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Project Abstract

The projectobjectivesare three-fold. The first objec tive is to
examine the geography ofevacuations, injuries, and deathscaused by
hazardousand toxic materalsreleases from 1998 to 2010. Allof the
hazardousmateralsreleasesfrom transporton allmodeswilbe
integrated into a geographic nformation data system, along with socio -
demographic information from the US. Census. Distinctionswillbe made
between minorand serious releases. Distinc tions willalso be made
between spillsthathappen on ntermodalorshipping sites and those that
happen off-site and in-transit. This first levelofanalysisdescnbes the
nationalgeography of where majoreventsand evacuations have
occurred, and whetherthose pasteventsare usefulproxiesfor
understanding future events.

The second objective ofthe study is to examine the socio-
economic make-up ofthe groupsand individuals who live next to tho se
release and evacuation locations. In thisway, it wilbe possible to
compare whetherevacuationshave occumed in areasoccupied
prmarly by groups with lowersocioeconomic statusthan elsewhere.

The finalobjective ofthe study isto examine the relationships
between infrastruc ture, land use, and the likelhood ofevacuation from a
hazardousmateralsrelease. Previousresearch on hazardousmatenals
hasestablished thatin addition to routing varables, land use isalso a
stong predictorofwhere spills wiloccur. Thispart ofthe study will
contrnbute substantially to importantcontemporary debatesabout the
safety and securty of proposed new infrastruc ture, urban develo pment,
and intermo dalfac ilitie s.
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Chapterl: Overview of the Studies

No-notice (post-impact) evacuationscanbe a majorchallenge for
transport policy given contemporary concems about te norist a c tivitie s.
Even so,compamatively little is known about them. Thisresearch examines
the sociodemographic and spatialdistrbution of previous no-notice
evacuationsthathave resulted from hazardousmaterals spills. Ealso part
ofbuilding up a largerresearch projecton understanding household
evacuation decisionsunderextreme time constraints.

Previous transportation evacuation modelshave largely overdooked non-
drnving behavior[1], household decisions (otherthan when to evacuate
[2,3]),and geospatialvarables. Asa result, these modelslead to overy
optimistic evacuation time prediction and failto capture complextravel
pattems. While extensive research isavailable on humic ane evacuations,
short- and no-notice evacuationshave received little attention. Thisisa
majorproblem forevacuation studiesbecause, unlike humic ane
evacuations, no-notice evacuations have greaterspace-time

unc ertainties associated with the events. Because evacuation time
modelscan influence whetherand when officialsdecide to give
evacuation orders, these modelsaffect how many people leave the
area.'The result can be overy optimistic evacuation time predic tio ns,
which portend potentially devastating consequences.

1. 1 Prior Research

No priorstudies have attempted to do whatisproposed here: to capture
the combination ofsocioeconomic, infrastruc ture, and land use vanables
thata) contributed to elevated risksforevacuation and concumently b)
restricted orenabled individuals’ planned evacuation behaviors. Most
studiesofhazardous maternals spills foc us on risk-minimizing algorithms
without validating those against the empincaldata record on where
hazardousmateralsincidentsoccur[4-8]. The proposed research takes
the opposite approach:itevaluateswhere accidentshave occurred and
attemptsto descrnbe the geographic conditionsthatincrease the need
forevacuation preparation.

The two previous studiesofthe geographic distribution of hazardous
maternalsincidents examined only two regions: the Ios Angelesregionof
southem Califomia and two countiesin New York. The New Yorkresearch
used modeled plumesto examine potentialaccident exposures among
vulnerable populations[9]. The Ios Angelesstudy looksonly at
geographic frequency ofhazardous maternalsincidents, not the severnty
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of the spillsorthe consequencesthat spillshave had in prompting road
closingsand evacuations[10].

Neithermodeling norgeographic apprmachesalone can addressthe
complexinteractionsbetween land uses, po pulations, infra struc ture
supply, and evacuation options. Engineering hasexpended signific ant
effortto modelevacuations, particulardy with respect to humic anes, but no
studieshave examined the influence ofgeography and population on
the risks and results no-notice evacuations[11, 12]. Engineenng simulation
models, such as NEIVACI[13], MASSVAC [14, 15], REMS[16], and OREMS
[17, 18], have focused on the traffic modeling aspectsofevacuations.
Othersimulation toolsincluded the spread ofinformation [19, 20], and still
othersintegrated geographicalinformation systems[21, 22]. Butallof

the se omitted socialconsiderations.

Additionalengineering studies have investigated methods with whic h to
improve network performance through network modific ations [23-29] and
traffic contro1[30,31] and demand management, such asstaged
evacuation [32-36]. While engineerng studiesare concemed with the
quantitiesofevacueesand departure times|[2, 3, 37-41], socialnetwork
studiesfocuson characternsticsthatare associated with those who
evacuate and those who choose to stay [42-52]. Neitherapproach
integratesthe complexgeographic and socialinteractionsbetween land
use, utban populations, and chemicalaccidentsthat mark no-notice
events.

The proposed research examinesevacuationsdue to hazardous maternals
(HazMat) releases, which are known to cause massevacuations[53] of
significant distance 7+ miles[54]. They are a comparmatively rare
phenomenon. The USCommodity Flow Survey reports that in 2002, there
were 326,727,000 ton-milesofhazardous matenals shipped. The numberof
incidentsreported that yearwas 15,114; so the incident rate perton-mile is
0.000004625. Ofthose 15,114 incidents, only 222 caused a fatality, injury,
ora seriousevacuation (defined assixormore evacuees). Fataltiesare a
smallpercentage even among serio us inc id e nts; injury inc ide nts and
evacuationsare prevalentcompared to fatalities, but they are still very
rare when compared to the volumesand mieage ofhazardous matenals
shipping thatoccursnationally. Asa source ofdanger, acute exposure to
hazardous matenals spills is sta tistic ally just not very likely. h 10 yearsof
data, 142 people have died. This sc arcity affec ts the statistic al analysis.

Nonetheless, the data also show that while the numbersare low, serious

hazardousmateralsreleasescan have severe consequencesat the
community level, such asthe evacuation 0f 10,000 people in Cincinnatiin
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2006 orthe evacuation 025,000 people in Greenville, South Carlina in
2002. Greenville’s population isestimated to be around 56,000 people, so
the evacuationcleared almost halfofthe city’s population.

When combined with the nuisance, airquality proble ms, traffic safety and
congestion, and noise issues associated with freight traffic more generally,
hazmateventsare disruptive and frightening when theyoccur. From
1997 to 2006, over170,000 people have beenevacuated because
hazardousmateralreleases dunng transport, while 2,752 people have
been injured during thissame time period. As with the consequencesof
many infrequent events like tomadoesorspree killings, aggregate
numberscan maskthe impactona familyora given community of major
accidentsand evacuations, like Greenville. The proposed research uses
spatialanalysisto examine forgeographic factorsthatcomelate with high
risks formajorchemicalreleasesin orderto understand these impac ts.

1.2. Data sources

Thisprojectused data from five majordatasets: the Hazardous Matenals
Informa tion Syste m (HMIRS), the Hazardous Substancesand Emergency
Events Surveillanc e (HSEES) project, the Pipeline Hazardous Maternals

Sa fe ty Ad ministra tion (PSMA) data, the USCensusof Population, and
localarchives. These data are descrbed in tum.

Hazardous Matenals nformation Re porting Syste m (HMIRS). The HMIRS
data are compiled from reports made by transporters and first responders.
The data include many varablesregarding the incident: the time ofday,
maternals spilled, amounts, the camers, what triggered the incident (e.g.,
human emor, containerfailure), and the generalmadway conditions. The
data also include information on the consequencesofthe spils, inc luding
the numberofpeople killed, njured, orevacuated. The data are
collected, maintained, and distnbuted by the U.S. Departmentof
Tansportation’s Office of Hazardous Materals Safe ty (O HMS).

Hazardous Substances Emergency Events Surveillance (HSEES). The HSEES
data system iscollected by the US. Department of Health and Human
Services Agency forthe Toxic Substancesand Disease Registry. The
program includescooperative reporting agreements with the state health
departmentsof 14 states, including New York, Florida, New Jersey, Texas,
and Iouisiana. The HSEESis a public database thatcollectsinformation on
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acute hazardousmateralsreleasesand theirconsequences. Ehasbeen
in existence since 1990. The HSEEScollectsdata from both stationary
chemicalreleases (65 to 75 percentofthe yeardyreleases) and transport
releases. The state departmentsofhealth reportthe geographic location,
timing, substancesand volumesofthe release, and release
consequences, suc h asevacuations, injurie s and fata litie s.

Pipe line Hazardous Materials Safety Data System. These data are
collected in severaldata filesby the U.S. Department of Transportation
Pipeline and Hazardous Maternals Safety Ad ministra tion (PHMS) data. The
PHMScontainsdata onboth annualmieage and incident summarnes for
allhazardousliquidsand gaspipeline releases. The data also include
mformation onrelease consequences. These data are more diffic ult to
modelaspipeline locationsare classified by Homeland Sec unty, and
accessislimited to agencyand companyresearc hers. However, incident
and evacuation locationsare not.

Population data from the US Census. A large bodyofgeographic research
in environme ntaljustice usesthe spatiallocation of hazards, like spills,
assigned to geographic units of analysis containing socio-demo graphic
information from the US Census. This analysis follows the convention of
previous envinnmentaljustice studiesand usesCensusdata reported at
the tractlevelto represent the population ofindividuals living ne xt to
hazmatroutes, stationary sources, and chemicalincidents.

Archivaldata. In addition to the existing data records, Iwill re trie ve
mformation on majorevacuations from Lexus-Nexus, localnewspapers,
and agencyreports.

1.3 Research hypotheses

Eachofthese datasetscome from a different source; they willbe
reconciled using a geographic information system and deployed in
multiple analysesdesigned to address specific hypotheses. Figure 2isa
summary graphic that showshow the data and the analyses fit together
to answerfourmajorhypotheses:

Hi:Chemicalreleasesfrom transport clustertogetherand c lusterjointly
with multimodalfacilitiesacrssspace.
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Because the previousresearch examined spillfrequency in two regions
without controlling forconsequences, one ofthe gapsin the lite ra ture
concems whetherthe existing data record demonstratesa disc emible
geographic pattem forspillsand evacuationsacrssthe USasa whole as
wellas within re gions.

Hotspotanalysisand co-clustering methodscan help sort through some of
these questionsby creating localestimatesofthe measure ofintensity A.
Thisprocessisalso called kemelsmoothing. Hotspotscount the frequency
of points within a given distance ofeach point, relative to a symme tric
distrib ution. I N(s,w) representsthe numberofeventsperunitarea in a

wxwsquare centered ats, then from anotherotherpoint ufrom s:

A,(s)= pdl(s) {ng(s—u)}, weWw (eq.1)

Where Kcan represent any numberof distrib utio nal func tio ns.

H2: Spills causing evacuationsoccurdisproportionately in high-freque ncy
accidentlocations.

Severe releasesmayoverap with incident hotspotlocations. Hazardous
matenals freight gatherson a comparatively smallnumberoffreeway
and multimodallinks. Combined with human enorin handling, the small
numberofrouteswould workto geographically concentrate spillsin select
locations. The same reasonsmay also workto spatially concentrate

severe spills. Atematively, there are severalreasons why severe spills might
notoccurin the same generallocations asthe spill hotspots. Fist, the
causesofthe non-severe spillsand severe spills differ; mo st ro utine spills
occurfrom human enorin transferming loads from one mode to anotheror
in originalshipmentloading. But containerbreachesresulting from
derailmentsand crashesare more common among severe incidents than
among spillsoverall These spills, unlke those caused by packing enor,
could occuranywhere along the route.

Fricker[55] developed a usefulspatialmethodology fordetecting the
spatialdistribution of a unique location among otherpoints. His method
would be usefulhere, with a few adaptations. fwe allow R, to represent

the countofspillsin censustracti we can assume R, usesthe Poisson
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distrib ution again with inte nsity (/i). Severe spills S are a subsetofalspill,
so that S[ARI, and S |R : binomial (Rl,,a). I S issimply a random subsetof
Rl,,then there should be no discemible conelation between the countsof

the entire set and the subset; thatis, the numberof severe incidents that
occursin any given /l, (the intensity perunitofspace) should not

systematically vary with the intensity of allspills, severe and not. Kso,
S.|R.: binomial (R[,a) descrnbesa thinned Poisson point proc e ss, with some

rate of thinning, 8. The expected numberofspillsin any given zone, ¢, wil
thenbe Ra,and we can test the expected value agamst the observed

values. The se tests will pinpoint high-frequency, high-consequence
geographic zones.

