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EBR-II1startedin 1989 after the NationalAcademy
ABSTRACT of Sclences recommended that probabilisticrisk

assessments be performed for DOE Category A
A Probabilistic Risk Assessment (PRA) of the reactors.
Experimental Breeder Reactor II (EBR-II), a
Departmentof Energy(DOE) CategoryA research Since completion,the EBR-II PRA has been
reactor, has recently been cumpleted at Argonne successfully accepted as an additional safety
NationalLaboratory(ANL), andhas beenperformed analysistool for EBR-II. Two characted,,_ticsof the
with closecollaborationbetweenPRA analystsand PRA development have been particularly
engineeringand operationsstaff. A productof this Instrumentalin achievingthe PRA acceptance and
Involvementof plantpersonnelhas beena excellent use, namely:
acceptance of the PRA as a tool,whichhas already
resulted in a vadety of applicationsof the EBR-II - the PRA was developed at ANL by ANL
PRA. The EBR-II has been usedin supportof plant staffmembers,some of.whomare normally
hardware and proceduremodificationsand in new Involvedwith safety analyses in supportof
system designwork. A new applicationin support EBR-II operations and experimental
of ,;,_ refuelingsafetyanalysiswillbe completedIn programs;
the near future.

- the systemsmodelsand the Initiatingevent
I. THE EBR-II PRA charactedzatlonweredevelopedwithdlrect

Inputfromplantenglneedngandoperatlons
EBR-II Is a DOE Category A research reactor staff, whowere Involvedwiththe PRA effort

located at ANL West In Idaho. it Is a 62.5 Mw- from the beginning and also performed
thermalLiquldMetalReactor(LMR),whichsupplies, several stages of review of the PRA
at full power, 20 Mw-electrlcto the Idaho National documentand models=.
EnglneedngLaboratory(INEL) loop. EBR-II started
operation In 1964 and it has been used In a variety The recognitionof the PRA as a usefultool has
of researchprograms,recentlyas a testbed In the resultedina numberof PRA applicationsin EBR-II.
IntegralFast Reactor (IFR)Program. The PRA for The uses of the EBR-II PRA can be generally

"Work supported by the U.S. Department of
Energy, Nuclear Energy Programs under Contract
W-31-109-ENG-38.



arrangedintwo groups,differentiatedinthe way the clutches.One of the most severe LOF transientsis
PRA is applied. The first group correspondsto the outcome of the simultaneouslossof both MG
situations that the PRA identified as a risk set clutches, which results in a fast coastdownof
contributorbutthat could be amendedwith relative the pumps. An unprotected double pump LOF
ease. The secondtype of applicationscorresponds initiatedby the doubleclutchfailureleadsto severe
to uses of the PRA models and toolsin supportof core damage, the highest damage category
plant modificationsand safety evaluations or in distinguishedin the EBR-II PRA4.
backingnew systemdesign. Bothof these typesof
applications form part of a successful risk The dependency that was identifiedbetween
managementprogram. Examplesof the two types the two clutch power supplycircuitsimpliedthat a
of applications will be briefly described in the singlefailure could result in the simultaneousloss
followingsections, of both clutches, and therefore, both pdmary

pumps. Furthermore,it wasalso foundthat the two
II. RISK REDUCTION ACTIONS IDENTIFIED IN clutch power supplies were not physically

THE EBR-II PRA separated,but rathertheywherelocatednot onlyin
the same cabinet but also in the same chassis.

The firstset of applicationsof the EBR-II PRA This lack of physical separation added some
was the identification of some situations that possibilitiesfor common cause or extemal event
Increased the plant damage risk or system inducedfailures, such as fire or humidity. Indeed,
unavailabilityand that were amenableto relatively this physical dependency had a role in the dsk
simplecon'ectionactions. Includedinthesefindings assessment of inadvertent actuationsof the fire
were some deficiencies detected dudng plant protectionsystem, as is described in a following
seismicwalkdowns. These findingswere expected section.
from the previous expedence of walkdowns at
commercialplants. Inadequaciesin the anchorage Engineeringwork to reverse the powersupply
of some electricalcabinetsand batteryracks were dependencysituationstartedsoonafter it hadbeen
observed. Althoughit has been later determined identified. The logic modelsthat were developed
that the premature seismic failure of these Items for the PRA are being used along with the PRA
due to poor anchorage wouldresultIn a negligible toolsto designthe separated controlsystemand to
effecton the seismicdsk at EBR-II, the availability comparealtemative options.
of electrical systems after a seismicevent is still
desirable and important. Therefore, appropriate III. APPLICATION OF THE EBR-II PRA IN PLANT
actions are still Implemented to correct the MODIFICATIONS AND SYSTEM DESIGN
deficiencies.

