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The Mary Kay O’ Connor Process Safety Center was established in 1995
with agoal to improve chemical safety inthe chemical processindustries.
The Center isassociated with the Texas Engineering Experiment Station, of
TheTexasA&M University System, Chemical Engineering Division.

The Center provides auniquely neutral forum to address chemical process
safety for all stakeholders, industry, government, labor, and the general
public.

This document represents the collective work of the Mary Kay O’ Connor
Process Safety Center researchers and staff in support of the National
Chemical Safety goals. The ongoing research efforts of the Center will be
presented in similar documents as work is completed. Each research
document servesasan individual step in achieving the national safety goals.
These documents will become input into an overarching document
pertaining to chemical safety inthe United States.

Theresearch presented in thisreport was conducted by the Mary Kay O’ Connor Process Safety
Center. Theopinionsand anaysisexpressed inthisreport are solely the responsibility of theMary
Kay O’ Connor Process Safety Center.
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Defining Indicators and Metrics for Measuring

Improvements in Chemical Safety

C1.o I ntroduction)

A great body of information existsabout the chemical industry. Asanation, weknow what chemicalsare
manufactured, wherethey are manufactured, and how they are manufactured. Asaninformed community, we
know the health and environmenta risksassociated with many chemicals. Becauseof past incidents, weknow
that catastrophic events can happen when chemicalsare not handled properly or contained. But canwe, asa
nation, say that our chemical safety practicesare better now than they were 20 yearsago, or evenfiveyears
ago?Hasthe promulgation of the U.S. Occupationa Safety and Health Administration (OSHA) processsafety
management (PSM) standard or the U.S. Environmental Protection Agency (EPA) risk management program
(RMP) rule had apositive effect on chemica safety? Do industry programslike Responsible Care® and
Environmenta Stewardshipimprove safety at facilities? Do Community Awarenesseffortshel p citizensbemore
awareof their surroundings?

Asaregulator or anindustry professiond, theintuitiveanswer is“ Yes, the chemical industry issafer than it was
20yearsago.” Experience suggeststhat PSM and RMP have had apositive effect on safety management at
fixedfacilities. However, stakehol dersdo not have the experience or the datathat show thisunequivocally.

Therearemany federa agenciesthat gather information about the chemical industry. Under statutory mandate,
agenciesgather dataonreleasesof chemicals, and oninjuries, illnesses, and fatalities caused by chemicals.
Thesefederal databases, some of which have received information for over three decades, may providethe
information needed to devel op trends of chemical-related incidents.

TheMary Kay O’ Connor Process Safety Center (Center) conducted areview of seven federal databasesto
determinetheinformation that would be useful for analyzing chemica incidentsand establishing indicatorsonthe
status of chemical safety inthe United States. Inarecent report, Feasibility of Using Incident Databasesto
Measure and I mprove Chemical Safety, the Center determined:

The strengths and weaknesses of databasesfor the purposes of creating chemical safety metrics,
Thetypeof vetting processthat must be used to produce accurate data;
Whichinformationin those databases can establish abasdline measurement of chemica safety;

What other types of datacan be gathered about chemical safety from the databases (i.e., causesand
consequences); and

Waystoimprove databases and the Center’ sability to measure progressin chemical safety.

Fromitsanalysis, the Center concluded that thefederal databases could providetheinformation needed to
measure chemical safety at fixed facilities. The next stepisto define clearly what should be measured and how
itistobemeasured. Thismeasurabledement will becometheindication of whether or not safety isimproving.
The Center undertook thisanalysisof indicatorsas part of the National Chemical Safety Program (NCSP).
NCSP drew on the expertise and advice from aRoundtabl e, which was composed of adiverse group of



stakeholdersinvolvedin chemical safety. The Roundtable established thefollowing nationa goalsfor chemica
saey:

Chemical incidentsarezero;

Chemical enter priseshaveear ned thepublic' strust; and

Public, gover nment, and facility interactionsimpr ove safety and reducerisk.

Toredizethisgoa, an accurate measurement of chemical safety inthe United Statesfirst must providea
benchmark against which to measure progress. Onceaclear understanding of the current state of chemical
safety isestablished, the stakeholders can work to achievethegoal.

At the 1999 Roundtable meeting, the stakehol ders provided the Center with apreliminary analysisof chemica
safety indicatorsto measurethe status of chemical safety and, specificdly, the movement toward thegoal of
“chemicd incidentsare zero.” Thepotential measuresand indicatorswereidentified as:

Trendsinthetotal number of incidents

Trendsinthe number of facilitiesreporting incidents, including the percent of facilitiesreporting

Trendsinpublicizing near-misses

Trendsintheuseof safety culturebuilding programs

Trendsinthelevd of effort toingd| prevention programs

Trendsin public awarenessand trust
These comments served asthe starting point inidentifying whichindicators may providethe most valuabledata
currently availableto measure chemical safety. Inthisreport the Center will:

Discussthe method used to determineindicators;

Present the hypothesis of what can be measured (e.g., if, asbelieved, PSM improved safety, the data
should support that conclusion);

Establish theindicatorsthat will present the dataneeded to measure chemical safety at fixed facilities.

Cz.o DefinitionsD

Asdetermined in the Feasibility of Using Federal Incident Databasesto Measure and Improve Chemical
Safety, thefedera incident databasesreflect different statutory definitionsand terms(e.g., spill, release,
accident, incident), different chemical lists, and different impact concerns(e.g., death).”

Therefore, the Center established its own definitions by deriving common eementsacrossall thefedera
definitionsto arrive at the most cong stent and inclusive definition for key terms, such asincident and hazardous
substance.

