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ABSTRACT

This report gives the availability percentage of the Experimental

, Tritium Cleanup System (ETC) at the TritiumSystems Test Assembly (TSTA),

which is a fusion researchand technologyfacilityat the Los Alamos

National Laboratory. The componentfailurereports, the numbersof

components,and operatingtimes or demandsare all given in this report.

Sample calculationsof the failurerates obtained from these data are

given in the appendices. While future fusion experimentsmight use

differentor more advancedmeans to detritiateroom air, the analysisof

this system gives a data point for an actualdetritiationsystem. Such a

data point can be extrapolatedfor comparisonwith fault tree resultson

systemdesigns, or can be used in a Bayesianfailurerate analysisfor

estimatingreliabilityof a new type of system. The nine years of testing

operationson TSTA's ETC result in a reasonableaverage availabilityvalue

of 92% for the maximaltritiumreleaseevent. The failurerates for new

systems are expectedto be lower than for the TSTA ETC, since improvements

will be made in the design of the room air detritiationsystembased on

the TSTA system experiences. Nonetheless,these TSTA data shouldbe

useful for future fusion reactordesignwork and safety assessmenttasks.
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SUMMARY

This report summarizesthe operatingexperiencesand evaluatesthe

. availabilityof the ExperimentalTritiumCleanup System (ETC) at the

Tritium SystemsTest Assembly (TSTA). This system has never been needed

at TSTA for room air detritiation,but it has been tested for system

operabilitytests, maintenancetests, and safety assuranceperiodic

checks. The data obtainedfor this systemmay not be strictlyapplicable

to future systems,becausea differentmeans of detritiatingair might be

used. Nonetheless,this data point can be useful because it is a definite

indicatorfor an existing,standbyfusion system,and can be used for

Bayesianestimationof future system reliability.

ETC operatingexperiencesfor system operabilitytesting and for more

than eight years of standbyoperationshave been examined. Operating

times and failure reportswere analyzedto evaluateavailabilityand

providefailurerates for the main components(compressorsand exhaust

pressurevalve) in the ETC system. These failurerates were then used to

determinethe ETC systemaverage.availability.

The resultsof this data analysisdo not comparevery favorablyto

publishedinformation. The failurerates calculatedfor the large and

small ETC compressors,which are the primarycomponentsfor the entire

system,are larger than compressorfailurerates given in the literature

for industrialand nuclearfissionpower applications. The differenceis

most likely becauseof the limitednumber of hours that the ETC system has

operated (less than 500 hours). Since the ETC has never been called upon,

only two hours of testingeach month accumulateas ETC operatingtime.

Even with high failurerates obtainedfrom limitedETC operations,scoping

calculationsshow that the averageETC availabilityis 92% for the maximum

tritium releaseevent (electricpower availabilitywas not included,but

it is a very small contributor). As more operatingtime from testing is

. gained,the componentfailurerates shoulddecrease and the system

availabilityshould correspondinglyincrease, lt is also noted that the

. compressorsfor the ETC are used in modes of operationdifferentthan what

the manufacturerintended. The compressorswere meant for continuous

operation. At TSTA, the ETC compressorsare not run constantly,and are
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only startedwhen needed. Many of the compressorfailuresthat occurred

were a result of repeated startingattempts,as seen in the appendices.

While the data presentedin this report are not steady-statevalues,

they are still useful to illustratethe reliabilitygrowth of a standby

system. The ETC componentfailurerates in system operabilitytesting

(also called 'burn-in')were factorsof 8 to more than 20 times larger

than failurerates from ETC useful life. ComparingETC componentfailure

rates to genericfailure rates for operatingcomponents,it can be seen

that standbysystemstypicallydo not generate failurerate data

comparableto componentsthat run continuously. Still, standby system

data are importantto fusion,becausestandbysystemssuch as air

detritiationwill be requiredat large facilities.

Operationaldifficultiesthat were encounteredwith the ETC and their

resolutionsare also discussed in this report. These operationalinsights

should be interestingto tritiumfacilityoperatorsand fusiondesigners.

The ETC system logbookdiscussesproblemswith equipmentbelow design

specifications(such as an electricmotor that would not cool adequately

at high altitudes),equipmentwith featuresthat were outside TSTA design

specifications(for example, compressormanifold with barium sulfate

paint), installationerrors (valvesinstalledbackwards),and construction

cleanliness(dirt,metal shavings in the instrumentair lines). Other

problems later in the ETC lifetime includedcorrectingcontrolcomputer

softwareand educatingall appropriatepersonnelon proper equipmentuse.

TSTA can processup to ]30 grams of tritiuma day, and can operatefor

extended periodsof up to severalweeks per processingrun. Therefore,

the operatingexperiencesin this report are generallyapplicableto next

generationfusion facilitiesbecauseTSTA uses state-of-the-arttechnology

and equipmentfor tritiumhandling. TSTA is large enough to serve as a

prototypetritium storage,processing,and handling facilityfor

supportinga large fusion experiment,such as the InternationalThermo-

nuclear ExperimentalReactor (ITER),or the Tokamak PhysicsExperiment

(TPX).
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NOMENCLATURE

- acfm actual cubic feet per minute
cfm cubic feet per minute
C degrees Celsius

• cc cubic centimeters
CREDO Centralized Reliability Data Organization
d demand to operate

ETC Experimental Tritium Cleanup System
ex exhaust, also exh
FAWG Fusion Availability Working Group
FSP Fusion Safety Program
FTO Failureto operate
FTR Failureto run

FTS Failureto start on demand
h hour of operation
hp horsepower
IAEA InternationalAtomic Energy Agency
IBM InternationalBusinessMachines
ITER InternationalThermonuclearExperimentalReactor

K degrees Kelvin
kPa kiloPascals
LANL Los Alamos NationalLaboratory
m meters
m3 cubic meters
mm miIlimeters

MMI Man-machineinterface(the master computerdisplays)
MPa megaPascals
Pa Pascals
PC Personalcomputer
PM Preventivemaintenance
ppm parts per million

QA Quality Assurance
rpm revolutionsper minute
TPX Tokamak Physics Experiment
TSTA TritiumSystemsTest Assembly
TWT TritiumWaste TreatmentSystem (gloveboxgas detritiationsystem)
s second

sys system
USDOE United States Departmentof Energy
yr year
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EXPERIMENTALTRITIUM CLEANUPSYSTEM

AVAILABILITYANALYSISFROM IgB4 TO 1992

. I. INTRODUCTION

This report is a summaryof data collectedat the Tritium SystemsTest

Assembly (TSTA),at Los Alamos NationalLaboratory(LANL),between 1984

and 1992 that pertainto the ExperimentalTritiumCleanupSystem (ETC).

Initialsystem operabilitytests in the 1982-1983time frame are also

includedhere. These failuredata analysistasks are performedto support

fusiondesign studiesand device construction,such as for the

InternationalThermonuclearExperimentalReactor (ITER). These analysis

tasks are ongoingat TSTA and at the Idaho NationalEngineering

Laboratory'sFusion Safety Program(FSP).

The ETC is a demonstrationsystem for room air detritiation. The data

presentedin this report are applicableto fusion systemsthat use the

same or similarair detritiationsystems. This report describesthe

operatingexperiencesof the two compressorETC over an 8-yr period at

TSTA. This work can apply to the ITER design and possiblythe proposed

Tokamak PhysicsExperiment(TPX) design. Even thoughnew designsmight

not use the same type of equipmentfor an ETC, the data set given here can

form a point for comparisonor can be used in a Bayesiananalysis.

The ETC serves the tritiumhandlingareas of TSTA. The ETC is housed

in the main floor area of the TSTA building. Some ETC piping ducts run

outside the building,so the ductworkmust be kept leak tight. Although

the ETC is a standby safetysystem and has a short operatingtime, it was

chosen for analysisbecause it is importantto safetywork for future

reactordesign studiesand regulatorycompliancedocuments.

The followingchaptersbrieflydescribethe TSTA failuredata base,

• describethe ETC systemcomponents,give the availabilityanalysis

results,and comparethe resultsto other known reliabilityinformation.



2. TSTA FAILURE/MAINTENANCEDATA BASE

The failure/maintenancedata system at TSTA1,2 is based on the

CentralizedReliabilityData Organization(CREDO),3,4 a systemdeveloped
v

at Oak Ridge National Laboratoryfor fast reactor failuredata. CREDO's

developmentas a national reliabilitydata base and data analysiscenter

for advancedfission reactorswas initiatedin 1978 and has been funded by

the U.S. Departmentof Energy (USDOE). CREDO was selectedas the basis

for a failure/maintenancedata system for fusion after considerationby

the informalU. S. FusionAvailabilityWorking Group (FAWG). CREDO is a

component-orienteddata base that was implementedat TSTA using a personal

computer (in this case, an IBM PC). The originalobjectivesof the CREDO

project at TSTA included"

- AdaptingCREDO for use in fusion availability/reliabilityprograms

- Programmingthe data base on the IBM PC with Knowledgemansoftware

- Collectingthe appropriatedata on systems at TSTA

- Testing the adapteddata base with these data

Minor changesin the originalCREDO data collectionforms were made to

make them more applicablefor fusionsystems.

The IBM PC was programmedusing logicaltables to containthe

data.4,5 Three types of data are entered into the data base. These

are: engineeringdata, event data, and componentoperatingdata.