Of equal Interestare the applicationsthat have
Riskreductionactionswere identifiedduringthe involvedthe PRA modelsand methodsinsupportof

courseof the EBR-II PRA. Mostactionswouldonly safetyanalysisfor planto_proceduremodifications
result in a marginal reduction in the dsk of fuel and in support of system design. The requestfor
damage, but there was a particular item that this type of applicationshave been odginatednot
presented a more significant and unexpected among the PRA staff but rather in the plant
problem. Dudngthesystemanalysisa dependency engineering and operations groups. The most
was identifiedin the clutch controlpower supplyof interestingof these applicationsare describedinthe
the two primarypumps, followingsubsections.

Because ofthe passivesafetycharacteristicsof A. Control Rod MotionTesting Procedure.
the EBR-II reactor, many unprotectedloss of flow
(LOF) transients can be accommodated by the The PRA has been used in support of the
reactor without resulting in damage to the fuel revisionof an operatingprocedurein EBR-II. The
elements, as was demonstratedin a sedes of tests EBR-II geometry consists of a primary loop
in 19863. There are two primary pumpsin EBR-II immersed in a sodium pool. The sodium pool is
whose power is supplied from a pair of motor containedin a pdmary tank and the reactorcore is
generator (MG) sets coupled with magnetic located in a vessel insidethe tank. To test thatthe



control rods in EBR-II can be moved from their Therefore, increasing the rod testing interval results
operating position vvhenrequired, rod motions tests in an increase in the risk of failure to scram. On
have been carried out periodically. These tests are the other hand, the probability of a reactivity
designed to detect control rod jamming, which could insertion initiating event depends upon, among
hypothetically be caused by rod bowing or binding, other things, the number of "up motion" demands
by foreignmaterial buildupin the rod drives,or by for the control rod (i.e., possibilityof the up switch
tilting of the reactor vessel cover which might sticking in the on position). From the standpoint of
compress ali rod drives simultaneously. The rod reactivity insertion transients, a long rod motion test
motion tests are not required for reactor operation interval is more desirable. The optimum test
and are only performed as preventive maintenance, Interval will be a trade off between the two effects.
for early problem detection in the rod drives. If
problems were detected during the motion teststhe The effect of the length of the rod movement is
reactor would be preventively shutdown until the a more uncertain Issue. The mechanisms that
problem were resolved, could lead to rod jamming are not fully known

except for the reactor vessel tilting. Because of the
The original control rod motion test procedure small clearance of the control rod ddves throughthe

consisted in moving ali control rods (there are nine vessel cover, even a small tipping to the cover
control rods in EBR-II in the current core would result in the complete blockage of at least
configuration)dally, two at a time In opposite one control rod (the farthest one from the tilting
direction to maintain steady power. The rodswere point). The other blocking mechanisms, however,
moved3 inchesfromtheir originalposition,whichis are likelyto affectthe rod motionat certainparts of
a considerablelength in the EBR-II core, with an the rod travel only, or by increasingthe motion
fuel region height of 13 inches. There existed a resistanceat certainsections.
potentialformishaps,if the positivereactivityworth
of the control rod that was being moved up Althoughthe cover tiltingwas estimatedto be
(insertedinthe core, in EBR-II) dudngthe testwas the largestcontdbutorto commonmode controlrod
not fullycompensatedby the negativeworthof the blockingproblems,lt isdesirablethatthe rod motion
roddropped(withdrawnfromthe core). To prevent testing be designed to protect against the other
undesirablesituations,altemative rod motion test contributions. Thus the criterionto establishthe
procedures were preferred, in which, without desirablelength of the controlrod motion(shortof
significantlyaffecting the overall operatingrisk at movingthe rod itsentire lengthor Installingtorque
EBR-II, the test frequency, the length of the rod measurementsin the ddve motors) is to have, at
movement,or bothcouldbe reduced, every test, the combined rodtravel that is required

to completely bdng the reactor down from full
Altemativerod test procedureswere analyzed power. Examiningthe power reactivitydecrement

fromthe PRA perspective. In particular,changesof (the excess reactivity lost from hot standbyto full
the two parametersof interest, the testingperiod power) and rod worth records for EBR-II, the
and the rodtravel distance,were studiedfor their required combined rod length to shut the reactor
impact on the scram function availability and down with the usual core configurationsis about 6
frequency of reactivity Insertion initiatingevents, in. and with alternative configurationsdoes not
The control rod motiontest procedureaffects the exceed 8 in. The combined rod motionof 6 to 8
resultso,'the EBR-Ii PRA in the followingway. inches can be accomplished for example, by

movingonly2 or 3 rodsthe odginaldistanceof 3 in,
The probability of the mechanical failure to or moving ali the rods 1 in.

