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SUMMARY

An enhancedmaintenanceprogramis beingestablishedto characterizeand monitor
cables,components,andprocessresponseat theSavannahRiverSite,DefenseWaste
ProcessingFacility. This facilitywas designedandconstructedto immobilizethe radioactive
wastecurrentlystoredin undergroundstoragetanksand is expectedto beginoperationin
1993. The plant is initiatingthe programto baselineand monitorinstrumentand control
(I&C) andelectricalequipment,remoteprocessequipment,embeddedinstrumentand control
cables, and in-cell jumpercablesused in the facility.

Thisprogram is basedon theelectroniccharacterizationanddiagnostic(ECAD) system
whichwasmodifiedto includeprocessresponseanalysisandto meetrigidDepartmentof
Energyequipmentrequirements. The systemconsistsof computer.automated,state-of-the-
art electronics. The data thataregatheredarestoredin a computerizeddatabaseforanalysis,
trending,and troubleshooting,lt is anticipatedthat the datawhicharegatlleredand trended
will aid in life extension for the facility.

INTROOUC'nON

The SavannahRiver Site (SRS)has been in oporatiorlsince1953. The missionof the
site is to producenuclearmaterialsfor the Departmentof Energy(DOE).

Radioactivewaste resultingfromthe productionof nuclearmaterialsat the site is
presentlybeing stored in large double-wall,shieldedundergroundstoragetanks.
Approximately33 milliongallonsof this waste are being stored.

The DefenseWasteProcessingFacility(DWPF)wasdesignedandconstructedto
immobilizetpe radioactivityin the SRS waste. Constructionof the DWPF was initiatedin
1983 andis essentiallycomplete.
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"Ihreetypesof wasteare to be processedat the DWPF: highlyradioactiveinsoluble
sludge,highlyradioactiveprecipitate,and less radioactivewater-solublesalts. The waste
will be processedin two main facilities: the VitrificationFacility(S Area), and the Saltstone
Facility (Z Area).

The SaltstoneFacilitymixesdecontaminatedsalt solutionwithcement,furnaceslag, and
fly ash. Thisimmobilizesany radioactivecomponents.The groutproducedby thisprocessis
pumpedto abovegroundstoragevaults,whereII hardensintoconcreteblocks. The hardened
product is referredto as saltstone. Each blockwillconsistof about1.35 millioncubicfeet of
saltstone,containing6.0 mi,km gallonsof saltsolution. The facilityis designedto handle
approximately9 milliongallonsof decontaminatedsaltsolutionper year. The Saltstone
Facilityhas beenconstructed,checkedout, startedup, and is presentlyprocessinglow level
radioactivewaste.

The VitrificationFacilityis usedto processthe high level radioactiveportionof the
waste. The waste is chemicallyneutralized,then mixedwith borosilicateglassfrit. The
resultingglassslurryis then meltedto incorporatethe componentsin a borosilicateglass
matrix,thus reducingthe mobilityof the radionuclides.

The moltenglassis pouredintostainlesssteelcanisters.The glasshardensin the
canistersandthe canistersare decontaminated,weldedshut,af¢l transportedto a temporary
storagefacility. They wiltbe permanentlystoredin the federal waste repositorywhen it is
completed.

The DWPF vitrificationequipmentis presentlyin the finalstagesof checkout,to be
followedby waterruns,cold chemicalruns,and finallyhot startup. Becauseof the intense
radiationinvolvedin the vitrificationprocess,mostof the operationsare conductedin closed
concretecells,containedin a canyonshieldedby thick concretewalls,andobservedwith
closedcircuittelevisionor throughlead-glassshieldingwindows. Installationand removalof
equipmentin the cells is performedremotelyusingoverheadcranesand manipulators.Ali
processesconductedin thesecells aredesignedfor totallyremoteoperationandmaintenance.

Processandelectricalconnectionsin thecanyonare made withremotelycoupled
jumpers. The jumpersare, primarily,rigidstainlesssteel pipe assembliescontainingthe
requiredinstrumentationand electricalconductors;however,some flexiblejumpersare
beingused.