Chemical safety isdefined as:

The management principles and systems applied to the identification,
understanding, and control of hazards involved in the manufacture or
use of chemicals to prevent injuries and incidents.



A fixedfacilityisdefined as:

Any building, structure, piece of equipment or installation involved in the
manufacture or use of a hazardous substance that is located at one location or
belongs to the same industrial group or under the control of one person from
which an incident could occur.

A chemical incident isdefined as:

The sudden unintended release of or exposure to a hazardous substance that
results in or might reasonably have resulted in, deaths, injuries, significant
property or environmental damage, evacuation, or sheltering-in-place.

A hazardous substanceisdefined as;

Any chemical, including a petroleum product, that is toxic, reactive, flammable,
asphyxiating, or that presents a potential hazard to people, the environment, or
property because of pressure or temperature.

(3.0 Using | ndicators)

A largeamount of information existsabout the chemica industry, including extensiveinformation gathered by
federa, sate, and local agencies. Theinformation gathered includes dataon the specificsand numbers of
chemical releases, or injuries, illnesses, and deaths caused by chemicals. But areany of these accurate
indicators of the state or effectiveness of chemicd safety efforts? Do they tell uswhether chemical safety is
improving? How dowedecideif oneprocessor chemica issafer than another?

Anindicator isgeneraly defined asan observed variable. Essentialy, anindicator ispresumed to reflect through
apoditivecorreation asingleunderlying variable. Theunderlying variable consdered hereisthe safety of
chemical processes. Itisimpossibleto observe or measure chemical safety asapositivemeasure. It canonly
be measured asanegative measure, or an observabl e variablethat isdefined when safety processesfail. The
number of processfailuresisanindicator of chemical safety, when taken in the context of potentia failures.

Theindicator becomesmore valuable when observed over aperiod of timeor asatrend. Trend analysis
analyzesanindicator or seriesof indicatorsover timeto determineif thereisagenera sustained movement of
the seriesupward, downward, or if thereisno discernible pattern. Trend linesare used to display trendsin data
and to analyze problems of prediction. From regression analysis, one can extend atrend linein achart beyond
thedatato predict futureva ues. The specific techniquesthat are most commonly applied arelinear model,
exponential model, or amoving-averagesmodel.

Trend analysisiscommonly misapplied. For example, two or three data points do not indicate atrend, though
withasimpleglanceit might appear so. Inany trend and regression analysis, there always existsthe assumption
that acomponent of the underlying variableisgenerated through arandom or stochastic processinteracting with
thedata. Over ashort period of time, the apparent impact of thisrandom process can be much larger then over
alonger time period, whereit becomesthe"whitenoise" part of theerror termin aregressonanayss.

Itisoften better to useavariety of time periodsto perform atrend analysis. For example, weekly measures
viewed over aperiod of ayear may indicate an upward movement of injuriesrel ated to chemical rel eases.



When viewed over afiveyear period, thetrend may be generally down, except for the current period, which
could have been caused by an external variable such asachangein thedefinition of aninjury, or achangein
measurement techniques or methodol ogies.

From alarger perspectiveto compareaparticular set of indicators, theindicators must be normalized so that the
comparisonismade of essentially equal sets. Normalizationisagenera processby whichtwo or more
indicatorsaredivided by an equivalent denominator. For the above example, an equiva ent denominator might
bethe amount of chemicalsproduced. It isnot advisableto make acomparison acrossindicatorsthat have not
been normalized, asthereisno common basisfor comparison.

C4.o Policies Affecting Chemical SafetD

Itisasimportant to select theindicators properly, asit isto predict what type of information one might obtain.
Theaffectsof changesin government regul ations covering thechemica industry should beidentifiablefromthe
data

In December 1984, therelease of 40 metrictonsof methyl i socyanate from apesticide manufacturing plantin
Bhopal, India, caused the deaths of over 2,000 peopleand injuriesto another 100,000. Duringthe 17 years
that have passed since thistragic accident, many organizationsthroughout the United States, and theworld,
havetaken mgor stepstoimproveindustrial chemicd safety. These stepshaveincluded actionsinvolving
prevention, training, preparedness, and response. Itisclear that there are agreat many stakeholders concerned
with chemica sfety.

If aspecific policy changeor new regulation hasan affect on chemica safety, thenit isreasonableto conclude
that graphic representations of the datarecorded inthefederal databases should bereflected inthe metric of
interest. For example, Figure 1 might illustrate the results of agovernmental policy change. The performancein
yearsonethroughfiveisrdatively constant. During thefifth year (point A onthechart), apolicy changeismade
and theresulting performanceisshown by thevaueinyear six (point B on thechart). It could beinferred that
the changeresulted in a40 percent decreasein the number of incidents.

Perhaps Figure 1 isameasure of

Figure 1: Measuring the I mpact of Policy Change the number of incidentsat PSM -
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Thistypeof clear indicationisone of the objectivesfor the NCSP project to measure chemical safety. This
section reviews programsthat the Center believes should have apositive effect on chemical safety. It providesa
description of thetype of datathat the Center plansto provide.

4.1 Governmental Programs

Thehistory of safety regulationsin the United States can betraced back to 1899, when the United States
government issued the River and Harbor Act, which prohibited the creation of obstructionsto the navigable
waterways and wasintended to protect the nation’ swaterwaysfrom excessvedumping. Sinceits
promulgation, federd, state, and loca governmental organi zations have promul gated numerousregulations
related to chemical safety and protection of the public and the environment from chemical rel eases.