H3: Spillsand evacuationsoccurdisproportionately in low-income
communitiesand communittiesofcolor (environme ntaljustic e
hypothe sis).

We willuse a bufferanalysis sumounding each high-fre quency, high-
consequence location to gathernearby population data according to
the US. CensusofPopulation. From these, Iplan to estimate two models
forthe data atthe tractlevel Alog-lneargeneralized model with spatial
lagswilestimate the countofspillsin a tract, te sting particulady forsocio-
demographic varnables. Thismodelshowsspatialcomelation ratherthan
causality, and thismethod iscommonly used in geographic research on
environme ntaljustice [56-60]. h orderto use the generalized inearmodel,
the relationship between the dependent varnable and itscovanates
should be linear.

The se results of thisanalysiswilallow me to locate places where there
have beenevacuationsand placeswhere there are vulnerable
populations who have been evacuated. Thisstep isan important partof
the analysisbecause it wilprovide a basisforspatial sampling the se
populations forfuture research.

H4: Fvacuationsde monstrate a mmndom rmuting effectand a urban-
form [socio-spatiale ffect.

Based on the first three hypothesesand archivalresearch on major
evacuation events (over1,000 people) overthe past 18 years, Iwill te st
my hypothesisthere isboth a predictable spatialaspectto where
evacuationsoccurand a random componentunassociated with eror.
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The proposed research wilexamine the spatialcharacternsticsbetween
evacuation locations and specific infrastruc ture and land uses.

Figure 1 summarize s the globalmethodology that guides the remaining
chapters.
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Chapter2. Geocoding and Data Preparation

Forthisresearch the first step wasto construct an inventory of hazmat spills
into an enhanced database containing the most comprehensive spills
information available. The database hasbeen assembled and geocoded
forrecordsreported from 1998 to 2010 from the data from the fourmajor
(HMIRS) and PMSA data. More detailsaboutthe enhanced database is
givenin appendix A.

2.1 Geo-databases

The enhanced data have addressesmatched to street data so that the
nformationisgeocoded. Every spillistreated asa separated incident and
plotted overcontinental USto build the first basic visualization model The
geolocationsare reported in North American geographic.

2.2 Data problems

There are severalimportantdata problems and lmitationsthathad to be
addressed when construc ting the data.

Consistency. Consistency in the database overa 12 yearperiod. The
contentin the databaseschangesin response to legislation thatcould
affectallbasesforcomparisons. Forjustone example, in 1990 EPA added
25 more chemicalsto the listof hazardousmaternals.. Asa result, more
waste isconsidered hazardous, and the facilitiesto legislate aswellas the
spillsto be reported were almost duplicated from one yearto the next.
EPA recordsreport that definition of HAZMATShad changed in 1990, 1992,
and 1995. Although the data are available from 1990 onward, we go
from 1998 onward in orderto getthe most consistentdataset.

Geographic extent. Athough mostly of the databasesdealing with
HAZMATSreport atthe nationallevel, notallthe databasesdo. Databases
such asthe HSEESare an effort sustained by only 14 states. The ERNSdata
are anexpansion on the basic materalcontained in the HMIRS. The re sult
forthe enhanced data isthat we have faily e xte nsive information on
serio us spills in the 14 participating states, but only baseline information for
the remaining states.

Continuity overtime. With changesin legislation, agency struc ture and
budgetary constraints, some agencies disc ontinue data collection forthe
HSEES. The HMIRSdata had policy-levelchangesin whatthe agencies
decided to treat as “serious” in 1996
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Otherissuesarise whendata collection methodschange. The HMIRS
reporting shifted from a paperbased to an online reporting system. The
new method ofdata reporting meansthatsome spillsreportovertwo
line s, while the paperreportsgenerally read into one line ofdatabase.
And notallagenciesreported online, so that one-line and two -line
incidentsappearin the data and have to specially handled.

Availability. Changesin technology, media and right-to-know changes
overtime depending on the agency hosting the data.

Completeness: Data canbe affected by the enforcementorthe lackof
enforcementexercised by the agency in controlofthe reporting
requirements. Databases forwhich reporting is voluntary may se rio usly
underc ount. Polluting industries underreported by asmuch as 48% in one
survey [61].

Accuracy: Common mistakes while entering the data manually, forboth
onlne and paperreporting, need to be considered, and the data need
to be standardized previously to begin any analysis. The original HMIRS
data contain wide vanation in the spelling of common names.

Table 1. The varnations on one address form

10661 EITWANDA AVENUE
10661 EIT WANDA

10661 EITWANDA AVENUE
10661 ETI WANDA AVENUE
10661 ETIWANDA

10661 ETIWANDA AVE
10661 EITTIWANDA AVE
10661 ETIWANDA AVE
10661 ETIWANDA AVE
10661 ETIWANDA AVE
10661 ETIWANDA AVE

Fachofthese data setshave been edited to manage these problems,
and the streetaddressesreconciled to Google

2.3 Data Processing and Spatial Merge

The SQLcode use to compile the database and setdata typesisshown in
Appendix C. Alldata basesthen had been depurated and compiled in
.dbfand .csv formats. A QA/QC analysisofthe database checked for
completenessand accuracy in the compilation processto ensure no
truncation ordata cormuption problems.
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The research team also checked the data for

a) extreme ormissing values;
b) abnomalities specially related with the geographic extend or
¢) incongruencies with the dimensions ofthe data.

One identified anomaly occurmed in 2006 re sulted fromwith changesin
legislation occumed in the wake ofa majoroilspills on Alaska. The Pipeline
and Hazardous Maternals Safety Ad ministra tion (PHMSA) issued a
proposed rule to expand oversight to coverrurallo w-stre ss line s in
"unusually sensitive "areas, suc h asthose, like BP'sPrudhoe Bay pipeline in
Alaska, thattraverse environmentally se nsitive areasorcontain
endangered species. Then, the USHouse Energy and Commerce
Committee, passed legislation September27 to require federalregulation
of virtually all "lo w-stre ss" oil line s, while previously only high pressure and
low stress linesthatrun underheavily populated areaswere monitored.

When the Pipeline Inspec tion Pro te c tion Enforc e ment and Safety (PIPES)
Actof2006 passed, the PIPESActbmadened the scope ofthe systems-
based apprmach to assessing and managing safety related rsks. The
additionalinitiativesincluded. Sinc e the PIPES Act, PHMSA hasdoubled its
enforcement and toughened proposed pipeline safety civil penaltie s. The
average percase hasmore than tripled since 2006 [62].
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Chapter3. Past HazMats Events as Proxies of the Future

Afterneardy a decade offreight policy focused on securty and
expansion,recent USFederalpolicy underthe Obama administration has
begun to stress an entirely new dire c tion: livability. Livability atte mpts to
balance the needsthatnearby residents have forenvinnmental quality
with the building, operations, and maintenance ofnearby freight fac ilitie s.
Thischapterexaminesthe consequencesfornearby communitiesof
hazardous freight, both from accidentaland, by e xte nsion, te ro rist
events.

Freight shippersmanage over323 billion ton-milesoftoxic and hazardous
materalsevery year, and that volume hasgrown overtime along with the
USeconomy. Serious incidents, though, are rare. Fom 2000 to 2010, the US
had over120,000 spillsrecorded from arund the country, with oughly
5,000 listed asseriousoverthat time. Iossof human life orinjuries are
infrequent: only 136 people have died from hazardousortoxic maternal
exposure, while only 1,587 have been injured in the lastdecade.
Nonetheless, when accidentsdo become serious, they can cause
considerable economic damage. 'The totaleconomic damage
associated with no-notice hazardous maternals spileventsexceed $550
millio n with very serio us single eventsthatcostin excessof$20 million.

The pastdecade ofaccident data suggests vulnerability to terrorism as
wellasaccidents. Over 150,000 people were evacuated during the past
decade because ofaccidentalspills. The successofthose evacuations
hingeson the reliability of nformation and practitionersengaged in freight
shipping—two factorsthat maybe expected to breakdown undera
planned, inte ntional strike such asa temmonst action. Underconditions
where information placardscannotbe trusted and where personnelor
onlbokersmay be complicit and malicious, the consequencesmaybe
much higher.

Ourpastexperiences with toxic and hazardous maternals (hazmat)
evacuationscan yield insightsinto the consequencesoftemnornst strikesat
ornearlarge-scale multimodalfacilitiesin the US. The resultsof
evacuationsconducted in “best-case” accidentalconditions serve asa
possible lowerbound fordamage estimates—the optimistic case—of
termorist actsagainst the hazmat system and suggest what the
consequencesofthese eventsmay be forcommunities sumounding large -
sc ale freight fac ilitie s.

Page 16 0f 101



3.1 Background

Priorto the industrnalrevolution, goods movementoccumed
predominately by horse, barge, and foot/63-64]. Workersand traders
flocked to housing nearfreight facilities and portsoutofeconomic
advantage. Many oftoday’smega-regionsbegan asport cities—
entrywaysfortrade activities—and, as a result, these locations have
alwaysbeen targetsduring amed conflictsand sourcesofenvimnmental
vulnerability. Justaspeople today worry about the globalthreat posed by
viruses spread through globaltransportation networks, amrmiesand goods
movementspread diseases, perhaps mo st infamo usly the bub onic
plaguesofthe 14th century /65]. Horse-powered cities were fetid places
where pedestrnansoutinely risked typhusand otherpathogen-related
ilne sse s from sharing theirstreets with piles of manure and the rotting
cormpsesofhorsesthathad been worked to death on the city’s streets /65].

With steam, rail, and streetcartechnologies, workersand traderscould
covermore distance inlesstime, opening spatialopportunitie s forwhere
they could live and workrelative to factores, trade centers, and
warehousing /64]. h addition to new transport technologies, nuisance
laws and, eventually, zoning codesin the USinstituted the social,
economic,and geographic separation of urban housing, particulady for
the affluent, from freight and industry /66/. Asregionshave grown, so
have callsto reverse the spread of urban po pulations through infill and
higherdensity development and by doing away with single -use zoning
thatseparatespeople from employment and trade [67-68].

Ultimately, the push and pullfactorsofpolicy, planning, and new
technologieshave had two majoreffectsthat interest us here. First, urban
population growth (through naturalincrease and long-term, sustained
outmigration from ruralareasto urban centers) hasplaced more people
than everbefore into very high levelsof population density within
metropolitan centers. Justasanexample,the Portoflos Angeleswas
established formally (afterdecadesasa haror) in 1906. The Ios Angeles
population was a little over 102,000 people then. Tbday, the city ofIos
Angeleshasclose to 4 million people, with the sumounding metropolitan
area closerto 13 to 15 million, sumo unding the USstwo largest freight
ports. Freight shipping asan industry hasgrown overthe pastcentury as
well particulardy overthe lastdecadesofthe 20t century, asglobal
capitalflows have increased, with lo gistic s and industry prac tices mo ving
towardsgreaterscale and scope ofgoodsmovement facilities. Higher
volumesofmateralsare being moved closerto highernumbersofurban
residentsasa result ofthese two growth effects.
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Federalregulationshave fostered both freight consolidation and scale,
particulady in hazardous matenals transport. The Resource Conservation
and Recovery Act (RCRA) in 1980 mandated cradle-to-grave tracking of
toxic and hazardousmaterals asthey move through the US/66/. RCRA
and subsequentlawsrequinng drivers and handlersto have additional
credentials, standardized containers, and placarding have created
bamersto entry in hazmat shipping. The regulatory envimnment yielded
predictable results: the fe wershippers and facilitie s, the easierit is to
monitorand enforce high industry safety standards.

Nonetheless, consolidation in the hazmat freight industry can have
multiple —and unfo rtunately c o nflic ting—e ffe ¢ ts on ¢ o mmunity
vulnerability when populationshave grown up around freight fac ilitie s.
Consolidation can build up the volumesand diversity of materalsat one
geographic location. On one hand, the readily identifiable location helps
first esponders know where the likely problemsare and, in the case of
everyday incidents, allowscompaniesto keep specialized equipment
and professionalson site. The economiesofscale and scope realized
durng everyday shipping ac tivitie s also manife st forincident response. On
the otherhand, the consolidation of hazardous matenals freight in one
geographic locationcreatesincreased rnsksofaccidentalreleasesand a
readily identifiable location fortemorist ac ts.