DISCUSSION

Powerand instrumentationsignalsfor in-cellprocessequipmentare routedfrom
servicecorridorsexternalto the canyon,throughcircuitsembedded!_ the shieldingwalls,to
removablejumpers(equippedwith Hanfordconnectors),andthen to theprocessequipment.
The embeddedwiring,processequipment,and jumpershavebeendesignedforremoteremoval
andreplacement.

One of theobjectivesfor the DWPF is to obtainat least75% of processdesigncapacity.
This requiresthe abilityto quicklyidentify,locate, and replace any failedcables or equipment



t !

and the abilityto determinewhena pieceof equipmentor a processis degradingandwillneed
to be monitoredor replaced.

SRS operatesmostfacilitiesusinga "Replaceand Repair"maintenancephilosophy.The
strongpoint of this conceptis that tt minimizespersonnelradiationexposureand equipment
downtime. If Institutedproperly,Replaceand Repairalso ensuresthat installableoperating
sparesare availablefor the process.The negativesideof Replaceand Repairis that thereis a
tendencyto replacethe finalelement,suchas a motoror a resistancetemperaturedetector
(RTD), rather than the possiblyfailedjumper wires or Hanfordconnector. Replacementof
thewrongcomponentwastestime,spreadscontamination,andstressesequipment.

The DWPF WorksEngineeringDepartmenthas initiateda programto minimize
misidentifying/replacingthe wrongparts. Two majorcomponentsprovide the frameworkfor
this innovativeprogram;the ECAD System 1000 (ECAD Divisionof Pentek,Inc., Pittsburgh,
PA) and ProtunerPC-1200 (Techmation,Tempe, AZ). Both of thesecomponentsare usedto
monitorthe processor equipmentand to gatherandstoredynamicandstimuli/response
related informationin an electronicdatabase.

The databaseorganizesthe informationand formsthe basisf,_"trending=],,xianalysis.
Periodicretestingof theequipmentor processaddsto existingdataandenablesevaluationas
to howwell thesystemsarewithstandingtheenvironment.Agingandcomponentdegradation
informationmay be usedfor predictingfurther maintenancerequirementsand plant life
extension. Stimuli/responsedatamaybe usedto tunethe process and optimizeperformance.

The predictivemaintenanceprogram is presentlybeing implemented.Works
EngineeringengineersandElectricaland Instrumentationmechanicshavebeentrainedon how
to acquirebaselinedata andtroubleshootcircuits,equipment,andprocesses.

The firstdata obtainedusingthe diagnosticsystemrevealedunanticipatedplant
equipmentproblems(see CASESTUDIESarticle). Testingprocedureswere developedin the
courseof the troubleshootingtheseproblems. "

D_S'I']C SYSTEMDESCRIPTK_
q

ECAD is an acronymfor electroniccharacterizationanddiagnostics,and is appliedto the
testingof instrumentation,control,andpowercircuits. The ECADa _oach is basedon
viewingthe plantcircuitas an d transmissionline witha load, and analyzingthe lumped and
distributedcircuitelements. Typicaltransmissionlines includeparallelwires, wire over a
groundplane,and coaxialcable. Directcurrentandradio frequencytestingtechniquescan be
applied l',odetermineand monitorthose electrical characteristicsnecessaryfor circuit
functionatlityassessment. The directcurrentor low frequencymeasurementsprovide the
lumpedvaluesof circuitloopresistance,shuntresistance,inductance.,andcapacitance. These
measurementsprovidethebest Indicationof circuitdegradation,but cannotdeterminewhere
the degradationis occurring.Usingthe radiofrequencytechniqueof analyzingreflected
electromagneticpulsesin the timedomain,the circuit is analyzed as an rf transmissionline,
consistingof a seriesof resistors,inductors,and capacitors. This technique,known as time-
domain reflectometry(TDR), Identifiesthe distributedresistance,ind_.ctance,and
capacitanceof thecircuit,and can accurateSydetectthe locationof circuitdegradation.The
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Information¢quired by these twotestingtechniquesnotonlyrevealsthe degree of circuit
degradation,but also the natureand locationof the problem(Figure 1 andTable I).

