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Department of Energy
Washington,DC20585

1SJanuary1998

The“HonorableJohnT.Conway .
chairman
Defe~ NuckaiFacilitie;Saf& Board
625Mhni Avenue,N.W,,Suite700
Wd@toXL D.C.20004

.,D=~j~: ~“ ,“ ,’”,’ .“ ,-””.,. .

Thiskin kspchseto your~ettertoSecretaryPetidated(%x&x 30~ ~s)97; “ .,, ~.,“’-, . .
‘whichfocqed our attention on vulnerabilitiesassociatedwith puclear f~ility, ”, . . “~
ventilation;confinementsystems,We ac~o,w~~getheneedtotompletea,~ “’ -
formal assessmentof the “safety’~erabiliti* associatedivith ventiatiop ,fd& :” T “
d~gradationfromwetting during We system teiting. Field Offices @ve been, ,’:,,
asked to evaluak and correct related problems. The,enclosed“lesgo~ 1~#
document is being promulgated to coriveyrelated lessons fkxn”the-UEv#uatig~’ ,, ~
OfHigh Effici~cyParticulateAirFilterServiceLife”study,thq‘variom- ., . “ ,
leakagestudies~d considerationsof&f@i@ stnkt@nandsy~ ~ . ~.:,~.C
strategies.An improvedqualificationtestprograrPfor.certifi@onofp@ar :.~,~
ventilationfilterrnateridswillbeiritiatibypromulgationofa tec~d ~ ~,.,,

standardandestablishmentof atestls@ratory.Eachof&es4actioistil,&. ,’”~..;~~
,-ked ‘Wcommitmentswib projected completion dat& in @e Department’s :
Safety Issues ManagementSystem, which iS managedby the’Dep~ent” ~‘
Representativeto the DefenseNuclear Facilities SafetyBoard. ~ ; ,

.
sincerely, .

Wla””” ,... .
Alvin L..Alm .“ ;. .

Enclosure
“.

cc: Mtik Whitaker,S-3.1

Assistant Secretmyfor’-
Enykonmen~?&nsgement
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NUCLEAR VENTILATION HIGH EFFICIENCY PARTICULATE AIR
@EPA) FILTER LESSONS LEARNED

January14,1998

The foUowing lessons rdateto non-reactor uuckar facilities that use 5kA fjlters for
confinement of particulate radioactive materiak Thisnoticeisintendedto stimulate
applicationof judgement in evaluatingconfinementhazardsand in determiningappropriate
operationalcontroIs.

1.

‘w’

2.

,!

The fiberglass ‘ppp& media tbat”providesftitration in ven’ti?atioafalters& subject
to embrittlement with age . .- .:, i, ‘.

.. .
This k,of concern-becausemanyoldtikersreriudn’in seryicbin&)ENuclear~ties
wh&e theypr6tideanim~rtantfil~onsafetyfimcdonundqnormal.opem@g-d . “
accident.conclitions,,‘ . .. ,.

,“ ,,..,.. .,. ,
;i”. “:’- ‘:’

,., ,’. ,,

Evenpinholeleddh thesefilterscan.&ducetheir filtrationof tie smallsmticks of - :
greatest health concern (pluto@umandurs&m oxides). Falters& exp&t6d to remove “
no Iessthan 99.97% of respirableparticI~ I@ are sometiinea6re@e@ih &dent,. -
fi~tiveness approachingihat,d?iciency. cracking of old filt~s h .b@Iobsw~ at ~,
the accordion folds where fibersare,mod stressed after the ‘mediiivasremoved o,n, ~”:
disassembly: ~s impliesembrittleti~ but not necessdy that the crr& existed ~
bdore disassembly.w~le the filterswere”~ Wwice.) -. , , - ~;:, .:. ,