Toxic and hazardous matenrals shipping reflec ts the perennial te nsion
between consolidating and distnbuting hazard in urban c onte xts: is it
more secure (ie., lesslikely to cause death,damage, and injury) to
consolidate risksonto one location and one setoflarge-scale netwo rks?
Orisit more secure to disperse risksin smallamounts, camed discretely
through a highly disaggregated networkofsmaller-scale facilities and
transport modes?

3.2 The consequences of land development and policy on
network security

The conceptsdrving these questions are illustrated in Figure 2. Networks A
and Billustrate the land use, infra struc ture, and industrial organization that
mo st similady re pre se nts the amangement of multimo dalfacilitie s in the
United States. hdustrialconsolidation can promptcompaniesto pursue
very large operations,asin A. However, zoning and industrial
agglomeration can cause the geographic clustering shown in scenario B,
where multiple companies, and even multiple hazmat handling ind ustrie s
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appearin a spatialarea. In either A orB, vulnerability centerson one
specific geographic location.

A key difference between A and B, however, concemsthe highway
network. In both A and B, the facilitiesare served by only one railway,
which itsef posesa potentialtarget. The networkin A reflectsthe curent
state ofthe practice in the US, which designates specific routes, while

| | disallowing others, for

@ | ] highway movementsof
hazardous maternals. In so

m‘ﬂ_m‘(}«_ o | doing, the require me nt
= S d O i o demonstrates the benefits
2 of managing matenalsfor

accidents: routing is done
according to the highway

© p Legend capacity and safety
5 ) Handling facility standard and isolate s
e — Designated hazmat route hazmat tra ffic to spe c ific
oy | Eimed links. By disallo wing other
o) IE'“”BE’_E sinesk, wutes, however, hazmat
ot designated . . .
route designation makesit
easierforoutsiders to
Figure 2. Different ne twork, industrial figure out whathighway
organization, and land use segmentsare likely places
forhazardous content to
appear.

Sc enario C showsthe opposite ofthe three varables (land use,

infra struc ture, and industrial organization). The land use configuration and
imndustrialorganization separate the faciltiesacrossthe geographic
network The disaggregated, gridded highway network allows formany
routing combinationsonce pastthe limits of facility-acc e ss links. 'This

ro uting flexibility allows shippersto vary routes forsec urity purposesand/or
avoid minordisruptions in the network. Scenaro C lacksrailtransport,
which would allow hazmat shipmentsto be easilytracked and controlled,
butraillhaslimited routing flexibility and the volume ofmateralscamied at
a given time haspotentially disastrouseffectsifanaccidentorattack
occurs.

Witho ut information about the shipmentsand, more importantly, the
population ofthe sumounding area, itisimpossible to determine what type
of amangement camiesthe highe st vulnerability forurban po pulations.
However, the existing USconditions cumrently resemble A and B, and the
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USis unlike ly to shift land usesorhazardous materals management. The
resultisa geographic consolidation of hazmat risks at multi-mo d alfacilitie s
orfacility c lusters, and the designated mutesthatimmediately serve those
area facilities.

The orizing about risksanchored by facilities and sunmounding land uses
redefinesspatialnskaway from the largely stoc hastic events—which can
happen anywhere—towardsmore a tractable geography of risk. Mo st
studies examine rnisksaccording to mutesand attemptto denve the
population-minimizing routesbetween orngins and destinations/7-8; 69-70]
ora combined objective of minimizing traveltime and population
exposure orothermeasuresofrsk(e.g. 71-76). The population minimizing
route maynotalwaysbe the shortest oute orthe route that usesthe
highe st-standard facilities; hence, researchershave often included dual
objectivesforhazmatruting. n addition, examinationsofroute-based
risk func tions tend to treat hazmat spilllikelihood asa function of distance
[77], but such conceptualizations of stoc hastic eventsbecome less useful
in thinking about the likely geographic location ofinte ntional strike s.

Analysesofthe risks forternorst events specifically at multimodalfacilitie s
tend to be primarnily focused on seaportsand on the lossofeconomic
produc tivity from shutting down freight faclitie s o r ¢ ritic al infra struc ture
[78]. Forhazardous maternals, the research contains mo stly frame wo rks
and many potential “how-tos.” Strikes against freight facilities are
unknown in the US; inte mationally, above-ground oilpipelneshave been
targeted, not to hamtm nearby populationsbutto disrupt production and
send a message to corporate owners/79-80]. Thusthe available empircal
knowledge base and data forbuiding vulnerability orconsequences
modelsofintentional stikes are sparse to no ne xiste nt.

T give some indicatorofthe relationship between facilities and potential
consequences, we can examine the pastrecord ofaccidentalincidents,
theirgeographic locations, and theirconsequenceson communitie s
surmo unding the multimodalfacilities. In thisway, itispossible to test
empirc ally whe therthe industrial o rg aniza tion and infra struc ture ne two rks
laid outconceptually in Figure 2 concentrate accidentalhazardous
materals shipping risks in waysthatcan help enlighten the potential
consequencesoftemnornst strikes. Moreover, the consequences from
accidentalspills provide furthe rinformation forfuture risk modeling e fforts.
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3.3. Data on consequences

There are comprehensive recordsavailable in the USforexamining the
spillrecords sumo unding multimodalfacilities, although the data have
some problems with geographic accuracy, particulady fordata going
backfartherthan 2000.

National Tlansportation Atlas Database 2010. We define multimodal
facilities as those listed in the Atlasdatabase, published by the Bureau of
Tra nsp o rta tio n Sta tistic s (BIS). These data contain the name ofthe facility,
city, state, zip code, list of businesses associated with the facility, and
mode. According to the Atlas, there are 3,281 intermodalfacilitie s in the
US: 227 rail-and-truc k-facilitie s, 744 p o rt-rail-truc k fa c ilitie s, 408 air-and -
truc k facilities, 62 port-and-truck facilities, 10 rai-and-port, and one port-
rai-truc k-airpo rt (Po1t o f Little Ro c k).

Hazardous Materials Information Reporting System (HMIRS). Asdescrbed
in the fist chapter, the HMIRSdata are compiled from reports made by
transporters and first responders. The data include many varables
regarding the incident: the time ofday, matenals spilled, amounts, the
camers, and whattriggered the incident(e.g., human emor, container
failure). HMIRSdata contain information on the consequencesofthe spills,
inc luding the numberofpeople kiled, injured, orevacuated. The data
are collected, maintained, and distributed by the US. Department of
Tansportation’s Office of Hazardous Materals Safety (OHMS). The data
used forouranalysisin thisprojectspan from 2000 to 2010. The O HMS
designatesserous spillsasthose which cause death orinjury, a major
rad,orpromptanevacuation of more than sixpeople.

Le xis-Nexis and NewspaperReporting on Serious Spill Incidents. n orderto
expand the information in the HMIRS and the HSEES, the research team
used Lexis-Nexis to find newspapercoverage ofthe majorspillincidents. A
memberofthe research team cross-referenced Le xis-Ne xis against se rio us
spills in the HMIRSdatabase by date, location, and substance (three
separate searches). The match rate wasdisappointing. We found news
coverage ofonly 22 percent ofthe serious spillsthatoccumed acrossthe
US,and ofthose,only 15 percentrelated to spillsoccumng durng transfer
orstorage at multimodalfacilities. However, the records were saved for
whateventsdid receive presscoverage. n some respect, the lackof
presscoverage demonstrateshow wellhazmat materalsincidents are
managed; however, it also demonstrates how invisible hazardous
materals shipping isto the generalpopulace.
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3.4 Data on consequences and California geography

We restrict the spatialanalysis to the state of Califomia because ofthe
computationalrequirementsofdoing a spatialanalysis on the entire
country, given the 120,000 spills that oc cumed from 2000 to 2010
summarized in Table 2. Instead, 10,496 spillsoccurred in Califomia, which
makesfora much more tractable spatialanalysis. The data were
geocoded to a 91 percent match. Allofthe multimodalfacility loc ations
aleady had geographic location information. The Califomia spills were
mapped against facility loc ation, with the re sults shown in Figure 3 with
map insets forthe Ios Angelesand Bay Area regions.

Table 2. Spills within 1 mile or3 miles of multi-modal facilities, 2000 to 2010

Total incidents Serious incidents
Ttal 10,486 100 % 1,109 100%
1-mile buffers | 3,393 32% 314 28%
3-mile buffers | 6,531 62% 631 57%

Source: HMIRS and National Transportation Atlas data, geocoded and
analyzed by the authors.

Figure 3 only mapsthe serous spills against the multi-modalfacility
location: with all spills, there wastoo much overplotting to disting uish the
relationships. horderto capture the geographic relationship between
spiland multimodalfacility loc ations, one-mile and three-mile buffers
were used to capture spillsthatoccumed on highway and rail links
proximate to the facilitie s.

Spatial analysis o f the buffers showsthata thid ofall spills oc c urwithin

one mile and more than half occurwithin 3 miles of multimodalfac ilitie s.
These percentagesare mimored among seriousincidentsaswell. Based on
the previous experience with spills, a spatialbuffersumo unding multi-
modalfacilities that includesthe facilty-accesslinkcapturesa faily high
portion ofallofthe toxic and hazardous materals spills. This finding trac ks
with previousresearch conducted from 2000 to 2004 only in southem
Califomia [10].

This simple geographic analysis suggeststhatfacility locationsare
reasonable spatialproxiesforpredicting accidentlocations—and for
serious spilllocations. Asa result ofthe geographic commonality, the spills
thatoccurin the accidentrecord are also good potentialexemplar
eventsforwhat the consequencesmight be forstrikes against the multi-
modalfacilities. Furtheranalysis wilbe required to see if the geographic
re la tio nship found in the state of California holdsin otherplacesaround
the US.
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Figure 3. Spatial buffers around multi-modal facilitie s in C alifo mia

3.5 Data on event consequences

The HMIRS data have multiple measures for event consequences which
are summarzed in

Table 3.
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The first setofoutcome varablesisbinary, and itindicates whether, once
a spilhasoccumed, any subsequenteventthenoccumed. Release
measures whether,in case ofa containerbreech, the materalleaves the
containerand enters the envimnment. Justbecause a vehicle with
hazardousmaternalsderailsorcrashesdoesnotmean thatthe container
wilbreech, and just because the containerbreechesdoesnotmean that
the maternalwillalwaysrelease. Ofthe 5,196 serous spills in the US(and
120,000 totalspills), 4,579 spills had a release occur.

The radioactive material (RAM) binary variable representsonly one ofa
possible seriesofbinary outcome varablesbased on the type of maternals
released. Radioactive materalshipping israre compared to othertypes
of shipping, and the containersin which they are shipped are carefully
constructed. Only four RAM eventsoccumed from 2000 to 2010. The
Hazardous Maternals hformation Systemsdata containcategoresforall
the standard classesofhazardousmaternals, and thusitispossible to
create binary eventoutcomesforany type of matenal

The next six binary outcome varablesconcem eventsthatmayoccur
subsequentto anincidentand a release. Closure (n=1,204) measures
whetherthe incidentclosed a majorarnteral(orhigherlevelofservice)
rmadway. Envimnmentaldamage (n= 606) indic ates whe therthe spill
caused any envimnmentaldamage,such asa petroleum spill
Unfortunately, the databasescontain very little information about the
nature ofenvimnmentaldamages. Evacuation (n=843), gasdispersion
(n=687), fire (n=472), and explosion (n=145) represent progressively rarer
events, so thatthe probability of any given outcome isrelated to the
outcomesofpreviousevents: p(c |r)|p(r|e), where p(r|e), the probability
ofa release (), isconditionalon a previousevent(e) suchasan

inte ntionalstrike, crash, tumover,orcargo mishandle, and where the
probablyofany given consequence (c)isagain conditioned on a release
event.
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Table 3. Outcomes associated with toxic and hazardous events

Outcome

| Data definition

Binary Varables (1=Yes, 0=No)

Release (Spillage) (7

Matenalisreleased due to incident
(N=4579)

Radioactive matenal

Release ofradioactive materal (extremely rare)

Clo sure

Majorartery wasclosed asa result of spill; Y=1204

Envimnmentaldamage

Release resulted in envimnmentaldamage; Y=606

Evacuation

Release resulted in an evacuation order, Y=843

Gasdispersion

Materalsreleased in gaseous form; Y=687

Fire

Materalcaught on fire; Y=472

Explosion

Whetherexplosion occuned; Y=145

Costvariables ($US)

Property damage

Damage to public orprivate property

Response costs

Costsoflaborand equipment forresponders

Remediation and cleanup

Remediation costs

Ttaldamages

Ttalcost figure (sum of property, response,
remediation and othercosts)

Continuous orCount Varables (Persons, hours)

Volume released

Volume ofmateralsreleased

Fatalitie s Fatalitiesassociated with employees, the public,
and first esponders

Injurie s Injuries associated with employees, the public, and
first esponders

Ttalevacuated Employeesand public evacuated

Totalevacuation hours

Duration ofthe evacuation

Duration of clo sure

Duration of majorartery closure

Calculated Varnables

Value oflife and mnjury

Deaths multiplied by the statistical value of life

Person-hoursof
evacuation

Duration of evacuation multiplied by membersof
the public evacuated.