Engineeringdata containdescriptionsof each system componentas fully as

possible by involvinga one-time sut:,,issionof data, such as component

type, model number,and operatingparameters. The engineeringdata file

uses a unique identifyingnumber to track the componentthrough its

lifetime. The event data portionof the data base describeseach

reportableevent or failure in any TSTA system,and uses a unique event

report number for each event. Reportableevents includecomponent

failures,events that lead to unscheduleGrepair or maintenance,and

unanticipatedchanges in normal operatingconditionsdue to a component



failure. A quarterlyreport that gives the operatingtime for the entire

facility forms the operatingdata portionof the data base. Component

• operatingtime estimatesare obtainedfrom these overall facility

operatingtime values.
w

After the engineeringdata are collectedon the major componentsin a

system,event data reportsbecome the focus of the effort for collection

of failure/maintenancedata. At TSTA, two-partevent data forms are

strategicallyplaced in holdersthroughoutthe facility,so that when a

reportableevent occurs,the forms are easily accessibleby the operator

involvedin the event. The system operatoror system designerfills out

Part I of the form (exampleforms are given in Appendix D) whenever a

componentof a TSTA systemfails or needs major adjustment. When the

initialreport is completedto the extent possible,it is put back in a

holder. The QualityAssurance(QA) specialistinspectsthe holders

periodicallyand retrievesany completedforms. Part II of the form

details the correctiveaction taken to resolvethe problem. The QA

specialistroutes the completedPart I forms to appropriatepersonnel.

The correctiveactionsare documentedby either the operator,the

technicianrepairingthe component,or the systemdesignerduring or

immediatelyafter the repair/replacementof the failedcomponent. Then,

the QA specialistpicks up Part II of the form and enters this new

informationinto the data base and assign a sequentialreport number. If

the informationis complete,the report is termed "closed". If it is

incomplete,the report is termed "open" and it is returnedto the
2

appropriatepersonnelfor completion.

Currently,the TSTA failure/maintenancedata base containsmore than

540 reports. These failurereportsoriginatefrom all of the TSTA

systems. There is a small time lag, usuallya few days (although

sometimeslonger),betweencompletingParts I and II of the form. There

is also a small time lag, perhapsa week or more, betweencompletionof

Part II and entry into the data base. Small time lags such as these are

not uncommon. Such time lags are found in all major installations,

includingnuclearpower plants and chemicalprocessplants, and can be

months in duration.



3. EXPERIMENTALTRITIUM CLEANUPSYSTEM DESCRIPTION

The TSTA facilityis describedin reference6. TSTA constructionwas

completedin 1983, and pretritiumintroductiontestingwas performedin

1983 and early 1984. The facilityperformedits first tritium run

(commissioning)on June 25, 1984. The main compressorfor the ETC system,

the heart (or prime mover) of the system,was tested extensivelyin 1983.

With the logbook citations,we know the operatingdemands, successesand

failures,and have an estimateof the system operatingtime. The ETC

system descriptionthat followshere is taken from references7, 8, and 9.

The ETC tritiumremovalfrom air is based on the catalyticconversion

of elementaltritium (HT or T2) to the oxide form (T20 or HTO). The

tritium oxide is removedfrom the air by drying with molecular sieve

beds. The primary ETC componentsare'

- Compressors,that draw contaminatedair from the TSTA building into

the system,compressthe air to 0.34 MPa (50 psia) and simultaneously

heat the air by adiabaticcompressionto 150 C, which takes between

30 minutes to an hour, dependingon which compressoris used,

- Catalyst bed, to convertmolecularhydrogenisotopesto oxide form,

- Cooler, to cool the air down to 38 C after exitingthe catalyst bed,

- Refrigerateddryer, which removeswater from the air stream by

condensation,

- Storagetanks, to store the tritium contaminatedwater, and

- Molecular sieve beds, that removemost of the remainingmoisture from

the air before it is sent to the stack or recycled.

These componentsare discussedin more detail below, based on information

given in references8 and 9.

The ETC has been designed to have a tritiumdecontaminationfactor of

IE+06. That is, if IE+06 Curies tritium (100 grams) were released into

the TSTA building,proper system operationwould ensure that less than

I Curie would exit the facilitystack. Early tests showed that a

decontaminationfactor of IE+04 had been easily reached, and system

modificationshave since proved tD make the systemmore efficient. To
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clean up a 100 gram tritiumrelease,the ETC would run for about 20 hours

using the large compressor,or 50 hours with the small compressor. The

• compressorsdo not run simultaneously;the smallercompressoris a backup

for the larger unit.

Figure I gives a schematicdiagramof the ETC system. Fortunately,

the ETC has never had to be called upon to mitigate an actual tritium

releaseinto the 3,000 m3 TSTA building. However, there have been

numeroustests of the system to insure its readinessin case an actual

operationaldemandwet._ to occur. This information,taken from the ETC

logbook, is outlinedin AppendixC.

" COMPRESSORS

== ACFM I ', DRYER ]INPUT .... l

' I I 1I

600 ACF I• ', WATER STORAGE TANKS
i

-_ Ai TO INPUT OF ETC.
I I

= PRESSURE I
REGULATOR

TO ...,

STACK. _ v_ _ STEAM
TO MOLECULAR SIEVE BEDS

_ PROCESS FLOW ROOM BYPASS _, _,
,_'--- REGENERATION -,i -,_

• " Figure I. ETC flow schematicdiagram. (taken from reference8)

i
-

-

5
-



Compressors. There are two compressorsthat move room air throughthe

ETC system. The large compressormoves 0.66 m3/s (1400 actual cfm).

This compressor (designatedas compressorI) is a reciprocatingunit, with

a single stage and two opposing cylindershavingdouble acting pistons.

The pistons are driven by a set of two 4-notchv-beltsthat turn the

compressorpulleys at 500 rpm. The compressorbelts are driven by a

480 Volt alternatingcurrentelectricmotor, fed from commercialpower.

There are two gas tight distance pieces betweenthe cylindersand the

crankcaseto eliminatecontactbetweenthe processair and the crankcase

lubricatingoil. The compressorhas Teflon honed cylinder liners and

Teflon piston and rider rings. An aftercoolerwas not installed,so that

exit air, heated by adiabaticcompression,would heat the catalystbed

(althoughit can take up to 60 minutesfor the hot air to heat the bed up

to optimal temperatures). This compressoris leak tight to allow for the

cleanupof the experimentalcontaminationstudieslaboratoryroom without

contaminationof the main room of the TSTA building. The compressorunit

is locatedin a pit sunkenfrom the main floor of the TSTA building.

3.8 m3 of concretewas added to strengthenthe pit floor for the

compressor,and the floor is isolatedto preventvibrationsfrom the unit

being transmittedto the main floor. Coolingwater is suppliedto this

compressor.

The second compressoris a rotary screw unit, designed to be

oil-free. This smallercompressor,designatedas compressor2, moves only

0.28 m3/s (600 cfm), roughly2.5 times smallerthan compressor I. A

75 kilowatt (100 hp) inductionmotor drives this unit. Coolingwater is

also suppliedto this compressorunit. The compressoris not gas tight in

its rotary compressionstage,thereforesome gas leakagewould likely

occur during operation. Exhaustgases from this compressorwould take up

to 30 minutes to heat the catalystbed to optimaltemperatures•

Compressor2 is locatedon the main floor of the TSTA building,near the

pit for compressor1. Compressor2 is designed to be a backup to

compressor1, becausecompressor2 is not leaktight.

Both compressorsare protectedby relief valves in case of over-

pressure. The relief valves are followedby rupturedisks. Rupturedisk

exhaust is connectedto the facilityvent stack. The piping betweenthe

6



valves and disks is connectedto the suctionside of the compressors,so

that a slow leak past the relief valve will be returnedto the system.
J

Catalyst bed. The catalystbed containsabout 0.23 m3 of ceramic

" pelletscoatedwith preciousmetal (palladium/platinum)to oxidize the

tritiumin the air stream, lt is criticalthat the conversionefficiency

be high (the bed kept hot), becauseany tritium not oxidizedwill not be

collectedand will be sent to the TSTA stack. The catalystbed is

designedto reduce the hydrogen isotopeconcentrationto I part per

billion (1 ppb) when operatedat 0.5 m3/s (1066 cfm), 450 K, and

0.35 MPa. The catalystbed is housed in a stainlesssteel vessel,with

the minimal number of ports required for manual catalystchangeout. The

stainlesssteel chambercan withstandpressuresup to 0.7 MPa and

temperaturesup to 755 K.

When tritiumreacts from the air stream moving throughthe catalyst,

tritiatedwater will remainon the catalyst surface,coatingthe surface

so that the efficiencyof the catalystto convertelementaltritiumto

tritiatedwater will be reduced. Heating the catalystdrives off the

tritiatedwater molecules,so that more efficientconversioncan take

place. The catalystbed has a hydrogengas injectionsystem to add room

temperature(20 C) hydrogento the bed. The additionof hydrogen

increasesthe surface temperatureof the catalyst,thus increasingthe

efficiency. Since the catalystbed must be efficientin tritium

conversion,any poisoningof the catalyst is an importantsafety concern.

The catalystbed temperatureis closelymonitoredto diagnosepossible

contamination.

Cooler. The air cooler cools hot exhaust air from the catalyst bed.

The cooler is a shell-and-tubeheat exchanger,with air on the tube side

and water on the shell side. The design flow rate for air is 0.5 m3/s

(1066cfm) at 0.3] MPa. The air temperatureacross the cooler is from

460 K to 294 K. The heat exchangershell is made of carbon steel, and the

tubes and tubesheetare stainlesssteel. The air cooler and its piping

are insulated.

Refriqerateddryer. The dryer functionsto remove as much water and

water vapor from the air stream as possible,so that the downstream

7



molecularsieve beds are not heavilyloadedwith water. The compressed

air dryer uses freon refrigerantwith a centrifugalmoisture separator.

The freon condenseris water cooled. The dryer handles0.5 m3/s (1066

standardcfm) air flow at 310 K and 0.31 MPa. The typicalwater loading

is 6570 ppm, but the dryer can handle up to 31,000 ppm. Exhaustair is

used to pre-chillincomingair, to help reduce the load on the

refrigerator. The dryer uses gravityto drain tritiatedwater to the

storagetanks.