However, mgjor stepsto regulate theindustry did not occur until 1970, whenthe U.S. Occupational Safety and
Hedth Administration (OSHA) and the U.S. Environmental Protection Agency (EPA) wereformed. Each of
these agencieshave performed asignificant rolein chemical safety. Severd regulationswere passed during the
1970sto protect human health and the environment, including the Clean Water Act and the Toxic Substances
Control Act.

During the early 1980s, the United States devel oped an emergency management system focusing on chemical
releases, which resulted in the establishment of the Nationa Response Center and the promul gation of the EPA
Comprehensive Environmental Response Compensation and Liability Act (CERCLA). Inthelate 1980s, the
focus shifted to preparing for rel eases and saw the promul gation of community-focused regulationslikethe EPA
Emergency Planning and Community Right-to-Know Act.

However, inthe 1990s, after witnessing the catastrophic results of Bhopal, the direction of federa regulations
was shifted towards managing hazards. Specifically, the Clean Air Act Amendments of 1990 gave additional
authority to both OSHA and EPA inthe areaof chemical process safety. Thisresulted inthe promulgation of the
OSHA Process Safety Management of Highly Hazardous Chemicals (PSM Standard, 29 CFR 1910.119)
and the EPA Accidental Release Prevention Requirements. Risk Management Program (RMP Rule, 40
CFR 68). TheAmendmentsal so established the U.S. Chemical Safety and Hazard Investigation Board (CSB),
withthe primary responsbility for investigating major chemica accidentsat fixed facilities.

4.1.1 OSHA PSM Standard

The Process Safety Management (PSM) standard, promulgated in 1992, isintended to prevent or minimizethe
consequencesof acatastrophic rel ease of toxic, reactive, flammable, or explosive highly hazardouschemicas
fromaprocess. A processisany activity or combination of activitiesincluding any use, storage, manufacturing,
handling, or the onsite movement of highly hazardouschemicals. A processincludesany group of vessels, which
areinterconnected and separate vessal sthat arelocated such that ahighly hazardous chemical could potentially
bereleased.

The standard appliesto processesthat contain athreshold quantity, or greater amount, of aregulated toxic or
reactive highly hazardouschemical. It gppliesto 10,000 poundsor greater amountsof flammableliquidsand
gasesaswaell asto the processactivity of manufacturing explosivesand pyrotechnics.

The standard doesnot apply toretail facilities, normally unoccupied remotefacilities, and oil or gaswell drilling
or servicing activities. Hydrocarbon fuelsused solely for workplace consumption asafuel arenot covered, if
such fuelsarenot part of aprocess containing another highly hazardous chemica covered by the standard.
Atmospherictank storage and associated transfer of flammableliquidsthat are kept below their normal boiling
point without benefit of chilling or refrigeration are not covered by the PSM standard.



4.1.2 EPA RMP Rule

In 1996, EPA promulgated the RM P Rul e, which was mandated by Section 112(r) of the Clean Air Act
Amendmentsof 1990. Theregulation requiresregulated facilitiesto devel op and implement appropriaterisk
management programsto minimizethefrequency and severity of chemical plant incidents. Inkeeping with
regulatory trends, EPA required aperformance-based approach towards compliance with the risk management
program regulation.

The EPA regulation a so requiresregul ated facilitiesto devel op aRisk Management Plan (RMP). TheRMP
includesadescription of the hazard assessment, prevention program, and the emergency response program.
Facilitiessubmit theRMPto the EPA, which subsequently ismade avail ableto governmental agencies, thestate
emergency response commission, thelocal emergency planning committees, and the public.

Therisk management program regul ation definestheworst-case rel ease astherel ease of thelargest quantity of
aregulated substancefrom avessel or processlinefailure, including administrative controlsand passive
mitigation that limit thetotal quantity involved or releaserate. For gases, theworst-caserelease scenario
assumesthe quantity isrel eased within 10 minutes. For liquids, the scenario assumesan instantaneous spill and
that thereleaserateto theair isthevolatilization rate from apool 1 cm deep unless passive mitigation systems
containthe substanceinasmaller area. For flammables, the scenario assumesaninstantaneousreleaseand a
vapor cloud explosion using al0 percent yield factor. For alternative scenarios(note: EPA used theterm
alternative scenario as compared to the term more-likely scenario used earlier in the proposed regul ation),
facilitiesmay take credit for both passive and active mitigation systems.

Thefinal regulation listsendpointsfor toxic substancesto be used in worst-case and alternative scenario
assessments. Thetoxic endpointsare based on ERPG-2 (Emergency Response Planning Guidelines—Level 2)
or level of concerndatacompiled by EPA. Theflammableendpointsrepresent vapor cloud explosion distances
based on overpressureof 1 psi or radiant heat distances based on exposureto 5 KW/m? for 40 seconds.

4.1.3 Other Federal Agencies

While OSHA and EPA, through their respective regul ations, havethe most direct effect on the chemical industry,
many other Federal agencieshave oversight of the chemical industry and have promulgated their own rulesto
regulatetheindustry, including:

Consumer Product Safety Commission

U.S. Department of Transportation

U.S. Coast Guard

U.S. Department of Interior Minerals Management Service

U.S. Department of Health and Human ServicesAgency for Toxic Substancesand Disease Registry

Further analysis of the dataand interpretation of the results should represent the regul ationsand agenciesthat
aremaking animpact.

4.1.4 Center’s Analysis of Governmental Programs

The OSHA PSM standard requires covered facilitiestoimplement avery detailed and thorough performance-
based management program that, when adhered to, will improve safety. The Center believestheimplementation
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of severa key elements, e.g. Management of Change, ProcessHazard Analysis, and Mechanical Integrity, have
had animpact on safety in the covered processes. It isimportant to realizethat no one element alone begetsa
significant change; acombination of the e ements showsmeasurableresultsin chemica safety. Many companies
view their compliance effortsnot only asresponsible corporate leadership, but also asacompetitive edge.

