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Elowpath Evaluation and lgeeonnaisanee
by Remote-field Eddy eurrent Testing

(FERRET)

THE VISION: STORE NUCLEAR WASTE SAFELY.

THE MISSION: CARRY AWAY EXCESS HEAT.

THE METHOD: PIPE COOL WATER THROUGH THE WASTE.

THE PROBLEM: HOW TO INSPECT THE COOLING P_IP_E._??

Ifyou putthe tipsof yourthumbandmiddlefingertogether,you'llmakea circle
abouttwo inchesin diameter,the widthof the steelpipeswhichcarrycooling
water to the vast undergroundstoragetankswhere nuclearwaste is stored.
Two inches- that'snotmuchroomto maneuver. ButWSRC equipment
engineershave inventeda remarkablenew methodto safely examinethose
pipes,pinpointingany damageor leaks that mayexist.

The systemis namedforthe ferret, a slendermammalwhosewillingpersonality
and deep curiosityhaveendeared it for centuriesto huntersof moles,ratsand
rabbits. Ferretsare so goodat invadingtunnelsthat theirname has becomea
verb, meaning"touncoverand bringto lightby searching.'

The storyof ourIRglUBLIBTisone of dedication,perseverance,imagination,and
teamwork, and ourengineeringteam'ssuccessreflectsWestinghouseSavannah
RiverCompany'scommittmentto safety,qualityandoverallexcellence.



COOLING PIPE INSPECTION - THE WAY IT WAS
For four decades,the SavannahRiver Sitehas used UndergroundStorage
Tanks (UST's) to storethe high levelradioactivewasteproductsproducedby the
site'sprocesses. Ashigh levelwastedecays,the heat itgeneratescan buildup
inthe tankdue to the insulatingeffectof the surroundingearth. To removethe
heat, a coolingsystemwas builtintothe UST's.

Butlimitedaccessto the tank'sinterior,meant to shieldworkersfrom exposure
to radiation,has made inspectionof the coolingsystemdifficult. If lossesof
coolingfluidoccurthroughcracksand leaks in the coolingpipes,engineershave
littleor no accessto the pipes,sothe causesof leaks,the "mechanismsof
failure', cannotbe trulydetermined.

Complex pipe geometry
Each usr cooling system hastwenty-threeinternallysuspendedpipe loops
formed of two inchdiameterweldedcarbonsteel pipe. Sinceall the loopsbegin
andend at commonheaderson the tanktop, several90 degreebends,called
elbows,are foundin each loop.Thisarrangementallowsleaky pipesto be
isolatedwithoutlosingcoolingpowerin the restof the loops. Each UST requires
four milesof loopsto positiona verticalpipeevery three feet throughoutthe
waste,buteach loopmay also have upto _ 180 degreebends. See figure 1.
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Flgum I - Cooling plpe= Indde a hlgh level wa=te tank



Anycoolingsysteminspectiontechniquemustalso includepipe lengths
embeddedinthe waste and in thefour foot-thickconcreteof the tanktop. The
only access to these pipe sections is from inside the pipe, wherethe small
pipediameterand the manybendsandelbowsseverelylimitaccessto corroded
or damagedsections.
To addressthisproblem,WSRC's EquipmentEngineeringSectionproposeda
new inspectionsystemthatcoulddeliveran ultra-flexibleremotefield inspection
device intothe coolingpipes. The proposeddevice,a miniature,battery-
powerededdycurrentprobe,is hydraulicallypropelledthrougheachcoolingpipe
by an externalpump. It sendsitsdata signalsback to the launchpointalong
slendertrailingwires,freelypassingthroughthe maze of loopsand elbows,
unliketetheredprobes,whichoftenget stuckdue to cable friction.

Commercial Pipe Inspection Systems Inadequate
Small pipe inspectionequipmentfrom over65 vendorswas reviewed,and most
of itwas notable to pass throughmore thanfour elbows. Many of theseprobes
were pushedor pulledthroughthe pipeon thicksignalcables. A few systems
were wireless,butdesignedfor pipesfour inchesor greater indiameter,with
very longradiuselbows. The reviewersalsofoundno commercialequipment
that was modifiableto matchthe configurationof the coolingpipes,and they
determinedthat customequipmentwas neededto inspectthe UST cooling
systems.