Lo st pro duc tivity

Value of time lost to evacuation: person-hours of
evacuation multiplied by prevailing wage rate

Source: Hazardous Materals hformation Reporting System, Codebook.
Person-hours of Evacuation are not reported; these are compiled by the

authors.

Figure 4 showsthe breakdown ofthe eventtypesby mode and
hazardousmatenalsclasscode forthe two binary outcome measuresthat
show the most variation by mode and hazardousmateralsclass.
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The plots first show that most serous spills occur for Class 3 hazardous
materals, which are flammable liquids—gasoline and other fuels—as we
would expected due to the prevalence ofthe matenals.

The serious spills are distrtbuted among hazardous matenals classes smilar
to the prevalence oftheirshipping, with one exception. Comnosive
materals (Class 8) are somewhat more represented in serious spills than in
the entire spillsrecord. Because there are so few spills from water
transport, those are notillustrated. Infrequent hazardous materalsclasses
are also omitted from the figures.

The binary event varnables also have analogues in the HMIRS for
continuous measures that reflect the extent or costs of those outcomes.
The cost variables measure three significant consequences: the costs to
property, the costs associated with time and equipment needed by
respondersto act on the event, and the remediation and clean-up costs.
The data do not include costs associated with productivity loss due to
closures or evacuations.
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Figure 5 displaysresponse, remediation, and property damage costs
plotted against the totalcostsassociated with the spill The data points
are brokenoutby mode symbolic ally. Mo st serious spills cause less than $5
milion in damages,and allofthe seriouswaterand airhazmateventsfall
mto thatclusterofpointscentered at $5 milion and under.

The interesting data pointshere are the extreme valuesforhighway and
raitway, both of which had a handfulof spills from 2000 to 2010 that
imposed highercostconsequencesthan did otherserious spills. Although
there are only a few, scattered extreme events, miimodaleventsare
again disproportionately represented among the cost figures. However,
the most extreme consequencesforresponse, property, and remediation
costsoccumed on highways. While seriousraiway spills were likely to
promptevacuations, highway eventshave imposed the highest out-of-
pocketcostconsequencesforthe companiesinvolved in the spills. Each
ofthese outlersmay be good exemplarevents foruse in analyzing

te mro rist risks.
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Othermeasuresofconsequences, such asdeath, injury, and time loss due
to evacuationscan also be monetized. Sinc e injuries and fatalities are
usually monetized by a standard amount, those measuresare perhaps

le ss inte re sting forillustration than the value of time lost due to
evacuations. The value oftime lost due to evacuationsisa functionof
the totalnumberofpeople evacuated, the duration ofthe evacuation,
and the value oftime assigned to them.
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Figure 5. Costconsequences of serious spills by mode, 2000 to 2010

Figure 6 plotsthe totaldamage costs(logged) against the person hoursof
time loss, again using the most prevalenthazardsclassesand modes.
Wagesortime valueswould be a constant, and thusthey are not
mcluded here; we have allowed forthe zero valuesto be included
(modified forthe log) so that the figure displays the splitin the events
between those which cause damage without evacuation, evacuation
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with low damage costs, and the third group: those eventsthat cause
both.
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Figure 6. Time Ioss and Total Damage by Mode and Hazard Class, 2000 to_
2010

That middle group demonstrates a strong and positive association
between time losscostsand totaldamage costs. kisonce again possible
to see how three classesofmateralsdrive the consequencesforserous
spilsacrossmodes: flammable gases(Class2.1), flammable liquids (Class
3),and conosives (Class 8).

Poisonous gasestransported via highway (Class 2.3) have caused more
events with both evacuationsand totalmaterialdamage thanon
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railways, and the same istrue ofoxidizersand organic peroxides (Classes
5.1 and 5.2). Because these are notspillrates, there isno information
aboutwhatismore prevalentormore likely to spill Instead, the data
simply reflect the consequencesofwhathasoccumed by mode and
class.

Chapter4. Isolating the Spill Frequency Tiajectory

This section isolates spill frequency by seasons in order to see how
much effect we can trace to periods. Forall the US highway data, there
emergesa clearperodicity in the data.

4.1 Identifying the nonstationarity

The regression coefficientsforX Y, «t=1,2,...,N, are asfollowing:
N [e— [e—
Y XY -NXY,
t=1

\/i){f ~-NX; \/iYﬁ ~-NY?

t=1 =1

=

Contrastthe crossconelation coefficient asa function of time intervals
between two seres X;and Yifortime t=1,2,..,Nare asfollowing:

N -k
ZXthJrk —N.
t=1

N _ N _
YXI-NX} DY -NY}

t=1 =1

Y,

r(k)zr(Xt’YHk):

While (k) isa numberbetween -1 and 1. Fordescrbing the above

re la tio nship, if k=3, the amount ofr(3) showsthe average impactof X;on
Yirs. Thisgraph appearsin Figure 7. The biggest absolute values for (k)
have periodicalrepetition each 12 periods, and they become smaler
when theirabsolute value forKbecome larger.

There may be some exogenouschangesthatcontribute to the cross-
comelation lags. Both the function forserous spillsand allspills are likely to
be affected by exogenouschangesin totalamount of shipping, itse If
likely to be seasonal
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Figure 7. Cross-comrelation functions between spills and serious spills.
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Thatup-and-down vanation contributionsto an analyticalproblem for
many statisticalanalysesofthe data record: thatis, the comelation
between the numberofserousspills and totalspillsislikely to be
negatively sloped during some periodsand positively sloped during other
periods,driven by exogenousfactors we cannotcontrol This periodic
comelation doesnotmatterforspatially eferenced analysisasmuch asit
doesforaggregate forecasting. According to the tracking, the cycle
continue s forsix months, and aftersix month there isan oppo site

direc tionalrelationship, and so on—a faidy clearsign thatthe data
exhibits strong, weatherrelated effectsin many parts ofthe US.

4.2 Selecting the time series

Define S; asthe numberofseriousspillsthatoccursoverthe subsequent six
months after given an arbitrary time perod t and test it with a linear
relationship against the numberof all spills N at time t ; S, =a+ N +e.
The resultsare shownin Table 4.

Table 4. Testlinearregression of spills and new serious spills

Predictor Coefficient Standard Enorof the t
Coefficients

Constant (a) 27.804 3.352 8.29%¥*#

Raw spills -0.01068 0.002488 -4.30%%*

AdjR2=0.09

Source: Data from the Hazardous Materals Information System, 2000 to 2010, compiled
by the authors. These are truc k spills only.

Drawing the aggregate relationship at a given point in time, (here,

December 2007), that of the cycles, the downward trend dominates for
the ne xt six mo nths.
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Scatterplot of New6Serious vs spill
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Figure 8. PlotofTotal spills to new serious spills overa six month horizon

The directionalrelationship is counterto expectations, but the relationship
is strong enough to be significantin a test model, and the modelexplains
about 9 percent of the vanation in the data at these points—much more
than you want in a relationship that is lkely capturing exogenous
changes. Nonetheless, the visual does provide a descrptive
contradic tion to the basic premise of H3: thatloc ations with more spills are
likely to have more serious spills. However, we can not conclude that for
certain asthe graph changesdepending on t.

A plotofthe residualsand theirapparent nonstationary exhibited appears
i Figure 9.
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Time Series Plot of e
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Figure 9. Time series plot ofresiduals

Differencing the residuals from on period to the next (de; =e;—e;_1),
shown in Figure 10, better approximates white noise. The autocomelation
func tion fora WSSsignalis:

_ v @) _ Yx()
px(e) - )/(0) - 0’%

Vx(‘{')) = E[[x(n +4) — ,le] [X(Tl) - ,le] *] = rx(f) - |‘le|2
so that —1 < p,(#) < 1 and white noise appearsasx(n)~WN(uy, 02): p,(£) =
6(£). Then if p,(£) = §(¥), the emors differso little from white noise that the

e vid e nt no nsta tio na ity is no t sig nific ant. The ACLfunc tion and the
re sulting envelopesare shown in Figure 10.
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Time Series Plot of de
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Figure 11. ACLfunction and envelopes

The partialautocomnelation functionisa dualofthe ACL Define:

Plz(n)|z(1),...,x(n —1)]

asthe mean square enmorlinearpredictorofx(n), given {x(1), ...., x(n-1)}.
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Z(n) = Plx(n)|lx(n —1),...,2(1)] = z_: cxr(n — k)
k=1

Cp = argérknin E [(:c(n) — :T:(n))z]

Forthe minimum mean square emmorlnerpredictorofx(0), given the seres,

#(0) = Plz(0)|z(n = 1),...,2(1)] = Y32 dya(n — k)

The conelation between the residualsdefinesa partialconelation
func tion, whic h, like the ACL, dependson second orderproperties.

Tn(n) = (n) = &1n1(n) = 2(n) = plr(n)lz(n —1),...,z(1)]
z,(0) = z(0) — ﬁjl:n_El](n) =z(n) — plz(0)|z(n —1),...,2(1)]
_ Bz(f)—2,(£))(x(0)—%,(0)))]
) = T HG0)-2.0)7)

and
~1<a(f) <1

The results ofthe PACFare shown in Figure 12.
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Figure 12. Partial comrelation function ofde
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There are two likely periods outside out of the envelopes the re present the
boundsof white noise.

4.3 ARMA models and forecasting spills as a time series

Table 5 shows the reduction of time series factors across two time
periods forboth autoregressive (AR) and moving average (MA). In the first
model with all four parameters, all p-value are greater than 0.005; the
data do not support the existence of all four seasonal parameters: ARy,
ARz, MAi, MA2 in model In such kind of situation, we should omit the
parameterthat have the biggest p-value, and then run the modelagain.
So we omitted ARy with 0.844 forp-value, and then run ARMA(1,2).

Table 5 ARMA models isolating de and seasonality parame ters

Tpe Coef SECoef | T P

ARMA (2,2) model
AR 1 | -0.2897 | 0.4540 -0.64 | 0.524

AR 2 |0.0384 | 0.1954 | 0.20 | 0.844

MA 1 |0.2450 | 0.4454 | 0.55 | 0.583

MA 204611 | 0.3900 | 1.18 | 0.239

ARMA (1,2) model
AR 1 |-0.2613 | 0.2793 | -0.94 | 0.351

MA 1 |0.2768 | 0.2580 1.07 | 0.285
MA 204173 | 0.1771 | 2.36 | 0.020

ARMA (0,2) model
MA 1 0.5267 | 0.0738 7.14 | 0.000
MA 2 | 0.2478 | 0.0740 3.35 | 0.001

The model that emoves the seasonal effect is MA(2)—moving averages
fortwo perods

det = a; + O.5467at—1 + 0.]{74786115_2

Rememberng that a is the white noise. h addition, a; values for different
times are inde pendent.