The eighteenth edition, publishedin 1998, of the J& H Marsh & McL ennan report of the” Large Property
Damage L ossesin the Hydrocarbon-Chemica Industries, A Thirty-year Review” illustratesthat policy changes
have had animpact on chemical safety. Changesin technol ogy, plant size and layout, and management attitudes
and programsarethe primary driversfor the sharp drop in the number of lossesand dollar amounts of each loss
from 1992 through 1996. The

implementation of Process Sefety Figure 2: Loss Distribution at 5-year I ntervals
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contributed to the decreasein both the
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The Center contendsthat theinformation inthe EPA RMP5-Year Accident History and Accidental Release

I nformation Program databases can be used to show improvementsin chemical safety. These databases
represent alarge and potential ly useful sources of information; however, because PSM and RMPwent into
effect whilethe datawere being collected, the Center may not be ableto demonstrate thefull, independent
impact of each of theseregulations. Analysis of the usefulness of the databases can befound in Feasibility of
Using Federal Incident Databases to Measure and Improve Chemical Safety.

4.2 Industry Programs

Government programsare not necessarily the only effort impacting chemical safety. Industry hastakena
proactiverolein safety sincethe 1984 incident in Bhopal, India. Several industry-led programshave been
designed and launched toimprove chemical safety. Thissection discussesonly two of these programs.

4.2.1 Responsible Care®

In 1988, theAmerican Chemistry Council (formerly known asthe Chemical ManufacturersAssociation)
launched Responsible Care® to respond to public concerns about the manufacture and use of chemicals.




Through Responsible Care®, member companies are committed to support acontinuing program to improve
theindustry’ sresponsible management of chemicals. Specifically, member companiesarerequired to:

Continually improvetheir hedlth, safety, and environmenta performance;
Listen and respond to public concerns;

Ass &t each other to achieve optimum performance; and

Report their goalsand progressto the public.

Responsible Care® iscomprised of aset of guiding principlesand six codes of management practice:

Guiding Principles— Outlinesthe principles expected of participating members. Whilecreatingits
products, participants should make continuous progresstoward the vision of no accidents, injuries, or
harm to theenvironment.

Codesof Management Practices— At the heart of the Responsible Care® initiative arethe six
Codes of Management Practices.

The Community Awareness and Emer gency Response (CAER) Code promotes emergency
response planning and callsfor ongoing did oguewithloca communities;

The Pallution Prevention Code commitsindustry to the safe management and reduction of
wadles;

The Process Safety Codeisdesigned to prevent fires, explosions, and accidental chemical
releases,

The Distribution Code focuses on reducing employee and public risksfrom the shipment of
chemicalsand appliesto thetransportation, storage, handling, transfer, and repackaging of
chemicds

The Employee Health and Safety Code protects employeesand visitors at company sitesand
operates plantsand facilitiesin amanner that protectsthe environment and the health and safety
of employeesand the public; and

The Product Stewar dship Code makes health, safety, and environmental protection anintegral
part of designing, manufacturing, marketing, distributing, using, recycling, and disposing of
products.

4.2.2 Environmental Stewardship

The American Petroleum I nstitute (API) Environmental Stewardship evolved out of what had previoudly been
caledthe Strategiesfor Today’ sEnvironmental Partnership or STEP Program, which was sunset in June of
1999. TheEnvironmental Stewardship Program facilitatesinformation sharing and fosters continuous
improvement. Environmental Stewardship activitiescan begrouped into these areas:

Guiding Principles— Ouitlinesthe pledge that members must be dedi cated to improvethe
compatibility of operationswith theenvironment while economically devel oping energy resourcesand
supplying high quality productsand servicesto consumers.

SharingInformation & Technology Transfer—One of API’ smany functionsisto provide
opportunitiesfor company representatives and othersto meet and shareinformation on activitiesto
improveindustry operationsand itsenvironmental performance.



Operating Practices—To ensure safe operationsfor employeesand for nearby communitiesandto
make operations asefficient as possible, APl devel opsand issuesover 400 technical and operational
standards, of which over 125 havedirect environmentd, health, and safety benefits. These standards
guidethedesign, construction, and operation of oil and gas equipment, which coversoperationsranging
from expl oration and production platforms, through pipelinesand refinery processing units, toinstdlation
and operation of underground storagetanksat local fuel retailers.

Performance M easur es—Theresultsof theoil and natural gasindustry’ seffortsto improvethe safety
of itsoperationsand to reduce itsimpact on the environment have been dramatic over the past several
decades. Theresult hasbeenimprovementsinair and water quality, reduced impacts on habitats,
species, and communitiesin areaswheretheindustry operates, improvementsin product quality,
reductionsin waste generation, and exceptiona worker safety.

Communications—A key aspect of corporate trangparency isthewillingnessand ability to share
information about theimpactsof oil and gasindustry operationson the environment aswell as about the
steps being taken to minimize or eliminate theseimpacts.

Public I nvolvement and Community Outreach—Theindustry recognizesitsresponsibility to reach
out to thecommunitiesinwhichit operatesto shareinformation about their operationsand to address
concernsraised by thesecommunities.

Programsand Partner ships—API and itsmember companies participatein abroad range of
environmental, health, and safety programsand partnerships.

Management Support—Theoil and natural gasindustry iscommitted to responsible use of the
world’ snatura resourceswhile continualy striving toimprovethe safety of itsoperationsand to protect
the environment and the communitiesin which we operate. To ensurethat these goalsare achieved, the
management of APl member companiessupportsarange of environmental stewardship activitiesand
spends on the average between $8 and $9 billion dollars each year to protect the environment.