EQUIPMENT DEVELOPMENT PROGRAM

Small Scale Cooling Pipe Mock-up
The smallscale mock-upwasbuiltto evaluatethe mechanicalbehaviorof the
early probedesignswithina clear pipingsystem,troubleshootmotorcontrol
design,and prototypelaunchingsystemconcepts. Straightsectionsof clear
PVC pipewere joinedto shortradiuscarbonsteelelbowsand mountedon a
cart, alongwitha positivedisplacementpumpanda computercontrolsystem,
comprisinga mobiletestingand displayplatform.Aftera few designchanges,a
launchtubesectionwasadded, andtL_isprototypehassincebeen usedfor DOE
demonstrationsand technologytransferactivities.

Improved Full Scale Mock-up
To ensuretestaccuracy,a fullscale mock-upwas constructedto the material
and weldingspecificationsfor UST coolingpipes. Pipeopeningswere flanged,
for easy attachmentof the launchingdevice,and three loopsof a typicalcooling
systemwere fashioned,withtheir90 degreeelbowsembeddedinconcreteat
the pointwhere theywouldnormallyenter thetank. A removable,deliberately
flawedpipesectionwas addedto testthe probe'sdiagnosticpower,andvarious
leaksof differentdiameterswere drilledthrougha verticalsectionof the pipe,for
testingpressureleak sensors.



Flaw Detection Experiments
Several pipe standardswithmachinedflawsof differentdepths, lengths, types,
and orientationswere made to verifythe probe'saccuracyin benchtop tests.
Theseflaws included:axialand radialcracksof 25% to 75% through-wall,pits
varyingfrom25% to 75% throughwall. andwall thinningfrom25% to 75%
throughwall.

Early IFlgllllB'l' prototypes
Severaleddy currentprobesweredesigned,all featuringa singledrivercoilwith
var/ing pick-upcoilpatterns,mountedon a threadedbar armature,foreasy
adjustmentof the gap betweenthe coils. Initialtestswere madewithboth
absolute(figure2) anddifferential(figure3) pick-upcoilschemes.

Flgme 2 - Remote field eddy ¢unent l_Obe wllh absolute l_C:k-up coil

figure 3 - Remote field _ cuffent l_Obe wlth dMererdlal pick-up colb

As testingprogressed,four channeldifferentialpancakecoilsand radialedge
coilswere tried. Bothschemesincreasedthe probe'ssensitivityto pits,butthe
radialedge coil (figure4) gave bettercircumferentialcoverageof the pipe wall.
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Figure 4 - Remote Field Eddy Cu.ent l_oOe with radlal edge ¢olb



Developing the FERRET launcher
The launcherinserts,moves,and retrievesprobesfroma pipingsystemwhile
minimizingpersonnelexposureto hazardousor contaminatedfluids. Inspection
probesare movealongwiththe workingfluid(water inthiscase) whichis
propelledby a geardrivenpump. Byoperatingina closedloop,precisefluid
andprobemovementcan be achievedinbothdirections.

Field Conditions
The UST coolingpipesare accessedfromthe tanktop, wherea valve house
enclosesthe main headerssupplyingcoolantto the 23 loopsdescendingintothe
tank. The supplyand returnlinesfromthe loopsare valved so thatsectionsof
the systemcan be isolatedfromthe mainheaders. A singleloop is isolatedby
removingone supplyvalve and itspartnerreturnvalve, andclosingoff the
headers. Locatedat threedifferentelevationsonthe supplyside andtwo =
elevationson the returnside, the valve geometrygreatlycomplicatesthe
connectionpipingneeded '..' inspect_n er,tim tank.

Accessto the valve house isthrougha narrowdoorway. All connectionpiping
sectionsand launcherequipmentmustfit throughthisdoorwayand withinthe
narrowaisle insidethe valve house.

The coolingwater, treatedwithchromateto inhibitcorrosion,is radioactive,so all
fluidused in, or drainedor ventedfromthe launchingsystemandconnectorsis
contaminatedand mustbe contained. Furthermore,the radiationfieldfromthe
waste itselfrequiresworkersto minimizetimespentonthe tank top. Thus the
installationof connectionpipinghadto be simplified,and launcheroperations
had to be conductedremotelywheneverpossible.