Storaqe tanks. Tritiatedwater from the refrigerateddryer is held in

three stainlesssteel storagetanks. Two tanks are 57 liter size, and the

third is 757 liters. If the smallertanks overflow,the liquidwill flow

into the larger tank. The tank sizes are meant to help segregatethe

water by tritiumconcentration. The smallertanks are used in the first

six hours of ETC operation,when 99% of the tritiumrelease is expected to

be recaptured. Based on system testingexperience,a rule of thumb is

that the tritium concentrationin the TSTA buildingwould reduce by a

factor of 10 for every three hours of ETC operation. Therefore,in the

first six hours, 99% of the tritiumwould be collected. The storagetanks

can withstandpressuresup to 0.79 MPa. Water in the tanks can be

unloadedto molecularsieve beds for disposal. If a large release

occurred,and the tritiumlevels in the water are high, a determination

will be made whether if it is economicallyfeasibleto recover the

tritium. If the tritiumis recovered,it will be done on site or the

water can be packagedand sent to anotherUSDOE site for recovery.

Molecularsieve beds. These beds providethe final step in drying the

air stream before the air is recirculatedto the TSTA building. The

tritiatedwater vapor will be adsorbedon these beds. The air is passed

througheither one or two of the four beds. Of the four beds, two are

used for experiments,and two are held in readinessfor emergencyuse (to

clean up the air in the TSTA building). All of the bed chambers (large

tanks) and piping are made of stainlesssteel. Each bed holds 1.1 m3 of

type 4A molecularsieve,and the beds are sized to accept 2,000 ppm water

load in the incomingair stream,reducethat water load to I ppm in the

outgoingair stream, and to not saturatefor up to 24 hours of continuous

usage.

8



One of the beds can be regeneratedby heating. This design provision

was installedto demonstratethat a large bed can be regeneratedby

' heating. An air heater is included in the ETC system to heat an air

stream up to 755 K. The air heater is a ]00 kilowattair circulation

• heater,operatingon 4B0 Volt electricalpower, lt is made of stainless

steel, and delivers0.4 m3/s (850 standardcfm) of air. The hot air

flows counter to normal system flow, and the refrigerateddryer condenses

any liberatedtritiatedwater from the beds. If the molecularsieve needs

to be replaced,there are gloveboxesunder each of the beds to allow

gravity flow into waste drums. Freshmolecularsieve would be loaded into

the beds from the mezzanine,thus allowingreplacementwithout undue

contaminationspread.

The molecularsievewould of course be regeneratedbefore there was

any thoughtof disposal. In the event of a large tritium release inside

the TSTA building,most of the tritiumwould be captured in the water

storagetanks, but substantialamountswould also be adsorbed in these

molecularsieve beds. If that was the case, then there would be a

decision about regenerationand then molecularsieve replacement,similar

to the decisiondescribedearlierfor the storagetanks.

Valves. The ETC valves and piping are typicallymade of stainless

steel. There are air operatedvalves and manual isolationvalves. The

air operated butterflyvalves are controlledfrom the TSTA controlroom

and take air pressurefrom the TSTA compressedair lines at 0.79 MPa.

Most of the valves are not redundant. The valves and piping are helium

leak tight becausethey have to contain0.34 MPa system pressureso that

the ETC can maintain its efficiency. The high temperaturevalves are

metal sealed,and other valves have teflon seats. The air ducts are made

of galvanizedsteel. System pressure in cleanupand regenerationmodes is

controlledby pressureregulatingvalves and local controllerswith

remotelycontrolledset points. Valve EXHVl,which is an important

compressorexhaustpressureregulatingvalve, is a large air operated

• needle valve.
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4. EXPERIMENTALTRITIUMCLEANUP SYSTEM FAILUREDATA

AND AVAILABILITYANALYSIS
e

This system is unlike others examined at TSTA (references10, 11, and

12). The ETC has only been operatedduring systemcheckout and

operabilitytests, and during periodic systemtesting. Even then, the

system is only partiallyexercised,because it is imprudentand not cost

effectiveto allow the molecularsieve beds to adsorb simple water from

atmospherichumidity,rather than tritiatedwater. Other safety-related

systemsat TSTA are operatedcontinuously(suchas the tritiummonitoring

and gaseouswaste detritiationsystems) and consequentlyhave failuredata

that better reflects actualperformance. Most of the ETC system is tested

during each bi-weeklytest, but since the molecularsieve beds are not

tested,only the responseof key systemcomponentsto the test will be

evaluatedin this report. Becausethis systemhas experiencedso little

operatingtime, systemperformancedata Isuch as pipe or tank leakage)are

not plentifulenoughto make failurerate determinationmeaningful. This

analysisthen dwells on the main ETC system component(compressorsand

exhaustvalve) failuresand the overall system responsesto testing

demandsover the systemcheckoutperiod and the 8 years of TSTA

operations.

Of the 540 reportsin the TSTA data bank, 61 refer to the ETC.

AppendixB gives the summarydescriptionsof ETC failurereports from the

TSTA failure/maintenancedata bank, and Appendix C gives pertinent

excerptsfrom the ETC "logbook.Informationregardingthe type and number

of failures for the compressorsand exhaust valve from these two sources

is summarizedin Table I. CompressorI has had 14 failures to start and

15 failuresto run. Compressor2 has had 10 failuresto run and no

failuresto start. The valve EXHVl,which controlssystem backpressure

(consequentlykeepingthe catalystbed hot to efficientlyremove tritium

from the gas stream),has experienced5 eventswhere it could not operate

adequatelyto controlpressure. We also see that the ETC system began to

operatemore reliablybeginningin 1987. Therefore,the transitiondate

from early life or pre-operationaltestingto useful life is assumedto be

January I, 1987. This assumptionis discussedfurther in AppendixA.
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TABLE I. ETC FAILUREEVENTS FROM THE FAILUREREPORTSAND LOGBOOK

" Citation Source Event Date ComponentName FailureMode

Logbook 09/20/82 CompressorI Fail to run (FTR)

" Logbook 11/17/82 Compressor1 Fail to run

Logbook 11/19/82 CompressorI Fail to run

Logbook 11/19/82 CompressorI Fail to run

Logbook 11/19/82 CompressorI Fail to run

Logbook 12/09/82 CompressorI Fail to run

Logbook 06/21/83a CompressorI Fail to run

Logbook 06/2]/83b CompressorI Fail to run

Logbook 06/21/83c Compressor I Fail to run

Logbook 07/12/83 CompressorI Fail to run

Logbook 10/27/83 CompressorI Fail to run

Logbook 12/20/83 CompressorI Fail to run

report #004 01/03/84 Compressor] Fail to run

report #051 07/09/84 CompressorI Fail to run

report #143 08/13/85 Compressor1 Fail to run

CompressorI total 15 FTR events

0 FTR events after 1986

Logbook 02/16/83 CompressorI Fail to start (FTS)

Logbook 02/22/83 Compressor] Fail to start

Logbook 11/22/83 CompressorI Fail to start

Logbook 12/20/83 Compressor] Fail to start

Logbook 01/21/84a CompressorI Fail to start

Logbook 01/21/84b Compressor I Fail to start

Logbook 01/21/84c Compressor] Fail to start

Logbook 08/28/85 Compressor] Fail to start

report #006 01/16/84 CompressorI Fail to start

report #099 03/13/85 Compressor I Fail to Start

report #]35 07/17/85 Compressor] Fail to start

report #141 08/07/85 Compressor] Fail to start

report #256 08/]7/86 Compressor] Fail to start

report #285 11/26/86 CompressorI Fail to start

Compressor ] total 14 FTS events

0 FTS events after 1986
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TABLE I. ETC FAILURE EVENTS FROM THE FAILUREREPORTSAND LOGBOOK (con't)

CitationSource Event Date ComponentName FailureMode

Logbook 12/01/82 Compressor2 Fail to run

Logbook 03/10/83 Compressor2 Fail to run

Logbook 03/17/83 Compressor2 Fail to run

report #013 02/06/84 Compressor2 Fail to run

report #047 06/13/84a Compressor2 Fail to run

report #047 06/13/84b Compressor2 Fail to run

report #090 02/20/85a Compressor2 Fail to run

report #090 02/20/85b Compressor2 Fail to run

report #123 06/15/85 Compressor2 Fail to run

report #251 06/06/86 Compressor2 Fail to run

Compressor2 total 10 FTR events

0 FTR events after 1986

note: there were no logbookentriesor failure reportsfor compressor2

failing to start on demand: Compressor2 total 0 FTS events

Logbook 08/22/83 Valve EXHVl Fail to operate (FTO)

Logbook 11/22/83 Valve EXHVI Fail to operate

report #007 01/16/84 Valve EXHVI Fail to operate

report #089 02/20/85 Valve EXHVl Fail to operate

report #100 03/13/85 Valve EXHVl Fail to operate

Valve EXHVI total 5 FTO events

0 FTO events after 1986

Note: Scanningthese data shows that the ETC reacheda transitionbetween

pre-operationalreliabilityand useful life reliabilityat the beginningof

1987. Therefore,to define the componentreliabilitychange between

pre-operationand useful life, the time periodsof 1982-1986and 1987-1992

are comparedin this report.
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Scanning the event dates from Table I also shows that as the system

pre-operationaltests were performed,personneldealt with component

" failures. Drive belt problemswith compressorI were eventuallysolved by

using steel belts and correctbelt tensionto precludeslipping,

" overheatingand smoking,squealing,flapping,or any other sort of major

problem. Softwareproblemsin controllingthe units have been solved.

Early problemswith the valve controllerunits and associatedcomputer

controlcircuitry(miswiring,etc.) for the valve controllershave been

corrected. These are expected repairsand correctionsthat occur as any

system matures.