.. . . ..,

Effonstoquanti& the filterme&astrengthreductionwith age w-e frustrat~ b-se >
other fktors had potentiallygreaterdkts.. United evidencesuggesisthat @termedia
tensile strength and water repeUencymayreducewith age. The uncer@ntyassociated :
with filter reliabilityunderaccidentconditionsthat might stress bot~ @ren~hand
filtrationpefiomi~ce is a !natterof Con&embecauseof the r~latively@e~ relir&e upon..
these potentially fragilesafetycomponents. Existingflter plenadesigns&picaUyhave
multiplestages of filtra~o~ which“mayprovide redundancyfor both fiktation and
strength pe$ormance ~f the safetyiihqction.Still,thereis concemwxr the potentialfor
coinmonmode failures”or undetected,singlestage fs.iluresof filt~ation

,,
ltis not apparentwhatse~iceormanufactureagemeritsreplacemm~ofHltpA’ ‘.

filters. ., ”..

Severalfactors affect needfor filterreplacement,includingdust loading(dfierential
,.

pressure), weakeningfrom~posure to water or acid, physicaldirnage, etc. :,
Consmative[y early replacementbasedon agealone may not be meritedbecatisec)fcost,.
replacementactivity ~ersomel rsdiationexposure,andwaste generationconcerns. ‘ “.
However, de@dation of filtdrstrengthwith age remainsa conce~ ihhough age maygot
be limitingand age,effectshavenot beenadequatelyquantified.
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Study and test evidence showsthat service life or aging effects am”masked by other
factors affecting filter perforniance.

Clearer eff~ts resuh fiorn exposingfilter mediato water, and variabilityin the quality
(manuf*re) of filter materials. ~

ThoroughlywettingHEPA f~tkr uiedia, even once shbstantiaIly degrad&sfiIter
strength and could reduce‘resistanceto kdia breach. This is a specialconcern under
fire‘ortiplosiona~idht conditions.~ -,,

I
One-timethorough wetting (15“minutesoak) anddryingof fikr materials can reduce
filter strength by as much as 60%. Additionalwetting tirther reduces material str+@

.,’
,,

Dust !oadhlgOffihWS&O ~oritributeito stren~ reductio~’~~’mmbjned dust ~ .““
,..

wetting are a still more seriouscauseof degra@tion; .’,. .L, .,,. . 4 ,,

Eachof three serious firti in phito~um fh&ti,~ at Rocky Flats (1957, 1969, 1980)’””~~~‘“” “,
resulted in significantdamageto filtersystems,either from mdiia packblowout; rnedii ~,

~~bum (ii 1957,f~ters were mad~of cellulosemedi&sincerepIacedwithfiberglasa that
resists igr&ion);mediapack glue or iilterhousingg%ket meftingj&writer sp.ray~ on:, ~~
filters, smokeclog@g of filters,or a combination. One&e pr&ented visual e@nce bf
contlnernentbreach and releaseof smoketo the tivirotie~t. .. .”,. ..

,.. . ...’
,.

Two fires resulted in plenurn;&plosions/deflagrationsof combustibleg“- ~‘, ~
damagingand ignitingfih~s.’ Oneexplosion occu@ after the mtin firewm” ., .
extin@ished.’ , :.

.’. . . . . ,.
Two,fires melted the gluehoidingthe filtermediapack to the filter frame,and .” -
resulted in a:filter mediapackblowout: , .. ,

Securingfans whilefightingfires resultedin loss of negative differentialpressureJ.
cotilneme’ntand significantfacilitycontaminationin two fires. ‘ .,,

.. .

Testing of filter plenumfiresupprewiorisystemsshouldbeperformedi;awaythat~
doesnotdirectly@xposefilter media to wetting, ‘

,.

Direct water sp~y on fiItersurfaces,cancontributeto filter clogging incre&d ~
,diEerentialpressure, and mediabreac~ as wellas reducingmedia strength. .

Wettingoffiltershasre&ltedfrompenodctefigoffiresuppressionSysternsthat
directlysprayonfilters.TestmethodsshouldbereviewedandrevisedS&appropriateto “,
assure that filter reliabilityand tbnctionalityrequirementsfor ac~identsare met. ~ . ,., . .

.“ .