Prototype Launcher Design
The prototypelaunchingsystemwas builtto accommoaatedesignchangesby
makingesch legof pip:nginthe launcheraccessible. The frame was designed
with longpipingto allowaddeclpressuretaps,vent lines,etc., andwas builtfrom
heavy gaugesteelto supportany heavyequipmentthat may be added. A field
launcherwouldbe muchsmallerand lighterthan the prototype.See figure5.
An elbowand connectingpipemustbe installedto connectthe launcherto a
coolingpipe. A gear pump,centrallylocatedinthe launcherframe, propelsthe
probethroughthe pipe ina closedloop. Thistype of pumpwas chosento
eliminatepressurepulses. To minimizecontamination,all legsof the launcher
are set upfor easy draining,andall ventsanddrainsare captured. The launch
tubesare vertical,to limitspillageduringinsertionandretrievalof probes,and
oversized,for easydevice insertionandremoval. The probevehicle'spointed
nose andtail sectionsandthe fourflexiblesealsalongits lengthgravity-feedthe
vehicleintothe pipe. The three inchdiameterlaunchtubestapersharplyto two
inchesat the base,allowenteringprobesto fit loosely,and exitingprobesto be
easily retrievedfromthe two inchpipe.



Flgure5 - _ PrololypeLouncherSyslern

The straightsectionsof twoandthree inchtubingin :he small launcherprototype
are made of clear PVC, allowingthe operatorsto monitorwater levelswithinthe
launcherandobservethe positionof inspectiondevices. In addition,air bubbles
can be monitoredduringventingoperationsas the pipingis clearedof air
pockets. Airremovalis importantfor smoothvehiclemotion,sothe ventlinesare
alsoof cleartubingto let operatorssee whetherall air hasbeen purgedfrom the
launchtubes. The launcherprototypeenablesmanyflow pathoptions. It allows
open loopandclosedlooptesting,andpressurizationof the suctionor discharge
lines. These optionsare valuablefor testingthe dynamicsof devicemovement
throughpipingsystemsandhelpedin optimizingthe system.

Proposed field reedy desiQn
The currentprototypeisthe culminationof manydesigniterations. Pumping
manyprobesthrougha UST coolingsystemmockupandevaluatingthe results
provedthe design'sviability,andshowedthe inherentflexibilityof the system. A
fieldreadydesignwouldfunctionlikethe prototypelauncher,exceptthe frame's
size andweightwillbe drasticallyreducedfor portability.The pipingsize will
alsobe reduced,butwillkeep all the features of the currentprototype. Other
changesincludeaddingsolenoidoperatedvalves for remoteoperation,and
videoequipmentfor monitoring.
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A compact launcher for routine pressure testing
Becauseordinarycoolingpipepressureinspectionsare performedwithsmall
insertscalledpigs,a twelve inchtubewouldsufficefor launchingthe cleaning
pigs. Therefore, a compactprobelauncherdes=gn,whichwouldbe builtwithout
full length(oversix feet) launchtubes, is beingconsideredfor performing
pressureinspections.The pressureinspectionlauncherwillbe designedsothat
it can be modifiedto supporttestingusingthe eddycurrentprobe. The shorter
tube lengthswill lowerthe amountof test-generatedcontaminatedwaste.

FF,RRET development
The geometryof the coolingsystempipesrequiresa probewhichcan
successfullynegotiateover30 elbows,someof them shortradius. This fact
inspiredthe developmentof a newpropulsiontechnique,and flexiblevehicle
capableof passingthroughshortradiuselbowswithoutthe hindranceof a large
cable.

Structural constraints
The mostbasicconstraintuponthisprobevehicle is that itmust move insidea
water-filledpipetwo inchesin diameter. Anotherlimitingconstraintisthat the
vehiclemustbe able to negotiateupto thirty180° and90°bendsin the pipe.
The mostobviousmeans of movingan independentvehiclewithina water-filled
pipeisto pushitwithwater. A flexiblesealwas devisedwhichallowedwater
pressureto pusha vehiclealonga straightsectionof pipe. The sealconsistedof
a circulardiskof rubbermountedwithina solidsiliconetestvehicle.
Mostcommercialinspectiondevicesuse a largecablefor movingthe probes,
and transmittinginformationoutof the pipe,butthe force neededfor movinga
cable througha pipeincreasesexponentiallywitheach elbow. Afterpassing
throughjust threeelbows,a tetheredsystemis immobilized.To eliminatethe
bulkycable, an alternatecommunicationsschemewasdevelopedusingvery fine
twistedpairwire. However,the fine wire wouldnotaccommodatedata from the
multipleprobes. This requiredthatthe vehiclecontainmostof the circuitryfor
the detectioninstrumentation.