So the above equation shows that each value of de; is impacted by

arbitrary values at the same time (a;) and also partially impacted by
arbitrary values from two periodsbefore (at2)
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S5 =27.8—0.0107S7 + e;
det =€t — €1
det = a+ + 0.5267at_1 + 0.2478@15_2

The empiricaldata are shown plotted againsta prediction (a weak
one), in Figure 13, which displays the relationship between spills and
se a so ns.
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Figure 13. Prediction against the empiricaldata
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4.4 The spatial clustering and exploring forecasts for places

The time aspectsofthe analysisare apparentenough, and two temporal
can capture the seasonality in the varables. Fora detailanalysis we have
chosen Califoria asa case analysis. A subsetof 16,062 HAZMA'TS spills
data occumred in CA from 1998 to 2010. A clusteranalysis with a tolerance
of 100ft was used to ide ntify “unique loc ations” and the numberof spills
perunique location was quantified (frequency of spills).

We found 354 unique loc ations with frequency of spills ranging from 1 to
1288 where approximately two thirds ofthe locations (239) having a total
frequencyof20 orfewerdischarges durnng thistime period. Qualitatively,
the se loc ations venfy the hypothesisthatthere are really two typesof
geographic effects with hazmat spills. Fist, there are spillsthathappen at
varo us loc ations througho ut the network and the routes, and those types
of spillsare likely to be explained by madway characternstics. Second,
there isa subset oflocations within the US, Calfomia, and within C a lifo mia
regionsthatare foci These two typesofgeographic effectsshould
probablybe analyzed separately.

Unlike the hazmat spills during mad and railtransport, the pipeline spil
data are much more spatially dispersed. A sample ofthose data are
flustrated forChicago in Figure 14, using the lexicon forthe PMSA data
where “significant” spillsare mughly analogousto “serious” spills from the
HMIRS.
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Figure 14. Maps of the PMSA spills files, 1998 to 2011

With the database created forthis Metransproject, however,itis possible
to include pipeline events along with the othermodesin analysis.
Although there isa lotofoverplotting in the data, itispossble to see the
relative concentration of pipeline spileventsin Gary, hdiana. kalso hasa
high concentration of spills from the othermodesoftransport. The map
helpsillustrate one ofthe potentialproble ms with these spatialanalyses:
The poverty information layerisforthe Chicago-area metropolitan
statisticalarea—which doesnotinclude Gary. Fornativesand regional
analystsalike, Gary isa well-known industrialsuburb ofthe Chicago
region. leaving itoutofa hazardsanalysisofthe region makesno sense.
Emergency planning jurisdic tionalboundares, thus, can hide hazards right
acrossthe artificialborder. Splitting the hazardsdata across multiple
agenciescan also hide potentialcumulative effects. n thiscase, both
issues anse forGary.

A Gettis-ord-gi* Hotspo ts analysis (within 0.5 mic irc ularbuffer HSV) wa s run
to find the HAZMATfac ilities where the frequency of spills re sulte d
sta tistic ally significant and those areaswere labeled Hotspots. The
Hotspotscanbe geographically referenced by theirXY Coordinates. See
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Fgure 15 below forhotspots with Zscore largerthan 1.29 (90 percentile) in
Califo mia.

CALIFORNIA, United States

LI @
» [}
*
L] “
.'0
8
CA Hotspot Analysis 1998-2009 ; .,
GiZScore Q & )’. .‘.
@1.295-18.00 % .
» All Spills CA 98-09 ¥

Figure 15. Hotspots analysis of Califomia spills

A relatively low frequency pointcan be labeled asa hotspot when it is
relatively high with respectto itsneighbors. n ruralareas where there are
no more disc harges within the halfofa mile radiuseven a low frequency
pointcould become of statistic al significance with regards to its
neighbors. kisimportant alwaysbefore making finalrecommendations to
re c tify the results ofthe numeric analysis with otherreliable sourcesof
information that may help usto characterize the area to decide if tho se
pointslabeled “Hotspots truly fulfill the scope ofourstudy. This
characterzationcanbe done bycomoboration with localknowledge
experts, by localsurveys, interviews, focus groupsamong the local
communitiesorby review ofotherlocalreportsallready available.

The hotspotanalysisyielded 135 Hotspots with a Zscore 0f1.29 ormore.
We overap those points with a geographic layerand made a spatialjoin.
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While calculating hotspotsby the method ofnearest neighbordistance
analysisitispossible to identify spatialbehaviorssuch asautoconelation,
dispersion orc lustering ofoursample. Spatialautocomelation isa me asure
ofinterdependence among spatially distrbuted data;itisthe degree of
comelation between a hotspot and itsneighbors(spatialdependence or
spatialassociation). The nearest neighbordistance analysis me asures the
distance among every data on the sample and its neighbors and
calculatesthe mean distance value forthe sample (observed median
distance). We then compare the observe median with the mean distance
value that we would expectifthe sample wasdistnbuted randomly and
compare them. fthe Nearest NeighborRatio isdifferent from 1, we can
reject the Null Hypothesisthat the spatialdistribution of Hotspotsisa
random distrbution. ifthe Nearest NeighborRatio (NNR) is less than 1 the
sample is clustered. Cluste ring is id e ntifie d with sta tistic al significance by a
Nearest NeighborRatio < 1, shown in Figure 16.

In thiscase, the nearest neighbordistance analysis wasused to obtain the
statistic parametersdescrbing the spatialdistribution ofthe Hotspotsat
state levelso we can confirm a significantdegree of clustering on the
sample. OurNNRyield a 0.283917 value and a Z-score 0f-59.98, Given the
Zscore there islessthan 1% likelihood that thisclustered pattem could be
the resut of random chance. NNRanalysisit hasbeen demonstrated with
sta tistic al significance thatthe Hotspotsare clustered.

Hotspotsclusterin urban c enters with high po pulation de nsitie s.
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Figure 16 Results for CA Hotspots NNR

Any spillthat caused evacuation orinjuries of 500 ormore people, orthat
have caused casualtieshasbeen classified asseriousspillinto the
database. Mapsshowing the spatial distribution of serious spills are
created, and contrasted with the spatial distnbution of “Hotspots” for
visualization and analysis. See Figure 17.
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Chapter5. High-impact communities in Califomia

We use Califomia asa case study to find more accurate associations.
However, thisanalysiscould be repeated foreach state orforeach
metropolitan region asdesired and nation-wide conclusionscould be
drawn afterthose regionalstudies.

5.1 Highest frequency locations

ForCalifomia’s spills, there are 10,500 spills in only 354 unique lo c atio ns with
frequencyofspillsranging from 1 to 1288 where approximately two thirds
ofthe locations(239) having a totalfrequency of20 orlessdischarges
during this time period. The otherthid are locations with a very large
numberofspills. Some ofthese spilllocationsare docksortransfersites
where handling hazardous materalsisa matterofroutine, and they have
staffand containment matenralsonsite. These typesoflocations—forthe
ten most frequentlocations—are shown in Table 6.

Table 6. The 10 most fre quent spill loc ations in Califomia, 1998 to 2010

Spill
Incident City Incident Route Se rious Count
SAC RAMENTO 8200 EIDR C REEKRD 0 588
BIOOMINGTON 330 W. RESOURCEDR. 0 380
SAC RAMENTO 8205 BERRY AVENUE 0 320
ANAHEM 590 E ORANGEIHORPEAVE 0 211
ONTARIO 3140 FASTJURUPA AVENUE 0 205
SAN DIEG O 9999 OLSON DRIVE STE100 0 190
SAN BERNARDINO 1500 RIALIO 2 175
WESTSAC RAMENTO 1380 SHORE 0 166
SAN FRANSISC O 657 FO RBES BO ULEVARD 0 157
CERRIIO S 13233 MOOREST 0 149

SOURCE: HMIRSdata,compiled by the authors.

These locationscontradict the hypothesis that loc ations with fre que nt spills
are likely to have a higherfrequency of serous spills. At the every least,
the relationship isnot monotonically increasing. Quite a few ofthe serious
also spillsoccurin simply one location—a spillevent thatoccurs
somewhere along the route, and become s sero us.

5.2 Modelofspill severity by basic shipment parameters

Anexploratory modalofspillseverty can be formulated using a binomial-
lo gistic formulation, just to see whetherwe can isolate non-route factors
that might influence the severnty of a spill; the resultsappearin Table 7.
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According this formulation—rememberthatit modelsthe likelihood of
even severty given thatan eventhasoccumred (a separate probability,
one thathasyetto be estimated). Table 7 reportsthe oddsratios, which
reflectthe exponentiated modelparameters. These convey the increased
likelhood foran eventbecoming seriousaccording to fourmajor
characternstics: Mode; Phase in the mode; Hazard class, and quantity
released. The results are pretty straightforward: the more matenals
released, the more likely the spileventisto become serious. n general,
railspillsare 1.36 times more likely to become serious than aidine (the
baseline) spills.

Table 7. Odds ratios of by mode of a spill tuming into a serious spill

Odds Ratio Significance
Mode
Highway 1.0683158  ***
Rail 1.3658518  *#*
Water 0.9676971
Phase
In transit 1.2310136 *
In transit storage 1.4534563  ***
Ioading 1.0511233
Unloading 1.0553508
Materals
DWW 0.9027451
Explosion-1 0.9875024
Explo stio n-2 0.8698117
Combustble liquid 0.9461802
Fammable gas 0.9282169
Fammable solid 0.9316479
Infe c tio us 0.9563995
Misc 1.0549958
Compressed gas 0.9171575
Peroxide 1.0667428
ORM 0.9599305
Oxidizer 1.0039293
Poisonous Gas 1.3578749
Poisonous Materals 1.1312069
Radioactive Materals 1.1907027
Sp. Combustion 0.9252131
Quantity released 1.00006 wrE

SO URCE: HMIRSenhanced data,compiled by the
authors. N=10,500 spills, ange=State of Califo mia, 1998-
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2010.

The materialtypesare not significant, though the probabilities do
align with expectations: poisonous gasspillshave a higheroddsratio of
becoming seriousthan othertypesof spills.

The one surprise in Table 7concemsthe oddsratiosby phase.

By far, materals spilled while being held “in transit storage” are 1.5
timesmore likely to become seriousthan spills during otherphasesof
transport. In transit storage refersto storage thatisincidentalto the
transport, such asmaterals sitting ata terminalwaiting to be reloaded.
That difference doesinform ouranalysis, asitagain reinforcesthe idea
thatland uses heavily influence the severty ofthe hazmat event.

In the 12 yearsofthe data, Califomia hasonly had 15 eventsthat
required no-notice evacuationsofthe public, and the worst event, which
occurred in Downey in 2010, caused the evacuation of 100 people. The
evacuation lasted for12 hours, and thusthere are 1200 hoursof time lo ss.
The worst evacuation, in terms of 6,560 hourslost,occumed on a raihoad
just outside of Mec ca, Califomia, just north ofthe Salton Sea. 'The
takeawaylesson isthatthe eventsare very rare, but that the c o mmunity
disruption can be significant. Keep in mind that not all serious spills c ause
an evacuation.
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Table 8. No-Notice Evacuations in Califomia, 1998-2010

Incident Date of Public Employees Total Evacuation Person Mode of
City Incident Route Incident Evacuated Evacuated Hours Hours Transportation

MECCA MILEPO ST'626.90 3/3/08 80 0 82 6,560 Rail

KEYS 1/27/06 30 0 110 3,300 Highway
Stewart And Gray

DO WNEY Road 5/14/10 100 1 12 1,200 Highway

KEENE 2/20/10 35 0 15 525 Rail
BNSFGATEWAY

BIEBER SUBDIV.MP 90 7/13/06 50 0 7 350 Rail

CHINO 7/6/07 13 9 9 117 Rai

SAN JOSE SJC AIRPORT 6/14/08 50 5 2 100 Air

CRESCENT

CIIY lauff & Amador 3/25/05 20 0 4 80 Highway

IRVINE 8/12/08 30 30 1 30 Air

SANTA

ROSA 440 Heam Ave 3/17/08 7 3 4 28 Highway

HUGHSON | 5824 GeerRoad 6/27/05 4 0 2 8 Highway

PIUMAS MIIEPO ST'252.50 6/30/07 2 0 1 2 Rail
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5.2 Spill severity and geography

The modelin Thble 7 usesspills asthe unitsofanalysis—there are no
controlsforlocation. Controlling the severty by location givesan
altemative view ofthe data. Alookatthe 10 placesin the state of
Califomia with the most frequent serious spillsappearsin Table 9.

