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I_XI_CUTIVESUMMARY

Title VI of the Clean Air Act, as amended,mandatesa production phase-

out for ozone-depleting substances (ODSs). In February 1992, President Bush

accelerated the phase-out schedule for the most damagingODSs. These

requirements will have a significant impact on U.S. Department of Energy (DOE)
facilities.

- Currently,DOE usesODSs in threemajoractivities:fire suppression

(halon),refrigerationand cooling(chlorofluorocarbons[CFCs]),and cleaning

, that requiressolvents(CFCs,methylchloroform,and carbontetrachloride).

For all theseactivities,interimphase-outmeasuresincludesubstituting

chemicalsless damagingto the ozonelayer,and conservingand recyclingODSs.

Specificstrategiesand alternativesfor ultimateODS phase-outinclude

processchangesand non-ODSchemicalsubstitutes.

This reportprovidesbasicinformationon methodsand strategiesto phase

out use of ODSs at DOE facilities.This informationis basedon preliminary

data providedby DOE on the amountsand typesof ODSs used by DOE and on

discussionswith personnelat severalDOE facilities.Becausedecisionson

safe alternativeshaveyet to be made by the U.S. EnvironmentalProtection

Agency(EPA)and determinationof the most appropriatealternativeswill need

to be made on a site-specificbasis,no alternativesare recommendedin this

report. The informationprovidedwas gatheredfrom the latestUnitedNations

EnvironmentProgramme(UNEP)reports,informationon currentindustry

activities,informationon ODS use at DOE facilities,and reportsfrom

nationaland internationalozoneprotectionorganizations.
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ACRONYMS

AFFF AqueousFilm FormingFoam
CFC Cl_lorofluorocarbon

CarbonDioxide
CO_ U.S. Departmentof Defense
DOE U.S. Departmentof Energy
EPA U.S. EnvironmentalProtectionAgency
GDP GaseousDiffusionPlant

" HCFC Hydrochlorofluorocarbon
HFC Hydrofluorocarbon
MAC MobiIe Air Conditioner
Mil:Standards MilitaryStandards
MILSPECs MilitarySpecifications
ODP OzoneDepletionPotential
ODS Ozone-DepletingSubstance
PFC Perfluorocarbon
PNL PacificNorthwestLaboratory
SAE Societyof AutomotiveEngineers
SCF SupercriticalFluid
SNAP SignificantNew Alter_ativesPolicy
UL UnderwritersLaboratory
UNEP UnitedNationsEnvironmentProgranm_e
UV ultraviolet
VOC VolatileOrganicCompound



GLOSSARYOFTI_RMS

AliphaticHydrocarbons Organichydrocarbonshavingan open chain
structureand consistingof paraffin,
olefin,and acetylenehydrocarbonsand
theirderivatives.

Azeotrope A mixtureof chemicalsthat,when combined
in certainproportions,will distillat a
ratewhichmaintainsthoseproportions.
Azeotropicmixtureshavedifferentvapor
pressuresthan a singleconstituentand
thus exhibita changein boilingand
freezingpoints. Theseare importantin
chillerand compressordesign.

CleanAgent An extinguishingagentof commercial
quality(virgin)that leavesno detrimental
residue.(theoretical)

Nonazeotrope Blendscomprisingmultiplecomponentsof
differentvolatilesthat,when used in
refrigerationcycles,changevolumetric
compositionand saturationtemperaturesas
they evaporateor condenseat constant
pressure.

Perfluorocarbon A compoundof fluorineand carbonwhereall
the hydrogenatomsare replacedby fluorine
atoms. The chemicalinertnessof
perfluorocarbonsmake them usefulas
solvents,lubricants,and insulators.

Surfactant A chemical,generallya detergent,used to
reducethe surfacetensionof water.

TernaryBlend A mixtureof threechemicalscombinedin a
mannew"to matcha specificboilingpoint.
The current,most promising(to replace
CFC-12)is a mixtureof HCFC-22,HCFC-124,
and HFC-152athat exhibitssimilar
thermodynamicpropertiesas CFC-12 and has v
an ODP of 0.03.

Terpene A homocyclichydrocarbonwith the empirical
formulaCloHtB.
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1.0 INTRODUCTION

TitleVI of the CleanAir Act, as amended,has many new provisionsfor

protectingthe stratosphericozonelayer,includingphase-outdatesfor

productionof ozone-depletingsubstances(ODSs). On February11, 1992,

promptedby data from the NationalAeronauticsand SpaceAdministration

indicatingthat the ozonelayerwas bei_gerodedat a fasterrate than

. originallybelieved,PresidentBush announceda four-yearacceleration(to

December31, 1995)in the productionphase-outfor the most significant(Class

, I) ODSs. A list of ClassI and ClassII substancesisshown in TableI.

ClassI substancesincludehalons,chlorofluorocarbons(CFCs),methyl

chloroform,and carbontetrachloride.Hydrochlorofluorcarbons(HCFCs)are

classifiedas ClassII substances.Becausethe phase-outand other

requirementsof TitleVI will have a broadimpacton DOE operations,the DOE

Officeof EnvironmentalGuidance(EH-23)determinedthat informationon

alternativesto thesesubstancesneededto be disseminatedthroughoutthe

Department.

Some of the informationused for this reportwas providedby EH-23. EH-

23 collectedpreliminaryinformationfromDOE facilitieson uses,purchases,

inventories,and emissionsof ODSs. Facilitieswere also requestedto

indicatewhetherthey had specificplansin placefor phasingout ODS use and

to describeactivitiesthey are undertakingtowardthis goal. This

informationwas used to compilea databaseof currentDOE ODS use.

Informationin the databaseis groupedintothreebroadcategories:

refrigerationand air conditioning,fire suppression,and solvents.

This reportprovidescurrentinformationon alternativeprocessesand

chemicalsubstitutesthat havebeen identifiedfor each of thesebroad

. categories.Becauseof the rapidadvancementof the technology,industrywill

likelydevelopadditionalsubstitutesand new alternativeprocesses. This

, reportis intendedto provideinformationon the majoruses of ODSs at DOE

facilities,to identifypotentialalternativesto theseuses,and to provide

some informationon the typesof phase-outactivitiescurrentlybeing

undertakenat specificfacilities.Decisionson whichoptionswill work best

in a givenapplicationwill.need to be made on a case-by-casebasisby each
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Table 1
Ltst of Class ] and Class I1 Substances

Fro= the Clean A|r Act Amendments of 1990 a

Class I Substances

chlorofluorocarbon-11(CFC-11) chlorofluorocarbon-13(CFC-13)
chlorofluorocarbon-12(CFC-12) chlorofluorocarbon-111(CFC-111)
chlorcflluorocarbon-I13 (CFC-113) ohlorofluorocarbon-112 (CFC-112)
chlorofluorocarbon-114(CFC-114) chlorofiuorocarbon-211(CFC-211)
chlorofluorocarbon-115(CFC-115) chlorofluorocarbon-212(CFC-212)
halon-1211 chlorofluorocarbon-213(CFC-213) ,
halon-1301 chiorofluorocarbon-214(CFC-214)
halon-2402 chlorofluorocarbon-215(CFC-215)

chlorofluorocarbon-216(CFC-216)
chlorofluoroc3rbon-217(CFC-217)
carbon tetrachloride
methyl chloroform

Claq II Substances

hydrochlorofluorocarbon-21(HCFC-21) hydrochlorofluorocarbon-226(HCFC-226)
hydrochlorofluorocarbon-22(HCFC-22) hydrochlorofluorocarbon-231(HCFC-231)
hydrochlorofluorocarbon-31(HCFC-31) hydrochlorofluorocarbon-232(HCFC-232)
hydrochlorofluorocarbon-121(HCFC-121) hydrochlorofluoroc.arbon-233(HCFC-233)
hydrochlorofluorocarbon-122(HCFC-122) hydrochlorofluorocarbon-234(HCFC-234)
hydrochlorofluorocarbon-123 (HCFC-123) hydrochlorofluorocarbon-235(HCFC-235)
hydrochlorofluorocarbon-124(HCFC-124) hydrochlorofluorocarbon-241(HCFC-241)
hydrochlorofluorocarbon-131(HCFC-131) hydrochlorofluorocarbon-242(HCFC-242)
hydrochlorofluorocarbon-132(HCFC-132) hydrochlorofluorocarbon-243(HCFC-243)
hydrochlorofluorocarbon-133 (HCFC-133) hydrochlorofluorocarbon-244 (HCFC-244)
hydrochlorofluorocarbon-141(HCFC-141) hydrochlorofluorocarbon-251(HCFC-251)
hydrochlorofluorocarbon-142(HCFC-142) hydrochlorofluorocarbon-252(HCFC-252)
hydrochlorofluorocarbon-221(HCFC-221) hydrochlorofluorocarbon-253(HCFC-253)
hydrochlorofluorocarbon-222(HCFC-222) hydrochlorofluorocarbon-261(HCFC-261)
hydrochlorofluorocarbon-223(HCFC-223) hydrochlorofluorocarbon-262(HCFC-262)
hydrochlorofluorocarbon-224(HCFC-224) hydrochlorofluorocarbon-271(HCFC-271)
hydrochlorofluorocarbon-225(HCFC-225)

a

In general, a molecule'sozonedepletionpotential (OOP)decreasesas morehydrogenatomsreplace halogen
atom (i .e., chlorineor bromine). Class li substancesare generallyconsideredsafer thanClass I
substancesbecausethey containfever halogenatom andtherefore haveshorteratmosphericlifetimes.
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facility. For this reason, this report does not recommend specific

alternativesor options. Recycle/reuseand minimization options have been

recommendedas ways to reduce unnecessaryreleases of ODSs until such time as

the oDss can be replaced.

Section 2 of this report gives a brief overview of DOE ODS use by broad

category and discussespotential alternatives(both chemical substitutesand

process changes) to these uses. Section 3 summarizes activities that

" particular DOE facilities currently are undertakingto phase out ODSs.

Section 4 provides conclusions.





2.0 DOE USES OF OZONE-DEPLETINGSUBSTANCES(ODSs)AND POTENTIALSUBSTITUTES

The informationin this reportis basedon preliminarydata collectedby

EH-23on uses of ODSs at DOE facilities.Becauseof the preliminarynatureof

thesedata,this informationshouldbe used only as a generalreferencefor

the amountsand typesof ODSs used by DOE.

ApproximatelygO percentof the totalDOE reportedODS stock(in-system

" and reserve)inventoriesconsistedsolelyof CFC-114,the coolantused in the

threecurrentand formerGaseousDiffusionPlants(GDP). The GDP complexis

" well organizedin its approachto ozoneprotectionissuesand has an active

CFC-114ReplacementTask Force. Becausethe task forcehas comprehensive

plansin placeto replaceCFC-114,GDP replacementactivitieswill not be

discussedfurtherin this report.

OtherODS speciesused in quantityat DOE facilitiesare CFC-t1,CFC-12,

and HCFC-22for refrigeratienand air conditioning;Halon-1211and Halon-1301

for fireprotection;and CFC-113,carbontetrachloride,and methylchloroform

for solventuse. ODS emissionsfrom solventusageaccountfor aboutone-third

of DOE'stotalODS releases,and ODS emissionsfrom refrigerationand air

conditioningare about10 percentof the total,accordingto preliminary

informationcompiledby EH-23.

This sectiondiscussespotentialalternativesfor ODSs in m_jorDOE use

categories, lt is dividedinto the followingbroadsubjectcategories:fire

protection/suppression,refrigerationand air conditioning,and solvents.

DOE-specificuses are addressed,whereapplicable,undereach of these

sections. AppendixA consistsof a tableof alternativetechnologiesand

chemicalsubstitutesbeingconsideredfor reviewby EPA underthe Significant

New AlternativesPolicy(SNAP)Program,EPA'sprogramfor evaluatingsafe

alternatives,as requiredby Section612 of the CleanAir Act, as amended.
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2.1 USE OF HAI,ONS IN FIRE SUPPRESSION(a)

Fireprotectionis accomplishedthroughoutDOE facilitiesby using

standard,acceptedtechnologiesa_provedby the NationalFire Protection

Associationand the FactoryMutualbest practicesguidelines.Untilrecently,

the widespreaduse of halonsin both fixedand portablesystemswas an

acceptedpractice. CurrentDOE policy,as reflectedin a memorandumdated

September27, 1990 ("InterimPositionon Installationof New Halon-1301Fixed

Fire SuppressionSystemsand HalonPortableFire Extinguishers"),discourages

the use of halonsin fixedand portablefire suppression.This policystates

that no new halonfire suppressionsystemscan be proposedand no new halon

portablefire extinguisherscan be purchased. Existinghalonsystemsare to

be maintained,pendingdeterminationof a DOE positionon CFCs and halons.

Halonsare brominatedchlorofluorocarboncompoundsuniquelyable to

arrestcombustionin the earlieststagesof a fire. Halon-1211and Halon-1301

are very effective,have very low toxicityand do not leavea residueor cause

corrosion. They are nonconductiveand will not causedamageto energized

electricalequipmentdue to shortcircuits. Halon-1301,a gas at standard

temperatureand pressure,is usedprimarilyin "totalflooding"applications

in automaticfire-suppressionsystems, lt is also nontoxicundernormal

conditions,does not displaceoxygen,and is saieto use in occupiedareas.

Halon-1211,a liquidat standardtemperatureand pressure,is used primarily

in portablesystemsas a streamingagent,i.e.,it is dispersedfrom a fire

extinguisherdirectlyon the fire. Halon1211 also has very low toxicity,is
clean,nonconductive and noncorrosive.

A completehalonfire suppressionsystemtypicallywill rely on a

networkof automaticsensordevicescapableof detectingheat,flame,smoke,

combustiblevaporsor an abnormalconditionthat is likelyto producefire;

thesedevicesare wiredto a controlpanel. When the detectorsare activated,

the controlpanelactivatesaudibleand visualalarms,institutesa preset

countdownsequence,interruptselectricalpowerand air flow to the area,and

dischargesthe fire suppressionagent. The currentNationalFire Protection

(a) The term "system" is generally used in this section to describe a fixed fire suppressionsystem,while
"extinguisher(s)"refers to portable fire extinguishers.
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AssociationStandardIlIAcallsfor totalfloodingof the spacewithinI0

seconds,at a concentrationof fivepercentHalon-1301by volume(NFPA1989).