4.2.3 Center’s Analysis of Industry Programs

The Center believesthat industry programslike AP’ sEnvironmental Stewardship and ACC’ sResponsible
Care® lead to animprovement of safety in the chemica processindustries. Industry programs establish acode
of acceptable practicefor aparticular industry with adherence being acondition of membership in many cases.
Thebenefitsof participation can befoundin thereduction of employeeinjuries, chemica releases, and public
exposure. These programs must challenge member compani esto make continuousimprovementsintheir hedth,
safety, and environmenta practices; listening to and responding to the concerns of the public; and to report

openly their progress.

4.3 Public Interactions

A third areaaffecting chemicd safety istheinteraction of the genera public with neighboring fecilitiesand
governmenta agencies. Publicinteractionshave had animpact of their own. Many loca emergency planning
committeesexpect industry and government to work together to improve chemical safety.



4.3.1 Local Emergency Planning Committees

The Emergency Planning and Community Right-to-Know Act (EPCRA) of 1986 required each state Governor
to establish a State Emergency Response Commission (SERC). Under EPCRA, the SERC ischarged with
devel oping integrated plansfor responding to chemical emergenciesand making chemical information available
tothepublic. SERCs, inturn, gppoint theloca emergency planning committees (LEPCs). LEPCsareto have
broad-based membership whose primary work isto receiveinformation fromlocd facilitiesabout chemicasin
the community, usethat information to devel op acomprehensive emergency plan for thecommunity, and
respond to publicinquiriesabout loca chemical hazardsand releases.

TheLEPCsinitid task isto devel op an emergency planto preparefor and respond to chemical emergencies.
Theplanwasto be completed by Oct. 17, 1988. The planisreviewed annually, tested, and updated. The
emergency plan must includetheidentity and location of hazardous materia's, proceduresfor immediate
responseto achemica incident, waysto notify the public about actionsthey must take, names of coordinators
at plants, and schedulesand plansfor testing the plan. Oncetheplaniswritten, the SERC must review it. The
L EPC must publicizethe plan through public meetings or newspaper announcements, obtain public comments,
and periodically test the plan by conducting emergency drills.

The LEPC hasother responsibilities besi des an emergency response plan. It receives emergency rel easesand
hazardous chemica inventory information submitted by local facilities, and it must makethisinformation
availabletothe public uponrequest. LEPCshavetheauthority to request additiona information fromfacilities
for their own planning purposesor on behaf of others. LEPCsmay visit facilitiesinthe community tofind out
what they are doing to reduce hazards, preparefor accidents, and reduce hazardousinventoriesand rel eases.
LEPCscantakecivil actionsagaingt facilitiesif they fail to providetheinformation required under EPCRA.

Inadditiontoitsformal responsibilities, the LEPC servesasafoca point inthecommunity for information and
discussions about hazardous substances, emergency planning, and health and environmental risks. AnLEPC
can most effectively carry out itsresponsibilitiesasacommunity forum by taking stepsto educatethe public
about chemical risksand working with facilitiesto minimizethoserisks. Thereare now morethan 3,500
LEPCs, and they reflect the diversity of our country. Most LEPCs are organized to serveacounty; someare
for asinglelargecity; otherscover most of astate.

The LEPCshaveimproved chemical safety because of their direct interaction between facilitiesand thelocal
community. Asnoted ina1999 George Washington University Study for the U.S. Environmental Protection
Agency, over 75 percent of the active L EPCsreported have compl eted and submitted emergency response
plans. Among theactive LEPCs, one out of every seveninformational requestswerefor RMPinformation,
three out of seven werefor EPCRA information, and three out of seven werefor other typesof information.
L EPCssuggested that over 95 percent of the requestswere responded to sufficiently. Theseinformation
requests help communitiesand individual seducate themsel ves about thelocal industries.

According tothe 1999 George Washington University Study, nearly half of the* active” L EPCsreported that
they had made hazard reduction, accident prevention, or pollution prevention recommendationsto industry or
loca governments. Over half indicated they have provided assistancetolocal businesses, citing information,
planning, and training asthetypes of assistancemost typically provided. Few LEPCsreported “high”
involvement with large businessesand very few reported a“ high” leve of involvement with small businesses.

Whilethe number of active LEPCsfell between 1994 and 1999, their mission remains constant. SERCsand
L EPCscontinueto need the support of the EPA, industry, and their local community toimprove chemical

ey,
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4.3.2 Community Advisory Panels

Community Advisory Panels(CAPs) areimportant entitiesfor improving the dial ogue betweenfacilitiesand
neighbors. They serveasanimportant link between thechemica facilitiesand their loca communitieswhile
building mutua respect and trust.

A CAPconsstsof agroup of individuasliving near or around afacility. Members may include environmental
groups, civicleaders, businessleaders, homemakers, hourly workers, and individual swho represent key
elements of acommunity such ashealth care providersand emergency responders. CAP membersmakea
commitment to meet with facility management on aregular basisto discussissuesof mutua interestinaforum
for open and honest dialogue.

4.3.3 Center’s Analysis of Public Interactions

The Center conducted asurvey from mid-January through mid-February of 2001 on Public Trust and
Community Interactionin Areas Surrounding RMP Facilities. The survey measured attitudes, knowledge,
and experience of personsliving near siteswhere chemical releasesare possible. Based on the results of that
survey, nearly half of the respondentswere unaware of any companiesintheir community that manufacture, use,
or distribute chemical sthat may be hazardous. When this same group was asked about L EPCs, over 50
percent were unaware of theexistence of an LEPC intheir community. Whileonly five percent of the
respondents have participated in LEPC activities, over 60 percent felt that the existence of LEPCsmakesthe
community sfer.