Table 9. High-Frequency, High Serious Spill Frequency Iocations

Serious
Spill Spill
Incident City Incide nt Route Count Count
MORENO VAIIEY 17101 HEACOCK 48 60
SAC RAMENTO 900 E STREET 45 69
SAN IEANDRO 3050 TEAG ARDEN SIREET 26 66
FRESNO 3688 FASTC ENTRALAVE 15 15
FONTANA 10661 EIWANDA AVE 14 96
BARSIOW 200 NORTHAVEH 14 53
BAKERSFIELD 700 MCDIVIIT 11 17
RIVERSIDE 779 PAIMYRITA AVENUE 10 12
COMMERCE 2747 SVAILAVE 9 52
MERC ED 1535 EASTPEC ADERO 8 80

Source: HMIRSdata compiled by the author.

Define k! asa binomialdistrbution, so thata negative binomialmodel
canrepresent a simplistic relationship between spillc ounts and serious spil
counts (z = nw), where z; = (y; — E(y))? — y;/V2E(y;) and w; = g[E(y)]/
V2E(yy).

Table 10. Negative Binomial Model of Severe Spills

Beta SE
Prio r (a1l spills) 0.02135 0.00160 ***
Phase dummy (In storage) 0.00224 0.00013 ***
Qua ntity 0.00078 0.00040 ***
SO URCE: Enhanced HMIRSdata, Califomia only, 1998 to 2010,

n=354.
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5.3 Spill frequency, spill location, and spill severity

T answerquestionsabout population affected by particularhotspots, it is
necessary to focusin a smallgeographic scale because population
charactenstics vary foreach community. Therefore we worked with a
smallsample (only the more significant HotspotsZScore 1.29 and up) to
obtain information aboutthe communities affected by spills. We also
conducted an analysistract-by-tract.

The SF3 population tableshad beendownloaded foreach county and a
database incormporating the 63 Califomia countieswascompiled to
represent the population coverage atstate level We overap this
database with a geographic layerand made a spatialjoin. The Join with
the Bureau of Census IGER layer“Tracts” forCalifomia conferred spatial
information attributes so the population data canbe geographically
referenced attractlevel We now have a layerofpercentage of
populationbyrace attractlevel (PPR). We enabled thislayerto report
only a proportionalpartofpopulation information when tractisnot
intersected in its totality. The hotspotslayerisan eventlayercontaining a Z
score,and a frequency value associated to a XYcoordinate,buteach
eventreally representsan area of 0.5 mile radiusso another“buffer’ layer
hasbeencreated buffering each event with a 0.5 miles fix radius, allo wing
fordissolve feature if there are areaswhere buffersintersect. See Figure 18
below.
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HAZMAT SPILLS IN CALIFORNIA B
1998 - 2009

HOT SPOT ANALYSIS

@ All Spills 9809 CA
Spills per unique location
FREQUENCY

e 154-285
@ 256- 389

370- 908

HotspotsResults
GiZScore
@® 2012-1098

2009_06 Public Micro Unit Area
PERCPOVERT

[13-8

£99-13
.4 -19
-0 - 27
- -39

Figure 18. MHA areas aggregated in southem
Califomia from hotspot buffers

By clipping the PPRlayerwith the MHA layerwe calculate the percentage
of population directly contained within the Hotspots Areas. We canreport
this information in termsofpercentage of population by Censussocio-
demographic vanables.

In general, Califomia hasa diverse population. Planning forfuture events
at the high frequency, high consequence locations will like ly re q uire
multiple apprmachesinorderto help the communitiesand agencies
mvolved to evaluate the potentialissues.

A more generaldistrbution of whathasoccumed overthe pastdecade
requires some baseline understanding ofthe geography. These areasdo
change insocio-demographicsovertime;if the point were to establish a
relationship between why a particularpopulation and spilevents are
geographically proximate. However, ourgoalhere issimply to lookfor
high-consequence spilareasin areasthat have high concentrationsof
socially vulnerable groups—placeswhere the emergency planning should
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be undertaken with the understanding that the c ommunitie s there may
need specialconsideration.

Unfortunately, countregressions pose a faidy serioussetof modeling
challenges, and serious spillsare very rare eventsin the accident
records—thereby compounding the issues forstatisticalanalysis. The data
are leftcensored atzer,asitisimpossible to have fewerthan zero spills.
Table 11 though Table 15 presenta seriesofcount-based modelsof
serio us spillcounts by Califomia tract.

Table 11. Poisson re gression coe ffic ie nts, Califomia spills 1998 to 2010

Estim a te Std. Enor z value Pr(> | z])
(ntercept) -4.1590 0.2838 -14.66 0.0000%**
%Bla c k -0.6088 1.3904 -0.44 0.6615
%Asian -2.6221 1.2740 -2.06 0.0396*
%American | 4.8198 2.3018 2.09 0.0363*
Indian
%NHO PI 10.8767 9.2993 1.17 0.2422
% White , 1.6814 0.7772 2.16 0.0305*
Hisp anic
%Asian, 28.6213 18.4379 1.55 0.1206
Hisp a nic
% Amercan | 1.9711 13.1751 0.15 0.8811
Indian,
Hisp a nic
%NHO P, 39.9657 25.1132 1.59 0.1115
Hisp anic
% Re nte rs -1.3228 0.6748 -1.96 0.0500*
%Po ve 1ty -0.6005 1.5991 -0.38 0.7073
AIC 850.93
Z £(0) 7,035
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Table 12. Quasi-Poisson Regression Model, Califomia spills 1998 to 2010

Estima te Std. Enmor z value Pr(> | z]|)
(Ihtercept) -4.1932 0.3595 -11.66 0.0000
%Bla ¢ k -1.1111 1.7903 -0.62 0.5349
%Asian -2.1406 1.3933 -1.54 0.1245
% American 14.9947 5.7807 2.59 0.0095
Indian
%NHO PI 9.7312 13.5878 0.72 0.4739
% W hite , 1.3270 1.0533 1.26 0.2077*
Hisp anic
%Asian, 27.5803 30.2830 0.91 0.3624
Hisp a nic
% Amerncan | -11.3230 21.6980 -0.52 0.6018
Indian,
Hisp a nic
%NHO PL 97.4704 49.4926 1.97 0.0489
Hisp a nic
%Re nte rs -1.2600 0.8207 -1.54 0.1247
%Po ve 1ty -0.4303 1.9774 -0.22 0.8277
AIC NA
z £(0) 7,035

A faidy consistent story emerges from the exercise. Overthe 12 yearsin the
analyses, we have one population group thatisdisproportionately
represented among serious spillsloc ations: Amercan Indians. The se
modelsare capturing tractsthat have had multiple serous spills and
which also have higherthan average concentrationsof American
Indians. The poisson and quasi-poisson modelalso so some raised
mncidence among Hispanic white latino populations, although thateffect
disappearsin the three subsequent modelsthatcontrolthe overdisperson
more directly—the negative binomial hurdle, and zero-inflated (ZINB)
models. With these, the coefficient estimatesvary a lot. But the signific ant
effectsbecome more specific: there’sa handfuloftractsin the state with
Amernican Indian residents that are primarly Spanish-speaking where
there isa relatively high serious spillcounts. Again, , the pointisto explore
the massofthe data forexactly these kindsofeffectsthatcan go
unnoticed overperodsasa long asa decade.

A similarsetofmodelsforallspileventsappearsin Appendix E
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Table 13. Negative Binomial Re gression, Califomia spills 1998 to 2010

Estim a te Std. Exor z value Pr(> | z])
(lhtercept) -4.1932 0.3595 -11.66 0.0000
%Bla c k -1.1111 1.7903 -0.62 0.5349
%Asian -2.1406 1.3933 -1.54 0.1245
% American -14.9947 5.7807 2.59 0.0095%*
Indian
%NHO PI 9.7312 13.5878 0.72 0.4739
%White , 1.3270 1.0533 1.26 0.2077
Hisp a nic
%Asian, 27.5803 30.2830 0.91 0.3624
Hisp a nic
% Amercan -11.3230 21.6980 -0.52 0.6018
Indian,
Hisp a nic
%NHO P1, 97.4704 49.4926 1.97 0.0489*
Hisp anic
%Re nte rs -1.2600 0.8207 -1.54 0.1247
%Po ve 1ty -0.4303 1.9774 -0.22 0.8277
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Table 14. Hurdle re gression coe ffic ie nts

truncated poisson with log lin

Estim a te Std. Enor z value Pr(> | z])
(Intercept) 1.391 1.024 1.359 0.174225
%Bla ¢ k -2.120 3.845 -0.551 0.581330
%Asian -14.250 7.507 -1.898 0.057679
%Americ an -58.774 24.474 -2.401 0.016329 *
Indian
%NHO PI 42.433 36.959 1.148 0.250924
%White , -3.866 3.318 -1.165 0.243842
Hisp a nic
%Asian, 99.650 75.933 1.312 0.189408
Hisp a nic
% American | 237.464 72.121 3.293 0.000993 ***
Indian,
Hisp anic
%NHO PL -30.469 187.852 -0.162 0.871152
Hisp anic
%Re nte rs -2.257 2.130 -1.059 0.289502
%Po ve 1ty -5.857 6.092 -0.961 0.336371
Estim a te Std. Enor z value Pr(> | z])
(Intercept) -4.4422 0.3216 -13.814 <2e-16 ***
%Bla ¢ k -1.1636 1.6763 -0.694 0.488
%Asian -1.6771 1.2757 -1.315 0.189
%Americ an 4.9863 3.1697 1.573 0.116
Ihdian
%NHO PI 9.8432 10.9181 0.902 0.367
%White , 1.4327 0.8983 1.595 0.111
Hisp a nic
%Asian, -2.3826 33.9513 -0.070 0.944
Hisp a nic
% Amercan | -28.8952 25.4430 -1.136 0.256
Indian,
Hisp a nic
%NHO PL 46.6695 28.6313 1.630 0.103
Hisp anic
%Re nte rs -1.1039 0.7429 -1.486 0.137
%Po ve 1ty 0.1927 1.7195 0.112 0.911
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Table 15. Zero Inflated Negative Binomial

Poisson with log link

Estim a te Std. Enor z value Pr(> | z])
(Intercept) -0.04401 0.78201 -0.056 0.9551
%Bla ¢ k -6.83294 3.72970 -1.832 0.0669 .
%Asian -4.16442 3.11981 -1.335 0.1819
% Americ an -59.71539 13.63316 -4.380 1.19e-05 ***
Indian
%NHO PI 48.53676 22.97889 2.112 0.0347 *
%White , 0.45147 2.05287 0.220 0.8259
Hisp a nic
%Asian, 56.54752 52.62266 1.075 0.2826
Hisp a nic
% American |212.91996 38.92046 5.471 4.48e-08 ***
Indian,
Hisp anic
%NHO PL 68.59487 82.25413 0.834 0.4043
Hisp anic
%Re nte rs -1.13633 1.36893 -0.830 0.4065
%Po ve 1ty -6.06070 3.22712 -1.878 0.0604 .
(ntercept) 4.3462 0.7601 5.718 1.08e -08 ***
%Bla ¢ k -6.1980 4.9299 -1.257 0.208677
%Asian -2.0952 2.9963 -0.699 0.484384
% Americ an -104.9336 23.9181 -4.387 1.15e-05 ***
Indian
9% NHO PI 30.3011 22.6186 1.340 0.180359
%White , -0.9911 2.0960 -0.473 0.636321
Hisp a nic
%Asian, 47.4421 58.0391 0.817 0.413691
Hisp a nic
% American | 216.7348 56.3249 3.848 0.000119 ***
Indian,
Hisp anic
%NHO PL -22.9950 39.9124 -0.576 0.564524
Hisp anic
%Re nte rs 0.1497 1.4624 0.102 0.918473
%Po ve 1ty -6.5601 3.7880 -1.732 0.083312 *
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Chapter 6. Conlusions

Iooking atthe data acrossthe USand in California shows that while mo st
hazardous materals events are minor, there are a large number of
events—mwughly 10,000 every year. The past spil record forthe totals and
worst events are compiled in Table 16. The USdefinition of a “serous” spill
has a faily low threshold for damage and off-site consequences. The
result is that 1 in every 23 spills in the USis considered to be serious. Of
those spills, some become quite serous indeed, both in terms of
evacuation costs and totaldamages, and as we have shown, those two
figures tend to move together in a subset of all serious incidents. The
relatively low numbers of lives lost and injuries attest to how well most
incidents are managed. Nonetheless, the worst e vents, infre quent though
they are, are quite serious forsumounding ¢ o mmunitie s.