Halon-1301is used in fixedfire suppressionsystemsthroughoutmost of

the DOE complex. Thesesystemshave been installedto providea very high

levelof propertyprotectionwith minimalsecondarydamage. Halo',,-1301total

floodingsystemscan preventexplosionsand extinguishfiresquickly. Because

of this,they can preventthe spreadof fireto surroundingareasand limit

" escalationof fireemergencies.This has a direct,positiveimpacton

personnelsafety. Halonprotectionsystemsare usuallyinstalledin areas

" that contain sensitive electrical equipment, such as computers, because halons

are not electrically conductive and will not contribute to electrical short

circuits. The Halon-1301 systems are also used in areas that process or
store fissilematerials.

The need to use halonsin fixedfire suppressionsystemsis basedon the

type of equipmentand propertyto be protected.Some systemscurrentlyusing

halonscouldbe replacedby other,effectivefire suppressionmethods;

however,alternativesystemsmay also be more costlyin termsof the amountof

damagedone by both the fire and the suppressionmethod. Also,some

situationsdo not have adequatefire protectionalternatives.In caseswhere

a highrisk of explosionor severefiredamageexists,halonuse may qualify

for an exemptionunderthe CleanAir Act, as amended{Section604(f)and (g)).

This narrowexemptioncouldprovidehalonsin limitedquantitiesafterthe

productionphase-outdate but will alsomake thesesubstancescorrespondingly

more expensive.Accordingto the Igglreportby the HalonsTechnicalOptions

Committeeof the UnitedNationsEnvironmentProgramme(UNEP)(a),the

followingcriteriashouldbe consideredto determinewhetherlt is essential

to use halons:

.

• A criticalneed must existto minimizedamagedue to fire,explosionsor
extinguishingagentapplication,whichwouldotherwiseresultin serious

, impairment of an essential service to society, or pose an unacceptable
threat to life, the environment, or national security.

and

(a) UNEPis developing recomendations for ad_justments and amendments to the Montreal Protocol and has
examined the essential use issue. Implementations of exemptions in the Clean Air Act, as amended, must be
consistent with the Montreal Protocol.
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• All other appropriate fire protection measureshave been taken (UNEP
1991a).

Currently, the Montreal Protocol recognizes that there are

fire/explosion risk scenarios for which current fire protection technology

cannot provide adequate protection without the use of halons; however, there

are no established definitions of a specific essential use. It may be

necessary to have the Protocol signatories estabiish an "essential use list"
or mechanismto allowa nationto defineits essentialuses. If this is not

accomplished,a nationcouldbe consideredout of complianceand sufferthe

consequences.

Severaloptionsare currentlyavailablefor replacinghalonsin fixed

and portablefire suppressionsystems. The alternativechoicesmay not

providethe same levelof protectionas halonsand in certainci "_"_rc, _ances

could result in greater fire loss and risk to personnel and equipment. These

risks must be carefully comparedwith the environmental risk associated with

the continued use of halons. As a guide, the UNEPHalons Technicel Options

Committee has developed use evaluation matrices to logically evaluate

alternative fire protection systems. These evaluations do not specifically

consider the unique requirements posedby each site, but they do compare the

important attributes of the fire suppression alternatives. Attributes of a

particular alternative, such as the ability to extinguish flammable liquids,

may be more important in someapplications (e.g., flammable liquid stores)

than in others (e.g., computer rooms).

Each fire suppression alternative addressed in the matrices has specific

properties that have advantages and disadvantages depending on the application

in which the alternative is used. The following parameters were used for

comparison in the evaluation matrices:

1. Low Spaceor Weight Requirements - weight-based effectiveness of the
agent/system against a zero ODPclean agent.

2. I)amageLimiting Capability - the relative level of direct and secondary
fire damageexpected for a similar fire suppression system. It is also
a measure of the response time of the system and the downtime of
equipment not directly damagedby the fire.



3. Abilityto Permeate- the abilityof the agentto be effectivein
obstructedgeometrysituationswherei.tcannotbe directlyappliedto
the burningsurface. This propertyis especiallyimportantin sub-floor
areasand electronicscabinets.

4. OccupantRisk - the toxicityof the undecomposedagentin concentrations
necessaryfor extinguishing.

5. FlammableLiquidExtinguishingCapability- the abilityof the agentand
applicationmethodto extinguishliquidfuel firesin two dimensionsand
liquidand gas phasefuel firesin threedimensions.

6. Efficacy- the effectivenessand reliabilityof the systemin a
particularapplication.

t
w

7. Nonconductivlty- the abilityto be appliedto energizedelectrical
equipmentwithoutcausingshortsand damageand withoutposinga safety
risk to nearbyoccupants.

8. Cost - of installationandmaintenance.

An additionalparameteris used in evaluatingportableextinguishers:

g. StreamRange- the abilityof the agentto maintaina coherenteffective
streamover a modestdistance.

The assessmentof alternativesto halonsin Figures2.1a and 2.1b is
o

basedprimarilyon the methodsand matricesdevelopedby the UNEP'sHalons

TechnicalCptionsCommittee.The totalscoreis the sum of the individual

scoresfor each of the alternatives.Althoughindividualissues,such as

electricalconductivity,must be assessedon a c_;se-by-casebasisto determine

the applicabilityof the alternative,alternativeswith highertotalscores

are thosethat had the best performanceoverall.

2.1.1 CHANGESIN PROCESSESTO REDUCEHALONUSE

A reasnnableapproachto the phase-outof halonsis the use of non-halon

fire suppressionsystems. In many situations,non-halonsuppressionsystems

may be viablefor protectingresources.The followingdescriptionsbriefly

coversome potentialalternativesto halons. Theseoptionsare presentedas

possiblehalonsystemreplacementsin the UNEP HalonTechnicalOptions

• Committee1991 reportand are representativeof the possiblesystemsthat

couldbe used in selectedapplications.Beforechangingthe type of fire

protectionsystembeingused,it is vitalthat a knowledgeablefire protection

specialistbe consulted.
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_onitoredEarlyWarninaDetectionSystem

This systemcommunicateswith a fire departmentor constantlystaffed

facility, lt providesrapidresponseto a fire and allowsthe fire to be

extinguishedat an earlystage.

Becausethis systemrelieson mobilizingexternalforcesfor fire

suppression,it wouldresultin more damageto propertythan a systemthat

includedself-initiatingsuppression,lt is also lesseffectiveand reliable

than the halontotalfloodingsystemin its abilityto preventfire spreadand

explosion.

AutomaticWet Pioe sDrink!_!

A networkof waterchargedpipes (wetpipes)is installedthroughouta

protectedstructure,incorporatingheat sensitive(fusiblelink)sprinkler

headsspacedat regularintervals.An earlywarningdetectionsystemshould

be installedin combinationwith the sprinklers.

Sp_¢nklersystemshave a few technicaldisadvantages,but are the most

reliableand leastexpensiveautomaticsystemsavailable.Automaticwet pipe

sprinklersdo not have as greatan abilityto permeateintoareasthat cannot

be directlyaccessedas a gaseousfire suppressionsystem. Greaterdirectand

secondaryfiredamageis expectedwith sprinklersthan with the totalflood

halonsystem. Whileautomaticsprinklersare effectiveat puttingout

conventionalfires,they are less efficientthan someothersystemsat

extinguishingliquidfuel fires. With certainmaterials,such as sodiu_

metal,watercouldactuallycauseadditionaldamage. Thereis also a critical

concernregardingthe use of waterin areascontainingfissilematerial.

Fast ResDonseSprinklers

These sprinklers limit the amountof direct fire damageby decreasing
the lag time of the fusible link that activates the sprinkler head. Other

mechanismsthat can be used in conjunction with fast response sprinklers are

early warning detection systems and isolation of the heating, ventilating, and
air conditioning (HVAC)system to further minimize the delay of the

m

sprinklers. Fast response sprinklers are comparable to automatic wet pipe

12



sprinklerswith similaradvantagesand disadvantagesexceptthat theiruse

resultsin lessfire damageto propertyand equipment.

Pre-ActionSprinklerSYste_

This systemis similarto conventionalsprinklersexceptthat it has a

separatedetectionsystem. The pipingis not chargedwith water. When a fire

is detected,a valveopens,lettingwaterintothe system,whichsuppresses

the fire.

Pre-actionsprinklersare also similarto automaticsprinklersin their

. advantagesand disadvantages,but aremore costlyand less reliablethan the

wet pipe systems.

DeluaeWaterSpray

A sprinklersystemwith open headsis triggeredby a separatedetection

system.

A waterspraysystemis very effectiveat extinguishingnormalfiresbut

not so effectivein extinguishingflammableliquidfires. A water-based

systemposesno threatof toxicityto humans. The limitationsof these

systemsare similarto the otherwater-basedsystems.

2.].2 CHEMICALSUBSTITUTESFOR HALON

Many of the chemicalsubstitutesfor Halon-1301and Halon-1211are still

undergoingextensivetesting. For instance,the UnitedStatesAir Force,in

cooperationwith the othermilitaryservicesand the EnvironmentalProtection

Agency,has alreadyscreenedover 700 chemicalcompounds(Floden1992). Some

of the substituteshave not previouslybeen used for fire suppression,and

othersare recognizedagentscurrentlyused in fire suppressionsystems.

DirectHalon-1301Substituteswith a Smallor Zero OzoneDepletionPotential

(ODP)

A numberof chemicalmanufacturersare developingand producing

potentialreplacementsfor Halon-1301and Halon-1211.Thesereplacements,

however,are currentlyin the testingand developmentstages,with full

commercialavailabilityat leasttwo to threeyearsaway.

13



GreatLakesChemicalCorporationhas developedtwo agentsintendedto

replaceHalon-1301in some halonfixed-systeminstallations(Settimo1991).

The Firoemaster100 (FM-lO0)agentis commerciallyavailablebut is restricted

to normallyunoccupiedareas,pendingfurthertoxicitytesting. UsingFM-lO0

wouldnormallyrequirereplacingthe gasketsand O-ringsin the halon

containers. In addition,FH-1OO'sODP is estimatedto be 1.1 (as compared

with 10 for Halon-1301),which is similarto the ODP of severalClassI

substances.For this reason,EPA may not approveits use as a safe

alternativeunderSection612 of the CleanAir Act, as amended.

GreatLakes'otheragent,FM-200,shouldnot have this problem. The

manufacturerstatesthat this patentedchemicalpossessesan ODP of zero,

extinguishesfire at the same concentrationas Halon-1301,and is expectedto

be availablein 1993. Its suitabilityfor occupiedareasrequiresfurther

toxicitytesting.

AtochemNorthAmerica,Inc.,is workingon a new, zero OD? product,

expectedto be availablein commercialquantitiesby 1995 (Settimo1991). As

with certainotherzeroODP agents,it is likelyto requiredoublethe

concentrationof this agent (comparedto Halon-1301)to extinguishthe same

fire. The manufacturercallsinterimtoxicologyresults"encouraging."

The DuPontCompanyhas announceda potentialsubstitute(a),FE-13,a

chemicalthat possessan ODP of zero,and has low toxicity, lt is alreadyin

use as a refrigerant,lt does have a potentialdrawback: its highvapor

pressuredoes not allowits use with standardhalonpiping.

CarbonDioxide(CO21

A totalfloodcarbondioxide(C02)systemcouldprovidea concentration

of sufficientCO2 to extinguisha fire in all areasof an enclosure.The

systemwouldbe triggeredby an earlywarningdetectionsystem.

The characteristicsof CO2 parallelHalon-1301in termsof its low

electricalconductivity,abilityto extinguishfiresin areasthatcannotbe

directlyaccessed(e.g.,insidean electronicscabinet),and minimalsecondary

damage. CO2 is as effectiveas halon-basedsystemsat extinguishingordinary

(a) Daniel Moore, DuPont,personal communication,1992.
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firesand as effectiveat extinguishingflammableliquidfires.

Unfortunately,CO2 is an asphyxiant,and accidentalreleasesin confined,

inhabitedspacescouldbe deadly. Caremust also be takento avoiddamage

that couldresultfrom the low temperaturesusuallypresentlr,the nozzle

areasduringdischarge.

A variationof the totalfloodCO2 systemis the in-cabinetand sub-

floorCO2 system. This is a hybridsystemthat combinesa totalfloodingCO2

systemfor spacesunderfloorsand an independentlystartedCO2 systemin

individualequipmentenclosures.A separateearlyresponsedetectionsystem

- is used for each. This systemcouldalso be combinedwith fast response

sprinklers.

The advantageof the in-cabinetand sub-floorCO2 systemis that it

posesa much smallerrisk to personnel.The disadvantagesof this systemare

that it is not alwayseffectiveand reliableand is not able to extinguish

flammableliquidfires. When combinedwith fastresponsesprinklers,the

systembecomesmore than threetimesas efficientas it is withoutthe

sprinklers.

For portablefiresuppression,CO2 is the chemicalthat is 'least

effectiveat extinguishingordinarycombustibles.It is less effectiveat

extinguishingfiresinvolvingflammableliquidsthanHalon-1211and

multipurposedry chemicalextinguishers.CO2 systemsare not so costlyas

Halon-1211systemsand have a shorterrange. CO2 alsohas a lower

effectiveness-to-weightratiothan Halon-1211or multipurposedry chemicals.

i MultipurposeDr.yChemicals

Multipurposedry chemicalextinguishershavethe greatestabilityto

extinguishfiresinvolvingordinarycombustiblesor flammableliquids. They

are evenmore effectivethan Halon-1211and are not electricallyconductive.

However,multipurposechemicalsare inefficientat permeatingareasthat

cannotbe directlyaccessed. The biggestconcernwith multipurposedry

chemicalsis that theiruse can resultin a highdegree,of secondarydamage,

requiringextensiveclean-up.
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LowExPansionFoam

A low expansion foam system is similar to the deluge water system, but

uses agents such as AqueousFilm Forming Foam(AFFF) concentrate added to the

water supply to increase its effectiveness. This system can prevent re-

ignition of pooled flammable liquid by forming a residual vapor-suppressing
film on the liquid surface.

Low expansionfoam sprinklersystemsare similarto delugewaterspray

systems,exceptthat they are more effectiveat extinguishingflammableliquid

fires. A combinationof low expansionfoam and CO2 givesthe addedbenefitof

beingable to permeatehard-to-accessareasand of beingextremelyeffective

at extinguishingflammableliquidand othertypesof fires. When used on

energizedelectricalequipment,low expansionfoamcan produceshortsand
shockhazardsdue to the watercontent.