The operatingdata for the compressorswere gathered from the logbook,

operatingprocedures,and from interviewswith TSTA operators. The

operatingtime and number of start demandsfor the pre-operationstest

phase were countedfrom the logbook. After the ETC system began to

exhibitgood reliabilityin the 1987 to 1992 time frame, the operating

time and demandswere estimatedfrom the operatingprocedures. The

transitiontime from the bi-weeklyto monthlycompressoroperabilitytests

was August 30, 1990. Therefore,each compressorwas tested twice a month

until September1990, then only once a month thereafter. The ETC logbook

for the latteryears of operationwas not kept as rigorouslyas the first

severalyears, becausePreventiveMaintenance(PM) record sheetswere used

to record typicalETC tests.

The estimatednumber of start demands and operatingtime for the

compressorsare given in Table 2. The valuesgiven in the table are

conservativelylow for severalreasons. First, only documentedruns were

countedfrom the logbook (judgingby the dates in the logbook,not all

weekly runs were recordedafter the PM sheetswere introducedin 1985).

Also, personneldo not rememberexactlywhen compressorI became

operationalin 1982, so only the logbookentries from the latter part of

that year have been counted.

Table 2 alsoyields the total ETC system information,becausethe

compressorsdo not run simultaneously. Compressor2 is always a backup to

compressorI, but it is tested separately. Therefore,the total run time

for both compressorscombinedequalsthe system testinghours, or 448.4

hours, from late 1982 through 1992.

13



TABLE_. COMPRESSORSTART DEMANDS AND OPERATINGTIMIZFROM 1982 TO 1992

Information Number of

Compressornumber source Start demands Operatinqhours

I

CompressorI 1982 logbook 18 8.2

1983 logbook 36 32.0

1984 logbook 12 11.8

1985 logbook 14 ]6.5

1986 personnel 26 26

1987 personnel 26 26

1988 persunnel 26 Z6

19d9 personnel 26 26

1990 personnel 20 20

1991 personnel 12 12

1992 personnel 12 12

CompressorI recordedtotals"228 start demands, 2]6.5 operatinghours

For 1987 and on, 122 start demands,122 operatinghours

Compressor2 1982 logbook 3 0.9

1983 logbook 24 30.4

1984 logbook 24 42.6

1985 logbook ]2 10.0

1986 personnel 26 26

1987 personnel 26 26

1988 personnel 26 26

1989 personnel 26 26

1990 personnel 20 20

1991 personnel ]2 12

1992 personnel 12 12

Compressor2 recordedtotals"211 start demands,231.9 operatinghours

For 1987 and on, 122 start demands, 122 operatinghours

Total ETC run time from 1982-1992is 216.5 + 231.9 = 448.4 hours

14



Using the data presentedin Tables I and 2, failurerates were

calculatedfor the main ETC components. The early operationtime frame

• (1982 to IgB6) and later operation (1987-1992)are comparedin Table 3.

Comparingthe hourly (/h) and demand (/d) failurerate values given in

" Table 3, it is evidentthat the pre-operationalphase (also called

burn-in)had more failuresand a shorteroperatingtime than the later

operationaltime. Pre-operationstestinguncoveredmany so-called"burn

in" failures,and it is typicalthat the failurerates will be higher

during initial,pre-operationaltesting. The point estimate (or average)

failurerates are much larger in the pre-operationalphase, from factors

of 8 for the valve to over 20 for compressorsfailingto run, than in the

useful lifetimephase of operation.

There are severalcases to considerfor the ETC average availability.

The entire system has not been modeledwith a fault tree for this

exercise,so this result is only a scopingvalue. However,the

reliabilityof the major componentshave been considered. Four major

events for the compressorsand the exhaustpressurecontrolvalve function

must be consideredto estimatethe ETC average availability. The four

compressorcases are: a) compressorI fails to start and compressor2

also fails to start; b) compressorI fails to run and compressor2 fails

to start; c) compressor ! fails to start and compressor2 fails to run;

and d) both compressorsfail to run. These four cases must be combined

with the EXHVl valve failurerate to obtain a bound on the system

unavailabilityover a 20 hour (100grams of tritiumrelease)14 cleanup

mission. The 20 hour cleanuptime assumescompressorI operates. The

smallercompressorwould need about 50 hours for the same cleanup

mission. To arrive at an averageavailabilityestimate,the mission time

is halved,assumingthat compressorI fails halfwaythroughthe mission

(at 10 hours) and compressor2 picks up half of its own mission time (25

hours). The failure probabilitiesfor the four cases are discussedbelow.

The u.._fullife componentfailurerates from Table 3 are used in these

calculations. An importantassumptionhere is that these failure rate

calculationswere based on a failurerate for zero failuresover the

1987-1992time period. While there are differentapproachesfor
15,16,17

calculatingthe mean failurerate for the zero failurescase,

using the 50% chi-squaredistributionwith two degreesof freedomproduces

15



TABLE 3. FAILURERATE CALCULATIONSFOR THE TSTA ETC SYSTEM

Demands (d)

Component Failure Number or Point estimate 95% upper

type mode of events run tim.e__(.b_Failurerate bound

Pre-operationsTime Frame.(1982-1986)

CompressorI FTR 15 94.5 h 1.6E-O1/h 2.4E-O1/h

CompressorI FTS 14 106 d 1.3E-Ol/d 2.1E-Ol/d

Compressor2 FTR 10 109.9 h 9.lE-O2/h 1.SE-Ol/h

Compressor2 FTS 0 89 d 7.8E-O3/d(a) 3.4E-O2/d

Valve EXHVI FTO 5 204.4 h 2.4E-O2/h 5.lE-O2/h

Useful Life Time Frame (1,987-]992)

CompressorI FTR 0 122 h 5.7E--O3/h(a) 2.5E-O2/h

CompressorI FTS 0 122 d 5.TE-O3/d(a) 2.5E-O2/d

Compressor2 FTR 0 122 h 5.TE-O3/h(a) 2.SE-O2/h

Compressor2 FTS 0 122 d 5.7E-O3/d(a) 2.SE-O2/d

Valve EXHVl FTO 0 244 h 2.8E-O3/h(a) 1.2E-O2/h

(a) The point estimatefailurerate for zero failures is calculatedby

using a 50% chi square distributionon 0 events,as given in [15].
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a conservativefailurerate value. The four compressorcases are outlined

below:

Compressor I FTS and compressor2 FTS, I demand each, the probability=

• (5.TE-O3/d)(1demand)(5.TE-O3/d)(1demand)= 3.2E-05 for both

compressorsfailingto start when called upon

Compressor I FTR and compressor2 FT$, using 20 hours as the basis for an

ETC systemmission,the probability= (5.TE-O3/h)(20hours)(5.7E-O3/d)

(I demand)= 6.4E-04for both compressorsbeing unavailable

Compressor I FTS and compressor2 FTR, using I start demand and 50 hours

for an ETC system mission,the probability= (5.TE-O3/d)(1demand)

(5.TE-O3/h)(50hours) = 1.6E-03for both compressorsbeing unavailable

CompressorI FTR and compressor2 FTR, using 10 hours as the basis for an

ETC systemmissionfor compressor1 and 25 hours for compressor2, the

probability= (5.TE-O3/h)(10hours)(5.7E-O3/h)(25hours) = 8.1E-03 as

an averagevalue of both compressorsbeing unavailable

These resultsmust be combinedwith valve EXHVI failingto operate.

Using 25 hours as the mid-pointof the longestrun time to find the average

valve failureprobabilitygives (2.SE-O3/hour)(25hours) = 7.0E-02.

Combiningthis resultwith the four cases above gives a sum of about 0.08.

Therefore,the average ETC system availabilitybased on these data is I -

0.08 = 0.92, or 92%. Even though these failurerates may not be constant

values,the availabilityis in the 90_ range. The 92% availabilityvalue

can be comparedto earlierETC work by Bruske13. Bruske made an estimate

of the ETC failureprobabilityusing fissionreactor-basedfailurerate

data and found a point estimatevalue of IE-02 over a 24 hour mission time,

in other words, 99% available. The ETC availabilityvalue obtained from

operatingexperiencederivedestimatesfor the maximal run time is 7_ lower

than Bruske'sestimate. These resultsagree quite weil, especiallywhen

consideringthat the ETC componentfailurerates are probably not constant

values• Also, for smallerreleases (less than 100 grams of tritium),the

ETC would need to run for a lesser amount of time, and the average

availabilityfor shorterruns would be higher than 92%.

The averageavailabilityvalue for the ETC is dominatedby the EXHVI

valve failingto operate as required. The valve failure rate from ETC

17



experienceis larger than other values in the literature,as shown in the

next section. Further study would be needed to definitelyascertainthe

true ETC availabilityva_.ue,accountingfor all ETC componentsrather than

just the major system components.

Another possibilityto consider for ETC availabilityis human

interventionto repair the ETC system. Personnelcould enter the area

wearing bubble suits and affect repairs if the systemwere not too badly

damaged.14 For example,bubble suited personnelcould repair one

compressorif both have failed,or repair a stuck valve, lt is noted that

bubble suit work can lead to contaminationduring an off-normalevent,18

but with caution, personnelinterventionis possible in many of the failure

events cited in the Appendices,althoughworking in suits would take time.

