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ABSTRACT INTRODUCTION

Chemicalwarfare agentsstoredat eight Within the United Statesthere isever-
military installationswithin thecontinentalUnited increasingrecognitionthat with useof industrial
Statesare scheduledto be destroyedthrough chemicalsin comesresponsibilityto protectthe
incineration over the next tenyears. Extraordinary public fromrisksinherent in suchuse. Emphasisis

measuresare being takenat all levelsof government being placedon d_etoping and implementing"risk
to ensurethe safetyof the publicduring the storage managementplans to reducethe likelihoodand
and disposalphasesof the project. Key to impactof accidentalreleases.Government
protectionof thepublicisdevelopmentof protective agenciesare issuingregulationsandinstituting
action(PA)strategies,whichmustbedetermined programsto fosteremergencypreparednesswithin
priortoand implementedimmediatelyfollowingan boththe publicandprivatesectors,and to
accidentalchemicalrelease.Threesophisticated, encouragesharingof informationbetweenthose
interdependentmodels(thatassessatmospheric responsibleforchemicalsafetyandaccident
dispersionofa chemical,traffic evacuationtimes, preventionand thoseat risk. Nationaland
anddosereductionattributableto a particularPA) community-basedorganizationsareassumingmore
anda structuredoperationalprotocolhavebeen vocalandproactiverolesinensuringall parties
providedto aid planningandmanagementstaffin knowof andeffectivelyexecutetheirrespective
thisdecision-makingprocess.Toequipindividuals obligations.
to utilizeboththe modelsandtheprotocol,a Priorto November15, 1990,voluntaryas
comprehensiveinstructionalprogramhas been well as limited,legally-imposedpracticesalready
developedthatexaminestherisk-impact-response were in placein manyfacilitiesthatusehazardous
relationshipand providespracticein useof the materials.Thatday, however,sawenactmentof
analyticaltools. Thisinstructionalprogram may be amendmentsto theUnitedStates'CleanAir Act.
able to serveasa prototypefor useby other Thoseamendmentsheraldedthe beginningof a
communitiesand chemicallocationsneedingto moreaggressiveera in enforcementof a
analyzeandplan for responseto risksposedby the comprehensivesuiteof governmentrequirements
presenceof hazardoussubstances, designedto furtherstrengthenchemicalsafety
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managementat operationsthatproduce,handle, military installationswithin thecontinentalUnited
processor starecertainhazardoussubstances.To States.While the CSEPP,thechemicalagents,the
fulfilltheirobligationsunderthe law,quaiifyincj modelsand the protocolcombinetoforma situation
chemicalfacilitiesmustmakeprojectionsaboutthe uniqueto limitednumberof statesandcounties,
riskstheyposetonearby communt:_esTheymust theirexistencehas servedas theimpetusfor
undertakeandwidely share_e ,_,rs of a risk developmentof a com_'ehensiveplanning_ 0gram
analysisyielding;..n_ormorlor,tF.;:-oermitsquestions and accompanyinginte_ac"ve '.-uJtimediatraining
suchasthe followlno :'ooe .__s_,ered:Where is an packagethat may serveasa c:_:otype for useby
acc '_.ntplumelikely "otr_.,e/? What risk doesit other communitiesand chemicalfacilities.
pos, _ the healthof expc ed persons? Canpeople
be evacuatedbefore the plumereachesthem? COURSESTRUCTURE
What isthe optimum PAstrategyto recommend
given a particular-setof circumstances? Thegoal of the TechnicalPlanningand

No longer isa narrow understandingof or Evaluation(TPE)training courseis to provide a
limited focuson theproblem acceptable. Thenew frameworkthat can be usedin analyzing chemical
approach presentsmonumentalchallengesto all risks,developingPAstrategiesappropriate for
involvedparties--those (oftennon-technicalstaff) particular circumstances,and for evaluating,
who mustperformand documentthe analysesand modifying and updating existinglocalemergency
subsequentlyundergo intensiveand extensive managementplans [Copenhaveret. al, 1994
scrutiny,thosewho mustdevelopand document (Draft)]. In short, it teachesa PAdecision-making
responseplansand subsequentlyensurecommunity processappropriate for theCSEPR
memberstheywill be protected,and thosewho are Designedfor both plannersand managers,
identifiedas beingat risk and subsequentlymust TPEaddressesgeneral informationon protective
evaluatethe adequacyof information theyreceive action planning and computerforecastingmodels;
about risksand.planned PAs. analysisof planning standardsproviding the