In portablefire suppression,AFFF is very successfulat extinguishing

ordinarycombustibles_but not so effectiveas Halon-1211or multipurposedry

chemicalsat extinguishingflammableliquids. WhileAFFF has a good range,it

is electricallyconductiveand does not have the abilityto permeateareas

that cannotbe reacheddirectly. The use of AFFF can also resultin a good

deal of secondarydamagedue to the water in the system.

Hiah ExpansionFoam

This foam can expandin ratiosof 500-1000to I and has three-

dimensionalfire fightingcapabilities.The systemcan be used for a wide

rangeof firesinvolvingflammableliquidsand ordinarycombustibles.

High expansionfoam is lessdamagingto propertythan wateror low

expansionfoam.

StraiqhtStreamWater

Portableextinguishersusingstraightstreamsof waterare very

effectiveat extinguishingordinarycombustibles,but they are not effective

at puttingout flammableliquidfires. Whilestraightstreamextinguishers

have an excellentrange,they are electricallyconductive,do not permeate

areasthat cannotbe reacheddirectly,and can causesecondarydamage.
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WaterSpray

Portableextinguishersusinga watersprayare excellentfor

extinguishingordinarycombustiblesbut are not very effectiveat puttingout

flammableliquidfires. Watersprayshave a limitedrange,are electrically

conductive,and do not permeateareasthat cannotbe reacheddirectly. Use of

water sprayextinguisherscan also resultin secondaryd_,nage.

Combinationof waterSprayand co2

In portableextinguishers,thiscombinationis excellentat

. extinguishingordinaryfiresand is betterat extinguishingflammableliquids

than watersprayalone. Becauseof the CO2, areasthat are not able to be
reacheddirectlycan be accessedmore easily. This combinationhas a limited

rangeand can resultin secondarydamageand subsequentclean-uprequirements.

2.1.3 CONSERVATIONOF HALON

Conservationis the term used for severalcontroloptionsthat would

reduceor eliminatethe releaseof halonsin existingfireprotectionsystems

operationsover theirlifetimes.Theseoptionsincludedecreasedtraining

with halons,increasedrecoveryof halons,decreasedfrequencyof system

teardown,reducedor containeddischargeof halonsduringmanufacturingof

systems,and alternativetestinggasesand procedures.Thesecontrolsoffera

reductionin halonemissionsat low cost,and they can be used for Halon-1301

totalfloodingsystemsand Halon-1211portableextinguishers.

Currently,halonsare recoveredfromtotalfloodingsystemsat service

and disposal,but recoveryeffectivenesscan be increasedusingrefrigerated

recoveryrigs. Thereis extensiveresearchbeingconductedon halonrecovery

in the privatesector. Resultsof thisresearchand development(R&D)are

just beginningto becomeavailable.

2.2 USE OF CFCs IN REFRIGERATIONAND AIR CONDITIONING

In most respects,DOE usesof CFCs in heatingand cooling(air

conditioning)technologiesparallelthe uses foundin industry. DOE uses

includeair conditioningand refrigeration,applicationsassociatedwith human

comfort,processloadssuch as food storage,and mobileapplications
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(including motor vehicle air conditioning). Somespecialized applications are.

associatedwith the use of exoticmaterials,radioactivesubstances,andlarge

scaleapplicationssuch as isotopicseparation.The primaryrefrigerantsused

in all of theseprocessesare CFC-II,-12, -114,-500(a),-502,-503,and

HCFC-22. Otherrefrigerantsreportedusedby DOE in coolingapplications

includeCFC-II3,CFC-II6,and HFC-134a,but theseare limitedto a few sites

and do not constitutelargeusageor emissions.

2.2.1 COMFORTCOOLING

A largeportionof DOE refrigerantuse is associatedwith cooling(space

conditioning)for humancomfortin buildings.The coolingequipmentused is

similarto that foundin privateindustryand suffersfrom the same

operationalproblems. Theseproblemsincludeleakage,seal failures,losses

throughair purgesystems,lossesduringrecoveryand recyclingof

refrigerant,amidlossesbecauseof operationand maintenancerequirements.

Consequently,alternativesto CFC uses in privatesectorbuildingsystemswill

be directlyapplicableto DOE buildings.

DOE'sspecializedbuildingapplicationsincludethoseassociatedwith

advancedR&D and with nuclearmaterialsproduction,such as specialclimate

controlfor laboratoryapplications(includingcleanrooms),positivepressure

chambers,environmentalchambers,coolingsolventtank condensingcoils,and

chemicalprocesstemperaturecontrol. Theseprocessesalsomirrorthoseused

in similarfacilitiesin privateindustry.

MobileAir Conditioners(MACs)make up a portionof DOE'sCFC use.

Currently,the majorityof thesesystemsuse CFC-12as a refrigerant.The

world'smanufacturershave committedto changingthe systemsto eliminatethe

use of CFC-12as a refrigerant,and by the end of 1995 new vehiclesare

expectedto use HFC-134a.

2.2.2 R_FRIG_RANTAPPLICATIONS

Many differenttypesof coolingsystemsand equipmentare availablefor

comfortapplicationsin DOE buildings.Mostof theseemploya basicvapor

compressionsystemcontaininga compressor,a condenser,and an evaporator,

(a) The 500 series CFCs are azeotropic binarymixtures of halocarbon (CFC) compounds.
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and they use a refrigerant(usuallya CFC) to transferheat betweenthe

interiorand exteriorof the building. The systemcomponentscome in many

sizesand variations,dependingon the intendedsystemfunction,actual

application,and buildingconditioningloads. The methodused to compressthe

refrigerantmay includecentrifugalunits,reciprocatingsystems,screw

compressors,or sealedunitarysystems,whichcontainall the system

componentsin one unit. Eachsystememploysone of severalavailable

refrigerants,dependinguponthe type of systemcomponents.Thesesystemsuse

sometype of heat exchangerto effectheat transferwith the refrigerant,or

the systemsemploya secondaryworkingfluid(e.g.,wateror brine)to

transferheat betweenthe refrigerantload and the spacebeingconditioned.

The generalrangeof capacitiesof compressorsand typesof refrigerants

used is shownin Figure2.2. Specificequipmentinformationshouldbe

obtainedfrom the manufacturers.

2.2.3 ALTERNATIVESFOR REDUCINGCFC USE IN REFRIGERATIONAND AIR CONDITIONING

Plansfor CFC phase-outin variousrefrigerantapplicationsshould

includerefrigerantrecovery,recyclingand otherconservationpracticesto

immediatelyeliminateunnecessaryemissionsof CFCs and subsequentpurchases

of replacementCFCs. Recovery,reclamation,and recyclingwill ensurea

reserveof recycledCFCs thatcan be used to serviceexistingcapital

equipme_itand for interimuse untilend-of-useful-lifeor renovation/

replacementof the equipmentoccurs. Recyclingtechnologiesfor many large-

scaleapplicationsof CFC-12and CFC-502refrigerantshave existedfor many

yearsand may be able to be used on currentequipment. Recycli.ngcan occur

eitheronsiteor offsite. The firstconsiderationin reducingCFC use is to

stop leaks. All refrigerant-containingpartsof all systemsshouldbe

carefullycheckedfor leaksand,when found,the leaksshouldbe appropriately

sealed.

Chillersalso lose refrigerantduringnormaloperationdue to automatic.

systems'purging. New purgesystemscan reducethe refrigerantlosses

associatedwith this processby up to 98 percent. Aftersystemsealing,

.... availableCFCs must be conserved.
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Many industrialfacilitiesemploya stationaryreceivertank that

temporarilystoresCFC-11refrigerantwhilethe systemis beingrepaired.

Receivertankshelp avoidventingof the refrigerantto the atmosphereand

collectrefrigerantfor reclamation.They can reduceCFC emissionsduring

servicingby 75 to 8S percent. Similarly,many CFC-114chillerswere designed

with receiversto storethe entirerefrigerantchargeduringmajorservicing

or when the equipmentis idle. Recoveredrefrigerantcan also be transferred

• to holdingtanksand shippedto offsitefacilitiesfor recyclingand

reclamation.Offsiterecyclingand reclamationis oftenone of the more

- efficientmeansof recyclingrefrigerantfrom largesystems.

PortablerecyclingunitsgenerallyprocessI to 4 Ib/minand are used

for systemswith chargesrangingfrom a few ouncesto severalhundredpounds.

Portableunitsare appropriatefor uses suchas officebuildingchillersand

refrigeratedtransport.Whereportableunitsare too small,onsiterecovery

and recyclingcan be accomplishedby use of a skid-mountedor a truck-mounted

unit. Thesesystemsare movedas closeto the sourceas practicaland

connectedto the refrigerationsystemwith hoses.

Equipmentis availableto recoverand recycleCFC-12refrigerantsfrom

vehicleswith MACs. Priorto the 1990CleanAir Act Amendments(Sections

608(c)and 609),theserefrigerantswouldnormallyhave been ventedto the

atmosphereduringservicingand/orrepair. The CleanAir Act, as amended,

makesit unlawfulto knowinglyvent,release,or disposeof any Class I or

Class II substanceor substitutein the courseof servicing,repairing,or

maintainingequipment.Recently,a standardof purityfor recycled

refrigeranthas been acceptedby automobilemanufacturersand publishedby the

Societyof AutomotiveEngineers(SAE)as SAE J-1991(!9919. SAE has developed

two otherindustrystandardsfor the recoveryand recyclingof CFC-12from

- MACs: SAE J-1989,"RecyclingServicingProceduresfor the Containmentof R-

12" (1989),whichprovidesguidelinesfor servicetechnicians,and SAE J-1990,

"Extractionand RecycleEquipmentfor MobileAir ConditioningSystems"(19909,

whichprovidesequipmentspecificationsfor CFC-12recyclingand/orrecovery

and for rechargingsystems.

UnderwritersLaborateries(UL)certifiesrecoveryand recyclingmachines

thatmeet the SAE standardsin additionto severalsafetycriteria. As of
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August 1992, 116 models from 40 different recycling equipment manufacturers

have been approved by UL. The Air Conditioning and Refrigeration Institute
(ARI) has also developed a purity specification for CFC-12. This

specification, ARI 700-88 (1991), "Specification for Fluorocarbon

Refrigerants," has even stricter requirements for recycled refrigerants. SAE

J-1991 requires that recycled CFC-12 supplied in containers from other recycle

sources (i.e., non-MACs)must meet the more stringent ARI 700-88 standard.

Recycling is expected to reduce HACCFCemissions at servicing by 90 percent

or more. Servicingthe remainingsystemswith CFC-I2will be strictly

regulatedto recoverand recyclethe old refrigerantand preventemissions.

(SeeFigure2.3 for a listof EPA-approvedservicingequipment.)

AvailableAlternativeRefrlaerants

With the recognitionthat CFC productionwill ceaseand the availability

of existingsupplieswill diminish,the importanceof substitutesfor CFCs

becomesevident. Substituteor alternativerefrigerantsincludevirtuallyany

fluidor gas; however,some are preferableto othersfor economic,safety,and

technicalreasons. Evenair, ammonia,and propanecan be used as

refrigerants.Ammoniasystems,for instance,are alreadyutilizedin some

industrialapplications,suchas cold storage,that are rarelyin contact,lth

occupiedspaces. Ammoniablodegradesquicklyand has zero ozonedepletion

potential, lt is, however,toxicto humansabovecertainconcentrationsand

flammablein concentrationsof 16 to 25 percentby volumein air (UNEP1989d).

Harmfulconcentrationsare easy to detectbecauseof ammonia'spungentodor,

therebyfacilitatingthe repairof leaksand the evacuationof personnel.

Becauseof the toxicityconcernsassociatedwith ammoniasystems,equipment

roomsmust be isolatedand monitoredfor leaks. When new equipment)s being

considered,lt may be appropriateto considersucha system,commensuratewith

use.

Lithium bromide (absorption) systems are possible replacements for CFC-

based chillers. Suchsystems can be gas-fired or poweredusing waste heat at

the correct temperature. These systems are also currently available. Other
alternatives include HCFC-22,HCFC-123,HFC-134a, and numerousothers

currently being developed, tested, and evaluated. HFC-I34a, which has an ODP

of zero and has undergoneextensive thermodynamicresearch as a promising
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FIGURE 2.3
EPA-Approved Recycle Systems
for Mobtle Atr Condtttontn9 a

Manufacturer Model
Sun ElectricCorp. MRC-150, -300, -400, -500, MTC-4000, NAPA-

1100, -5000, A9950, ATC-lO00, -1100, -5000,
White Industries- Dh/.of K-WhirTools. Inc. 01050, 01060, 01061, 01080, 01095
SPX Corporation 17251C, 014-00900, 17500B, 17501B, 17503B

RobinairDh/. 173-00,-01, -03,-50,-50C, -51, -51C,
174-00, -01, -03,-25, 177-00, -01, -03, -15, -25

IG-LD. Inc. Sub. of ValvolineInc. 1400, 1500,
RefrigerantTechnologiesInc. RRC-lO00, RRC-750, RRC-750X
RefrigerantRecoverySystems,Inc. STIOOA
Technical Chemical Co. SERCON 8000, 9000, .900OA,-9220,

• Beico ControlsInc. 08
Wynn's Climate Systems,Inc. 90-0001A, -0458A
James Kamm Technologies Inc. K-3333, K-3333.TB.
AssemblySystemsCorp. NS-2000.
EnvironmentalTechnologies Corp. SYSTEM I 102-12
AES NTRON Retdever2.2A
Power Manufactudng R-12a
MD! 1/2 HPCA .
Four Seasons 59900

Environmental Products AmalgamatedPry. Ltd. SKYE.EP3,SKYE EP-4/5
AirosolCompany Inc. ChargetteRC2000
Myers Enterprises MR-1991-A, MR-1991-R
Carder 12RA001100

•Van SteenburghEngineeringLab Inc. JV90.4, -3, -2, -1, LV30-4, -3, -2, -1, CV15-4, -3,
-2, -1

Promax Industries Inc. ROGER-1 (consi.stingof "Front"and "Back"
Sections)

MastercoolU.S.A. Inc. Supervamp62000
Rolo Inc. 91RI2
InternationalCarbonic Inc. RRR-SS,BH-RRR
ClassicTool FBR-li
P&F TechnologiesLtd. PF-8
Ozone Saver Industries Inc. R-6A, 0S-2000

MULTIPLE LISTIN
Company MoOQI

MOOG AutomotiveInc. 209990
Atlas SupplyCo. EAC-205, -250, -750, -1400, -1500
Ford Motor Company 158-00001, -00002, 01400900
Four Seasons 59870
Snap-OnTools Co. ACT2500, ACT3000, ACTH3000
NAPATemp. Products ATC1100, -5000
MACTools, Inc. ACRRC-750,AC650
Carquest Corp. 209990
NAPA 209990
Dowmar SolventRecovery SystemsInc. DR12R
Ig-Lo, Inc. Sub. of Valollne 1000
EnvlronmentalSystemsProducts, Inc. FICSg000

A UL MultipleListing(referred to as prh/ate labelingby the industry) is the formal publicationof the name
of a company that appears on equipment that is basically UL Usted for another company, lt would be
similarto a Ixivate brand except that the basic company name need not appear anywhereon the
products.