Future experimentswould house the ETC componentsin a separateroom, where

bubble suits would not typicallybe needed to performany repairs.
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5. RESULTSCOMPARISONTO OTHER EXPERIENCES

Compressorfailure rates, air operatedvalve failurerates, and

overall system failurprates are comparedin this section. Failurerate

• values from a varietyof s_urceshave been collectedand shown in Table

4. There is a wide discrepancyin the reportedvalues. Rates for ETC

compressorsfailingtc start show the least discrepancy,a factor of about

2 more than publishedvalues. Compressorhourly failurerates vary by a

factor of about 60, and the largestdiscrepancyis with the exhaust

valve. Some of these _iscrepanciescould be caused by differencesin

calendarhours versus op,_ratinghours, types of compressorsand usage

(standbyversus continuousoperation),componentboundarydifferences

(such as inclusionof the compressormotor with the compressorunit), or

cther factors. Still, the wide discrepancyleads us to suspectthat Lne

TSTA values are not steady state (constant)failurerate values. This is

reasonablebecauseof the short operatingtime of the E,C system. The

existingTSTA values need to be comparedstrictlyto standbycomponent

failurerates. UnfortL,nat_ly,readilyavailabledata sourcesare not so

comprehensiveas to have standbycompressorinformation. Nonetheless,

these ETC data are still valuablefor fusion safetywork.

The overall system _ailJre rate or availability is not as easily

compared to other work beca[se of design differences and the fact that

much of this information from other facilities is sensitive or

proprietary. However, Bell and Ballantyne 25 report an average failure

rate for an emergency detritiation system on the Joint European Torus

activated gas handling systen_ of 8E-O4/hour. For a 20 hour run, the

overall failure probability of this system would be 0.016, or 98.4%

available, compared to TSTA's 92% available. Hedley et al. 26

qualitatively state that the Mound Laboratory continuous air detritiation

system has implemented several improvements, such as installing a third

compressor with complete spare parts availability, to increase system

reliability. Gildea 27 also qualitatively addressed reliability of the

Sandia Tritium Facility cleanup system. That system has also functioned

quite well over 70,000 hours of operation, but both the Mound and Sandia

systems are more similar to the TSTA Tritium Waste Treatment system, which

has also had good reliabilityover its lifetime._v

i
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TABLE 4. COMPARISONOF COMPRESSORAND AIR OPERATEDVALVE FAILURERATES

Component FailureRate Upper Bound Failure ReferenceNumber

Name (/h or /d) FailureRate Mode for Data Source

Compressor 3E-O3/d IE-O2/d FTS 13

5E-O3/d 1.SE-O2/d FTS 19

2.9E-O3/d 2.7E-O2/d FTS 20

TSTA ETC compressor1, FTS = 5.7E-O3/d,upper bound = 2.SE-O2,;d

TSTA ETC compressor2, FTS = 5.TE-O3/d,upper bound = 2.SE-O2/d

Compressor 4E-O5/h 1.2E-O3/h FTR 13

IE-O4/h IE-O3/h FTR 19

9.6E-O5/h 2.2E-O4/h FTR 20

3.4E-OS/h not given alI 21

1.gE-O2/h 2.gE-O2/h all 22

TSTA ETC compressorI FTR = 5.7E-O3/h,upper bound = 2.SE-O2/h

TSTA ETC compressor2 FTR = 5.7E-O3/h,upper bound = 2.5E-O2/h

Air-operated

Valve IE-O6/h not given blocked 21

1.2E-O6/h 3.5E-O4/h all 23
=

IE-O6/h 1.5E-O6/h FTO 24

TSTA ETC valve EXHVI, FTO = 2.8E-O3/h,upper bound = 1.2E-O2/h
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6. CONCLUSIONSAND RECOMMENDATIONS

The ETC system has been investigatedto determineits average

availability An averagepoint estimate availabilityis 92% for the

largesttritium releaseevent. While the componentfailurerate results

do not appear to be steady state (constant)values,they are still

valuable. Other valuableinformationhas been found about problemswith

early ETC operation. Carlsonet al.8 and the ETC logbookprovide

severalexamples of typicalproblemsthat can occur with system design and

construction. One pre-operationalevent, a motor winding short circuit,

occurredbecause the compressorI motor was not properlyqualifiedby the

manufacturerto operateat an altitudeof 2195 mo Another event occurred

when the paint in the compressorexhaustmanifold began flakingoff and

circulatingin the system. The barium sulfatepaint began corrodingthe

systemhumiditymonitors and there was also a concernthat the paint would

also contaminatethe catalystbeds. The logbookalso states that there

were occasionswhere valves had been installedbackwards. Foreign

materials,such as dirt and metal shavings,were found in the instrument

air lines, and foreignmaterialswere Found in the compressor 1 pistons,

etc. Other operationalproblemsincludedcomputersoftwareproblems,

compressormotors drawingtoo much startingcurrentfor other TSTA

electricalloads to be continuedsimultaneously,and operatoreducationto

properlyoperate the equipment. These problemsare recorded in AppendixC

and by Carlson et al.8

These failurerate data are importantto considerfor standby systems,

such as other air detritiationsystems. While systemssuch as the TSTA

ETC may not be used for larger applications,28 these data can be used to

augmentany generic failurerate data appliedto standbycomponents.

Since standbyequipmenthas the potentialto degradewhile waiting to

operate,higher failurerates than those found in genericdata handbooks

would probably be appropriate. We recommendthat TSTA ETC data be

recheckedperiodicallyto determinehow much variationthere might be inb

the componentfailurerate values given in this report.
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APPENDIXA

STATISTICSFOR FAILURERATES

The failure rates for TritiumSystemsTest Assembly (TSTA) large

compressorsand the exhaustpressurecontrol valve in the Experimental

TritiumCleanup System (ETC) were calculated. The failure rates per

operatinghour and per compressorstart demand were determined. Examples

of the calculationsare given in this appendix.

Severalnotes should be made about the calculations:

- The ETC has never had to run for an actual tritium release inside

the TSTA building,even though the system has used over 100 grams

of tritium in the processsystems. The data used here are from

system initializationand pre-operationaltesting and from

periodicequipmenttests in the useful life phase. These data

are presentedin Tables I and 2 in the main body of this report.

- Some operationsfrom 1982 and 1983 were counted for ETC

compressorstarts,faults,and run times. The first overall

facility tritiumrun was performedat TSTA on June 25, 1984. The

ETC was not requiredto be operationalat that point in time

because it is only a demonstrationsystem. Since the ETC

exhibitedgood reliabilitybeginningin 1987, its lifetimewas

divided into the 1982-1986early life phase and the 1987-1992

useful life phase. OperationalFailurerates were calculated

based on 1987 and later demands and operatinghours.

- Eventswhere the compressorstrippedoff line for a valid concern

(overtemperature,high vibration,etc.) were not countedas fault

events. Operationaloccurrencessuch as those must be an

expected part of systemoperations. Electricpower outageswere

not counted as compressorfaults,either.
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Failurerate calculationsfor compressors

• The point estimate,lambda,or averagefailurerate per unit time is:

lambda = X/t = (totalnumber of failures)/(totalamountof operatingtime)

where X = Total number of componentfailures

t = Total time of componentoperation,in hours, h

The number of demands (d) can be substitutedfor operatingtime, t, to

yield a demand failurerate. Confidencebounds for lambda are based on

formulas (28.1)and (28.2)in referenceA-I. These equationsare:

Lower 5% ConfidenceBound on lambda= CL/(2*t)

Upper 95% ConfidenceBound on Iambda = CU/(2*t)

where CL = 5% Lower Chi-squaredstatistic= Chi-squared(.O5,2*X)

CU = 95% Upper Chi-squaredstatistic= Chi-squared(.g5,2*(X+1))

The failurecounts and hours of operationfrom Tables ! and 2 of the main

report are given below for each of the components•

Demands (d)

Component Number or

tvDe Failuremode of events run time (h)

Pre-operationsTime Frame (1982-]986)

Compressor] Fail to Start 14 ]06 d

CompressorI Fail to Run 15 94.5 h

Compressor2 Fail to Start 0 89 d

Compressor2 Fail to Run 10 109.9 h

Valve EXHVI Fail to Operate 5 204•4 h
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Demands(d)

Component Number or

type Failure mode of events run time (h)

Useful Life Time Frame (1987-1992)

CompressorI Fail to Start 0 122 d

CompressorI Fail to Run 0 122 h

Compressor2 Fail to Start 0 122 d

Compressor2 Fail to Run 0 122 h

Valve EXHVI Fail to Operate 0 244 h

ConsideringcompressorI in the 1982-1986time frame and the failure

to run failuremode, the failure rate is:

Lambda [fail to run] = X/t = 15/94.5= 1.6E-01failures/hour

CU = Upper Chi-squaredstatistic= Chi-squared(.95,2*(15+1))= 46.2

Upper 95% ConfidenceBound = 46.2/(2*94.5)= 2.4E-OI/hour

note: the Chi-Squareddistributionvalueswere taken from

referenceA-2.

The case of compressor2 failureto start is more complex becausethe

traditionalmeans to find a point estimatewould yield a failure rate of

zero failuresper demand. Therefore,from referenceA-3, a 50% median

Chi-squareddistributionwith two degrees of freedom is used to calculate

the average failurerate. For compressor2 failingto start in the

preoperationaltime frame:

Lambda [fail to start]= Chi-squared(0.5, 2(X+1))/2*d

Chi-squared(0.5, 2(0+I))= Chi-squared(0.5, 2) = 1.39
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Lambda [fail to start]= 1.39/(2"89)= 7.8E-O3/demand

The g5% upper bound is found in the typicalway:

e

CU = Upper Chi-squaredstatistic= Chi-squared(.g5,2"(0+I))- 5.99

Upper 95% ConfidenceBound = CU/(2*d) - 5.99/(2*89)= 3.4E-02

faiIures/demand

The other failurerates, particularlythose in the 1987-1992time frame,

are calculatedin the same manner. The failurerate values and upper

bounds are given in Table 3 of the main report.
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APPENDIXB

SUMMARYDESCRIPTIONSOF EMERGENCYTRITIUM CLEANUPSYSTEM

FAILUREREPORTSFROM 1984 TO 1992

This appendixgives brief summariesof each of the EmergencyTritium

CleanupSystem (ETC) failurereportsfrom the Tritium SystemsTest

Assembly (TSTA). Table B-I lists the summary informationfor each of the

failurereports in chronologicalorder. The report numbers, referredto

as identificationnumbers in the main body of the report,are unique.