Given the geographic analysisin the fist chapter, we established that
these eventsare concentrated togetherwith multimo dalfac ilitie s. This
clustering occurseitherasthe result ofhandling atthatfacility orfrom
multimodalfacility co-location with originating orde stination loc ations
through the industral ¢ luste ing within USre gions. The geographic
vulnerability of these locationsistherefore apparent, asare the potential
consequences fortheirresidential neighbors.

Forlivability and vulnerability,a complex pic ture emerges. Multimodal
freight shippersare, even with alltheirspills, faidy good neighbors—except
forthose infrequent timeswhen an event spirals. The evidence forthe
livabilty argument—that freight and residential populationscan c o -e xist—
ismixed. The consequencesforhuman life and mjuiesofaccidental
releaseshave beenlow, especially compared to the risks and mo rtality
resulting from passengertransport. Nonetheless, the volumeshandled at
multimodalfacilties and the highways and railways that run through US
regionsare large,and a few selected eventsbecome very serious
indeed.

Some exemplary eventscan help in furtherunderstanding the issues
raise d througho ut this analysis. Table 17 showsa sample ofthe highest
consequence events from around the US. Note thatthese do not
necessarnly occurat multimodalfacilities, butthey do serve asexemplars
foreventsthat have caused pretty seriousconsequencesforthose living
nearhazardous maternals shipping. Furtherstudy ofthese eventsin future
research can help analysts envision the consequencesofa termorist strike .
Fornow, they serve to illustrate a finalpointaboutsecurnty and hazmat
shipping.
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Table 16. Data Summary Consequences, 2000 to 2010

CA
CA Share US
C alifomia Percent of US US Percent
Tons shipped* 1,997,550,000 100% 9% 22,311,330,000 100%
Total Events 10,626 9% 121,405 100%
Serious Eve nts 297 6% 5,196 4%
Deaths (total) 3 2% 136 0%
Wo rst 1 9 0%
Mean — —
Injurie s 37 1,587
Worst 5 14% 0% 631 12%
Mean — —
Total Evacuation 6,196 154,616
Wo rst 2,000 32% 1% 25,000 16%
Mean 21 30
Total Evacuation
(hours) 429 7,230
Worst 110 26% 2% 2,016 28%
Mean 1 1
To tal Person- Hours 135,336 2,715,356
Worst 120,000 89% 4% 1,625,000 60%
Mean 455 522
Total Property $1,643,317 $68,748,792
Worst 490,000 30% 1% 3,100,000 5%
Mean 5,533 13,230
Total Response $2,373,122 $67,681,719
Worst 1,970,065 83% 3% 19,790,000 29%
Mean 79,903 13,030
Total Remediation $31,069,089 $230,095,379
Wo rst 13,300,000 43% 6% 13,300,000 6%
Mean 104,610 44,280
Total Cost ($) $67,738,646 $571,114,173
Worst 27,467,818 41% 5% 27,470,000 5%
Mean 228,076 12,300

Source: Hazardous Materals hformation System, data compiled by the authors.

*These data are from the US Commodity Flow Survey, 2007; other years

estimated by the authors.

T The worst-case percentages are calculated as a percentage of the US worst

casesratherthan allspills orall serio us spills.

Comparatively common substanceshave had demonstrably high

consequencesinisolated eventsin the pastdecade. Asbad asthe
nightmare scenario—an intentional strike against adioactive materal—
would be,everyday maternals transport, like gasoline shipments, have
prompted two ofthe fourworst eventsoverthe past 10 yearsin termsof
property damage and totalcosts. Gasoline is virtually e verywhere in the
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US: the shipmentsare ubiquitous, asare gas stations. The othersubstance,
chlorine,isalso common; it hasmany usesin industry and gove mment,
inc luding watertre atment.

These are not,in otherwords, exotic orinfrequently handled matenals. I is
unlike ly that the large amountsofgasolne orchlorine—orthe other
commonly used hazardous materals handled throughout the USevery
day—willdecline any time soon. They provide ready and available
maternalfortemorists to use, and those consequencesmaybe worse than
these accidentalreleases—which are bad enough.

Emaybe, therefore, a mistake to plan only forstrkes against multimodal
facilities only in terms of highly toxic orradioactive maternals. As
dangemusasthose substancesare,they maybe lessreadily found than
othersubstances, and they maybe isolated more from potential vic tims.
Asthe UStriesto move towardsa livable freight agenda, these typesof
se c urity issue s should be analyzed in regions that have human settle ments
surmo unding freight ac tivitie s.

Tuming from temorism an inte ntionalstrke s, the data demonstrate both
spatialand time comelation. The original hypothesisregarding spatial

c lustering wasproved true forallincidents and serious incide nts.
Nonetheless, strict spatial c lustering doesnotexplain all serio us spills
locations. About two thirds do happen along the route, while roughly a
third oc curwithin c lusters. Given that Califomia isa large state with a full
range ofextensive shipping ac tivities. The analysisislikely to be
generalzable. n places with few freight land uses, multimodalfacilities, or
ordistrbution centers, hazmat spilmodels that stre ss ro uting
characternsticsare going to capture most ofthe spilsand releasesthat
occur. Butin states with multimodalfacilities and otherfreight-handling
land uses, the models should include land use varablesorsome spatial
effectto capture the relationshipsbetween land use and hazmat spills
we have shown here.

The data also demonstrated a strong seasonality, which we did not
originally setoutto model However, the analysis shows distinct seasonal
effects. In sum, the priordata demonstrate that routing models should
include both land use and se asonlity in the ir risk a sse ssme nts.
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Table 17. A Sample of ExemplarEvents, 2000 to 2010

Iocation Exemplar Me a sure Date Route Mode Substance Event

De tro it, M1 Property Damage 3,100,000.00 10/6/03 | F'75 Ramp Highway | Gasoline Cargo tankrelease , fire

Ttaldamage costs | 27,467,818.00

Burbank, CA Response Costs 19,790,065.00 6/10/10 | Hghway 134E | Highway | Gasoline Cargo tanktumed over,
Keys, CA Remediation Costs | 13,300,000.00 1/27/06 | Unreported Highway | Formic Acid | Tankcracked during crash
Granite ville, SC | Duration 1/6/05 | Miepost178.3 | Rai Chlorine Multi-carderaiment

Pe rso n-Ho urs 1,625,400

Fatalitie s 9

Injurie s 631
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Table 18 summarize s the sc attered significant findings for the various
modelsconstructed to examine the spillscountsbylocationby
population type. We have a weak, but suggestive set ofresultsthatagain
highlight potentially vulnerable population groups: Spanish-spe aking
Amercan Indians. Neitherresidents living in poverty norrenters are likely to
be associated geographically with spillcounts. We could make these
modelsmore explicitly spatialto try to explain more ofthe vanability, but
the resultsare clearenough: there are a smallnumberoftractsin the
state with a comparatively high concentration of Hispanic Amerncan
Indians residents, and those are also serious spillloc ations. The
consequencesforemergency planning in Americ an Indian ¢ o mmunitie s
in placeslike Riverside and San Bemardino mean that strategiesneed to
be taillored forone ofthe state’smostoften overdooked ethnic groups.
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Table 18. Summary of signific ant relationships

%Black | %Asian | %American | %NHOPI | %White, % Asian, %Amierican | %NHOPI, %Renter | %Poverty
Indian Hispanic | Hispanic Indian, Hispanic
Hisp anic
Serious Spills |
Poisson + + —
Quasi + +
NB —
Hurdle
1) — +
(2)
7ZINB
(1) — +
(2) — +

Poisson + — + — + + + + — —
Qua si — + + + + +

NB

Hurd le

(1) — + + — —
(2) + +

7ZINB

(1) + + + — —
(2) — +
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Appendix A.
Database

Data dictionary for Enhanced HMIRS

Data Hement Type De finition

Repornt T xt Submission method ofincidentreport (paperform, web orxml

Sub missio n transmission).

Source

Repont T xt The submission source and 10-digit code that contains the year,

Number month and sequence the incidentreport wasreceived. The report
numberuniquely identifieseach report.

Numberof Nume ric Displaysthe numberoflnesperlncident due to multiple shippers,

Linesper commodities, and packagesinvolved in an incident.

Incident!

Report Tpe Text Tpe ofincidentreportbeing filed. Taken from Form DOTF5800.1,
Section #1.

Date of Date Date the incidentoccurmed. Taken from Form DOTF5800.1, Sec tion

Incident IL #3.

Tme of Text Tme the incidentoccumed. Taken from Form DOTF5800.1, Sec tion

Incident IL#4.

NRC Number Text Fthisincident wasreported to the National Response Center (NRC),
this is the report number NRC assigned to the incident. Taken from
Form DOTF5800.1, Section I #5.

FederalDOT T xt Fthisincident wasreported to anotherFederal DOTagency, the

Agency Name agencycode isentered here. Taken from Form DOTF5800.1,
Section I #6.

FederalDOT T xt Fthisincident wasreported to anotherFederal DOTagency, the

Repont report numberisentered here. Taken from Form DOTF5800.1,

Number Section I #6.

Incident City T xt City name in which the incidentoccumed. Thken fom Form DOTF
5800.1, Section IL #7.

Incident Text County in whic h the incidentoccurred. Taken fom Form DOTF

County 5800.1, Section IL #7.

Incident State Text State in whic h the incidentoccumed. Taken from Form DOTF5800.1,
Section I, #17.

Incident Postal | Text Postalcode in which the incidentoccumed. Taken from Form DOTF

Code 5800.1, Section II, #7.

Incident Non- Text Ifthe incidentoccurred outside the USthe foreign state that the

US Sta te incidentoccumed.

Incident Text Country in whic h the incidentoccured.

Country

Incident Route | Text Street Addre ss, Mile Marker, Yard name, Airport, Body of Wateror
Riveron which the incidentoccurmed. Taken from Form DOTF5800.1,
Section II, #17.

Mode of Text Describesthe mode of transportation in whic h the incident

Transp o rta tion occurred. Thken from Form DOTF5800.1, Section II, # 8.

Tansportation | Text Transportation phase when the incidentoccumed. Taken from Form

Phase DOTF5800.1, Section I, #9.

CamierReport | Text Name ofthe company responsible fortransportofthe product.

erName Taken from Form DOTF5800.1, Section IL # 10.

1 The title is “Multiple Rows perlncident” in the working database
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Data Hement Type De finition

CamerReport | Text Street address of the camer. Taken from Form DOTF5800.1, Section

erStreet Name IL #10.

CamerReport | Text City name the camierresidesin. Taken from Form DOTF 5800.1,

erCity Section II, #10.

CamerReport | Text State the camierresidesin. Taken from Form DOTF5800.1, Sec tion II,

er State #10.

CamervReport | Text Postalcode the camerlocation. Taken from Form DOTF5800.1,

erPostalCode Section IL #10.

CamerReport | Text Fcamerresidesoutside the USthe foreign state thatthe camer

erNon-US reside s in.

Sta te

CamerReport | Text Modalcameridentifiernumberorcode. Taken from Form DOTF

er FED DOTID 5800.1, Section I #10.

CamierReport | Text The Hazardous Materals Registration numberofthe camier. Taken

er HAZMAT from Form DOTF5800.1, Sec tion II, # 10.

Reg ID

CamieryReport | Text Country the camerresidesin.

er Country

Shipper Name Text Name ofthe company shipping a product. Taken from Form DOTF
5800.1, Section I #11.

ShipperStreet Text Street address ofthe shipper. Taken from Form DOTF5800.1, Sec tion

Name IL#11.

Shipper City Text City name that the shipperresidesin. Taken from Form DOTF5800.1,
Section I, #11.

Ship per Sta te Text State thatthe shipperresidesin. Taken from Form DOTF5800.1,
Section I, #11.

ShipperPostal Text Postalcode thatthe shipperresidesin. Taken from Form DOTF

Code 5800.1, Section I, #11.

ShipperNon-US | Text Fshipperresidesoutside the USthe foreign state that the shipper

Sta te reside s in.

Shipper Text Country that the shipperresidesin.

Country

Shipper Text Hdentification numberofpapersused to identify shipmentof

Waybill/ Ship pin hazardousmateralsbeing transported. Taken fom Form DOTF

g Paper 5800.1, Section IL #11.