=UndenmitersLaboratories,Inc., January 23, 1992 and August 13, 1992

i
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alternativerefrigerantfor MACs,has also been testedby the U.S. Navy for

largerrefrigerationapplications,lt is currentlybeingused in some 1992

modelautomobilesfor Jeep and MercedesBenz (Mei 1991).

HCFC-22. HCFC-22-basedrefrigerationsystemscan be used as a

replacementfor CFC-502systems. HCFC-22has been thoroughlytestedas a

refrigerant,and a two-stageunit is currentlyavailablefor use in commercial

systems. BecauseHCFCswill eventuallybe phasedout, they shouldbe

consideredas only transitionalsolutions.DOE Order6430.IA,GeneralOesigl_

Criteria(April6, 1989),providesguidanceto reduceDOE CFC use in HVAC

systems. Underthisorder,continuedinstallationof HVAC systemsusingCFC-

11, -12, -113,-114,-115,-500,-501,or -502 is consideredoperationallyand

environmentallyunacceptable.DOE'spolicyis to limitnew equipmentto, and

where feasiblereplaceexistingequipmentwith,equipmentdesignedto use

HCFC-22. This policywill be updatedas new, proven,technologiesbecome

commerciallyavailable.

HCFC-I_3. HCFC-123is currentlybeingtestedas a substitute

refrigerantfor CFC-IIin commercialchillers. HCFC-123is a virtual"drop-

in" substitutefor CFC-liin most open shaftapplications,with only minor

systemmaterialchangesrequiredto retrofitexistingCFC-IIunits. A

manufacturingplantfor HCFC-123has recentlybeen builtin the UnitedStates.

Capitalcostsof newpackagedunitsare competitivewith CFC-IIsystems;

however,becauseHCFC-123is 5-20percentless efficientthan CFC-II,the

operatingcostsmay be higher.

HFC-134_. This is the acceptedreplacementfor CFC-12in MACs. In 1991

some European,Japanese,and Americanautomobilemanufacturersreportedly

beganusingthis new refrigerantin theirMACs. HFC-134ais not, however,a

drop-inreplacement,and systemchangesare necessaryfor a successful

conversionto this refrigerant.Whilenew plantsare underconstruction,HFC-

134a is currentlycommerciallyavailablein limitedquantities. In addition,

HFC-134ause is expectedto be more expensivethan CFC use due to higher

capitaland energycosts. SAE has developeda puritystandard,J-2099,for

use in HFC-134arecyclingfromMACs. An importantconsiderationin evaluating

HFC-134aas a substituteis that it couldsignificantlycontributeto

greenhouse-effectglobalwarming,both directly,due to its relativelylong
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lifetime(20years)and its significantglobalwarmingpotential(GWP),and

indirectly,as a resultof its lowerenergyefficiency.The long term outcome

of this situationis unclear.

New EQuiDment

The developmentof alternativerefrigerantsto CFCs does not signalthe

end of equipmenttechnologydevelopment.Recognizingthat all of today's

existingequipmentwill ultimatelyneed replacement,the availabilityof
Q

environmentallysafe refrigerantsand new technologieswill be the key to

achievinga long-termsolutionto the problem. New equipmentinstalledtoday

can be expectedto need replacementby 2025.

Currentlychillersthat can use eithera CFC or certainnon-CFC

refrigerantsare beingmanufactured.One manufacturercurrentlyships80

percentof its unitswith dual refrigerantcapability.This facilitatesthe

use of a CFC in the shortterm and allowsfor a simpleconversionat some

futuretime. As furtherrefrigerantresearchis conducted,additionaloptions

shouldbecomeavailable.

New equipmentis alsobecomingmore efficient.Considerationof

requiredcoolingloadswhen replacingexistingequipmentmay lead to use of

smallercapacitycoolingequipment,resultingin a decreasein the amountof

refrigerantneededto servethe building. Non-CFCsystemssuchas ammonia,

lithiumbromide,and othersare also experiencingrenewedinterestand

consideration.Advancedburnerdesignfor naturalgas systemscoupledwith

multiplestagingcan significantlyincreasethe overallefficiencyof many

non-CFCsystems,makingthemmore economicallyattractive.

EmerainQTechnol09i_and Substitutes(b}

Extensiveresearchand testinghavebeen completedto identifypotential

- substitutesfor CFCs in coolingapplications.Severalnew and reconsidered

refrigerantsexhibitthe appropriatethermodynamicpropertiesand meet

toxicity,flammability,and energy-efficiencycriteria. Many of the potential

substitutesare currentlyundergoingtestingand will be availablefor use

when they are approved.

(b) See Appendix A - Possible AlternativesBeing Consideredfor Review Under the SNAP Program.
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Ternary blend_. Onepromising option to replace CFC-12 in large-scale

refrigeration end uses is a ternary blend of HCFC-22(36 percent), HFC-152a

(24 percent) and HCFC-124(40 percent). The ternary blend has thermodynamic

properties which matchCFC-12 very closely. Other advantages include a 3

percent or greater increase in energy efficiency comparedto CFC-12. (UNEP
1991b). Certain CFC-12 and ammoniasystemsmay also be retrofitted to use the

ternary blend, (a) which is expected to becomeavailable by 1993.

ReplacementCFC-S00chillerswill be constructedusinga ternaryblendof

HCFC-22,HCFC-124,and HFC-152athat is currentlybeingtestedand shouldbe

availableas earlyas 1993.

This same ternaryblendof HCFC-22,HFC-152a,and HCFC-124may also be

an optionfor smallscalerefrigeration,lt is essentiallya zero cost option

becauseof the significantenergysavingsderivedfrom its higherenergy

efficiency(asmuch as threepercent). The U.S.Navy has conductedtestingon

both HFC-134aand an HCFC-22/HCFC-124/HFC-152ablendin a smallCFC-12
chiller.

HCFC-22. As previouslydiscussed,HCFC-22,with an ODP of 0.05,is an

interimreplacementfor CFC-502and CFC-12in new commercialrefrigeration

systems. Aloneor in a blend,it can be used in both mediumand low

temperaturesystems,such as cold storage-typeapplications.In CFC-502

replacements,systemredesignor compressormodificationwill be requiredto

permitHCFC-22use. HCFC-22in liquidinjectioncompressorsis currently
availableto replaceCFC-502.

HFC-152a. For small-scalerefrigeration(10-50tons),near-and mid-

term alternativesincludeternaryblends,HFC-152a,and nonazeotropic

refrigerantmixtures. Combinationsof commerciallyavailableand acceptable

fluidsin nonazeotropicrefrigerantmixturesmay be used as CFC substitutes.

HFC-152ais availableas an alternativerefrigerantand has been provenas a

possiblereplacementfor CFCs. HFC-152ais moderatelyflammablebut has

excellentthermodynamiccharacteristics.

(a) The ternary blend is a viable option for use in retail food systemswith high leak rates only if a
secondary fluid is used for heat transfer in enclosed occupied spaces. This is because there is often

preferentialboiling in such systems, and hence rechargingwith a blend of the same compositionwill change
the capacity and performanceof the system.
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An azeotroptc blend of HFC-32 and HFC-125 was recently announced as a

promising substitute for CFC-502 in low and medium temperature refrigeration

applications. Both HFC-32 and HFC-125 contain no chlorine and thus have zero

ODPs. HFC-32 is flammable, but the blend is not. MACsystems may also be

retrofitted to operate with near-azeotropic ternary blend refrigerants.

CQolinq Cycles. Alternative cooling cycles may replace the traditional

refrigerant-vapor compression cycle in someuses. For example, a modified

Stirling cycle using a non-CFC refrigerant has been demonstrated in a working

home refrigerator. The Navy is pursuing non-CFC refrigeration cycles for

medium temperature refrigeration applications. Such technologies must be

applicable to large scale cooling in order to be adopted by the industry.

HFC-134_. HFC-134a is a substitute for CFC-12 in chiller applications.

HFC-134a may be employed in CFC-12 systems that are retrofitted to handle its

characteristics, as well as in new systems.

HCFC-_;_4. Chillers using HCFC-124 may replace CFC-114 in industrial and

process chiller systems, although this chemical has an ODPof 0.019.

2.3 USE OF ODSs AS SOLVENTS

CFC-113, methyl chloroform (1,1,1-trichloroethane),and carbon

tetrachlorideare the major ODSs used by DOE as solvents in cleaning

operations. The principal uses of these solvents are cleaning electronic

components,precision cleaning (includingnuclear decontamination),and metal

cleaning. Of the three compounds, carbon tetrachlorideis the least used, and

discussionswith f.acilitypersonnel indicatethat it is already being replaced

in many DOE solvent processes. Chemical stability, low toxicity, and zero

flammabilityhave made CFC-113 the precisioncleaning chemical of choice.

Similarly, high solvency,moderate evaporationrate, and higher boiling point

have made methyl chloroform a unique product for cleaning specific soils, such

as heavy grease.

The choice of potential substitutesfor these chemicalswill depend on

the site-specificuses to which the ODSs.are currently put. Some of these

alternativesmay be able to be used with existing cleaning equipment, while

others will require more extensive retrofittingor purchasing new
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technologies.The phase-outof methylchloroformmay heralda returnto other

chlorinatedsolventsand non-halogenatedorganicsolvents. Thesesubstances

tend to be more toxic,and theiremissionsare regulatedas flazardousair

pollutantsunderthe CleanAir Act, as amended. Usingthem will requirethe

use of low emissionequipmentand safetymeasuresto protectworkers.

However,the phase-outof ODSs alsoprovidesan opportunityfor improved

cleaningperformanceand innovationin cleaningtechnology.

BecauseCFC-113,methylchloroform,and carbontetrachloridehave been

readilyavailableand relativelyinexpensive,they are oftenused in systems

lackingrecycleand recoverymechanismsto limitthe releaseof the chemicals

to the atmosphere.As productionof thesechemicalsis phasedout as part of

the requirementsof the CleanAir Act, as amended,the cost to obtainthem is

expectedto increasedramatically.A majorfirststep in reducingthe

consumptionof ODS solventsis implementingrecycle/recoverymeasures. The

UNEP reporton Solvents,Coatings,and Adhesives(1991)providesguidelineson

solventrecoverythat can reducetotalsolventemissionsby gO percent. Using

less solventcan be accomplishedby periodicpreventivemaintenance,

eng4neeringcontrols,operatorequipmenttraining,and spillprevention

techniques.

2.3.1 ELECTRONICS

The principaluse of CFC-113and methylchloroformin electronics

cleaningis to removesolderingflux residuesafterassembly. CFC-113is used

more oftenthanmethylchloroformbecausethe lattertendsto degrade

components.Untilrecently,militaryspecifications(Mil-specs)and military

standards(Mil-standards)createda majorbarrierto phasingout these

substances.DOE and industrysolventuses tendedto complywith Departmentof

Defense(DOD)requirementsevenwhen theywere not requiredto do so. In

1991,DOD modifiedMil-standard2000 to allowsolventalternativesto be used

and recommendedthatCFC-basedsolventsbe phasedout. This changein DOD

solventrequirementsshouldmake it easierfor DOE and industryto pursue
alternativesto ODS solvents.
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2.3.2 PRECISIONCLEAN]_NG

Precision cleaninr must be performed on equipment that requires an

extreme level of cleanliness to keep the components operating effectively or

that includes components sensitive to cleaning operations or having physical

characteristics that make them difficult to clean. CFC-113's low surface

tension and high volatility provide good wetting and penetration for particle

removal. CFC-113 is also used as a carrier for thin film applications, where
I

the lubricant is placed in a CFC-113 solvent solution and applied to precision

pieces such as bearings. After the CFC-113 evaporates, a stable oil film is

left on the precision part. Methyl chloroform is used in precision cleaning

activities for the removal of specific soils.

Several options are available for reducing consumption of CFC-I13,

methyl chloroform, and carbon tetrachloride in precision cleaning; not all of

the options will be viable for all precision cleaning operations.

Consideration must be given to the types of contaminants to be removed and the

complexity of the components being cleaned. Alternative solvents may need to

have a low surface tension, low viscosity, and relatively high vapor pressure

in order to clean, and be removed from, blind holes, gaps, and areas with

small clearances. As a first step in switching to an alternative cleaning

process, consideration should be given to changing the existing equipment to

enhance chemical recycle and recovery. Alternatives to CFC-113 and methyl

chloroform include both solvent and non-solvent options. Solvent options are

aqueous and semi-aqueous cleaning, HCFCs, alcohols, and synthetic aliphatic

hydrocarbons. The non-solvent options are pressurized gas cleaning,

supercritical fluid cleaning, plasma cleaning, and ultraviolet (UV)/ozone

cleaning.

2.3.3 METALCLEANING

Metal cleaning is an essential process in production, maintenance, and

repair of manufactured components. CFC-113 and methy] chloroform are theP

solvents of choice for metal cleaning activities. They can be used on a wide

variety of organic contaminants and are noncorrosive to the metals being

cleaned. They are nonflammable, have a low toxicity, and are chemically

stable. Their low heats of vaporization make them useful in vapor degreasing.
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Prior to the use of CFC-113 and methyl chloroform, chlorinated solvents

• such as trichloroethylene, perchloroethylene, and methylene chloride were used

in many metal cleaning processes. Since trichloroethylene and

perchloroethylene are regulated volatile organic compounds(VOCs) and

hazardous air pollutants under the Clean Air Act, as amended, they will be

viable only for applications in which their emissions can be tightly

controlled. Because of concerns about metal corrosion and the need to remove

extremely difficult soils, there is a perception that chlorinated solvents are

the only viable alternatives for someuses. In these applications, best

managementpractices can result in equivalent or better cleaning than CFC-113,

while staying within regulatory limits (UNEP 1991c).