While TSTA began tritiumoperationon June 25, 1984, the construction

activityfor most systemswas completedin 1983 or earlier. There are

logbookentries that cite ETC tests and problems in the 1982, 1983, and

early 1984 time frame. AppendixC gives logbook run times, start demands,

and discussesoperationalproblems for the ETC compressorsand other

equipment.

The ETC has been test operatedover the entire time that TSTA has been

operational. The ETC has never been used for actual cleanupof test cell

air, becauseno significantamountof tritiumhas ever been released into

the TSTA test cell. Since the entire ETC is not tested (to avoid loading

the emergencymolecularsieve beds with hydrogen from atmospherichumidity

insteadof tritium),some of the reportscited here will not be analyzed

for failurerates. Other equipment,such as system piping,has not been

used for enough hours of test operationto give statisticallysignificant

failurerates. °

The ETC is operated from TSTA's Master Data Acquisitionand Control

computer (MDAC) in the control room. The control room displaysof system

parametersand alarms are referredto as the man-machineinterface(MMI).
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APPENDIX C

SUMMARYOPERATIONS INFORMATIONFROM THE ETC LOGBOOK

This appendix containsexcerptsfrom the ExperimentalTritium Cleanup

System (ETC) logbook kept by systemoperatorsat the Tritium SystemsTest

Assembly (TSTA). The log begins in SeptemberIgB2, and entries for the

first logbookended in September1985. After that time, the preventive

maintenance(PM) data sheetswere used to documenttest runs, so logbook

entriesbecame more maintenance-oriented.Logbookexcerpts providecounts

of equipmentstart demands, failureto start (FTS) occasions,failure to

run (FTR) events, and run times for failurerate calculations. The FTS is

definedas a failureto start up and assume load. Failureto run is

definedas a successfulstart and then some sort of spuriousshut down,

for example: an incorrecttrip signal,mechanicalfault,or a shut down

from other spuriouscauses. Actual trips for equipmentprotectionwere

not counted, and supportsystem faults (such as circuit breaker spurious

openings)were not includedbecausethey are outsidethe component

boundary.

Entries are reproducedhere for only the informationconsidered

importantto the scope of this report. Compressorstart demands and run

times are summed to give early lifetime (pre-1987)usage estimates. Table

C-2 highlightssome of the generalproblems associatedwith ETC system

constructionand operation. These problems are often shared by other

systems.
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_ABLE C-l,. ETC LOGBOOK EXCERPTS
Date .... Descriptionsf the loqqed event or _c_iQn

0g/13/82 Compressor2 arrivedon site (compressorI is already
installedin the system)

q

0g/14/82 Compressor2 was moved into position

09/20/82 Ran compressorI at 100% for 15 min, 25% for I0 min, and 0%
for 5 min. One spuriousshutdownwhile changing load
percentage

11/17/82 Ran compressorI to removeWD-40 (lubricant)from the
cylinders,ran for 41 min, shut down when heard belt
noises. RestartedcompressorI when maintenancepersonnel
arrived,only ran a short time.
Ran compressorI for 40 min while maintenancesprayedbelt
dressing and said slippagenoise would decrease as belts
are seated. Shut down compressordue to excessivenoise
levels in pit. Air drawingthrough filter coverswas the
problem.

11/19/82 Ran compressorI for 20 min to test valve positioning
Ran compressorI for 26 min to test auto start circuitry
CompressorI shut down on high vibration(falsesignal)
CompressorI restarted,ran 9 min more
Restartedtest after lunch,compressorI ran for 16 min,
but anothervibrationtrip occurred. Believeproblem is in
transducer.

11/22/82 Ran compressorI to check on building vibrationresponses
(about 15 min). CompressorI started,but the belt flapped
badly, so it was shut down. Restarted,ran up to 25% load,
but duct work outsideon buildingroof was vibrating
badly. Deep pulsingis being transmittedto the supports
and roof.

11/24/82 Ran compressorI on emergencydiesel power (about 15 min)
Checked roof vibrationagain.

11/30/82 Compressor2 is set up to run now.

12/01/82 Startedcompressor2. Many problemswith incorrectset
points for alarm parametersand instrumentreadings, lt
was shut down. Restartedlater. (totalrun about 15 min)
Compressor I was startedand run for about 5 min to check
out the belt noise

• ]2/02/82 Ran compressor2 for 39 min
(startedand stoppedcompressor2 from the controlroom)

12/09/82 Ran compressorI for 20 min to check vibration
RestartedcompressorI, ran for severalhours (2 hrs).
Restartedat 100% load, and it trippedoff. Restarted
again, ran for 1.5 hours.
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!__B_EC-l, ETC LOGBOOKEXCERPTS(con't)
Date p_scription of the loqqed event or action

12/15/82 Pressure tested ETC system. Found large leak on south
filter cover of compressor 1. Needs new gasket. Bolt hole
in separatorinspectionplate was blowing by.

12/17/82 Ran compressor1 for about 15 min for vibration inspection.
At 1600 hours, a loud noise was heard in main experiment
room. A sectionof exhaustduct had collapsed. (12/20/82;
The theory is that an exhaustfan causes negativepressure
in the duct and the main experimentroom ventilationalso
causes negative pressure. Betweenthe two, there was
enough negative pressureto cause the duct to collapse.)

12/20/82 Receivednew compressorbelts.

12/21/82 Ran compressorI for 28 min to monitor vibrations

01/03/83 Ran compressor I for vibrationtests (50 min)
CompressorI would not unload at 30 min, ran out to 50 min
before it would unload
Ran compressor I for 30 min after spraying belts, no
vibrationor squealswere received

02/02/83 Ran compressor2 for 15 min

02/07/83 Ran compressor I for 4 hours

02/10/83 Ran compressor I for 10 min. Tried to blow dry the water
storagetanks. The valves were plumbed backwards. They
were fixed.

02/11/83 Ran compressor2 for I hour.

02/15/83 Ran compressorI for 4.5 hours for temperaturetesting
Ran CompressorI for 2.5 hours for air injectiontesting

02/16/83 Ran compressorI on emergencydiesel power for 40 min, then
lost diesel power to the compressor. Tried to restart
compressorI, but breakeron motor control center (MCC) C
had blown. Attemptedanotherrestart, but compressorI
would not start.

02/22/83 Tried to start compressorI, but the circuit breakeron
MCC-C trippedopen. Motor was shorted, lt was removedto
send to the electricalshop for rewinding.

02/23/83 Ran compressor2 for 2.6 hours, testing the dryer system

03/01/83 Ran compressor2 for 2.25 hours to test computer
interfacing

03/I0/83 CompressorI motor would not cool well enough at high
elevationlike TSTA. Should start motor maximumof 4 times
per hour to keep temperaturelow.
Ran compressor2 to test new controls, lt tripped and was
restarted. Run about 15 min.
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TABLE C-!. ETC LOGBOOKEXCERPTS (cQn't)
Date ..... DCs_riDtionof the loqqedevent or a_tion

03/11/83 Ran compressor2 to set valve controls for it, 60 rain.

• 03/14/B3 Ran compressor2 for hydrogenadditioncalibrationtest,
about 2 hours.

03/16/83 Ran compressor2 to set backpressureregulator,45 min.

03/17/83 Ran compressor2 to check orifice. Ran for 2 hours. Had a
serioustrip from vibration,restartedunit.

03/24/83 Ran compressor2 for a 15 min demonstration

04/04/83 Ran compressorI for hydrogeninjeL_iontests, about 15 min

04/06/83 Ran compressor2 for hydrogeninjectiontests, about 15 min

04/18/83 Ran compressor2 to collectgas chromatographsamples,
about 15 min

04/28/83 Ran compressorI for catalystbed tests, 35 min
Ran compressor2 to check regulatorsetting, 15 min

05/11/83 Ran compressorI on the emergencydiesel. Belts smokedto
the extent that a fire was expected (no fire occurred).

05/18/83 During startuppreparationsfor compressor2, valve CV-5
did not open. Got it open. Compressor2 then trippedon
high exhaustpressure. The water regulatingvalve was
erratic.

05/23/83 Startedcompressor2 to check repairsto water regulating
valve. Ran 2.5 hours

05/25/83 StartedCompressorI to heat up belts for mechanic to
adjust them. After 5 min, belts were smoking, turned off
compressorI. Belts were grosslymisaligned. Mechanics
realignedthem. StartedcompressorI to check work, after
10 min the belts slippedconstantly. Mechanicssuggested
steel cable belts. Spare belts are wrong sizes, not for 8
groove pulleys (one belt is correctat 4 groove, the other
belt is a 5 groove).

05/31/83 Ran compressor2 for 8 hour heatup testing.

06/02/83 Ran compressor2 for a one hour heat up test.

06/06/83 Put belts on compressorI, cut one groove off of the five
groove belt. Need to run, then retighten. Compressor]

- ran fine at 100_, belts flop at 25% load.

06/21/83 Ran compressorI for heat up test for about 10 min,
vibrationtrip. Ran another 10 min, another trip, then ran
for 5 min, then anothertrip.
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!ABLE C-I. ETC LOGBOOK EXCERPTS (con't)
Date Descriptionof the logged event or action

06/22/83 Valve CV-4 did not open on demand. Valve was dirty, lt is
an air operated valve, using nitrogen insteadof air.
Compressor2 ran for 2.25 hours.