scram is dominatedbythe commonmodefailureof
the rods to move. Unl_ss the rod motion is A variety of test intervalsand distanceshave
pedodically tested, the different hypothetical been studied. In general, increasing the test
contributorsto rod jamming could be undetected interval from the baseline daily test always
until a scram is required. The periodictestingof decreases the scram function availability, with
the rod motion is therefore importantfor problem moderatepenaltiesin overall riskof about3% for a
detection. The probability of an undetectedrod two-day interval and up to 18% for a weekly test
drive blockage increases with the testinginterval, pattern. Test patterns of moving only a subsetof



rods daily on a rotational basis were assumedto systems have proved to be very reliable and
have no impacton theprobabilityof undetectedrod effective in combating fires. There is little
jamming,sincethe importantblockagesourcesare argument, therefore, that a water system in the
commoncause contributions. CRR is desirable if a fire occurs. However, the

possibilityof an inadvertentactuationof the water
The best optionsfrom the point of viewof not sprinkler system, in the absence of a tire, and its

increasingthe riskof undetected rodjammingare: effect on the safety-related equipmentin the CRR
- dailyrodtests of 3-inch movementfor2 or was a concern. A studyfromthe PRA perspective

3 controlsrods, on a rotationpattem, of the possible adverse effects of the spurious
- dailyrod tests of 1-inch movementfor ali 9 actuationofthe fire protectionsystemwas initiated.

controlrods. A two day-test intervalwould
not have a significantimpacton risk. The fire protectionwater system designedfor

the CRR is a wet pipe sprinkler system with 11
Other pattems analyzed either increasedthe sprinklerheadsofthe ON-OFF type (afteractuation,

probabilityof undetected problemsor resultedin a they automaticallyshut off when the temperature
heavier operator burden, which was not only has decreased below a threshold). A flow alarm
undesirable for operations personnel, but also announces the actuation of the system to the
would have a detrimental impact in the reactivity reactor operators and the fire department
Insertion transient probability by Increasingthe simultaneously. After rulingout a false alarm, the
humanerror contributions.EBR-II operationsis in operatorsare Instructedby procedureto Initiatean
the process of deciding on the proposedrod test anticipated shutdown. The cable penetrationson
procedures. The rotationaldaily testingof 2 or 3 the top of the electrical cabinets in the CRR are
rods is the desirable approach since lt would sealed witha silicone-basedmaterial. The system
requirefewer numberof rod motions, and procedureare designed such that the reactor

is in a safe shutdownmode by the time water can
B. Upgrade of the Fire ProtectionSystem in the penetrate the cabinets and start wetting the

Cable RoutingRoom. electrical equipment. However, if the flow alarm
malfunctions or the operators cannot respond

The cable routing room (CRR) in EBR-II quickly enough, wetting of some safety-related
contains a vadety of safety-related electric equipment may occur when the reactor is still at
equipment, and is equipped with a Halon fire power.
protectionsystem. A recent auditof fire protection
practicesat the plant recommended an upgradeof An event tree was constructed to analyze the
the cable routingroomfire protectionby Installinga possiblesequencesof events after an Inadvertent
water sprinklersystem. The argument in favor of actuationof thewater sprinklersystemin the CRR.
water is that Halon lacks the cooling power of The eventtree isshowninFigure 1. The frequency
water,and a fire extinguishedwithHaloncan easily of the initlatlngevent was estimated mostlybased
igniteagainafter the Halon reservesareexhausted, on a DOE databaseon sprinklersystems,and the
Water-basedsystemsare also believedto be more probabilityof a steam leak from the space heating
effective in preventing the spread of fires. In system in the CRR.
addition,there is a general moveagainstHalon and
other cloro-fluoro-carbonsknown to damage the Thedifferentbranchesof the eventtree account
atmosphericozone layer, for the probabilityof the reactorbeingstillat power

when the water penetratesthe electricalcabinets.
A Halonsystemhad originallybeen installedin The possibilityof shortsto groundand of losingthe

the CRR because lt containedelectricalequipment, constant power source, which results in an
Water extinguishingsystems are traditionallynot automaticscramhas been consideredlikely. In the
used inelectricalfiresto avoidwaterdamage(short absence of shortto groundsand lossof powerthe
circuits)or wettingof the electricalequipment, lt is reactortrip channelscan be adverselyaffectedand
generallyagreedthat in case of an actualfirewhere produceanomaloussignalsin the unsafe direction.
electrical equipment is present water sprinkling Credit was taken for the fact that differentsignals
cannot worsen the situation. Water sprinkler (i.e., high flux and low flow) mustdeterioratein
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Figure 1. Event Tree for the Inadvertent Actuation of the SprinklerSystem in the CRR.