2.3.4 ALTERNATIVESFORREDUCINGOOSsIN SOLV(_NTUSE

Alternatives for reducing or replacing CFC-113 and methyl chloroform

include conservation and recovery, as ,ell as the use of alternative solvents,

solvent blends, aqueous cleaners, emulsion cleaners, mechanical cleaning,

thermal vacuumde-oiling, and no-clean alternatives. Figure 2.4 identifies

the alternatives for each solvent process.

Recycle/Reuse

While ne, processes and alternatives are being developed for ozone-

depleting solvents, the use of reduction and solvent recycling options ,ill

also becomevery important. The required production phase-out of CFC-113,

methyl chloroform, and carbon tetrachloride will make these products

increasingly more expensive anddifficult to obtain. The same will be true

for HCFCsthat are used as interim substitutes. Commercial recycling

facilities can recycle solvents from degreaser bottoms and still bottoms

having high contamination levels after onsite recycling. The recycled

solvents can be returned to the site, thereby reducing purchase requirements.

For metal cleaning, gravity separators, water absorption, and single

plate distillation are three techniques for recovering solvents. Use of best

available technology can reduce solvent losses by up to 90 percent in some

processes. The UNEPReport on Solvents, Coatings, and Adhesives (1991)

provides guidance on the types of managementpractices to use for cold

cleaning, vapor cleaning, and continuous in-line cleaning.
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FIGURE2.4
Alternatives for 0DSSolvents

Major Uses ODSs Alternatives
i Ii ii ii i i

Electronics CFC-113 SolventOotions
Methyl Chloroform Aqueous

Semi.Aqueous
Alcohols mad Ketones
HCFCa

Non.Solvent Options
Ice Particle

No-ClemaOotion=
Low.Solid Fluxes
Inert gas wave soldering

Rec_fcle- Recovery

PrecisionCleaning CFC-113 Solvent Options
Methyl Chloroform Aqueous

Semi.Aqueous
HCFCa=
Alcohols and Ketones

SyntheticAliphatic Hydrocarbons

Non.Solvent Options
PressurizedGas

Super Critical Fluids
Plasma

UV/Ozone

Fleoyol9- Recovery

Metal Cleaning CFC-113 _olvent Options
Methyl Chloroform Aqueous
Carbon Tetrachloride Semi-Aqueous

HCFCs

SyntheticAliphatic Hydrocarbons
Ketones
Solvent Blends

Non-Solvent Options
Thermal vacuum de-oiling
Centrifugal cleaning
Wheat starchblasting
Carbon dioxide blasting

No-(_lemaOptions
i DW machining

• i ii llll i , , ,, , ,, , , i i i ,i
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Solvent ODtions

Aqueous Cleaners. These cleaners use water as the primary solvent and

combine synthetic detergents and surfactants with specta] additives (e.g.,

builders, pH buffers, sapontfiers). They cause fewer problems with worker

safety than many other solvents, and they are not flammable oP explosive.

Aqueous cleaners also provide multiple degrees of formulation and

concentration, allowing them to clean a large variety of components. Nuclear

decontamination may be effectively achieved by an aqueous system and high-

pressure sand blasting. Using water-based cleaners is much more complex than

using CFC-113 or methyl chloroform, and drying can present problems. The

higher surface tension of water compared to CFC-113 and methyl chloroform

increases the potential for solvents to becometrapped in capillary spaces and

blind holes. Someprocesses may require a separate drying section, and this

may have a corresponding increase in energy consumption (EPA 1991b). This

process can also result in large amounts of waste water that will need to be

treated prior to disposal.

Aqueous cleaning systems can be designed using closed-loop recirculating

wash and rinse stages as opposed to continuous discharge systems. This

reduces the amount of waste water being produced and results in savings in

energy and disposal costs. If water-soluble fluxes are used, "zero discharge"

systems can significantly reduce water, energy, and disposal costs.

Aqueous cleaners are used with three general types of equipment:

immersion, spray, and ultrasonics. Immersion equipment uses mechanical

agitation to remove soils. This process can often run on existing vapor

degreastng equipment with minor engineering changes (UNEP 1991c). The

equipment is usually simple to operate and capable of cleaning complex parts.

Spray equipment uses a high pressure spray for component cleaning or as a

final rinse after immersion cleaning. Spray techniques are inexpensive and

possibly more effective than immersion techniques, because contaminants can be

filtered from the solvent prior to its being sprayed on the components.

Ultrasonic equipment is the most expensive of the three aqueous cleaning

options. It uses an ultrasonic wavelength to agitate soils from the

components. The efficiency of the cleaning depends upon the u]trasonic power
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and the orientationof the componentsin the tank. Alternativesmay be

combinations of these processes.

Alkaline cleaners (aqueouscleaners containing alkaline salts) are

viable, broad substitutes for CFC-113and methyl chloroform. Approximately 60

percent of halogenated solvent degreasing operations for metals could be

replaced with alkaline cleaners (UNEP1991c). Manyalkaline cleaners are

currently available, and others are under development. They are effective in

cleaninga broadrangeof soilson a wide varietyof substrates.Othercommon

activeingredientsin aqueouscleanersincludealkylbenzenesulfonatesand

otheranionicsurfactants.Corrosioninhibitorsare addedto minimizethe

effectof the solventson metalsurfaces. The generaldesignof the equipment

used in alkalinecleaningof metalsis similarto that used in aqueous

precisioncleaning.

Semi-AqueousCleaners. In thiscategory,hydrocarbonsurfactants,such

as terpeneblends,are eitheremulsifiedin a watersolutionor appliedin

concentratedform and then rinsed. Both processesuse waterand are therefore

semi-aqueous.An existingSingle-or multi-stagevapordegreasermay be able

to be adaptedfor use with semi-aqueouscleaningprocesses.The semi-aqueous

processusesflammablefluidsthatmay requireretrofittingof the heating

elementson existingdegreaserswith automaticshut-offsand othersafety

features. Semi-aqueouscleanersare compatiblewith most metalsand plastics

and providegood cleaningfor heavysoils,greases,and waxes (EPA 1990a).

Semi-aqueouscleanersare similarto aqueouscleaners,with the exceptionthat

concentratedsemi-aqueouscleanersshouldnot be used in vaporor spray

cleaningwithoutan inertatmosphereor protectiveequipmentbecauseof their

ignitability.Underwatersprayimmersion,spin-underimmersion,and

ultrasonicsare recommendedapplicationmethods.

" Thesehydrocarbonsurfactantcleaners(includingterpenesand glycol

ethers)can be used in metalcleaningapplicationswherehigh viscosity,high

• molecularweightsoils,or semi-solidsoilsare associatedwith corrosion

sensitivesubstrates.They are potentiallyless expensiveto purchasethan

CFC-113and methylchloroform(EPA1991c).
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As with aqueouscleaning, semi-aqueouscleaning methodscan result in

significant volumes of waste water that may need to be treated and discharged.
Somehydrocarbon surfactant cleaners can be easily separated from the rinse

water, allowing the rinse water to be recycled or reused. The hydrocarbon

surfactant wastes may be able to be burned as fuel (UNEPlgglc).

Hvdrochlorofluorocarbons (HCFCs). Several HCFCshave been proposed as
potential substitutes for CF(_-ll3 and methyl chloroform. These include HCFC-

225ca, -225cb, -141b, -123, and blends. These compoundshave a lower, but

stillsignificant,ozone-depletingpotentialthan CFCs,primarilydue to the

shorteratmosphericlifetimeof each compound'smolecules. Becausemany of

theseHCFCsare also targetedfor phase-out,they shouldbe considered

transitionalalternatives,and the costsof eventualphase-outshouldbe
evaluated.

HCFCshave the advantageof possessingmany of the same physical

propertiesas CFCs,includinglow surfacetensionand nonflammability.The

HCFC compoundsmay, therefore,be able to be directlysubstitutedintocurrent

processes.HCFCsare also relativelyexpensive,and theiravailabilitywill

greatlylimittheirviabilityas alternativesfor CFC-113and methyl

chloroform.Accordingto the 1991UNEP reporton Solvents,Coatingsand

Adhesivesreport,both DuPontand AlliedSignalhave indicatedthat they will

no longermanufactureHCFC-123. In addition,DuPontdoes not plan to offer

any productscontainingHCFC-141b.

The I_CFC-225sare compatiblewith most metalsand plastics,but are

incompatiblewith acrylicresins. Recoverysystemsfor CFC-113can be applied

to the HCFC-EZSs,and thereare alsoHCFC-225recoverysystemsthat exhibita

95 percentrecoveryrate (EPAIggOb). Becausethey are volatilecompounds,a

recoverysystemwill be required. The HCFC-225sare consideredequivalentto

CFC-113in theircleaningability.

Alcoholsand Ketones. As polarchemicals,alcoholsare very strong

solvents. The primaryconcernwith alcoholuse is its combustibility;

equipmentmust be both flameproofand explosionproofto preventinjuryto

workersand equipment.Acetoneand isopropanolhavebeen identifiedas

possiblesubstitutesfor CFC-113. Methyl,ethyl,and isopropylalcoholshave
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been used in precisioncleaningfor removingresinand polaractivatorscommon

in flux. A perfluorocarbon(PFC)"blanket"is used to renderthe alcohol

vaporinflammable.Both alcoholand PFC leaveno residues,so solvent

operationsgenerallydo not requiredrying. Relativelysmallamountsof

alcoholare requiredfor cleaning. The disadvantagesto this optionare the

highglobalwarmi,gpotentialof PFC and the high capitalhost of the

equipment.Additionalcostsmay resultfrom the need to designsystems

capableof automaticallyshuttingoff if the PFC leveldropsbelowthe level

requiredto preventexplosion.Ketones,suchas acetoneand methylethyl

• ketone,are alsopowerfulsolvents. However,theirincompatibilitywith many

structuralpolymersand theirextremeflammabilityrenderthem unlikely

alternativesfor large-scaleusesof CFC-II3or methylchloroform.

AliphaticHvdrocar.)_. A wide rangeof aliphatichydrocarbons

(petroleumdistillates)are used in precisionclea_,ing.This processdoes not

use waterand thereforeis safe for water-sensitivecomponents.Aliphatic

hydrocarbonsare effectiveat cleaninga wide varietyof soils,and the low

surfacetensionallowsgood penetrationof componentparts. Generally,

hydrocarboncleaningcan be performedin modifiedaqueouscleaningequipment.

Becausethey containVOCs,solventvaporswill need to be recoveredusing

eithercarbonadsorptionor condensationtechniques.The solventscan be

cleanedfor reuseby filtrationor distillationwith a high rate of recovery.

Non-Solvln)Ob)ions

prQ_surlzedGas. Gasesthat may be used for precisioncleaninginclude

air, raregases,carbondioxide,chlorodifluoromethane(HCFC-22),and

nitrogen. Dependingon the gas selected,they are characterizedby low

toxicity,high diffusivity,and low flammability.Of the gas options,air is

the most reactivebecauseof its high oxygencontent. Rare earthgasesare

" characterizedby theirextremechemicalinactivityand may be obtainedby

fractionationof liquidair or directpurchase. Carbondioxideis relatively

• stablebut may dissociateintocarbonand ox)genat high temperatures,lt is

a byproductof numerousprocesses,but care must be takenin its use sincelt

is an asphyxiantand can be toxicto humans. HCFC-22is a nonflammablegas

that is generallyused in its liquifiedstate. Continualfloodingof a

componentwith liquidHCFC-22can freezeoff some contaminants.Althoughlt
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is believed to be nontoxic, high concentrations can result in dizziness,

narcosis, and nausea. Nttrogen may react with certain metals.

A difficulty tn using high pressure gases is the need to maintain

pressure. In addition, somecomponentsmaybe harmedby soil particles that

are removedand carried along with the gas. A vacuummay be used to capture

the d|slodged contamination. Htgh efficiency filters may also be necessary to
col1ect contaminat i on.

SuDercritical Flutds (SCFs). This is a spectal category of pressurized

gases that include fluids above their critical values for temperature and

pressure. SCFsare flexible solvents becausesmall alterations in pressure

and temperature can producesignificant changestn density, creating a

corresponding change in the solvent power. SCFsare characterized by high
diffusivity and low denstty and viscosity. Supercritical carbon dioxide has

been tested by several users as a potential replacement for CFC-133and methyl
chloroform. Supercritical carbon dioxide can dissolve manyhydrocarbons,

esters, silicones, perfluorinated soils, halocarbon-substituted triazines, and

polychlor- and bromo-trtfluoroethylene. Particulates such as lint, dust,

metal, and salts are insoluble in supercritical carbon dioxide but may be

dislodged. SCFsare particularly effective at removing soils with medium

molecular weight and relatively low polarity.

PlasmaCleanino. A plasma is an electrically charged gas containing

iontzed atoms, electrons, highly reacttve free radicals, and electrically

neutral species. Plasmas are created by passing an electric current through a

process gas, and they are characterized by high reactivity. Becauseprocess

gases are inexpensive and nontoxic, this application has a relatively low

operating cost. However, initial capital costs are high, and the equipment is

highly specialized. Cleaning time can vary from minutes to hours, but all

parts are cleaned evenly and equally well regardless of their size or shape.

A plasma cleaning system consists of a reactor, radio frequency generator, and

a control system. The spectfic gas to be used in a plasmacleaning system
wt1] dependon the componentsto be cleaned. Plasmahas been used for

removing organic contamination and residue from substrates, residues from

plating baths and washing solutions, and conformal coating to repair circuits.
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UV/OzoneCleanina. In this process, componentsare exposed to UV light

in the presence of ozone. The process can be used with a variety of surfaces,

including glass, quartz, mica, ceramics, metals, silicon, and polyamide

cement. Componentsmust be tested to determine the optimal orientation to the

UV light source. This process requires no moving parts and is therefore easy

to maintain and operate. Extensive exposure to UV light or ozone can be

hazardous to humans,and this may require special design considerations.

Further development and testing of this process is necessary to identify the

cleaning processesfor which Jt would be most applicable.

• Thermal V_¢uumOe-oJlina. This system uses a heated vacuumto remove

otl by vaporizing the otl. The vapors are then pumpedinto a cold trap where

they condenseand can be collected for recycle or disposal. This technology

can be used to clean parts following cutting, machining, quenching, and

stamping. Vacuumde-oiling is advantageousbecause it uses no solvents,

allows for removedotls to be recycled, and is stmple to operate. Becausethe

abtltty to volatilize otl is temperature- and pressure-dependent, the

equipment is set to the temperature and pressure required by the oil being

removed. This may require numerouschangesto the equipment settings in

facilities that are not cleaning metal parts of a consistent size and
contaminant level.

