,real-timeoontmJer. We usedfmr
I~XT caputirson thi~eventto acccmwdatithe lqenumberof~@
t.odecrsaseS~tSlllload. Eati I~XT system txrrisd approximately25%of
the systemload,whilealldatachannelswerefedconoumentlyintothe
single11/23mu@er. We handledallcumnuniutionsto the remote1/0and
to the controlpointidenticallyon boththe 11/23amlthe IPM/XX’,thus
pmvidinq 100%redumlancy.

We selaz&l thissystemts remote1/0 foritsflegibility,shnpl~city,and
overalleconomy.The r9mote1/0 is nottiedto a PK. Configumd on
printedcircuitboaml,the 1/0mcdulescm be randmly insertedin anyof
1,6slotPositims. FachM carriesitsmm addressand RS-422
.ummunimt.ionintsqritylogic. Additionalhcmds areaddedseriallyor in a
multidropwnfiquratLonalongthedatanetwork.Al1 1/0pointiWm
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backedup withidenticallyconfigured
fullrdundancy. Includingredmdancy
1/0points

(butisolated)
t 1/0points.

counterpartsto provide
t!lissystemCarried1100

~ HORIZONS

‘l’hesystemwe havedescribedis essentiallythe sameas our standardsystem
today. We havedroppd the LSI-11/23systemand enhancedourMuWare to
relievesameof the sluwoperationsZUX3awkwardconfigurationewe encountered
on the I~XT system.Vendorsoftwareenhancementshavealsohelpedincrease
overallefficiencyoSincewe firstusedthisoverallcontrolconcept,
engineers@ expe.rimmtalistsworkingat theNIS ha-~eincreasedtheir
demaMs forgreateracross-the-boardspeed,graphicsthataremoreeasily
configured,thatare~le, ardprovideeffectiveinterfacingwithlarge
main-framCJRnputers● Tb satisfythesedemands,we havepurchasd for
evaluationa possiblethiti-generationsystem.

Thissystemfunctionsarounda localarea networkin a nsterl~~s,
token-passingpmtoccd. Eachnodeon thenetworkhas a dedicatd function
and includesitscwnhigh-speedco-processorti memory. Thistypeof
“functionalpartitioning’~is wellsuitedto enhancesystemsped andeasy
~ion of the system. The mar@achine interfacecanbe adaptedto any
UserlspreferredCmlmardperipheralor pkbia. ForQIe, the interface
willallowtheuserto interactwiththe 1/0driverby ksyboan3,trackball,
muse, or touchscmen. Generatinggraphi.c9withthissystemis similarto
modernccmputeraideddesignequipwnt. Thissystemcaptures,drchives,and
displaysa largenumberof datachannelsw~thmt a significant(2ITJor system
burden.As a separatenodeof the system,a PLCgatewaywillbe usedas the
remote1/0 interface.

We planforthesyscsmfrontendto be a PICwithdistributed1/0. The
Pq- intellig== willremainaccessiblethroughtheentirenuclear
testandonlythea.%ual1/0moduleswillbe destroyed.We willuse the PLC
to executesystempmmiures thatmustoccurat highspeedsandto nspxt to
the operatordwing nonnaigatewayCcmnnunicationse PmcduRs thatwould
nornwllytieup a ~ (l~ization algorithms,forexample)couldba
accxmplishedwithinthe controlhost,thus relievingthe ML burden. As
before,all remoteccmmunicationewouldbe transmittedthroughredundant
fiberopticcables,

EIm?E ENHN!._Q2!lDm

~ using local area networkprotccd througha micrcwaveor fiberoptic
transmissionmdia, we hope that any nucleartest couldbe controlledfran
nwmmus ml distantlocations(Fig.5), We are at.thedawnof 1/0systems
thatareeo “faulttolerant”thatwe wouldnotneedparallelredundant1/0
systems● Manufacturersera beginninqto met m~d.k~j 1ity requksments
insteadof developingproprietarycomunicaticm protocol, This will allcw
alkw us to c!!oosethe PLC M3t suitd for any puticularapplir~tionwithout
Zestmlcturingthetotalsystem. And,finaily,we willconmu??icatewith
faster,moreefficientnumbercrunchingccwputemto rduce datamop
efficiently.



SUMMARY

We haveadapteda toolthatindustryis as excitedaboutas we are. And
whilethistooldoesnotmeetallof ourrequirementsfors- andoverall
adaptability,our operatingefficiencyand systemcapabilitieshave
increaseddramatically.We willcontinuein our testingto implementthis
rapidlygrowingtechnology.

We wouldencouragecontrolsystemdesignengineersto expandtheir reseamh
orimti horizonsand to harnessnew qxbilities that will bettersupport
reseamh environments.A fewof todayls~ instnnnentation
requirementsare: greaterpointsamplingratesforhistoricalarchiving,
fasterchangeson ccmputerscreensthatdisplaydynamicpointdata,and
greaterflegibilityforon-lineadditionsto the instrumentationandcontrol
process,
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