opposite directionsto preventan automaticscram, opposite failure modes. The most probable
In addition to the highflux and low flow channels, sequences result in either a scram (SCRM),
the subassemblytemperaturetrip channels were automaticinmostcasesand manualin a few, oran
Included in the possible sequences. The anticipatedshutdown(ANTC). Of littleImportance
occurrence of an initiatingevent not Induced by are sequencesthatrepresenta smallcontributionto
water when the trip channelsare degraded Is also Initiatingevents for reactivityInsertion(RISA) and
Included. double pump loss of flow (LF2B) but with the trip

channels not deteriorated. The only significant
Two events Induced by moisture were also sequence Is SPKL-14, which represents the

accountedfor in the event tree, namely a reactivity unprotecteddoublepump loss of flow. Its annual
insertion and a double pump loss of flow• The probabilityis verysmall, 2.3 10"°,but lt leadsto core
double pump loss of flow,caused by a lossof the damage. Two other sequences that could lead to
power supply to the MG set clutches, is Included fueldamageare estimated less probablebyat least
since the power suppUes are not physically two ordersof magnitude.
separated yet (see above). Even if the alarm flow
had failed, there remainsthe possibilityof a manual The analysishas shownthattheadded riskdue
scramwhen the operatorsget anomalousreadings, to the inadvertentactuation of the fire protection
This is accountedfor inthe lastbranchof the event system in the cable routing room is not very
tree. significant. The contributionto core damage risk

due to a fire in the CRR with tho protectionof the
The probabilitiesof thedifferenteventsinvolved odginal Halon system had been found negligible,

were assigned based on data used in the EBR-II although it had been assumed that there was no
PP,A, and usingengineeringjudgementto account dsk of reignition. If that assumptionwas correct,
for factors such as physical separation and installationof a water system represents a net,
simultaneous failures of similar components in albeitsmall,increaseinriskof fueldamage. On the



other hand, if the reignition were probable, the planning stages, have emerged in EBR-II, which
water system would provide added fire protection normally concem the evaluation of alternative
with only a marginal increase in risk due to procedures or plant modifications. Of interest
Inadvertent actuations. This also shows that the among the planned applications is a PRA evaluation
proposed modification is not necessary from a of one of the refueling procedures.
safety standpoint.

The control rods in EBR-II are disconnected

Other considerations in deciding the installation from their drives during refueling, in the fully down
of a water sprinkler system, such as the cost of position. The two safety rods, which operate
dryingandtestingwettedelectricalequipmentafter independentlyof the controlrods, are currentlyleft
an inadvertentactuation,or cost of down time are in the up positionduringrefueling,so they can be
more elusive. On the basis of pure equipment scrammedif required.The alternativeprocedure,of
replacement costs, probabilisticanalysis is still refuelling with the safety rods down, will be
helpfulin pointingout that the expected equipment evaluated. In other words, the estimated risk of
savingsina spdnkleredfire outweighthe expected performingthe operations with negative reactivity
losses in spuriousspdnkleractuations. However, ready to be inserted if needed will be contrasted
the assessment of down time and administrative with the risk of refueling with ali the negative
costs of analyzing the occurrence, its reactivityalready inserted in the core.
consequences,and testingprogramsis beyondthe
Pl:tA methodology. IV. CONCLUSION

C. AdditionalEBR-II PRA Applications. Although lt was only recently completed, the
EBR-II PRA has already triggered several

OtherPRA applicationsat EBR-II are currently applicationsthat have resulted in Improvementsin
underway or plann,_; one affectsa safetysystem the plant. Some of the applications consist in
in the Fuel Cycle Facility (FCF) and others are correcting or Improving situations that became
directlyrelatedto the operationsof the reactor, apparent during the performance of the EBR-II

PRA. But the EBR-II PRA has done more than
The FCF is a fuel reprocessingfacilityadjacent prompting corrective actions, by confirming PRA

EBR-II that is partofthe IntegralFast Reactor(IFR) methodologyas a tool for safety analysis in the
Program. The facility is provided with a safety plant. In this trend, PRA techniqueshave been
exhaust system designedfor high reliability. The instrumental in evaluating procedural changes,
system consistof an active train withan operating hardware modifications,and systemdesign. More
fan and a closeddamper, and a standbytrain with applicationsof PP,A methods are underway or are
a fan at rest and an opendamper. The sense and planned for the near future. Involvementof plant
command subsystemthatcontrolsthe operationsof engineeringand operationsstaffin the EBR-II PRA
the dampersandfans actuatesonpressuresensors has been a positivefactor in acceptingthe use of
in some of the cells of the facility. The sense and PRA methodologyas part of the safety analyses
commandsubsystemhas been analyzedat a fault performed in support of procedures or plant
tree level for inadvertentactuations. Becausethe modifications.
system is designedfor high reliability,a byproduct
is a relatively high rate of inadvertentactuations. VI. REFERENCES
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