No-cle_n Alternatives. For electronics, several "no-clean" alternatives

to the use of solvents require changes in the materials used for soldering to

reduce flux residues that need to be removedfrom the component. Lowsolid

fluxes contain only ] to 5 percent rosin or resin as opposedto the 15 to 35

percent for high solid fluxes. They are commercially available for foam,

wave, or spray applications and are being considered by the DODfor certain

uses. Inert gas wave soldering operates under either a nitrogen atmosphereor

in a vacuum. The system operates without conventional rosin or fluxes, and

has the advantage of reducing the amountof oxidation on componentsboth

• before and after soldering. Post-cleaning is eliminated for manyuses.

Preliminary tests of inert gas, or controlled atmosphere, soldering have

demonstrated no significant differences in the quality of solder joints.

Electronic cleaning may also be able to take advantage of a new technology
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developed in Japan that uses ice particles ranging from 0.1 to 300 microns in
diameter to removecontaminants.

For lower grade metal cleaning requirements, various mechanical methods,

such as brushing and wiping, are vtable alternatives to solvents. Two methods

under development are wheat starch blasting and liquid carbon dioxide

blasting. Wheat starch is water-soluble and is not considered a hazardous

waste once the contaminants have been removed. Carbon dioxide evaporates

after cleaning, and is currently being used for paint stripping. Dry

machining, a process in which metal componentsare machinedwithout oils or

lubricants, is another no-clean alternative that may be an option for certain

metals and processes. Another non-solvent option is centrifugal cleaning. In

this process, metal parts are centrifuged to removeoils and lubricants. This

may be a viable option for parts that have a relatively low cleaning
requirement.

2.4 SOLVENTSUSEDTO CLEANEOUIPMENTCQNTAMINATEOW_THRADIOACTIVEDUSTS

A DOE-uniquesolvent use relates to cleaning equipment contaminated with

radioactive dusts. These pieces of equipment are usually cleaned in glove

boxes using CFC-113, because its low surface tension and high volatility

provide goodwetting and penetration for particle removal. CFC-113 is also

used as a carrier for thin ftlm applications, where the lubricant is placed in

a CFC-113 solvent solution and applied to precision pieces such as bearings.

After the CFC-113evaporates, a stable oil film is left on the precision part.

In addition, CFC-113 is used in cleaning plutonium and special electrical

contacts. Extremechemicalstability,low toxicity,and inflammabilitymake

CFC-113particularlyvaluablefor theseoperations.

Becauseof the need to keep the amountof radioactivelycontaminated

wasteto a minimum,some of the alternativesavailablefor generalsolvent

uses do not lend themselvesas well to nuclearactivities.Aqueoussolvents

are capableof removingnuclearcontamination,but aqueousprocessesoften

resultin significantquantitiesof wastewaterthat need to be treatedand

disposedof. One of the most promisingtechnologiesfor replacingCFC-113in

cleaningradioactivematerialsis the use of supercriticalfluids. These

fluidsare alsohighlystablechemicallyand have been demonstratedto
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dissolve manytypes of contaminants. Although further study is necessary,

supercritical carbon dioxide may be a viable option for cleaning plutonium,

and cleaning equipment contaminated with radioactive materials.

Onenon-solvent option that is currently being discussed is the use of

centrifugal cleaning to removeoils from plutonium chips.
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3.0 OVERVIEWOF CURRENTDOE ACTIVITIESTO PHASEOUT ODSs

Frompreliminaryinformationobtainedby EH-23,it was determinedthat

severalDOE sitesalreadyhave undertakenactivitiesaimedat phasingout uses

of ODSs. In contactswith representativesfromthesesites,it was discovered

that someof thesesitesare investigatingthe issuesrelatedto ODS

substitutionbut did not actuallyhave phase-outplansin place. Othersites

had not indicatedto EH-Z)that theywere involvedin ODS phase-outactivities

but that nonethelesshavemade significantprogresstowarddiminishingODS

• use(a). This is particularlytrue for solventuse. The materialpresented

in this sectionis an overviewof preliminaryinformationgatheredfrom

contactswith personnelat specificDOE sites. This is not an exhaustive

reviewof DOE facilityactivities.

In general,ODS phase-outactivitiesat DOE facilitiesare not part of a

specificODS phase-outplan,but ratherare incorporatedintootherprograms

aimedat environmentalcomplianceand wasteminimization.Only a few sites

had a singlepersonor officeoverseeingODS phase-outactivities.The

majorityof DOE siteshad personnelwho use ODSs taskedwith identifying

specificreplacementoptionsfor particularprocessesor equipment.

3.1 FIRESUPPRESSION

Severalsiteshave plansto phaseout halonuse in firesuppression

systemsand extinguishers.Pantex,the ContinuousElectronBeamAccelerator

Facility(CEBAF),and Ames Laboratoryalreadyhave replacedhalonsin portable

extinguishers.All thesesitescurrentlyare storingthe old halon

extinguisherspendingidentificationof a commercialrecycleor recovery

facilitycapableof processingthe halon. CEBAFhas replacedits portable

. Halon-1211extinguisherswith water-basedextinguishers,whileRockyFlatsis

planningto retrofitto dry chemicalextinguishers.

' Pantexis currentlyin the processof replacingfixedfire suppression

systemswith sprinklersin all noncriticalhalonuses. For criticaluses,

substitutesare beingsought. Ames is examininga rangeof optionsthat

(a) A list of the DOE and contractor personnelcontacted is attached as Appendix B.
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includesprinklersfor the main facilityand otheroptionsfor the mobilelab.

Dry chemicalsare not an effectivesub)titutebecausethe mobilelab contains

highlysensitiveopticalequipmentthatthe chemicalswoulddamage. CO2 is

alsonot a fullyviableoptionbecauselt is temperaturesensitiveand poses

potentialhealthand safetyproblems.

Both CEBAFand Pantexare activelyworkingwith suppliersto determine

the best approachto phase-out,includingidentifyingviablealternatives.

3.2 REFRIGERATION

Pantexhas installedrefrigerantrecyclingequipmentfor most of its

refrigerationunits,and has purchasedtwo mobileair conditioningrefrigerant

recyclingunits. Theseare expectedto achievebetterthan 95 percent

recovery. All of Pantex'stechnicianshavebeen certifiedto use the recycle
equipment.

The RockyFlatsPlantMaintenanceFacilityEngineeringGrouphas

developeda proposalto replaceClassI ODSs in refrigerationsystemsand to

conserveand recycleClass II HCFCsthroughoutthe plantsite. A February

1991documentoutlinesproposedeffortsto modifyand retrofitexistingplant

equipmentto allowCFC-IIand CFC-12to be replacedby HCFC-123and HCFC-124.

Existingequipmentwill be disassembledand re-gasketedwith a materialthat

will not be affectedby the alternaterefrigerants.The proposalincludes

replacingexisting"fusibleplug"reliefvalvesand "rupturedisk"relief

valveswith spring-loadedreliefvalvesto automaticallyreseatafteran over-

pressureis relieved. When the existingreliefvalvesare activated,the

entirerefrigerantchargeis lost to the atmosphere,and a new pressurerelief

valveand refrigerantchargeare requiredbeforethe systemcan be put back
intooperation.

The RockyFlatsEngineeringGroupproposalincludespurchasing

refrigerantmanagementsystemsthatwill minimizerefrigerantlossesduring

servicingand maintenanceof refrigerationand air conditioninqsystemsby

allowingthe repairpersonto removeand storethe refrigerant,then reinstall

it into the systemafterservicingor maintenanceis complete. Duringthis
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process the refrigerantmanagement system cleans the refrigerant,removing

oil, water, and acid contaminants.

3.3 SOLVENTS

A significant amount of work has been undertaken in the area of solvent

replacement at DOE facilities. The Solvent Waste Stream group, composedof

members of the Nuclear WeaponsComplex (i.e., Y-12, Pinellas, Kansas City

Plant, Sandia Albuquerque, Livermore, Los Alamos, Hound, and Pantex), has been

in existence for about two years, but activities aimed at solvent replacement

• have been ongoing since 1987. This group has a two-part agenda: (1) to

replace ODS solvents in current DOEuses in the short term, and (2) to

identify and develop non- or low-waste processes to replace current DOEuses

in the long term.

Metal cleaning activities have been switched to aqueous processes at

both Pantex and Rocky Flats. CEBAFis examining three options for spray CFC-

113 used in cleaning: isopropanol, methanol, and acetone. The facility is

also examining the use of pressurized gas.

Rocky Flats also established a Chlorinated Solvent Elimination Task Team

that is examining the potential for using supercritical CO2 for cleaning
plutonium as a replacement for methyl chloroform and carbon tetrachloride.

The team is also examining the potential for dry machining, which eliminates

the need to use solvents. Centrifugal cleaning may be a viable option for

removing oil from plutonium chips. For duct cleaning activities, Rocky Flats

is using De-solve-it, a non-Resource Conservation and Recovery Act solvent, in

place of the carbon tetrachloride that was originally tagged for this

activity. This is Rocky Flats' first glovebox usage of a substitute solvent.

Pantex currently is planning to use HCFC-141b for baths and wipes

because lt does not require any change in the existing equipment, and trials

have shown that lt works as well as the existing CFC used. Pantex is

developing a database of commercial products currently being used at the

facility. This database will contain information on the components of

commercial products and help to identify CFCs that are part of a purchased

product.
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Most solvent processes at Mound have already been modified away from CFC

use. EPA requirementson using chlorinated solvents have affected Mound's

solvent options. Mound is currently inventoryingsmaller CFC uses and

developing purchase requirementsto prevent the purchase of CFC-containing

solvents in the future.

The Kansas City Plant is developing a Technical Task Plan for its

EnvironmentallyConscious ManufacturingProject. This is aimed at identifying

clean technologiesfor use with manufacturingprocesses to prevent CFC and VOC

use and to limit waste generation and air emissions. Currently, the use of

CFCs is dictated by the Nuclear Design Agency that operates from the Sandia,

Lawrence Livermore, and Los Alamos National Laboratories,and by Mil-specs

that specificallycall for CFCs to be used when testing to ensure that

markings on weapons are permanent. The Kansas City Plant is developing a

state-of-the-artprecision cleaning facility to test new nonhazardous

solvents.

At Oak Ridge, the Y-12 facility is replacing its metal cleaning solvents

with ultrasonic cleaning and aqueous detergents. In this process, the

equipment is dropped into a water and detergent solution. High frequency

sound is put through this solution,which causes it to bubble on the

equipment. This results in a mechanical as well as chemical cleaning. In

situationswhere equipment needs to be wiped, high flash mineral spirits are

being used. This solution, called Solvent 140, is a straight chain

hydrocarbon. Dipropylene-glycol-methyletheris also used. These compounds

are being studied to determine bonding and other characteristics.
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4.0 CONCLUSIONS

The use and consumptionof CFCs and otherODSswill need to be phased

out in a time frameconsistentwith the schedulesmandatedby the CleanAir

Act, as amended,and the acceleratedphase-outannouncedby PresidentBush.

This reportpresentsseveralpotentialsubstitutesand processchangesthat

couldreduceor replaceODSs in most DOE activities.However,becausethis

informationis basedon broadcategoriesof uses,individualDOE facilities

shoulddeterminethe typesof substitutesand processchangesthat are most

• efficientfor theirspecificactivities.

Section612 ("SafeAlternativesPolicy")of the CleanAir Act, as

amended,requiresEPA to publisha listof safe alternativesas well as a list

of prohibitedsubstancesdeterminedto pose a threatto humanhealthor the

environment.EPA plansto proposeregulationsimplementingSection612 by

NovemberIgg2. Pendingthis action,considerableu_ertaintyexistsfor both

manufacturersand potentialuserson whichsubstanceswill qualifyas safe

alternativesfor ODSs. Therefore,a cautiousapproachshouldbe takento

makingcommitmentsfor substitutesfor ODSs at this time.

Plansconcerningphase-outand safe alternativesshouldbe established

in a way that allowsflexibilityand meetsthe intentof the law. For

example,HCFCsare potentialsubstitutesfor both solventand refrigerantODS

uses. In the area of refrigerationand air conditioning,someHCFCshave the

advantageof workingas well as CFCs and also of being"dropin" replacements.

SinceseveralHCFCsalso are currentlytargetedfor phase-out,the issueof

whetherHCFCsshouldbe used as substitutesis calledintoquestion. DOE

facilitieswill need to make theirowa judgmentson HCFC use. Issuesto be

consideredin thesejudgmentsincludethe age of the equipmentin whichthe

. HCFCswill be used and the costsfor changingprocessesor identifying

alternativesto the HCFCsat a laterdate. In addition,the timelinefor

. phasingout HCFCsis expectedto be accelerated.For someprocesses,it may

be worthwhileto use HCFCsuntilothersubstituteshave been identifiedor

untilthe equipmenthas reachedthe end of its usefullife. In any case,

HCFCscurrentlytargetedfor phase-outshouldbe recognizedas interim

measuresratherthan as solutionsto the ODS phase-outproblem.
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In the area of fire protection, plans and procedures for using

alternative methods and chemicals should also be developed that meet

particular facility requirements. In addition, plans and procedures for

disposal or storage of the halon should be considered. The protection of

certain critical assets may require using halons until suitable substitutes

can be found for all fire suppression situations (e.g., exposure in occupied

facilities). Decisions on the level end type of fire protection required will

need to be made on a case-by-case basis.

A comprehensive, worldwide effort to eliminate ODSs is underway. The

solutions are being developed at a rapid pace, and in most situations the

technology can be transferred expeditiously. In somevery specialized

applications, widely accepted solutions have not yet been found. However,

with the ongoing level of effort, alternatives should be developed in the near

future for even the most stringent applications.
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APPENDIX B
Selected Contacts

DOE Facilities

ContinuousElectron Beam Accelerator Pinellas
Facility(CEBAF) DOE PinellasArea Office
South Eastern Univ. ResearchAssoc. Deborah Turner
Gina Dixon 813/541-8085
804/249-7308

Pantex Rocky Flats Plant
ExplosivesTechnology EG&G Rocky Flats, Inc.