Early vehicle designs
The firstvehicleconceptswere combinationsof hardmechanicalsectionsand
mechanicallinks. These designswere inefficientcontainersfor the internal
components,and tended to get stuckwhenthe linksarticulatedat odd angles.
There was nosimplemethodfor runningwiresbetweenthe sections,orfor
housingcircuitcards,butthe circulardisksealsfromtheseearly modelsworked
well instraightsectionsof piping. A betteridea was needed.
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Pliable prototypes
The firstpliableprototypewas made fromsolidsiliconerubber. It hada pointed
nose andtail sectionwithbodysegmentsseparatedby urethanerubberdisk
seals. The silicone,allowedto flowthroughthe centerof the seals to hold the
vehicletogether,did notcureas expected,forminglargegas pockets. A two
partsiliconewas usedto correctthisproblem. See figure6.
The pliablevehiclecouldnegotiatethe elbows,butdidnotmovesmoothlydue to
the highfrictionof the silicone.This problemwas overcomepartiallyby
sheathingthe vehicleinTeflonTM shrinktubing,whichhad to be slittedto allow
bendingaroundcorners. The edges of the slitswere found to be catchingon
roughwelds inthe full scale mock-up,and the moldedbodydidnot allowfor
troubleshootingor replacementof componentsafter assembly.

Figure6 - SoUddlicone_ wUhureltmnerobberdid(seals

Concurrentwiththe shrinktubingtest,an secondmolded-siliconevehiclewas
prototyped,thistimewithan alternateseal style. The sealwas moldedas a
raisedband aroundthe siliconebodyof the vehicle. See figure7. Thisdesign
wouldhave produceda moredurablemoldedvehicleby removingthe weak
pointwt _re the siliconepassesthroughthe diskseal, andwouldhave shortened
the vehicle,but in testing,the moldedseal was notcompliantenoughto pass
overweldcrowns. The frictionwouldjam the vehicle,compressingthe bodyand
lockingthe vehicleinplaceby the expansionof the siliconeas itcompressed.

Flgum7 - Moldedvehiclewlthrabed¢llconebands



To eliminatethe frictionproblemandallow for disassembly,anotherversionwas
developedusingcorrugatedtubingfor the bodyof the vehicle. The nose,tail,
and jointswere made from DelrinTM (a slickplastic),anda steelclampwas used
to connectthe tubingto the plasticsections. See figure8. Duringtesting,the
noseand tail sectionscaughton weldcrownsgoingthroughelbows,causingthe
bodyto compress. The deformationwouldhaltall forwardmotionanddestroy
componentsinthe vehicle.

RgureII - _e¢l bodywnh_nent= Iolnedto DelrlnTM

The birth of an agile "_l¢11'"
New noseand tail sectionsof variousmaterialsandshapeswere designedand
tested,and an alternateassemblytechniquewas attempted. Pieceswere made
fromPVC and glueddirectlyto PVC tubing. None of the new configurations
negotiatedthe weld crownsat elbowsas effectivelyasthe firstsiliconerubber
prototype,butthe gluedassemblymethodworkedextremelywell. Varying
thicknessesof diskseals,clampedbetweenthe DeirinTM pieces,were alsotried.
The sealstendedto foldover, neutralizingthe hydraulicpressurethat movedthe
probe. Addingmore thicknessto stiffenthe sealsresultedinthe seals catching
on the weldcrowns. A newhybriddesignwas developedusingthe bestfeatures
of the firstsiliconerubbervehicleand the latercorrugatedtubingversion. See
figure9. The siliconevehicle'ssoftnoseandtailwere used,as was the diskseal
molded intothe rubber,whichallowedthe seals to fold backwhen clearingweld
crowns. The rubberalsosupportedthe seal frontand back,allowinguseof a
thinnerdiskwithoutreintroducingthe blowby problem. The bestfeaturesof the
corrugatedtubingversionwere itslowfrictionouter surfaceand itsease of
assemblyand repairusingthe gluingtechnique. The onlyprobleminmerging
the two designswas connectingthe siliconesectionsto the PVC tubing. A
uniquejointwas designed in whichthe siliconeismolded througha PVC
connector,whichinturn couldbe gluedto the PVC tubing. This streamlined
troubleshootingand repair,sincenow itwas very c_sy to cutaway the tubingto
workon componentsand reassemblethe vehiclein a new pieceof tubing.