06/23/93 Receivednew belts for compressorI, ran it I_25 hours,
trip on system pressureincrease,then ran another 10 min

06/24/83 Startedcompressor _, ran 25 min

07/05/83 StartedcompressorI, ran 30 min for heatingte_t.
Refrigerateddryer was running,too.
;_oisemeasurementsnear compressorI were 105-108
decibels. The stay time without ear protectionis 7.5 min

07/07/83 Ran compressorI for refrigerateddryer test
MechanicsobservedcompressorI for a 30 min run. Belts
start_:dto slip but pressure is correct
Noisiestplace during FTC operation is near valve EXHV-I,
at 116 decibels. NoteQ that every 27 sec, compressorI
load changed slightly,then at every 57 min, the compressor
,illpressurewould oscillateand the belts would start to

slip.

07/12/83 Ran compressorI for refrigerateddryer test, the belts
were slippingso compressorI was shut down at 13 min
Startedcompressor2 to finish test, ran it 46 min.

07/26/83 Ran compressorI to investigatethe problem (18 min).
lhen,opened inspectioncovers to further investigate.
Found spiral marks on piston rod every 2 inchesfor a 10
inch length. About a tablespoonof oil (about 15 ml) was
in cylinder#I, same marks and about 8 ounces of oil (about
120 ml) was in cylinder#2. Closed and ran compressorI
for 16 min.

07/28/83 Sprayed compressorI belts with belt dressing,and ran
compressorfor about I hour

07/29/83 Ran compressorI for 4.6 hours, for a dryer test. Heard a
noise. Upon investigation,found the housingon the pulley
end of the motor was hot. Could be a bearing is going out.

08/03/83 Started compressorI for techniciansto check it out. 12
min run. Technicianssaid belts were too tight, loaded
bearingswrong. Bearingsare starting to get bad, but not
too bad yet.

n8/08/83 Mechanicsarrivedto change compressorI oil and belts.

08/09/83 Sprayed dressingon belts, ran compressori for 3 hours.
Valves COV-3, COV-4 did not open on demand, blown fuses.
Refrigerateddryer trippedoff from faultypressure
switch. The drjer dischargedpieces of black and silver
material. R. Carlsonthinks it is catal',st.
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TABLE C-I. ETC LOGBOOKEXCERPTS Ccon't)
D_te Descriptionof the loclcledevent or action

08/I_,/83 Drained another2.5 liters of water from the dryer, lt had
more black and silver material in it.

08/2_!/83 Ran heatingtest with compressor1, I hour.
Rah heatingtest with compressorI, 30 min. Had problem
with valve EXHV-I,bad controller.

08/24/83 Inspectedvalve controllers,dirt in and on diaphragms
(very fine brown deposit)and metal shavings from pipe
threadingwere in instrumentair lines.

10/25/83 Dirt was flushedfrom systemwith air and 21 gallons (about
80 liters)of water. Water from the fourth flushingcame
out clear.

10/27/83 StartedcompressorI, would not run due to software
problems. When it startedand went to 100% load, software
caused the compressorto shut itselfdown. Waited 20 min
for motor cool down. RestartedcompressorI for a 2.5 hour
run.
Stoppedcompressor1, startedcompressor2, and ran it for
I hour. Compressor2 did not stop correctly,the valves
began to close before the compressorstopped.

11/04/83 Checkedout compressor2 problem,it is a softwareproblem.

11/09/83 Ran compressor] for 45 min for a ventilationtest.

11/17/83 Noticedboth belts on compressorI had jumped over one
notch outwards. Will replacebelts. Will try an '0'
notchedbelt.

11/22/83 Startedcompressor1. Computermalfunction. Restarted
compressorI for a 15 min run. EXHV-I valve is erratic.
replaced3-way transduceron valve EXHV-I. Restarted
compressorI, tested refrigerateddryer - dryer acts like
it is pluggedon the outlet. CompressorI ran for another
2 hours.

11/28/83 Mechanicssuggesteda 10 notch belt pulley, and if that
doesn'thelp, then try using an idler pulley for keeping
proper belt tension at all speeds.

12/20/83 StartedcompressorI - it would not start due to a software
problem. Got it startedand ran for 45 min, but run

• terminatedbefore plannedtime due to excessivebelt
slippageand smoking, lt took 20 min for the smoke to
clear from the building. Startedcompressor2, it ran for
1.5 hours.
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TABLE C-I. ETC LOGBOOKEXCERPTS (con't)
- Date _ Descriptionof the loqqed event or action

01/03/84 Started compressorI, ran it for 1.5 hours. Had to shut it
down due to belt slippageand abnormalnoise emanating from
the motor.
RestartedcompressorI, turned it off I min later due to
high vibrations. Reset switches and breaker on MCC-C, but
when restartwas tried, it trippedon high vibration
again. People smelleda faint 'electricalsmall' near the
switches.
Mechanic looked at compressorI motor - and turned it over
by hand. They heard a faint ticklngnoise throughoutthe
motor. Stethoscopedthe motor and confirmedthat the
bearings are going out. The bearingsneed replacement.
Will attemptto replacethe bearingswith the motor in
place.

01/09/84 Started compressor2, ran for 15 min
Startedcompressor2 again, ran it for 7.5 hours

01/16/84 CompressorI knockingwas a .05 cm piece of steel stuck to
the south face of th_ north piston. While working in the
compressor,we took some paint samples. Analysis showed
barium and sulphur,the combinationneeded to deteriorate
the ETC systemprobes.

01/19/84 CompressorI was reassembled. Testinggave the same
noise. The inspectioncover for the north piston was
opened, and a 0.5 cm long piece of wire was found and
removed. The next compressorI test was good. lt ran for
5 min at 100% load.

01/21/84 Startedcompressor1. lt trippedthe main breaker in the
5501 building. Breakerswere reset. Restartedcompressor
I. lt trippedthe breaker open again. We depoweredthe
stack fan to reduceelectricalloads and then restarted
compressor1. lt worked fine, so we turned it off after 2
min. Returnedfan load, restartedcompressor] and it
tripped the main breakeragain.

01/31/84 StartedcompressorI, ran it for 3.25 hours

02/06/84 Startedcompressor2, ran for 2.5 hours,then it trippedon
motor overload.

02/08/84 Mechanicsinspectedcompressor2, it would not start, lt
had a 'motoroverload'signal identicalto the one received
on 02/06/84. The mechanicsfound a wire pushed in too far,
making contacton its insulation. Compressor2 was run for
I minute to verify tilatit was fixed.
Tried removingpaint from compressorI. Used paint

-_etone and hysol di__o],,_rG,Nover _ a_ _ ....

Started compressor 2, ran it for 35 min, shut it down due
to electrical power brown out of 5501 building. Test run
was terminated due to loss of air conditioning for TSTA
computers.
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TABLE C-I. ETC LOGBOOK EXCERPTS (con't)
Date Descriptionof the loqqed event or action

02/15/84 Ran compressor2 for 6 hours to test for vibrationsand
operationof the refrigerateddryer

02/23/84 Ran compressor2 for 5.75 hours to make hydrogenaddition
tests. Noted a leak from the top flange on MolecularSieve
Bed #4. lt was tightenedup.

02/27/84 Ran compressor2 for 45 min

03/01/84 Ran compressor2 for 45 min

03/05/84 Ran compressor2 for I hour

03/07/84 Ran compressor] in the regenerationmode for 1.5 hours

03/08/84 Ran compressor2 for ! hour

03/12/84 Ran compressor2 for I hour

03/15/84 Ran compressorI for 2.5 hours

03/19/84 Ran compressor I for 2 hours. Note - mechanicsneed to
come out to tightenthe belts.

03/22/84 Ran compressor2 for 30 min

03/23/84 Ran compressorI for 8 min, ran compressor2 for 3 min

03/26/84 Ran compressor2 for 1.25 hours

03/28/84 Ran compressor2 for 5 min

03/29/84 Ran compressor2 for 30 min

04/05/84 Ran compressor2 for 4 min

04/11/84 Ran compressor2 for 30 min for ventilation/roompressure
test

04/13/84 Ran compressor2 for 30 min for ventilation/roompressure
test. Compressor2 is hot to the touch, leakingair from
the unloader.

05/29/84 Ran compressor2 for I hour

06/12/84 Ran compressor2 for 11 hours in an extendedrun

06/19/84 Ran compressor2 for 3 min

06/20/84 Loaded molecularsieve into ETC beds MSB I, 2, and 3. Each
bed held 5.67 barrels.

_
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TABLE C-l. ETC LOGBOOKEXCERPTS (conCt)
Date Descriptionof the logqed event or action

09/18/84 CompressorI will be dischargingout temporarypiping
routed out the front doors. This test is for positive
removalof paint and solventsfrom the exhaustmanifold.
We can't poison the catalystbeds any further. Compressor
I ran for 2.25 hours.

01/10/85 Ran compressor2 for 45 min

01/21/85 Ran compressor2 for 45 min

02/04/85 Ran compressor2 on emergencydiesel power for I hour

02/11/85 Ran compressorI for 2 hours

02/20/85 Ran compressor2 for 45 min

02/25/85 Ran compressorI for I hour

03/06/85 Ran compressor2 for weekly run, I hour

03/13/85 StartedcompressorI, the computer failed so it was started
locally. 5 min later we shut down compressor I because
valve EXHV-I would not controlpressure.

03/27/85 Ran compressorI for ! hour

04/01/85 Ran compressor2 for I hour

04/09/85 CompressorI was run 8 hours for an extended run test

04/15/85 Ran compressor2 for 1 hour

05/13/85 Ran compressorI, but the circuitbreaker on MCC-C tripped
after 4 min. RestartedcompressorI and ran for I hour.