" Dr. ErwinKohn Dr. 8tephanie Hale
806/477-3473 303/966-6077

Mound DOE RichlandField Office
EG&G Mound, Inc. Steve Stites
Don Dicharo 509/372-0409
513/865-3523

Ames Laboratory Savannah RiverSite
Environment,Safety and Health Group Westinghouse FacilitiesGroup

• LowellK. Mathison, Manager John Harris
515/294-2153 803/725-3465

Kansas City Plant Y-12
Allied-SignalAerospace Martin Marietta Energy Systems, Inc.
James Tira Usa Thompson
816/997-2563 615/576-4227

Gaseous DiffusionPlants
NE-33 Operations and Facility Reliability
Lee Ewing _
301/903-5442

Waste Reduction/WasteMinimization

Kathleen Hain Dr. J. Kent Hancock
EM-50 Technology Development EM-35 TechnicalSupport Division
301/903-7917 301/903-7174

John Marchetti Jane Powers
DP-223 Production Facilities EH-231 RCRA/CERCLADivision
301/903-5003 202/586-7301

B.1



APPENDIX B
Selected Contacts

Alternatives

Solvent Waste Stream Database of AlternativeSolvents
Sandia National Laboratory Idaho National EngineeringLaboratory
Robyn Steifeld Angela Chavez
505/844-5197 208/526-7834

Dry, No-Clean Soldering Air Quality -
Sandia National Laboratory Kansas City Plant
Gay L. Dybwad David Eggers
505/844 8236 816/997-4045

Super Critical Fluids Radionuclides
EG&G Rocky Flats, Inc. Westinghouse Savannah RiverSite
Dr. Stephanie Hale John Harris
303/966-6077 803/725-3465

CFC Substitutes SupercriticalFluid
WestinghouseSavannah RiverSite LosAlamos National Laboratory
Larry Haney Dale Spall
803/725-3829 505/667-4960

Cleaning Technology
CE-222 Waste Material Management
Division
Bruce Cranford
202/586-9496

Fire Suppression\Halon

Dennis Kubicki Edward Connell

EH-31.3 Officeof OccupationalSafety DP-621 Facilities EngineeringDivision
301/904-4794 301/903-9831

B.2



APPENDIX B
Selected Contacts

General

EPA Global Change Hotline DoD Programs
lOam -4pm EST Mr. Bill Goins
800/296-1996 DoD Environmental

" 703/693-8709

US Air Force Programs DOE General Phase-Out
Major Tom Morehouse Ted Koss
AF EnvironmentalDivision EH-232 Air, Water and Radiation Division
202/767-0275 202/586-7964

ODS Alternatives
Charles Purcell
Pacific Northwest Laboratory
2C:_646-5206



PNL-8222
UC-600

DISTRIBUTION

No. of
Covies

OFF_ITE

12 DOE/Office of Scientific and Technical R L DAILEY
Information DOE/EH-231

1000 Independence Ave., S.W.
T.H. KOSS Washington, D.C. 20585
DOE/EH-23
1000 INDEPENDENCE AVE., S.W. G C DI CERBO
WASHINGTON, DC 20585 DOE/EH-231

1000 Independence Ave., S.W.
2 A R SEEPO Washington, D.C. 20585

DOE/NE-60

1000 Independence Ave., S.W. T C ELSASSER
Washington, D.C. 20585 DOE/EM-4

1000 Independence Ave., S.W.
J AHLQUIST Washington, D.C. 20585
DOE/EM425
12800 MIDDLEBROOK RD L FAIROBENT
GERMANTOWN, MD 20874 DOE/EHd

1000 Independence Ave., S.W.
L H BARRETT Washington, D.C. 20585
DOE/DP-6.1

11300Independence Ave., S.W. M D FIORI
Washington, D.C. 20585 DOE/DR-1

1000 Independence Ave., S.W.
R P BERUBE Washington, D.C. 20585
DOE/EH-20
1000 Independence Ave., S.W. J A FORD
Washington, D.C. 20585 DOE/DP-63

199O1 GERMANTOWN RD
C BRADLEY GERMANTOWN, MD 20874
DOE/NE-33

1000 Independence Ave., S.W. M W FREI
Washington, D.C. 20585 DOE/EM-34

1000 Independence Ave., S.W.
. B CAMPBELL Washington, D.C. 20585

DOE/CR-141
1000 Independence Ave., S.W. G GEARS

. Washington, D.C. 20585 DOE/DP-62
19901 GERMANTOWN RD

J L COALGATE GERMANTOWN, MD 20874
DOE/EH-231

1000 Independence Ave., S.W. S GOEL
Washington, D.C. 20585 DOE/ER-10

19901 GERMANTOWN RD

GERMANTOWN, MD 20874

Distr.1



PNL-8222
• UC-600

K E GOODWIN A C LAWRENCE
DOE/DP-636 DOE/EH-232

19901 GERMANTOWN RD 1000 Independence Ave., S.W.
GERMANTOWN, MD 20874 Washington, D.C. 20585

J. VERNET 2 E D SHOLLENBERGER
DOE/EP63 DOE/NE-60

1000 INDEPENDENCE AVE. S.W. 1000 Independence Ave., S.W.
WASHINGTON, DC 20585 Washington, D.C. 20585

D. KUBICKI J V ANTIZZO
DOE/EH-31.3 DOE/EM-361
1000 INDEPENDENCE AVE., S.W. 12800 MIDDLEBROOK RD
WASHINGTON, DC 20585 GERMANTOWN, MD 20874

R. CAMERON J J BASCIETTO
DOE ALBUQUERQUE DOE/EH-231

PO BOX 5400 1000 Independence Ave., S.W.
ALBUQUERQUE, NM 87185-5400 Washington, D.C. 20585

E. CONNELL W BIXBY
DOE/DP-621 DOE/EM-40
1000 INDEPENDENCE AVE, S.W. 1000 Independence Ave., S.W.
WASHINGTON, DC 20585 Washington, D.C. 20585

D. SPALL R A BRADLEY
LOS ALAMOS NATIONAL LAB DOE/S-1

PO BOX 1663 1000 Independence Ave., S.W.
LOS ALAMOS, NM 87545 Washington, D.C. 20585

R D HAHN J CARNEY
DOE/DP-64 DOE/ER-922
19901 GERMANTOWN RD 19901 GERMANTOWN RD
GERMANTOWN, MD 20874 GERMANTOWN, MD 20874

L H HARMON J A COLEMAN
DOE/EM-53 DOE/EM35
1000 Independence Ave., S.W. 12800 MIDDLEBROOK RD
Washington, D.C. 20585 GERMANTOWN, MD 20874

N L JOHNSON W H DELAPLANE
DOE/FE-4 DOE/FE-421 -

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

M A KILPATRCIK J DISBROW
DOE/EH-24 DOE/EI-531

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

Distr.2
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R W ENGLEHART R JONES
DOE/NP-2 DOR/EH-41

1000 Independence Ave., S.W. 19901 GERMANTOWN RD
Washington, D.C. 20585 GERMANTOWN, MD 20874

J K FARLEY A E KNIGHT
DOE/ER-8.2 DOE/CP-20

19901 GERMANTOWN RD ' 1000 Independence Ave., S.W.
GERMANDTOWN, MD 20874 Washington, D.C. 20585

. J FISHER O J LAWRENCE
DOE/CP-40 DOE/CE-64

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
. Washington, D.C. 20585 Washington, D.C. 20585

W B FORTUNE R L ADELMAN
DOE/EH-231 WDC

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

Y M GARBE L H BANICKI
DOE/EH-5 EH-24

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

M A GILBERTSON J E BAUBLITZ
DOE/EH-5 EM-40

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

O GOKTEPE C M BORGSTROM
DOE/ER-22 EH-25

19901 GERMANTOWN RD i000 Independence Ave., S.W.
GERMANTOWN, MD 20874 Washington, D.C. 20585

B A GRIMM S J BROCOUM
DOE/EH-20 RW-22

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

C O HALSTED A CLEARY
• DOE/DP-27 EH-1

19901 GERMANTOWN RD 1000 Independence Ave., S.W.
GERMANTOWN, MD 20874 Washington, D.C. 20585

D F HOEL S P COWAN
DOE/NP-53 EM-30

' 1000 Independence Ave., S.W. 1200 MIDDLEBROOK RD
Washington, D.C. 20585 GERMANTOWN, MD 20874

Distr.3
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UC-600

W DENNISON J K HANCOCK
GC-11 EM-352
1000 Independence Ave., S.W. 12800 MIDDLEBROOK RD
Washington, D.C. 20585 GERMANTOWN, MD 20874

C W EBBECKE D S JEWETT
NP-20 FE-222

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

A E EVANS A G JOSEPH
ER-13 ER-40

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

JJ FIORE F A KOOMANOFF
EM-42 ER-10
12800 MIDDLEBROOK RD 19901 GERMATOWN RD
GERMANTOWN, MD 20874 GERMANTOWN, MD 20874

J E FITZGERALD L LICHTMAN
EH-30 EH-25

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, D.C. 20585

C S FRANK R G LIGHTNER
EM-50 EM-45
12800 MIDDLEBROOK RD 19901 GERMANTOWN R"3
GERMANTOWN, MD 20874 GERMANTOWN, MD 2f 74

H K GARSON J E LYTLE
NP-1 EM-30
1000 Independence Ave., S.W. 12800 MIDDLEBROOK RD
Washington, D.C. 20585 GERMANTOWN, MD 20874

R G GISCH M J MATARRESE
NE-60 FE-64

NC-2 BLDG 1000 Independence Ave., S.W.
2521 JEFFERSON DAVIS HIGHWAY Washington, D.C. 20585
ARLINGTON, VA 22202

R H MORRE
D N GOODWIN EI-23.1 •

ER-20.1 1000 Independence Ave., S.W.
19901 GERMANTOWN RD Washington, D.C. 20585
GERMANTOWN, MD 20874

L NAKATA
P D GRIMM EH-231

EM-2 1000 Independence Ave., S.W.
1000 Independence Ave., S.W. Washington, D.C. 20585
Washington, D.C. 20585

Distr.4
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UC-600

O J PARKER D O Moses
RW-333 PE-70

1000 Independence Ave., S.W. 1000 Independence Ave., S.W.
Washington, D.C. 20585 Washington, DC 20585

H T PETERSON JR W S Osbum, Jr.
EH-232 ER-73

1000 Independence Ave., S.W. 19901 Germantown Road
Washington, D.C. 20585 Germantown, MD 20874

• T PFLAUM R Pelletier
DP-9 EH-23
1000 Independence Ave., S.W. 1000 Independence Ave., S.W.

• Washington, D.C. 20585 Washington, DC 20585

D R RHOADES H J Pettengill
DP-65 EH-40
19901GERMANTOWN RD 19901Germantown Road

GERMANTOWN, MD 20874 Germantown,MD 20874

P J RITZCOVAN J POWERS
NP-52 EH-231

1000IndependenceAve.,S.W. I000IndependenceAve.,S.W.
Washington,D.C.20585 Washington,DC 20585

K SCHMIDT J E RHODERICK
EH-231 EM-351

1000IndependenceAve.,S.W. 12800MIDDLEBROOK ROAD
Washington,D.C.20585 OERMANTOWN, MD 20874

R K SHARMA S H ROSSI
NE-47 ER-53
1000 Independence Ave., S.W. 19901 GERMANTOWN ROAD
Washington, D.C. 20585 GERMANTOWN, MD 20874

E Livingston J C SCHUMANN
EM-5 EM-11

1000 Independence Ave., S.W. 19901 GERMANTOWN ROAD
Washington, D.C. 20585 GERMANTOWN, MD 20874

S A Mann D D SHELOR
. EM-44 RW-30

1000 Independence Ave., S.W. 10O0INDEPENDENCE AVE, S.W.
Washington, D.C. 20585 WASHINGTON, DC 20585

J B McGrory R J LYNCH
ER-23 DP-643
19901 Germantown Road 19901 GERMANTOWN ROAD

Germantown, MD 20874 GERMANTOWN, MD 20874

Distr.5
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UC-600

J M MARCHET]'I A SMITH
DP-644 BPA

19901 GERMANTOWN ROAD 1000 INDEPENDENCE AVE., S.W.
GERMANTOWN, MD 20874 WASHINGTON, DC 20585

S MILLER M T STAHR
GC-11 EM-441
1000 INDEPENDENCE AVE., S.W. 12800 MIDDLEBROOK ROAD
WASHINGTON, DC 20585 GERMANTOWN, MD 20874

N NAEGELE K I TAIMI
EH-23 EG-22

1000 INDEPENDENCE AVE, S.W. 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585 WASHINGTON, DC 20585 .

C A OSTROWSKI T T TRACESKI
EG-232 EH-231

1000 INDEPENDENCE AVE., S.W. 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585 WASHINGTON, DC 20585

F G PETERS D M VALENTINE
RW-2 RW-332

1000 INDEPENDENCE AVE., S.W. 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585 WASHINGTON, DC 20.585

M E PETI"S B R WHITEHEAD
EC--231 EG-231

1000 INDEPENDENCE AVE., S.W. 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585 WASHINGTON, DC 20585

E P REGNIER R W WOOD
EH-232 ER-74

1000 INDEPENDENCE AVE, S.W. 19901 GERMANTOWN ROAD
WASHINGTON, DC 20585 GERMANTOWN, MD 20874

S D RICHARDSON L E STEVENS
DP-60 EM-331

1000 INDEPENDENCE AVE., S.W. 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585 WASHINGTON, DC 20585

F B RUSSO C A THOMPSON
El-i-24 NE-43 .