Flgure9 - Hyb_ deign udng_Icone wc.om andconugatedbody

An improvedjointwasdesignedsothat the communicationswire spoolcouldbe •
changedwithoutregluing.The newjoint,builtarounda pieceof plastictubing
and tubingquick-connects,allowsthe jointto be disconnectedso the spool
sectioncan be changed,and the vehiclereinsertedintothe pipe to continuethe
inspection.The currenthybridmodelperformsflawlessly,scootingthroughthe
largemockupat pressuresof about8 psifor straightsectionsand peaksof 15
psi throughthe elbows. The vehiclehas traveledthroughovera mileof tubing
andthroughhundredsof shortradius90° elbowswithnofailures.

Innovative electronics packaging
Those 90° elbowsinthe coolingpipeflowpathprovedto be the biggest
challengeto printedcircuitboard (PCB) design. Becauseof the flexiblevehicle,
the designof the PCBsand componentshad to be evaluatedas three
dimensionalobjects,so computermodelsof the vehicleweregeneratedto
determinethe optimumPCB configurations.Severalshapeswere considered,
including:circular,rectangular,oval, ... even flexible. The computermodel
showedthatthe circularand ovaldesignshad the bestchancesof success.
The circulardesignWasbuiltand tested first,but itdidn'thave enoughspacefor
the electroniccomponents,and itcomplicatedthetask of managingwireswhich
bridgedneighboringcircuitboards. The oval designsolvedthe space problem
by nearlydoublingthe surfacearea, and two ofthem, placedbackto back,
providedan elegantsolutiontOthe bridgingobstacle.
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Figure10- Oval_ printed¢lmultbom_ wllhconneclionwires

Waterproofingwas the nextdesignchallenge. Of the manypottingcompounds
that were tried,siliconeswere generallytoosoft,anddid notadherewell.
Urethanesadheredto the PCBs and components,butwouldliquefyas the
electronicsheated up. Epoxiesworked,butwere difficultto manageduring
assembly. Finally,electricalresinsprovedto be the bestoption• They were
easy to pourintothe molds,adheredwell, and allowedaccessfor repair.

Duringelectroniccomponenttesting,the tinypickupcoilwireswere always
breaking,so a PCB wasplacedbetweenthe coilsetsto actas a strainrelieffor
the wires, whichwere pottedinepoxyto the board• Anotherproblemwas short-
circuitingon the boardsas theyflexed undercompressionfromthe vehicle. A
spineof heavy gage metalwire, placedalongthe centerlineof the PCBsand
batteries, preventedthisfrom recurring.

Planned physical Improvements
An external power connector could be added, to extendthe amountof timethe
vehiclecan sit idlein the launchtube,. Byplacinga disconnectinthe tailof the
ll_£BJltlg'r,the powerconnectionscouldbe maintainedindefinitelywhileit is in
the launchtube. The circuitryfor the battery'pack is set upto maintaincharging
withthe FEIHtlBT circuitryoff whilepoweris applied. Thiswillbe neccessaryto
minimizepersonnelexposurewhenthe rabbitsbegininspectionof contaminated
coolingcoils. No otherimprovementsto thevehicleare necessaryat this time.
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Principles of eddy current technology
Eddy currentsare the currentsthat existon the surfaceof conductivematerials
whenexcitedby an externalenergysource. Usually,the externalsourceis a
coil,throughwhichalternatingcurrent(AC) ispassed. Near the surfaceof
nonferrousconductingmetals,sucha sourcecreatessecondaryelectriccurrents
on the surfaceof the metalwhicheddy,or moveopposite,to the directionof the
inductivecurrent. Figure 11 demonstratesthisphenomenon.