These percentagesrevea severa areasfor improvement in community programs. LEPCsand SERCsservean
important rolein planning, training, and communicating informationintheir loca communities. The Center
believesthat their leve of activity and thereforetheir effectivenessisdirectly rel ated to the support they receive
from governmental agencies, industry, and the community. Publicincentiveshaveasignificant rolefor improving
chemical safety inthe United States. Continued support should beahigh priority among all stakeholdersto
ensurethe continued existence of many community programs.

CS.O Proposed I ndicator sto M easure Chemical SafetD

Consdering thework done by government, industry, and the public to effect changesin chemical safety, itis
anticipated that therewill bemeasurabletrendsinthedata. Itiscrucia toidentify proper indicatorsthat can
accurately measuretrendsin chemical safety inthe United States.

Asdescribed in the Feasibility of Using Federal Incident Databasesto Measure and Improve Chemical
Safety, thereismuch information about the chemical industry. Thecritical component for themission of the
Nationa Chemical Safety Programisidentification of datathat are useful for determining the status of chemical
safety. Since current datawere collected for different purposes, the Center must clearly definewhat information
isof valueasindicatorsand how thoseindicators can produce the most accurate assessment of chemical safety
intheUnited States.

Thissection discussestheindicators proposed by the Center to establish abaselinefrom which to measure
performancein chemical safety. Initially, the Center proposesto usethefollowing dataelements because these
arereadily availablethroughout thefederal databasesand are clear indicatorsfor the purposes of the NCSP.

Fatalities- represent aclear and uncontestableindication that achemical incident has occurred. By
measuring fatalitiesresulting from achemica incident, abetter understanding of themost significant
incidentsisavailable. Additionaly, mortaity information hasbeen collected for decadesby governmental
agencies.
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I njuries—representsacl ear indication of thesignificance of achemical incident. By workingto
separatethe onsite and off-siteinjuries, the Center can morefully describethe severity of theincident in
termsof impact to company personnel and the general public. Measurement of injurieshasbeen
commonplaceingenera industry for many years.

Releases—representsaclear indication that achemical incident has occurred. Counting the number of
releasesin combination with the types and amounts of chemicalsrel eased presentsaclear indication of
the magnitude of exposure.

Chemicals—representsthe material sinvolved in thechemical incident. By combining thetypeand
amount of chemical rel eased with the number of rel eases, the magnitude of the exposure can beclearly
described.

The databases reviewed containinformation on many typesof chemical incidents. The EPA ARIPand RMP
databases concentrate on fixed facilities providing information on listed chemical s stored above athreshold
quantity and releasesresulting in significant consequences. The NRC | RI S database concentrates on chemicals,
releases, injuries, andfatalities. It providesalisting of reported incidentsfrom fixed facilities, marineand offshore
facilities, pipdines, and transportation vehicles. Occupationd fatditiesandinjuriesfromall industry are

recorded inthe OSHA/BL S system. Chemical related incidents could be sorted to provide not only abusiness
segment but also atotal manufacturing viewpoint. TheATSDR and CDC databases concentrate on human
aspectsof incidents. The CDC WONDER recordsall fatalitiesin the United States, whiletheATSDR HSEES
recordsincidentsinvolving hazardous substancesthat might result in an adverse health effect.

Table 1 summarizestheindicatorsand thefederal databasesfrom whichthey can beobtained. By combining the
information within the various data sources, arel atively compl ete pi cture of each incident can be created. Then
by sorting theinformation based on theindicators, abaseline of performance can be established.

The Center proposesthat

thebasdineinitidly be Table 1: Federal Databases and Potential I ndicators
established for fixed _

fadlitiesusngthe EPA gjgﬁg& cl:zsr;'\f;lls '\Ilﬁrc?g;tcs’f Fatalities  Injuries
RMP 5-year Accident

History database asthe NRC - IRIS 0 o) o) o)
central datasource. . N

Variousmodesof kel ° ° © ©
transportation will bethe EPA - RMP 0 @) 0 0
secpnd bus n&ssegment OSHA 5 o o
reviewed. Other business

%mmtsmd the ATSDR - HSEES O (0) o) o)
capability to sort by CDC - WONDER o 5 5
geographic areawill be

added asthe databecome

avalable

For the measurement of chemical safety to bereproducible, two things must occur. First, the datagathered by
thefedera agenciesmust continue and the quality of the datareported must beimproved. For moreinformation,
refer to the report entitled: Feasibility of Using Federal Incident Databasesto Measure and Improve
Chemical Safety. Second, aseries of questions should be created such that the answers can be compared to
determinetrends.
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Thefollowing questionsare examplesof how the datacan be used to establish the status of chemical safety.

¢  What arethe5 most commonly produced chemicasby volume? (Thisquestionidentifiesthe
chemicalsin commerce presenting thegreatest potentia for exposure.)

¢  What arethe 5 chemica swith the most money spent to prevent accidents? (Thisquestion
identifiesthose chemicalscurrently receiving themost attention dueto their inherent hazards
and potentia significant adverse hedlth or environmenta effects.)

¢+  What arethe 5 most rel eased chemical s by business segment and geographic area? (This
question focuses on the chemical sthat traditionally present problemswithin abus ness segment

or geographicregion.)
¢+ What arethe 5 chemica swiththelargest consequences by business segment and geographic

area? (Thisquestion representsthe chemica sinvolved in sgnificant incidentswithinthe
bus ness segmentsor geographic area.)