,, . .
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Commonplenummnfigurations at Rockj Flatsincludeautomatically(heat) initiated’
watersprays whichare separatedfrom titers by a demist~r,and manuallyinitiated
delugewhichspraysdKectlyona first bank of filters. Both spray systemshavebeen
peri&@Uy tested by qpray’achutionto assurethat nozzles are not clogged and spray
patterns are properlydtiected, per the NationalFue Protection Association code
rqukements. Testing of the &ual delugesyst~ h& resulted in periodicwettingand
consequentstrength degradationof the first stageof filtration This stage is not cr”@ited
for publicpr&ction intime cases, but it is stillconsideredfordefense-in-depth,

Localemergen~ responseplanningshouldconsideremployment of ventilation ‘ ‘
confinementsystems,in firepreventionandfire-fightingwithi~.non-reactornuclear.I
facilities, especi~ if wet “firesuppressionsystemsare used in falter plen~

~re-kghting’strate& shouldbe thought throu~ and firebrigadeand qrnergen~” .” -
,..

managementpersonnelihou!d be trained in them. j“ “
,.. .. . . . . .

Preplarin6d‘@jdance~d”~aining for fir.b-i5glitingshould includeconsiderationof :,,,.

a. ~ Wiether to secure’vatilation fansto reducepotentialforfacilityemissiohs,orto
prcse~e6krationof,rat)iertokeepdwmrunningtoelirriinatecombustion-
and[~duwfacilitycontaminatio~

b. ~Whetherto manuallyinitiate plenumdel~geflowsto *o1 gt@esand -b imolce’ ‘ “
or t~ avoiddelug~to &mize titer damagq ., . .

c. How(on what inllorniationbasis)to controlventilationflow’andplenum entry, ~, .
d. Relativepriorityfor extinguishingfire,preventingexplosions,preventingrel~

“or spreadof containinatio~ andremovingsmokeasapcrsomelhazardor,,
encumbninceto firefighting. ,’

..

The ,DOEshould institute impr~ved filter material iind vendor qualification testing
to improve vendor quality control of fiItermaterials.Changingsomefiltermate@
specificationsmayzdsdbe merited. . .

‘i
Non-compliaricev+&htechiic? specifititions for filtermateriaks,and large v~ations in
materialsprovided,havebeen observed,’Qualitycontrol and assurance of fiItermaterials
are inadequatefor the DOE nuclearconfinement~pplicatio~and tecfilcal specifications
for inaterialsmayneed revision. -- ‘ ., .

Filter vendor qu&40n program effectiveness~ been questioned,’and no
qufllficationtesting has been petiormed for two years.

DOE Headquart~s is takirigsteps to restti an improvedvendor material qualification
program. Revisionof technicalstandardsis beiig considered.

,,
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8. Evaluation of existing ventilation systems reveaIed that even minor Ieakage#aths
(suchassealleakageon.fafisealsordamperlinkages)into the systems between ~
@ters and fan suctions have potentialto measurablyincreaseexhaust emissions. .

,,

.“ Onesite aaseakedthe impactof as-builtleakagefrom systempenetrations should rooms
in which*e ventilationtiuipment is located ‘*etiefice hiti-sirbome contamination.

,>.-,
J

.,

. .

E- o’fthis contaminationwouldM ddutedto not mqe than a few pertint of the
room airborne levels. No publichealtheffectsare expected. One pr~entive action has
been to limitstorageof materialthatcouldresultinroomcontamination.Accidemt “
analysisshould..determine,whetheroperatiomdlimitationsonstoringmateriidsinthe
roohascontainingthesecomponentsmaybenecessr@.

.-,
.. .,

Tew@gand,@pection hw beenused to “identi&bypasshdiage paths around exhaust-,
filtration systems. Onetest methodused to ident~potentially significantIe& paths has
beknvi.s@obs&vation of smokegeneratednear such componentsfor evidence the ~
smoke is beingsucked into the ventilationexhaust. Whilethis method is not .’‘ ...
quantifiable;i;seenistobe morepracti~~d sensitivethanalternatives., ‘ -~

Somesignificantplutoniu~facilitieshaveconducteddetenninationswhetherbyps+ ‘
leakageandfiltrationfbnctioneffectiveness(potentiallyx.enarios or conditionsnot

., previouslyanaljzed)iepresentunreviewedsafetyquestions., ‘ ~ .--,,.. ~
..” .,

9. Safe~&aIydsforfacilitiesrelying upon ~lters for confinement function should ,”: -
consideraccident scenarios and failure modes that account for filter stage or ~- .
caschdeeffeets on entire plenacaused”by major fire accidentswhereim”~ ‘. .,,

,.