Figure11- EddycummtresullinOfromcoilrt4Kmnonfenowconductivesurface

A decrease ininductanceoccurs,and resistancevaluesincreaseas the coil
nearsthe conductivesurfacedue to the opposingmagneticfields. When the
designof the eddy currentprobekeeps a constantdistancebetweenthe coiland
the surface, anyvariationsinthe coil'simpedancemustbe due to variationsin
the conductivesurface. Even tinyflaws inmaterialswill registersuchchanges.
However,the UST coolingpipesare madeof steel,whichbehavesdifferently
underconventionaleddycurrenttesting. In ferrousmetal, the inductanceof the
coilwill increaseas the coilnearsthe conductivesurface. Also,the magnetic
field, unlessgeneratedat extremelylowfrequencies,failsto fullypenetratethe
material,reducingthe sensitivityof the eddy currentcoilto outsidewall thinning,
pits,and cracks. And since lowfrequencyoperationwouldlowerthe probe's
average travel speed,conventionaleddy currentis not practicalfor inspecting
ferrousmaterials. Othertechniqueshad to be identified.
Remotefieldeddy current(RFEC) probeslike_ use two coils,
separatedby aboutthreetimes the diameterof the pipebeing tested. This
inspectionmethod improvesthe probe'sabilityto detectflaws on the outer
surfaceof the pipe. Figure12 showsthe two energy-couplingpathsbetween the
driverand pickupcoils. The drivercoilproducesa strongmagneticfieldthat
weakens as it penetratesto the pipe'souterwall. This nowweak magneticfield
producessmallcirculatingeddy currentsonthe outersurfaceof the pipe. The
eddy currentsdecay as theytraveldownthe pipe,and fieldsproducedby these
eddy currentsreturnthroughthe pipe to the pickupcoil. Anypitsor crackswill
alterthe returningfield,causinga change inthe signalproducedby the pickup
coil.
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Figure 12 - Remote field eddy cunerd Wobe

IrigRlllglr eddy current coil design
The RFEC probeformsthe basisfor the designusedon the IFIgHIR]BT,which
usesa drivercoilandfourdifferentialpair pickupcoils. A 1.41 inchdiameter
DelrinTM bobbinformsthe coreof the drivercoil,andan oval bobbinis usedfor
the pickupcoils. Figure13 showsthe pairingof the pickupcoilsin the RFEC
probeto reducethe effectsof signalnoise.

As the probemovesdownthe pipe, it is impossibleto maintaina constant
distancebetweenall the coilsand the pipewall. Lift-offisthe term givento this
varyingdistancebetweenthe probeandthe pipewall. Byarrangingthe coilsas
a coilpairyoucan greatlyreducethe effectsof lift-off.

__._ Fcn'ous Pipe
f! I

Dil_ctCoupling I Transition I Remote
I ,E_''ne I • siD Field

I I l£Lil_il I Zone

H-HI I

14 , , 6.5" "JI" "-I

Flguro 13 - RFECprobe wlth dlfforordlal palre
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As the probetravelsdownthe pipetowarda crack,the firstpickupcoilof the pair
will sensea flaw beforethe secondcoil. Atthat moment,the coilsare notseeing
the same surfaceand the pickupcoilswillproducedifferentsignals. An amplifier
highlightsthisdifferenceto preciselylocatethe flaw.

]RlCllatl_i's unique electronic design
Typicaleddy currentprobesreceivetheirpowerand transmittheirdata overa
largemulti-conductorsignalcable. However,due to the manyelbowsthat are
presentinthe wastetank coolingpipes,a single38 gauge twistedpair signal
wire is used. See figure 14 One thousandfeet of the signalwire was spooled
and placedinthe rear of the IFlllllB'lr. However,becausethiswirewouldnot
supportthe transmissionof electricalpoweror highqualityanalogdata, the
IREBalk'I' needed itsown powersourceand data processingcapability.

Figure 14 - 38 gauge twlded pak cornmunlcatlom spool

A rechargable powersourcecombining20 NiCad batterieswas designedto
generate enoughpowerto operate_s electronicsandpowerthe driver
coilfor one hour. See Figure 15.

Figure 16 - 20 battery power pack
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IRBIB.BJg'rsonboarddata processingoutputsa signalthat is unaffectedby
noiseon the twistedwire pair, anddoes notrequirehighspeeddata
transmission.To achievethiscapaL,,'ity,a drivercoiloscillator,communications
circuitryand phaseandamplitudedetectorshad to be designed.Thisdifficulttask
was accomplishedby breakingdownthe physicalprocessintostages:formation
of the electromagneticwave, eddycurrentpickup,signalamplification,signal
filtration,phaseand amplitudedetection,and transmissionof the phaseand
amplitudedata outof the carbonsteel pipe.