(6.0 Preliminary Application of thel ndicators)

Toillustratethe potentia application of theindicatorsfor fixed facilitiesin measuring chemical safety, aseriesof
smplequerieswererun against the EPA ARIP and RMP 5-year Accident History databases. Thefollowing
Tables2-4 exhibit the chemicalsthat are most frequently rel eased with the resulting conseguences.

Ammonia, chlorine, and sulfur Table 2: Data from the ARI P Database
dioxidetopthetwolistsasthe (1986 — 1992)
chemicalswiththe most number of )
releases, injuries, and Chemical Name | NRueTet;iregf Deaths Hospitalized Injuries | v:/ri]tillc:r?jnut?y
hospitaizations. However, the )
. .- . Ammonia 880 7 203 500 108
samilaritiesinthetwo datasources _
Chlorine 648 1 454 1793 187
endthere. —
Sulfur dioxide 370 0 66 199 24
Whilethedifferent answerscan Sulfuric acid 326 2 24 89 31
generdly berationdized by the Hydrogen sulfide 186 1 a1 149 17
dlfferent g:Ope Of the two dmab&s! Ethylene oxide 147 0 31 36 10
itisessentid to havean HCI Acid + vapor 144 0 31 221 26
undergtanding of theorigind intent for Sodium hydroxide 123 1 ° o 18
the r da/d Opmmt $Wd l mthe Sodium hypochlorite 90 0 21 117 8
limitationsof thevariousdata Bonzone o 1 s s s
Sources.

TheRMP5-Year Accident History datacan befurther divided into subcategories such as. worker and public
deaths, worker and publicinjuries, and medical treatment cases. In Table 3, “Deaths’ isasummeation of
worker death pluspublic death. “Injuries’ isreported asacombination of worker injuriesand publicinjuries.
“Medica Treatment” asreported in Table 3indicatesthe number of people off-siterequiring medical treatment.

Thenext stepinvolvesinterpreting theinformation gained from the RM P 5-year Accident History database.
The production volumes camefrom the National Petroleum Refiners Associ ation and Bureau of the Censusas
presented in aJune 26, 2000, article entitled Production: Gains Beat Losses published in Chemical and
Engineering News.
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The Cen_ter proposesto use t_he ten Table 3: Data from the RMP 5-Year Accident History Database
EPA regionsasthe geographic area (1994 — 1999)
breakdown. TheRMP5-Year M— :
Accident ngory datd)a%currently Chemical Name { NRtleTebairegf ' Deaths | Hospitalizations Injuries | Inc'li?l?:ise;v'th
doesnot includethe EPA regions Ammonia 666 7 48 688 217
and thusthefield should beincluded Chiorine 505 0 47 623 330
inthefina repository. However, the Sulfur dioxide 4 1 2 % 16
databasedoesincludeafiner Ethylene oxide 1 0 0 5 5
breakdown of information by using Hydrogen sufide v 0 6 8 8
datafieldssuch asCity, State, and Phosgene 1 ° ° 2 10
Zip. Applyingthecurrently available Niie acid 12 ° % 1 10
. . . Trichlorosiliane 11 2 10 11 6
informationintheRMP5-Y ear S ] . . , ,
Accident History databasetothe 4 _
Center’ S DrONo: %d uest| ons Propylene oxide 6 0 0 0 0
prop q Silane 4 0 1 1 1

produced thefollowing responses:

Table 4: Additional Data from the RMP 5-Year Accident History Database
(1994 — 1999)
Chemical Name Worker ‘ Public ‘ Worker ‘ Public Offsite Medical
Deaths Deaths VES VES Deaths Treatment
Ammonia 7 0 651 37 0 374
Chlorine 0 0 531 92 0 111
Sulfur dioxide 1 0 26 0 0 89
Ethylene oxide 0 0 5 0 0 0
Hydrogen sulfide 0 0 33 0 0 80
Phosgene 2 0 23 1 0 1
Nitric acid 0 0 14 1 0 127
Trichlorosiliane 2 0 11 0 0 2
Vinyl acetate monomer 0 0 2 0 0 0
Propylene oxide 0 0 0 0 0 0
Silane 0 0 1 0 0 4
Figure 3: 1998 Production Volumes What arethe 5 most commonly produced
chemicalsby volume, asillustrated by Figure 3?
Al Others Sufuric Acd - What arethe5 chemi.cal swithmost money
46% 22% Spent to prevent accidents?
Ethylene Answering thisquestion requiresfurther research to
11% identify anindicator and ametric. The Center
_ believesthe chemicalsused to answer thisquestion
Ammonia
% must comefrom commerce and not fromthe
Phosphoric Acid military. By excluding chemicalsproduced for
Ché?);‘)“e 6% military use, abetter understanding of theindustry’s
return oninvestment to prevent incidentscan be
reached.
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What arethe 5 most released chemicals by business segment, asshownin Table5and 6?