Although 1990 brought a heightened Foundationfor the planning process;interactive,
federalemphasison protectingthe public from computerizedtutorialson thedifferent modelsand
chemicalaccidents,Congressyearsearlier had planningconcepts;and skillsdevelopmentto
made itspositionquite clear on the matter. In 1985 provideparticipantsan opportunity to usethe
it directed that maximumprotectionbe provided the integratedmodelsin analyzing samplescenarios.
civilian population Jivingadjacent to military Thecourseconsistsof six major modules:
locationswhere chemicalwarfare agentswere Introductionand KeyConcepts,Implementingthe
storedand destinedfor destruction(USArmy, Standards,Oak RidgeEvacuationModeling System
1987). Thisgave rise to the ChemicalStockpile (OREMS),D2PC(anatmosphericdispersionmodel
EmergencyPreparednessProgram(CSEPP),a tri- developedby the USArmy), ProtectiveAction Dose
partite undertakingof the USArmy, Federat ReductionEstimator(PADRE),and Evaluation. Each
EmergencyManagementAgency and ten states, modulecontainstwo units: a computer-assisted

Drawing upon the experiencesgained in instructionai(CAI)unit covering the general
preparing jurisdictionswithin theseten statesto conceptsand principles;and a workbook-based
conductsuchcritical analyses,thispaper addresses examplethat is analyzed utilizing the models
a mutti-facetedprogram focusedon the risk- themselves,formsdevelopedto guide the process,
impac_"esponserelationship, in CSEPP,stateand and job aids that provide additional instructionor
Iocai staff (mostwithout extensivescientific data neededto run the models.
orientation)are expectedto utilize three Computer-assistedinstructionwas chosenas
_ophisticatedmodelsand a highly structured thedeliveryvehicle for two main reasons: theCAI
"hazard vulnerability analysis"protocotto deveio.0 offersopportunity to displayconceptsvisually--
PAstrategiesto protectpeopieduring accidental cuttingthrough many barriers to learning; it also
releaseof chemicalwarfare agentsstored in eight aids in teachinggeneral useof computers,which is
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extremelyvaluablewhenteachingplannersto use Oi_on, PAtare oppeg_tatl k_rd,_

computertoolsfor thefirsttime. Thecourse rx_pu_t_ sqmentt underdil_erent_my
examinestheneedfor and logicunderlyinga famoty conditions.Thereisnote_ timeduringan
of forms,includedin an extensiveworkbook,which emergencytoanalyzethesilua_ to ctec_lewhat
have beendesignea'o structure,guideand PAtare appro_iate. Todealwithlbiohme
documenttheat,......coland decision-making restriction,theCSEPPPADeci$_.Making

process.Data t, arean importantpartof the Standardsrecommendthat theplanner/clocision
process;theypro,_..uea structurefor theotanning makerperformoil substantivodecis0on.ma_ingtasks
effort. Without_eir use, importantdata maybe duringtheplanningphase. If this isdone,at the
lostand replicationof decisionsandoutcomesmay timeof emergencytheappropriatetessat:
be impossible.Theset:ormsmay, in time,be predetermineddecisionscan simplybeimptem_tl_l
automatedto lessentheburdenon theplannmcjstaff basedon theconditionsthatapplyat that time. The
[Clevenger,et. al, 1994 (Draft)]. componentsof a PAStrategyinclude:wha_

accidentscanhappen;whatmeteorological
PROTECT!VEACTIONDECISION:MAKING conditionscouldtransporta chemicala_ent intothe
PROCESS communities;andwhatpopulationneedsto be

protected,whereit is located,andwhocomprises
Thepresenceof chemicalagentsina thepopulation(generalpopulation,schoolchildren,