TheECADSystem 1000 is a completelyairlomateddata acquisitionsystemconsistingof
state-of-the-artelectronictest equipmentanda computer. The computer providescomplete
controlof the test instru,nentationthroughthe IEEE-488 interfacebus using specially
designedsoftware.The b tsic measurementsacquiredbythesystemincludeAC/DCvoltage
(noise),insulationresistar_ce,DC loopresistance,Itnpedance,inductance,capacitance,and
time-domainreflectomeW signature. These measurements,along with circuit identiFcation
informationandtestinghistory,formtheECADportioi:of thedatabase. The ECAD System
conductsali measurementsremotelyusinga 2-wireconnectionto the circuitundertest.
Presently,the system is able to monitora circuitwith the load approximately3000 ft from
the testpoint.

Figure2 is a one-line diagramfor a typicalRTD circuit. To completelycharacterize
thisRTD circuit,a total of ninetestswouldbe performed. Time per test ranges from1 to 3
minutes,dependingon the Circuitconfigurationandwhetheror not an insulationresistance
testis required.Forexample,a testacrossan RTDelementwouldshowa low ohmicvalueand
wouldnot requirean insulationtest resultingin a one-minutetest duration. A test from the
shieldto groundwouldindicatean openCircuitat the enddeviceand an insulationresistance
testwouldbe automaticallyconductedat anoperatorspecifiedvoltage.

Upontestcompletiona quick-lookdatachartis producedas shownin Figure3. This
chartdisplayscircuit descriptiveinformation,lumpedelementdata and the TDR signature. If
previousdataexists for the deviceundertest, the computerautomaticallyrecallsandprints
the baselinedata for trendcompadsons.

APPUCATIONOFTHE DIAGNOSTICSYSTEMATTHEDWPF

DWPF Works Engineeringhas selectedthe followingCircuitsor processesfor initial
testingandbaselineusingthediagnosticsystem: -

i ali safety circuits

• ali embeddedcircuits

• ali canyonjumpersand processequipment

• circuitswith a historyof problems

® distributedcontrol systemnetworkcables

• closedcircuittelevisioncables

Additionally,any Circuitbeing replacedis consideredfor testing.

q
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The baselineprogramis being knplementedas follows:

Knowngoodequipmentand circuitsare firstIdentifiedanda computerizedtesting
strategyis proposed.In caseswherethevendorhasmaderecommendationson how totest the
equipment,recommendedtestsme Inoorporatedintothestrategy. Incases where no
recommendedtestshave been identiFmd,a similarcircuittsbuiltusingnew components.

The goodcircuitis then tested andthe testingstrategyis verified. Ali circuitswhich
may be testedusingthisstrategy are identified.The teststrategyis duplicatedinto a file for
each circuit. This ensuresthat ali similarcircuitsare tested in thesame manner.

Thecircuitsare thentested andthedatastoredin thedatabase.Once ali the circuitshave
beentested,the testsare groupedby testconfigurationand statisticalanalysisis performedon
the data. Circuitswhichdeviate fromthenormare identifiedandthe testdata are reviewed.
In somecases,retestingor troubleshootingof the deviatecircuitis required.

This representsa different approachto traditionaltestingand establishinga baseline.
Becausethedataarestoredinthe database,computeranalysiscaneasilybe accomplishedand
problems resultingfrom infant mortality, improperinstallation,or poor construction
practicescan oftenbe identified. Havingtestdata on knowngoodcircuitsto use tor
comparisonis a great aid in troubleshooting.

In case of the removal/repairand subsequentreplacementof canyonequipment,the
followingprocedureis followed:

Priorto removal,the circuit and equipmentare analyzedusingthe diagnosticsystem. If
required,theequipmentis removedfor repair. Followingremoval,the circuits embeddedin
the canyonwall are analyzed. Afterthe jumperor equipmentis repaired,it Lsagaintested
withthe diagnosticsystembefore re-installation.The installationis made and the entire
circuitis againdiagnosed. Comparingthedataobtainedafterre-installationwith thedata
obtainedon theembeddedcircuitsand jumper/equipmentallowsa thoroughevaluationof the
new installation.

CASESTUDES

The mostdramaticresultsfromthe useof the diagnosticsystemhavebeen obtainedas a
resultof thebaselineeffort. Duringbaselineandthe subsequenttroubleshootingof suspected
circuitsor processes,designand installationproblemswere ¢Escovered.