Table 5: Summary of Chemical Releases by Pounds Released

Chemical B T Total Pounds Released Pounds per Release
Releases
Ammonia 437 7,708,255 17,639
Flammable mixture 54 2,019,677 37,401
Formaldehyde 16 263,283 16,455
Propane 31 253,183 8,167
Chlorine 263 23,343 89
Table 6: Further Analysis by Business Segment
No. of i
Total lighes! L owest No.|L argest Total Lowest
. Total Poundsper | No. of : Total
Chemical Pounds of Total Quantity X
Releases Rel | Release Total Releases | Released | QUaNtity
Releases Released
Chemical Manufacturing - NAICS # 325XX
Ammonia 132 7,697,481 58,293 X X
Formal dehyde 16 263,283 16,455
Nitric acid 10 144,525 14,452
Oleum 7 66,859 9,551 X (Tie) X
Propane 7 191,587 27,367 X (Tie)
Food Manufacturing - NAICS # 311XX
Ammonia 292 1,726 1,591 X X
Chlorine 9 119 13 X
Hydrogen fluoride 1 360 360 X (Tie)
Propane 1 200 200 X (Tie)
Sulfur dioxide 2 901 451
Utilities - NAICS #221XX
Ammonia 12 9,047 753 X
Chlorine 205 21,803 106 X
| sopentane 10 10 X (Tie) X (Tie)
Methane 1 10 10 X (Tie) X (Tie)
Sulfur dioxide 9 1,096 121
Paper Manufacturing - NAICS # 322XX
Ammonia 1 1 1 X X
Chlorine 49 10,807 220 X
Chlorine dioxide 54 2,354 45 X
Sulfur dioxide 4 1,421 355
Petroleum Refining - NAICS # 32411
Flammable mixture 54 2,019,677 37,401 X X
Butane 18 174,416 9,689
| sobutane 10 540,185 54,018
Propane 23 61,396 2,790
Sulfur dioxide 3 27,128 9,042 X X
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What arethe 5 chemica swith thelargest consequences by business segment, asshownin Teble 7

and 8?
Table 7: Summary of Chemical Releases by Consequence
Elheifesl Total Property Damage ~ Total Deaths ~Total Injuries
(Single Release — Mixture) (Single Release — Mixture)  (Single Release — Mixture)
Chlorine $1,373,473 -- $202,000 9--0 333--1
Flammable Mixtures $379,791,446 -- $71,058,000 7--1 41 --29
Ammonia $308,591,908 -- $580,000 7--0 542 --0
Hydrogen $4,005,000 -- $58,425,000 0--2 6--35
Propane $10,999,984 -- $55,416,200 0--7 10--42
Table 8: Further Analysis by Consequence
Chemical Property Damage _ Deaths ~Injuries
(Single Release — Mixture) (Single Release — Mixture) | (Single Release — Mixture)
Chemical Manufacturing - NAICS # 325XX
Ammonia $226,474,259 -- $580,000 4--0 75--0
Isobutane $25,000 -- $38,000,000 0--0 0--12
Flammable mixtures $168,598,500 -- $1,925,000 0--1 18--0
Hydrogen $4,005,000 -- $58,425,000 0--2 6--35
Propane $752,500 -- $40,850,100 0--0 0--30
Food Manufacturing - NAICS # 311XX
Ammonia $82,117,649 -- $0 3--0 456--0
Chlorine $500 -- $0 0--0 6--0
Hydrogen fluoride $1,585 -- $0 0--0 0--0
Sulfur dioxide $0 -- $0 0--0 1--0
Propane $0 -- $0 0--0 0--0
Utilities - NAICS #221XX
Ammonia $0 -- $0 0--0 11--0
Chlorine $1,372,923 - $0 9--0 249-- 0
Sulfur dioxide $75,000 -- $0 0--0 4--0
Methane $50,000 -- $0 0--0 0--0
I sopentane $0 -- $0 0--0 1--0
Paper Manufacturing - NAICS # 322XX
Chlorine $50 - $202,000 0--0 78--1
Chlorine dioxide $50 - $202,000 0--0 93--1
Sulfur dioxide $0 0--0 4
Ammonia $0 0--0 0--
Petroleum Refining - NAICS # 32411
Flammable mixtures $211,192,946 -- $69,133,000 7--0 23--29
Butane $61,750 -- $29,266,100 0--6 2--2
Propane $10,247,484 -- $14,566,100 0--7 10--12
Methane $2,600,000 -- $14,000,100 0--7
Isobutane $1,048,000 -- $20,050,100 0--0

“Sngle Release” denotesrelease of a single chemical in one event.
“Mixture” denotes release of multiple chemicalsin one event.




C?.O Forward Vision)

ToachievetheNationa Chemical Safety Goal's, stakehol dersrequire abaseline against which they can measure
progress. To provide ameaningful measurement schemefor the statusof chemical safety, itisimportant to
select auniformly acceptabl e seriesof indicatorsand metricsfor interpretting theinformation. The Center’s
initial research supportsthe conclusionthat existing federa databases can be useful in measuring chemical

safety.
The Center proposesthefollowing indicatorsfor fixed facilities:
Chemicalsinvolved
Number of Releases
Number of Fatalities
Number of Injuries
The Center proposesthefollowing examplesfor analysis of the dataused to establish the status of chemical
safety inthe United States.
What arethe 5 most common used chemicalsby volume?
What arethe 5 chemicalswith the most money spent to prevent accidents?
What arethe 5 most rel eased chemical s by business segment and geographic area?
What arethe 5 chemica swith thelargest consequences by bus ness segment and geographic area?

The proposed indi cators are based on the Center’ sknowledge of existing data. They were chosento represent
means of measuring exposure and consequencesto chemicals. Asthemeasurement of chemical safety matures,
theseindicatorswill bereviewed and refined.
To continue, the Center will:

Seek stakeholder approval for the proposed indicator sand metricsfor fixed facilities.

Establish afrequency for performingthetrend analysisfor thevariousbusiness segments
and geographicareas.

Improvedataquality throughout the seven feder al databases. Emphasiswill beplaced on
working with the EPA 5-year Accident History database, asit will serveasthe coredatafor trending
fixedfecilities.

The Center callson all stakeholdersto:
Seek waysto gain standar dization in thekey data elements, e.g., definition of an incident;
Beactivein promoting chemical processsafety in local or ganizations, e.g., LEPCs; and
Work toinstitutionalize measur ement of chemical safety in the United States.
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