Smokeclogs ;lters andincreasesdifferentid’p;essures. ~: “‘ ,
. ;. Faltermedia&e weakend and subjectto breach under el~vateddifferential ,

pressures. “ ,...
c. Hest”irifilter plenacausesfailureof adhesivew“hichbindsfilta mediapack@.

fhrne. Media pack”blo~ out, potentiallyresultingin debrisd~age to ‘”
downstream”filterstages. . . . .

d.’ , Fire sc&&ios couldreleasecombustiblegasses thatcould explode or deflagrate”
@ventilationducts or plen~ as from ti=ng with oxygenfiorn other ventil~tio,n‘“

,,
e.

paths. .,
Evaluation,ofevensmallleakagepatiismaybeappropriateforma~enalreleas~
scenariosresultinginairborneradioactivitysurroundingventilation~
componentdductsunderreduced(negative)pressureariddownstreamoffiltration.“

Safetyanalysisof fhcilityfiresceiuyiosmaynot have consideredthe potentialrefitilliti . ‘,
of fihration tinctioti undermajorfire accidentconditionsthat rnigh~.causefika finctionr,
degradation. Sensitivityofaccidentconsequencesto the eff=tiveness of filtrationis
significant;ofien six or more ordersof magnitudereduction in rcletie are creditedfor

,. . .

.,”
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Wation. Filtration degradationor fd,ure mechanismsmay not be kriownor understood
by analysts.

Where h suppressionplenumdelugewets only a first stage of a plenum even if wetted
filters ti not creditedwith a filtrationsa@y fimctionthey may have a finction of
protecting”downstreamcreditedstages of Mration by limitingtheir dust/smoke1-
and water exposurq ~.g., enhancingcreditedstage reliability.,

:,
Co~i@ation shouldbe giveh in ~cident analysisto the potential for casc@ig @ii
of major&es on stages of fihratio~ e.g., breachof a weakenedti stage could enable
cloggingor ember canyover to a next stige. Suchconsiderationis equivalenttO ~..
evaluatingthe reliabilityof the credited6kration fimtion. .: ,,,, ..

,. .,. ,
●

~ese lessonswere derivedfrom multiplesources: ‘r,,

. .

.-

*

. .

~ recentstudyof effectsof sewice applicationsonHEPA lilter @formance, inclutig ‘:“”
results of destructiveand nondestructivefiltertestig. (“Ev#uation of HEPA Fiitff
Sendce Ltie,” July 14, 1997,J.,K. Fretthol~ A. K Stithe@ K M. Suya~ at Roc@ ,‘ ;
Flats.) * ,.. . ..’

., ,,
The related lessons learnedfromthree SWiOUSfires in plutoniumfacilitiesat ~ ~“ ~”~”,.
ovkrpm decade+ (’TWlear Fadk.y VentilationandPlenumDeluge SystemO-n ~,
DunngF.ires,”November 12,1997, ~ocky Flats, and””Potentirdfor HWA filter damage
from water spray systemsirifilterplenums,”Bergrnaq Fretthold; s.lawski,present~ d . ‘
the 24th DO~C NuclearAir CleaningConference.) :, s , . , .

,, ,, .,. .
The results of~lter bypassleakageinspectionsand analysesperformedat SeveralDOE.
plutonium sites. ,. 8

. . . .
:. .

Expert consenspsconclusionsregardbg Vulnerabilitiesof confhernent filter plenato “‘
media rupture in fireaecidents. \

Ws documentwas prepared byK. Juro~ 301-9034989, with the collaborationof J. Sla~
301-903-5464,and numerousinputshorn the communityof related experts..
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