The followingproblemsare representativeof situationsidentifiedand resolvedwith the -
aidof thediagnosticsystem.Mostof theequipmentdiagnosedwaspreviouslycheckedoutand
testedusingconventionalmethodssuchas continuityand meggertestingbefore it wasanalyzed
by thediagnosticsystem.

In discussingthese problems, somesituationshave necessarilybeen simplifiedsince
completeinformationwouldrequiredetailoutsidethe scopeof thispaper.
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Loose Hanford Connector. In September1988, ECAD representativeswere at
the DWPF to testcircuitsandgivea demonstrationof the system. WodcsEngineering
suggestedthatthey lookat an RTD circuit thal hadbeengivingproblems.Aftercollectingdata,
the problemwas identifiedas a poorlymade (partiallyopen)connectionat a Hanford
connector. Thisproblemwas evidentin the resistance,impedance,and time-domain
reflectometrydata. Investigationrevealedthatthe Hanfordconnectorhadbeentightenedwith
a knockwrenchinsteadof an impactwrenchandthattherewas indeeda poorconnection. Re-
impactingthe jumper fixed the problem.

Improper Installation of RTD's. Statisticalanalysisof baselinedata on
numerousRTDcircuitsshowedthata numberof jumpermountedRTD'shadthe referencelead
and shieldswitchedin the jumper. The TDR identifiedthis problemby indicatingan
impedancemismatchat the jumper. Althoughthe FtTDwouldfunction,it neededto be rewired
correctly.

Improper Cabling and Installation for Flow Meters. The flow meters
beingusedwere designedto developa microvoltsignalw_ichis proportionalto flow. Data
obtainedduringbaseline for these circuitsshowed70+ millivoltsof noiseon the circuits.
Investigationrevealedthat thewrongcabletypehad been installed. Thepropercablewas
obtainedand installed. This loweredthe noiselevel but did not eliminateit. Furthertesting
revealedthat the remainingnoisewas being impressedon the circuitat a terminalstrip.
Additionalshieldingresolvedthis problem.

Dirt and Debris in Electrical Connectors. A failed massflow meter which
had been repairedwas baselinedbefore re-installation. After re-installationthe circuit was
againtested. One of the testconfigurationsrevealed3 ohmsmoreresistancethanpredictedby
the statisticalvalue obtainedfromthe accumulatedbaselinedata for this type of circuit. The
jumperwas loosenedthentightened,theresistanceincreased. Analysisof theTDR data
determinedthatthe changehadoccurredat the upperHanfordconnector. Thejumperwas
removedandpersonnelwere loweredby craneto the wall connectorinsidethecell. Visual
inspectionrevealedthatdirtand debrishadenteredotheconnectorwhilethe jumperwas being
repaired.

Bad Coax Connectors. The canyc,l_processesare observedvia closedcircuit-
television.Cablesusedto operatethe camerascontain40 conductors.Conventionaltest
methodshadber i usedto troubleshoota failedcamera;however,thepmbaemcouldnot be
determined.Thediagnosticsystemwas employedand, basedon thedataobtainedfrom similar
videocircuits,theproblemwas foundto be a badcoax connector.

Cold Solder Connections In Hanford Connectors Resistancegreater than
expectedfrom the statisticallydevelopedprofile for a particularjumperconfigurationled to
the removalof a suspectjumper. Investigationrevealedthat there -,_.repoorsolder
connectionsinsidethe jumper.
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CCNCt.USION

To date, theuse of this InnovativetrendinganddiagnosticIK)olhas Identifiedmany
problemswhichcouldhavegone urcheckedand haveled_oplantoperatingproblemsafter
startup, lt is expectedthat continuedapplicationof the systemfor baseUningplantcircuits
andongoingperformancemonitoringwill providea key functionin the overall maintenance
strategyat the DWPF.

The informationcontainedin thisarticlewas developedduringthe courseof workunder
ContractNo. DE-AC09-89SR18035with the U.S. Departmentof Energy.
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Typical RTD Circuit
ECADe

l Connect_)nPoint

_ Termtrml I Junction EndDevice

Board Spllce Box (RTD)
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,_i I ....................... _
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1
Cabinet _Tj._
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Figure 2. One-Line Diagram Showing ECAD Testing Connection
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