Communicationsdesigns

So much data is generated by the IF'ImtlRJBTsensorsthat the outputsof the
circuitsmustbe multiplexedto transmitthe data throughtwisted-pairwire. This
requiredthe developmentof a multiplexerthat couldbe addedto the IRIglEBIB'r
and a d_multiplexer at the end of the twisted-pairwire.

The originalcommunicationscircuitryconvertedthe data to a frequency
representation.However,thisdesignwas notvery stableduringactualtestsin
the mock-upandconsumedan enormousamountof power. This designwas
abandonedand replacedwitha muchsimplercircuitin whichonewire of the
twistedpair is usedas a groundreference.
Afterexperimentingwiththe originalcommunicationsdesigns,a new concept
was developedto transmitdigitaldata. The twistedwire pairhad a greater
bandwidththanoriginallyassumed,allowingrawdata to be digitized,thus
negatingthe need for data analysiswithinthe E'lglIBtlETand simplifyingthe
designof the electronics.This newdesign,whichprecedesadoptionof purely
digitalsignalprocessing,has been successfullysimulatedin laboratory
computers.

Software Development
Computers control all the positioning, data gathering, and analysis ilJthisnew
coolingpipetestingprocess. An IBM A'I"rM,usingLabWindowsTM software,
commandsthe volumedisplacementpumpto flushwater throughthe cooling
coil,and the I;'lRIBtBJB1%positioniscalculatedby the amountof water that has
been pumped. AnAppleMacintoshTM collectsthe datafromthe _, and
displaysone channelin real time, storingthe otherchannelson diskfor future
analysis. See Figure16. The data collectionanddata analysissoftwarewas
writteninthe LabViewTM environment.
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figure 16- Lab_.awdataanalyob_tware controlwlndow

Pressure inspection technique
Of the severaltoolswrittenandtested inthe L.abViewTM environment,the most
usefulcan showa11four channelsof eddy currentdata simultaneouslyonan XY
graph,plottingthe pressuretracesthat are collectedduringa test to compensate
for inaccuraciesinthe positioningdata. Inthismannera new referencepoint,
basedonthe pressurespikesthatoccurwhenthe _E'r crossesa weld,
can be established.While testingthe launcherusingcommercialcleaningpigs,
the detectorsshowedthat pressurewithinthe systemwouldspikeeverytime a
weldwas encountered,and increaseas the pigtraveledthroughelbows. By
recordingthe pressureinformationona stripchad, the locationof every weld,
elbow,curve,fitting,etc. couldbe seen.

Sincethe scale of the chart is known,the locationsof allof the featureswithin
thecoolingpipecan be accuratelymapped,givinginspectorsan unprecedented
advantagewhentheyevaluatethe E'lgi_iB'C's data in detail.
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FF_BET sniffs out leaks, too
When it was suggested that this approach could be used to locate leaks in the
piping,the largemock-upwas modifiedby addingthrough-wallleaks,and a
height-adjustabledrainlinewas attachedto simulateleaks at variousfluid
depths. Cleaningpigswere thenpumpedthroughthe systemat variousspeeds
usingthe differentsized leaks,and itwas discoveredthat a leakingloopcan be
identifiedimmediatelyby thismethod.

As the pig is movedtowardsthe leak,the pumpsuctionpressureis kepthigher
than normalbyfluid drawninthroughthe leak. After the pig passesthe leak,the
suctionpressuredrops. The resultingslope in pressurecan easilybe seenon
the stripchad, pinpointingthe locationof the leakwithininches.

FERRET- a continuing story of success

Many waste tank inspectionteamshavedreamed of havingFERRETs
advancedtechnology,butthis inventionis likelyto have applicationsbeyondthe
nuclearindustry.Whereveraccessto pipingis limited,remotefieldeddy current
testingcan disclosepotentiallydangerouscontidionsbeforethe system
plumbingactuallyfails. Think of howmanywaysthisconceptcouldworkforyou
- thencontactusfor more information.

Westinghouse Savannah River Company
Equipment Engineering

Alan Smoak (803) 725-1106
W. Thor Zollinger (803)725-3920

17



m
/ I