communitypresentsan identifiablehazard. This elderly,handicapped,andinstitutionalresidents).
hazardcan be measuredin termsof an individual's
riskof exposuretoagent and any subsequent MODELSUSEFULIN PROTE_!VEA_Cfl'ION
dosage. Varioustools(i.e., models),have been DECISIONMAK.!N.G
developedto examinethe interactionof the
chemicalagentcharacteristics,environmental OREMSisa "stand-alone"softwaresystem
conditionsand socialconfigurations,andalsoto for trafficoperationsanalysesandevacuationtime

helpevaluatetheeffectivenessof variousPAsin estimatestudiesassociatedwithpopulation
termsof dosagereduction.Themodelsusedas evacuations.Thesystemconsistsota setof related
planningtoolsinTPEweredevelopedwithinthe programswhichoperateundera "commonshell".
frameworkof the PAstandardsfor CSEPP.The Thiscommonshellallowsthe userto createinput
CSEPPPlanningGuidanceandStandardsalso data filesinteractivelyandgraphically,to simulate
functionas a frameworkfor statingtheplanning trafficoperationsduringevacuations,and to
problems,utilizingavailabletoolstosuggest analyzesimulationresultsinteractivelyand
solutionstotheseproblems,and then systematically graphically(Rathi,et. cfl, 1994).
producing plansto addressthe potentialproblems. D2PCisa computerprogram that estimates
Thestandardsraisethreequestionsintendedto thedownwind hazard from the releaseof a toxic
guide plannerswhile developingemergencyplans: chemicalby simulatingthe behavior of airborne

- What is thecritical informationneeded releasesof a chemicalagent. Hazard assessmentis
_omakea PAdecision? made in termsof theaccumulateddosageor peak

- How can a planner get this concentrationsof agent resultingfrom an
information into an emergencyPA instantaneous,continuous,or other typeof chemical
plan? release. D2PCis an air dispersionmodelthat

- What featureso_:a plan can allow for assumesthatwhen agent is releasedand begins to
speedydecisionsto be madeduring traveldownwind, it is mostconcentratedin the
theemergencyresponsephase? middleof the plumeand lessconcentratedfurther

away from the middle of the plume(Whitacre et. al,
1987).
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thatthedata limitscanhave oneachof themodels, _tion untdyouhav_picturedfoeyourentire
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exactnessand rigorof themodelthat is not justified developplannsngast_ml_s _. eech _,ng
(Kaplan, 196_). subzone,identify_iion end

subgroups,anddavek_PADREc,_s k_
PLANNINGPROCESS:STEPSIN DEVELOPIN_A eachsubgroup/PAcombinotion, it is ,n dsv_
.PROTECTIVEACTION_ITRATEGyPLAN assumptionsfor usein PADREtt_ in_

D2PCandOREM5is integratedinto thisten-si_
TPEintroducesa ten-stepprocessto followin process.

developinga PAStrategyPlancontainingPA SteO5: Run_'ADRE.In Ibissl_, the PADRE
strategiesand an emergencydecisionprocess, modelisusedtocalculatethe expecteddoseand ihe
Thereare twobasicPAsavailablefor thepublicina relativenumberof peopleaffectedif no PAistaken;
chemicalemergency:evacuationand shelter, theexpecteddoseand relativenumber_ people
However,theseoptiansmay beusedinconjunction whoreceivea reduceddoseif specifiedPAtare
with supplementalprotectivemeasures, taken;and therelativenumberof peoplewho,due

Step1' DevetopinqInitialAccident to implementationof the PA, receiveno doseor are
_. In thisinitialstepplannerschoosea set protectedwhentheplumearrives. PADREisthe
of beginningvaluesfor critical characteristics centralmodelin the developmentof PAstrategies.
neededto developgroupsof:accidents(categaries). Steo6: UsePADREResultstoComotetea
Thesecharacteristicsinclude typeand amountof: Prot_tive ActionTableiMatrix)for the Plqn,nir_a
agent, duration of release,windspeed,and stability Subz_one.In this step,piannerscomparePADRE
class. A categoryof:accidents,whenevaluatedby outputtovaluescollectedan healtheffectsaf the
_'heseotanningtools,shouldincludethe range of: chemicalagen;: to seeif:the reporteddose isa
accidentslikely to resultin the samePA significanthealthhazard in order to determine
recommendation. 'vnich of the testedPAsprovidesthe greatest

realuctionin dose.
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