1000 INDEPENDENCE AVE., S.W. 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585 WASHINGTON, DC 20585

R S SCOTT J C TSENG
EM-20 EM-36

1000 INDEPENDENCE AVE., S.W. 1000 IMDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585 WASHINGTON, DC 20585

Distr.6
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UC-600

A WALLO, III 5 R R NELSON
EH-232 US DOE-OAK RIDGE

1000 INDEPENDENCE AVE., S.W. PO BOX 2001
WASHINGTON, DC 20585 OAK RIDGE, TN 27831

W E WlSENBAKER 5 B W CHURCH
EM-43 US DOE-NEVADA
12800 MIDDLEBROOK ROAD PO BOX 98518
GERMANTOWN, MD 20874 LAS VEGAS, NV 89193-8518

J O YATES 5 J T DAVIS
ER-42 US DOE-SAN FRANCISCO
1000 INDEPENDENCE AVE., S.W. 1333 BROADWAY

. WASHINGTON, DC 20585 OAKLAND, CA 94612

D F SWlNK 2 M C KELLER
FE-4 US DOE- PITTSBURGH
1000 INDEPENDENCE AVE., S.W. PO BOX 10940
WASHINGTON, DC 20585 PITTSBURGH, PA 15236-0940

C J THOMPSON 2 J GANZ
EH-231 US DOE-MORGANTOWN
1000 INDEPENDENCE AVE., S.W. PO BOX 880
WASHINGTON, DC 20585 MORGANTOWN, WV 26507-0880

F A TURI 2 W R MILLER
EM-33 US DOE-MORGANTOWN
1000 INDEPENDENCE AVE., S.W. PO BOX 880
WASHINGTON, DC 20585 MORGANTOWN, WV 26507-0880

L A WEINER 2 L C GOIDELL
EH-5 US DOE-SAVANNAH RIVER
1000 INDEPENDENCE AVE., S.W. PO BOX A
WASHINGTON, DC 20585 AIKEN, SC 29808

W WOLFF 2 A B GOULD
DP-633 US DOE-SAVANNAH RIVER
19901 GERMANTOWN ROAD PO BOX A
GERMANTOWN, MI) 20874 AIKEN, SC 29808

5 G C BOWMAN 2 T F HEENAN
. US DOE-IDAHO US DOE-OAK RIDGE

78.5 DOE PLACE PO BOX 2001

IDAHO FALLS, lD 83402 OAK RIDGE, TN 37831

5 NS DIENES 2 H W HIBBIT_
US DOE-ALBUQUERQUE US DOE-OAK RIDGE
PO BOX 5400 PO BOX 2001
ALBUQUERQUE, NM 87185-5400 OAK RIDGE, TN 37831

Distr.7
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2 L C SJOSTRUM . 2 D L KRENZ

US DOE-SAVANNAH RIVER US DOE ALBUQUERQUE
PO BOX A PO BOX 5400

AIKEN, SC 29808 ALBUQUERQUE, NM 87185-5400

2 G W JOHNSON 2 D R ELLE
US DOE-PINELLAS AO US DOE NEVADA
PO BOX 2900 PO BOX 98515
LARGO, FL 34649 LAS VAGAS, NV 89193-8518

2 P J GROSS 2 J K HARTMAN •
US DOE-OAK RIDGE US DOE SAN FRANCISCO
PO BOX 2001 1333 BROADWAY
OAK RIDGE, TN 37831 OAKLAND, CA 94612 "

2 J A MORLEY 2 R WALDMAN
US DOE-DAYTON AO US DOE ALASKA POWER ADMIN
PO BOX 66 2770 SHERWOOD LANE #2B
MIAMISBURG, OH 45343-0066 JUNEAU, AK 99801

2 B R FRITZ 2 M W SMITH
US DOE-CHICAGO US DOE SPRO
9800 S CASS AVE 900 COMMERCE ROAD E
ARGONNE, IL 60439 NEW ORLEANS, LA 70123

2 R C SLEEMAN 2 W L JAMISON
US DOE-OAK RIDGE US DOE WAPA
PO BOX 2001 PO BOX 3402
OAK RIDGE, TN 37831 GOLDEN, CO 80401

2 J P KENNDEY 2 W N SATO
US DOE-CHICAGO US DOE IDAHO
9800 S CASS AVE 785 DOE PLACE
ARGONNE, IL 60439 IDAHO FALLS, ID 83402

2 E W BEAN 2 R F SENA
DOE-KANSAS CITY ENVIRON RESTORATION
PO BOX 412.52.5 US DOE ALBUQUERQUE
KANSAS CITY, MO 64141-0202 PO BOX 5400

ALBUQUERQUE, NM 87185-5400
2 P M RAMEY

US DOE-AMARILLO 2 J N FIORE "
PO BOX 30030 US DOE NEVADA
AMARILLO, TX 79120-0030 PO BOX 98518

LAS VEGAS, NV 89193-8518
2 D MILES

US DOE NP & OS RESERVES 2 J JUETTEN
907 N POPULAR US DOE SAN FRANCISCO
CASPER, WY 82601 1333 BROADWAY

OAKLAND, CA 94612

Distr.8
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2 L E LITTLE L K PRICE
US DOE RICHLAND EW-93
PO BOX 550 PO BOX 2001

RICHLAND, WA 99352 OAK RIDGE, TN 37831

2 J C KILLEN G WESTERBACK
US DOE NAVAL PETRO RES PO BOX 398705

PO BOX 11 CINCINNATI, OH 45239-8705
TUPMAN, CA 93276

J HUNZE
2 J L BELLOWS US DOE CHICAGO

US DOE LOS ALAMOS 9800 SOUTH CASS AVE
528 35TH STREET ARGONNE, IL 60439
LOS ALAMOS, NM 87544

J MARTIN
2 M L MATFHEWS, JR US DOE MORGANTOWN

US DOE AL UMTRA PO BOX 880
PO BOX 5400 MORGANTOWN, WV 26507-0880
ALBUQUERQUE, NM 87115

F BAES
2 T A VAETH OAK RIDGE NAT'L LAB

ROCKY FLATS AO PO BOX 2008
PO BOX 928 OAK RIDGE, TN 37831
GOLDEN, CO 8040.2-0928

L RADCLIFF
2 A B CRAWLEY US DOE OAK RIDGE

•

US DOE BARTLESVILLE PO PO BOX 2001

PO BOX 1398 OAK RIDGE, TN 37831
BARTLESVILLE, OK 74005

G W WESTERBECK
P J ROWLAND US DOE FERNALD
PO BOX 191 PO BOX 398705
WEST VALLEY, NY 14171 CINCINNCTI, OH 45239-8705

J GASPER T C WESSON
ARGONNE NAT'L LAB BARTLESVILLE PO
370 L'ENFANT PRM SW PO BOX 1398
WASHINGTON, DC 20024 BARTLESVILLE, OK 74005

L SCHULTZ J B LLOYD
ENERGETICS SOUTHEASTERN PA
7164 GATEWAY DRIVE SAMUEL ELBERT BLDG
COLUMBIA, MD 21046-2101 ELBERTON, GA 30635

REMEDIAL ACTION PIC HAZWRAP
MARTIN MARIETTA ENERGY SY K-1210
PO BOX 2003 MARTIN MARIETTA ENERGY SY
OAK RIDGE, TN 37831 PO BOX 2003

OAK RIDGE, TN 37831

Distr.9
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R E TILLER A R CHERNOFF, JR
FERNAL FO US DOE UMPTRA PO
PO BOX 398705 PO BOX 5400

CINCINNATI, OH 45239-8705 ALBUQUERQUE, NM 87185-5400

J C HAUGEN A E HUNT
US DOE CHICAGO WIPP PO
9800 SOUTH CASS AVE PO BOX 3090
ARGONNE, IL 60439 CARLSBAD, NM 88221

D L HAYES S A MELLINGTON '
US DOE SOUTHWESTERN PA US DOE NEVADA
PO BOX 1619 PO BOX 98518
TULSA, OK 74105 LAS VEGAS, NV 89193-8518 .

F LOCKHART J CULLEN
ROCKY FLATS AO US DOE SAN FRANCISCO

PO BOX 928 1333 BROADWAY
GOLDEN, CO 80401-0928 OAKLAND, WA 94612

J BAKER R GUERCIA
NREL AO US DOE RICHLAND
1617 COLE BUILDING PO BOX 550
GOLDEN, CO 80401 RICHLAND, WA 99352

N BROWN J L LYLE
SSC PO US DOE IDAHO
2550 BECKLEYMEADE #1020 785 DOE PLACE
DALLAS, TX 75237 IDAHO FALLS, lD 83402

T E LUKOW D J COOK
ROCKY FLATS AO CENT TRAINING ACAD
PO BOX 928 PO BOX 5400
GOLDEN, CO 80402-0928 ALBUQUERQUE, NM 87185-5400

M VAN DERPUY J A MEWHINNEY
ROCKY FLATS AO WIPP PO
PO BOX 928 PO BOX 3090

GOLDEN, CO 80402-0928 CARLSBAD, NM 88221

NAT LOW-LEVEL WASTE J D ROSS
EG&G IDAHO INC US DOE NEVADA •
PO BOX 1625 PO BOX 98518
IDAHO FALLS, lD 83402 LAS VEGAS, NV 89193-8518

P HINMAN B HOLT
US DOE IDAHO US DOE RICHLAND
785 DOE PLACE PO BOX 550
IDAHO FALLS, lD 83402 RICHLAND, WA 99352
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K CARLSON GARY LEVAGNINO
KIRTLAND AO 1333 BROADWAY

PO BOX 5400 OAKLAND, CA 94612
ALBUQUERQUE, NM 87185-5400

BEHRAM SHROFF
C L SODEN DOE-FERNALD OFFICE
HEALTH PROTECTION PO BOX 398705
PO BOX 5400 CINCINNATI, OH 45239-8705
ALBUQUERQUE, NM 87185-5400

DEBBY TURNER
F K GRASSMEIR US DOE

6

OCB PO BOX 2900
PO BOX 98608 LARGO, FL 34649
LAS VEGAS, NV 89021

' STUART ALTMAN
E BALLARD DP-161
US DOE SAN FRANCISCO 19901 GERMANTOWN ROAD
1333 BREADWAY GERMANTOWN, MD 20874
OAKLAND, CA 94612

STEVE BUCKLEY
R D IZATr EM-20
US DOE RICHLAND 1000 INDEPENDENCE AVE., S.W.
PO BOX 550 WASHINGTON, DC 20585
RICHLAND, WA 99352

STEVE FERGUSON
CHRIS ANDERSON GC-11

MAIL STOP 1146 1000 INI)EPENDENCE AVE., S.W.
DOE-IDAHO WASHINGTON, DC 20585
785 DOE PLACE
IDAHO FALLS, lD 83402 REMI LANGUM

EM-431

DON ELLISON 19901 GERMANTWON ROAD
PO BOX 11 GERMANTOWN, MD 20875
ELK HILLS PETROLEUM RESERVES
TUPMAN, CA 93276 RICHARD W. EARL

AD-14

ELIAS GEORGE 1000 INDEPENDENCE AVE., S.W.
PITTSBURGH ENERGY TECHNOLOGY WASHINGTON, DC 20585
CENTER
PO BOX 10940 GENE FLEMING
PITTSBURGH, PA 15236 AD-21

1000 INDEPENDENCE AVE., S.W.
" SHIV GOEL WASHINGTON, DC 20585

DOE-ALBUQUERQUE
PO BOX 5400 EDWARD TUTTLE

.

ALBUQUERQUE, NM 87115 AD-15
1000 INDEPENDENCE AVE., S.W.

MAL HUMPHREYS, SE 311 WASHINGTON, DC 20585
PO BOX 2001

OAK RIDGE, TN 37831

Distr.ll



PNL-8222
UC-600

VINCENT BROOKS LISA THOMPSON
AD-643 Y-12
1000 INDEPENDENCE AVE., S.W. MARTIN MARIET'FA
WASHINGTON, DC 20585 PO BOX 2009

OAK RIDGE, TN 37831-8095
DONALD FRIZZELL

AD-643 KATHLEEN HAIN
19901 GERMANTOWN ROAD DOE-EM 55

GERMANTOWN, MD 20874 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585

JAMES TIRA
*

ALLIED-SIGNAL INC. JOHN MARCHE'rTI'
2000 E 9STH STREET 10910 FRUITWOOD DRIVE
PO BOX 419159; DEPT 837-2CA3 BOWIE, MD 20720 ,
KANSAS CITY, MO 64141-6159

DR J KENT HANCOCK
GINA DIXON, SEURA DOE EM-35
12000 JEFFERSON AVE B12 WASTE OPERATIONS

NEWPORT NEWS, VA 23606 1000 INDEPENDENCE AVE., S.W.
WASHINGTON, DC 20585

DR ERWIN KOHN

PANTEX JANE POWERS
MASON & HANGER DOE EH-231
EXPLOSIVES TECHNOLOGY DIVISION RCRA/CERCLA DIVISION

PO BOX 30020 1000 INDEPENDENCE AVE., S.W.
AMARILLO, TX 79177 WASHINGTON, DC 20585

DON DICHARO DR. STEPHANIE HALE
MOUND APPLIED TECHNOLOGIES RFP -EG&G RF INC.
PO BOX 3000 BLDG 88 BOC 464 BUILDING 779
MIAMISBURG, OG 45343-3000 GOLDEN, CO 80402-0464

LOWELL K MATHISON LARRY HANEY
AMES LAB PO BOX 616 BLDG 742-A

115 SPEDDING HALL WESTINGHOUSE-SAVANNAH RIVER"
AMES, LA 50011 AIKEN, SC 29802

GASEOUS DIFFUSION PLANTS DAVID EGGERS
LEE EWING DEPT 922, SC-8
DOE, NE-33 PO BOX 419159
GERMANTOWN, MD 20874 ALLIED SIGNAL AEROSPACE

KANSAS CITY, MO 64141
SIeVE STITES

DOE DALE SPELL '
PO BOX 550 LOS ALAMOS NATIONAL LAB .
RICHLAND, WA 99352 CLS-1 G-740

PO BOX 1663
JOHN HARRIS LA NEW MEXICO 87545 ,
SAVANNAH RIVER SITE
BLDG 742-A
WESTINGHOUSE - SAVANNAH RIVER
AIKEN, SC 29802
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BRUCE CRANFORD ONSlTE
DOE CE 222

WASTE MATERIAL MANAGEMENT DOE Richland Operations Office
DIVISION

1000 INDEPENDENCE AVE., S.W. D. SEGNA
WASHINGTON, DC 20585

Pacific Northwest Laboratory
ANGELA CHAVEZ
EG&G IDAHO 5 C.W. PURCELL
IDAHO FALLS, lD 83415-2208 42 K.B. MILLER

J.R. FRIEDMAN
' MAJOR TOM MOREHOUSE R.D. RAPOPORT

BOLLING AIR FORCE BASE D.R. CONOVER
BLDG 516 P.L. HENDRICKSON

' HQ-USAF/CEVV J.D. LONGSTRETH
WASHINGTON, DC 20332-5001 M.K. COMER

W.E. KENNEDY
WILLIAM GOINS J.S. SHORETr
400 ARMY & NAVY DRIVE R.V. NORASKI
SUITE 206 G.R. BILYARD
ARLINGTON, VA 22202-2884 C.A. OEFFEN

J WILLIAMS
BROOKHAVEN NATIONAL
LABORATORY
BUILDING 129B
UPTON, NY 11973

GAY L DYBWAD
SANDIA NATIONAL LAB
PO BOX 5800
OR6 6611
ALBUQUERQUE, NM 87185

ROBYN STEIFELD
SANDIA NATIONAL LAB
PO BOX 5800
OR6 6611
ALBUQUERQUE, NM 87185
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