0,6/06/85 Ran compressorI for I hour

06/13/85 Ran compressor2 for 45 min

06/17/85 Ran compressorI for 45 min

06/24/85 Ran compressor2 for I min

07/17/85 Ran compressorI for preventivemaintenance,but a belt
jumped a notch (a groove)on the pulley belt after 3 min.
CompressorI was shut down.

08/12/85 Startedcompressor2 for catalystbed heatup test, ran for
I hour

08/13/85 StartedcompressorI, ran for 5 min, but it was shut down
due to belt problems.
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TABLE C-I. ETC LOGBOOK.EXCERPTS (con't)
Date Descriptionof the loqqedevent or action

08/14/85 Ran compressor2 for I hour

' 08/15/85 Ran compressor2 for I hour

08/28/85 New belts were put on compressorI by the mechanics. We
tried to start compressor I, but it would not start from
the controlroom. The computerwas having a software
problem.

09/04/85 StartedcompressorI, mechanicsuggestedthat compressorI
should be operatedby increasingthe system starting
pressurebeforegoing to 100% load, and on shutdowngoing
to 25% load before decreasingsystem pressure. Tried this,
but the pressureovershot systemlimits by 8 to 9 psi (55
to 63 kPa). CompressorI ran for 1.5 hours.

lt should be noted that at the late 1985 point in time, the ETC system

began to use preventivemaintenance(PM) sheetsto record operating

informationas well as the logbook. Therefore,the logbookcitations

began to take on more of a maintenancenature,that is, componentcare -

such as oiling,cleaning,belt tensionchecks,etc. These entries are not

reproducedhere becausethey would add very little to understandingthe

system.

From 1982 throughSeptember1985, the compressorshad these start demands

and run times recorded"

Total Number of Minutes

Start Demands of Run Time FT___SSFT__RR other

CompressorI - 1982 18 490 0 6 0

CompressorI - 1983 36 1925 4 6 0

CompressorI - 1984 12 705 3 0 0

CompressorI - 1985 1__44 99_____22 _ 3

CompressorI - total 80 4112 9 15 0

Compressor2 - 1982 3 54 0 1 0

" Compressor2 - 1983 24 1882 0 2 I

Compressor2 - i984 24 2556 0 I 0

Compressor2 - 1985 I__22 60____!1 0 O_ 0

Compressor2 - total 63 5033 0 4 ]
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After 1985, the weekly runs were continuedfor almost 5 more years.

Each compressorwas operatedfor about an hour each week over that time

period. Failureevents were cited in the Failure/Maintenancedata base.

Other operatingtests can be consideredas successes. The bi-weekly

compressorruns (that is, each compressorran twice a month) were changed

to monthlycompressorruns (each compressortested once a month) at the

end of August 1990. The same run time (i.e.,an hour) is used, but the

reducedfrequencyof runs reflectsthat the system reliabilityhas grown

and that the system has operated reliablyenough to meet technical

requirementswithoutmore rigoroustesting.

Table C-2 gives highlightsfrom the ETC logbookregardinginitial

equipmentproblems. These problems are typicalof those that plague many

systems. The underlinedevents in the table includeequipmentwith

incorrectspecifications,equipmentthat did not meet desired

specifications,equipmentconstructedincorrectly,foreignmaterial

intrusionduring construction,and other problems. This informationis

useful to be able to predictfuture faults for other systemssimilarto

the ETC.
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TABLE C-2. NOTABLELOGBOOK EVENTSDURING ETC STARTUPAND TESTING

- Event date Event descriptionfrom the ETC loqbook

11/22/82 Ran compressorI to check on buildingvibrationresponses
. (about 15 min). CompressorI started,but the belt flapped

badly, so it was shut down. Restarted,ran up to 25% load,
but duct work outsideon buildinqroof was vibrating
badIv_ Deep pulsing is being transmittedto the supports
and roof.

12/17/82 At 1600 hours, a loud noise was heard in main experiment
room. A sectionof exhaustduct had collapsed. (12/20/82;
The theory is that an exhaustfan causes negativepressure
in the duct and the main experimentroom ventilationalso
causes negativepressure. Betweenthe two, there was
enough negative pressureto cause the duct to collapse.)

02/10/83 Ran compressorI for 10 min. Tried to blow dry the water
storagetanks. The valveswere plumbedbackwards. The
valveswere fixed.

02/22/83 Tried to start compressorI, but the circuit breakeron
MCC-C tripped open. Motor was shorted, lt was removedto
send to the electricalshop for rewinding.

03/10/83 CompressorI motor would not cool well enouqh at high
elevationlike TSTA. Should start motor maximumof 4 times
per hour to keep temperaturelow.

05/11/83 Ran compressorI on the emergencydiesel. Belts smoked to
the extent that a fire was expected (no fire occurred).

06/22/83 Valve CV-4 did not open on demand. Valve was dirty, lt is
an air operatedvalve, using nitroqen insteadof air.

08/09/83 ... The dryer dischargedpieces of black and silver
material. R. Carlsonthinks it is catalyst.

08/10/83 Drained another2.5 litersof water from the dryer, lt had
more black and silvermaterial in it.

08/24/B3 Inspectedvalve controllers,dirt in and on diaphragms
_ery fine brown deposit)and metal shavinqsfrom pipe
threadingwere in instrumentair lines.

I0/25/83 Dirt was flushedfrom systemwith air and 21 qallons (about
80 liters)of water. Water from the fourth flushingcame
out clear.

12/20/83 ... ran [compressorI] for 45 min, but run terminated
before plannedtime due to excessivebelt slippageand
smoking, lt took 20 min for smoke to clear from the
building.
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TABLE C-2. NOTABLELOGBOOK EVENTS DURING ETC STARTUPAND TESTING (con't)

Event date Event descriptionfrom the ETC loqbook •

01/03/84 StartedcompressorI, ran it for 1.5 hours. Had to shut
it down due to belt slippageand abnormalnoise emanating .
from the motor.
Restartedcompressor1, turned it off I min later due to
high vibrations. Reset switchesand breakeron MCC-C,
but when restartwas tried, it trippedon high vibration
again. People smelleda faint 'electricalsmall' near
the switches.
Mechanicslooked at compressor] motor - and turned it
over by hand. They heard a Faint tickingnoise
throughoutthe motor. Stethoscopedthe motor and
confirmedthat the bearingsare going out. The bearings
need replacement. Will attemptto replace the bearings
with the motor in place.

01/16/84 CompressorI knockinqfrom a 0.05 cm piece of steel stuck
to the south face of the north piston. While working in
the compressor,we took some paint samples. Analysis
showed barium and sulphur,the combinationneeded to
deterioratethe ETC system probes and poison catalyst.

01/19/84 CompressorI was reassembled. Testinggave the same
noise. The inspectioncover for the north pistonwas
opened,and a 0.5 cm lonq piece of wire was found and
removed. The next compressorI test was good. lt ran
for 5 min at 100% load.

02/08/84 Tried removinqpaint from compressorI. Used paint
remover, acetone,and hysol dissolver.

02/23/84 ... Noted a leak from the top flangeon MolecularSieve
Bed #4. lt was tightenedup.

09/18/84 CompressorI will be dischargingout temporarypiping
routed out the front doors. This test is for positive
removalof paint and solventsfrom the exhaustmanifold.
Wecan't poison the _atalyst beds any further.
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APPENDIXD

TRITIUM SYSTEMSTEST ASSEMBLY FAILURE/MAINTENANCEDATA FORMS

This appendix shows examplesof the data collectionforms that
are placed in strategiclocationsaround the facility. The part I and
part II forms are shown. More informationabout these forms is found
in the main report and its references.
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TSTA FAILURE AND CORRECTIVE MAINTENANCE REPORT FORM 1

J

Subsystem Originator ReportDate / /.._.._

TSTA ParameterNo. or Name Event Date / / Event Time • '

SubsystemParametersat "lqmeof Failure

SubsystemConfigurationat Time of Failure

MethodofDetection OccurrenceT=tle

EventNarrative

Initial(Immediate)Action

• • • •eco• De•CeDe e• •eeoc o ODe•ODe oe o.aeeeoeeeeeeee eeeee eeee e e eeee oeeeeoeee eooeoooeeeoeeeeoeeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

COMPONENT FAILURE DATA (Originator-completethe remainderof this formas fullyas possible)

ComponentDescription

Cause: Software..__ Personnel__ Material Design___ Procedure Other (Specify)

FailureCause Narrative

FailureEffects" Subsystem: HoursLost

Unit: Hours Lost ,

Other ItemsAffected:

ProposedLong-TermCorrectiveAction

Remarks
t

TSTA Repot1Number (filled in by Qa) .......
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TSTA FAILURE AND CORRECTIVE MAINTENANCE REPORT FORM 2

I

TSTAReport Number (f'dledin by QA) CormcUveAcuon Taken: Corr_md by TSTA OperationalPersonnel

Correcu_dby TSTARepau/Design Personnel

Other(Specify)

Failed Component Serial Number Model Number

Cri{ic_ Part (s)

Problemwi_ Component: Electrical Mechanical_._Software Other(Specify)

DescribeCorrecuveMaintenanceTakentoCorrectFailure

Sp,.'cialM_nmnanceEquipmentRequu'ed

TimeRequiredforComponentRepair/Replacement(hours/manhours)(i)Total_.._./___.(ii)Administrative /

(iii_ Logisdcs / (iv) IndirectRepau" / (v) DffectReapir / (vi) Retest /,==_==,=_ ,=,,,=,,,,====

(vii) Restart /

Time Since Last (1) Maintenance (ii) Testing

UnusualC_umstancesCausingLongor ShortRepair/ReplacementTime:

,_sessibility __-- SizeandWeightofComponem Connections Contain/nation___(Lavel )

Other(Specify)

MethodUsedforVerificationofSystemOperationalStatus

CorrecuveAcuonComplemdOn / / By

D-4
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