Shipper Text The Hazardous Materials Registration numberofthe shipper. Taken

HAZMAT from Form DOTF5800.1, Section I, # 11.

Registration ID

Origin City Text City name where shipment ofthe hazardousmateraloriginated.
Taken from Form DOTF5800.1, Section IL # 12.

Origin State Te xt State where shipmentofthe hazardousmaterialoriginated. Taken
from Form DOTF5800.1, Section II, #12.

Origin Postal Text Postalcode of state where shipment ofthe hazardous maternals

Code originated. Taken from Form DOTF5800.1, Section I, #12.

Origin Non-US Text If the shipment originated outside the US, the foreign state that the

Sta te shipment originated.

Origin Country | Text Country that the shipment originated.

De stina tion Text City name where shipmentofthe hazardous materalsis destined.

City Thken from Form DOTF5800.1, Section II, #13.

De stina tion Text State where shipmentofthe hazardousmateralsisdestined. Thken

Sta te from Form DOTF5800.1, Section II, # 13.

De stina tion Text Zip code ofstate where shipment ofthe hazardousmatenralsis

PostalCode destined. Thken from Form DOTF5800.1, Section II, #13.

De stina tion Text Ifthe shipmentisdestined outside the US, the foreign state that the

Non-US Sta te shipmentis destined.
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Data Hement Type De finition

Destination Text Country that the shipmentisdestined.

Country

Commo dity T xt Short name ofthe productbeing transported.

Short Name

Commo dity T xt Name ofthe productbeing transported. Taken fom Form DOTF

Iong Name 5800.1, Section I #14.

Technical/Tad | Text Commonly used name ofthe productbeing transported. Taken

e Name from Form DOTF5800.1, Section II # 15.

Id e ntific ation Text Unite d Na tio ns id e ntific ation numberofthe productbeing

Number transported. Taken from Form DOTF5800.1, Section IT, #17.

Hazardous Text 2-digit code to identify the hazard classofthe productbeing

ClassCode transported. Taken from Form DOTF5800.1, Section II, # 16.

Hazardous Text The hazard classname ofthe productbeing transported. Taken

Class from Form DOTF5800.1, Section II, # 16.

Packing Group | Text The packing group ofthe productbeing transported. Taken from
Form DOTF5800.1, Section II, #18.

Quantity Nume ric Amountofmateralreleased converted into standardized units.

Released Thken from Form DOTF5800.1, Section II, #19.

Unit of Text Code thatindic atesthe “Units of Measure” ofthe standardized

Me a sure units. Thken from Form DOTF5800.1, Section II, #19.

HAZMATWaste | Text Identifies whe therthe materialbeing transported is listed asa

Indicator hazardous waste. The valuesare 'Yes or'No and it defaultsto 'No' if
no value wasentered. Taken from Form DOTF5800.1, Section I,
#20.

HAZMATWaste | Text EPA Manife st Numberofthe hazardous waste. Taken from Form

EPA Number DOTF5800.1, Section II, #20.

HMISDxic by Text Indicates whetherthe materalbeing transported islisted asa Toxic

Inhalation Ind by Inhalation materal

TH Ha zard Text Hazard zone forthe Thxic by nhalation materal Thken from Form

Zo ne DOTF5800.1, Section II, #21.

Materal Text Indicatesifthe materialwas shipped underan exemption, an

Shipme nt approval ora Competent Authorty Certificate. The valuesare 'Yes'

Approvallnd or‘No and itdefaultsto 'No'ifno value wasentered. Taken from
Form DOTF 5800.1, Section II, #22.

Materal Text The exemption, approval, ora Competent Authorty Ce rtific ate

Shipme nt id e ntific ation number. Taken from Form DOTF 5800.1, Section I,

ApprovalNbr #22.

Undeclared Te xt Indicatesthatthisisan undeclared hazardous materals shipment.

HAZMAT The valuesare 'Yes or'No and it defaultsto 'No'if no value was

Shipment Ind entered. Thken from Form DOTF5800.1, Section II, # 23.

Packaging Text Indicatesthe package type. Taken from Form DOTF5800.1, Sec tion

Tpe I # 24.

What Failed Text The numeric code thatidentifies whatparntofthe packaging failed

Code and wasthe immediate cause ofthe release. Taken fom Form DOT
F5800.1, Sec tion II, #25.

What Failed Text The description ofthe code thatidentifies whatpartofthe

Description package faied and wasthe immediate cause ofthe release.
Thken from Form DOTF5800.1, Sec tion III, # 25.

How Failed Text The numeric code thatdescribbeshow the comesponding partof

Code the packaging failed. Taken from Form DOTF5800.1, Section I,
#25.

How Failed Text The description ofhow the comesponding partofthe packaging

Description failed. Thken from Form DOTF5800.1, Sec tion III, # 25.

Failure Cause Te xt The numeric code thatidentifies whatcaused the comesponding

Code

partofthe packaging to failin the way it did. Taken from Form
DO'TF5800.1, Section IIL # 25.
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Failure Cause Text The description of whatcaused the comesponding part of the

Description packaging to failin the way itdid. Taken from Form DOTF5800.1,
Section I, #25.

Id e ntific ation T xt Identifies package markings orotherinformation. Taken from Form

Marking s DOTF5800.1, Section Il #26a.

Contl Text Package type forthe non-bulk, IBC, ornon-specification package.

Packaging Taken from Form DOTF5800.1, Sec tion III, # 26b.

TBpe

Contl Materal | Text Materalof c onstruc tion forthe non-bulk, IBC, ornon-specification

of package. Taken from Form DOTF5800.1, Section II, # 26b.

Construc tion

Contl Head Text Head type forthe non-bulk, IBC, ornon-specification package.

Tpe Taken from Form DOTF5800.1, Sec tion III, # 26b.

Contl Nume ric The package capacity, converted into standardized units. Taken

Package from Form DOTF5800.1, Section II, #27.

Capacity

Contl T xt Code thatindicatesthe “Units of Measure” ofthe standardized

Package package capacity. Tahken from Form DOTF 5800.1, Sec tion IIL, # 27.

Capacity UOM

Contl Nume ric The amountofmateral converted into standardized units, in the

Package package. Taken from Form DOTF5800.1, Sec tion II, # 27.

Amount

Contl T xt Code thatindicatesthe “Units of Measure” ofthe standardized

Package amountofmaterialin the package. Taken from Form DOTF 5800.1,

Amount UOM Section IIL #27.

Contl Pkg Nume ric Numberofpackagesbeing transported. Taken from Form DOTF

Numberin 5800.1, Section I #27.

Shipmen

Contl Pkg Nume ric Numberofpackagesreleasing materalin the incident. Taken from

Shipment Nbr Form DOTF5800.1, Section IIl #27.

Failed

Contl Text Name ofthe company that manufacturesthe packaging. Taken

Package from Form DOTF5800.1, Sec tion II, #28.

Manufacturer

Contl Pkg Date Date thatthe package wasmanufactured. Taken from Form DOTF

Manufacturer 5800.1, Sec tion II, # 28.

Date

Contl Text The package serialnumber. Taken from Form DOTF 5800.1, Sec tion

Package Seral I, # 28.

Number

Contl Date Date thatthe bulkpackage waslasttested orinspected. Taken

Package last from Form DOTF5800.1, Sec tion IIT, # 28.

Te st Date

Contl Test Text Materialthat the bulk package isconstructed. Taken from Form

MateralOf DOTF5800.1, Sec tion IIL # 28.

Const

Contl Pkg Nume ric The design pressure forthe package. Thken from Form DOTF5800.1,

Dsign Pre ssure Section IIT, # 28.

Rpted

Contl Dsign Text Code thatindicatesthe “Units of Measure” forthe design pressure.

Pre ssure UOM Thken from Form DOTF 5800.1, Sec tion III, # 28.

Rpted

Contl Pkg Nume ric The shell thic knessforthe package. Taken from Form DOTF 5800.1,

She 1l Thic kne ss Se c tion IIL, # 28.

Rptd

Page 68 0f 101




Data Hement Type De finition

Contl Shell T xt Code thatindic atesthe “Units of Measure” forthe shell thic kne ss.

Thic kne ss UOM Taken from Form DOTF5800.1, Sec tion III, # 28.

Rptd

Contl Head Nume ric The head thicknessforthe package. Taken from Form DOTF5800.1,

Thic kne ss Section II, # 28.

Reported

Contl Head T xt Code thatindicatesthe “Units of Measure” forthe head thic kne ss.

Thic kne ss UOM Taken from Form DOTF5800.1, Sec tion III, # 28.

Rpted

Contl Pkg Srve | Numeric The service pressure forthe package. Taken fom Form DOTF

Pre ssure Rpted 5800.1, Sec tion III # 28.

Contl Srve T xt Code thatindicatesthe “Units of Measure” forthe service pressure.

Pre ssure UOM Taken from Form DOTF5800.1, Sec tion III, # 28.

Rpted

Contl Valve or | Text Indicate thata valve ordevice failed. Taken from Form DOTF

Device Fail Ind 5800.1, Sec tion III # 28.

Contl Valve or | Text Valve ordevice type. Taken from Form DOTF5800.1, Sec tion III,

Device Type #28.

Contl Val Text The valve manufacturer. Taken from Form DOTF5800.1, Sec tion III,

Device #28.

Manufacturer

Contl Valve or | Text The valve model Taken from Form DOTF 5800.1, Sec tion III, # 28.

Device Mode

Cont2 Text Innerpackage type forthe non-bulk, IBC, ornon-spe c ific ation

Package Type package. Taken from Form DOTF5800.1, Section II, # 26b.

Cont2 Materal | Text Innerpackage materalof construction forthe non-bulk, IBC, or

of non-specification package. Taken from Form DOTF 5800.1, Section

Construc tion 10 #26b.

Cont2 Nume ric The innerpackage capacity asreported by the preparer. Taken

Package from Form DOTF5800.1, Section II, #27.

Capacity

Cont2 Text The “Units of Measure” forthe nnerpackage capacity asreported

Capacity UOM by the preparer. Taken from Form DOTF5800.1, Sec tion III, # 27.

Reported

Cont2 Nume ric The innerpackage capacity asreported by the preparer. Taken

Package from Form DOTF5800.1, Section IIT, #27.

Amount

Cont2 Text The “Units of Measure” forthe nnerpackage capacity asreported

Package by the preparer. Taken from Form DOTF5800.1, Sec tion III, # 27.

Amount UOM

Cont2 Pkg Nume ric Numberofinnerpackagesbeing transported. Taken from Form DOT

Numberin F5800.1, Sec tion III, #27.

Shipme nt

Cont2 Pkg Nume ric Numberofinnerpackagesreleasing materalin the incident. Taken

Shipment Nbr from Form DOTF5800.1, Section I, #27.

Failed

RAM Package Text Indicatesthe Radioactive Packaging category (A = Type A, B=

Category Tpe B,C =Tpe C,E=Excepted, and I= Industral). Taken from
Form DOTF5800.1, Sec tion II, #29.

RAM Package Text Indicatesthe certification ofthe radioactive package (S= Self

Certification Cettified and U= U. S. Certification). Taken from Form DOTF5800.1,
Se c tion IIL, # 29.

RAM Package Text Indicatesthe Radioactive Certificate Numberthatthe package is

Certification shipped under. Taken from Form DOTF 5800.1, Sec tion III, # 29.

Nbr
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RAM Nuclde(s) | Text Indicatesthe Radioactive Nuclde(s) presentin the package. Taken

Pre se nt from Form DOTF5800.1, Sec tion II, #29.

RAM Transport | Numeric Indicatesthe transportindexofthe Radioactive materals present in

Index the package. Thken from Form DOTF5800.1, Sec tion III, #29.

RAM UOM Text Units of me asure forthe transportindex, forthe Radioac tive
materals presentin the package. Thken from Form DOTF 5800.1,
Section IIL #29.

RAM Ac tivity Nume ric Indic ates the ac tivity of the Radioactive materals pre sent in the

Rpted package. Taken from Form DOTF5800.1, Sec tion III, #29.

RAM UOM T xt Units of me asure forthe ac tivity, forthe Radioactive maternals

Rpted presentin the package. Taken from Form DOTF 5800.1, Sec tion I,
#29.

RAM Ac tivity Nume ric The ac tivity of the Radioac tive materals presentin the package,
converted into standardized units. Taken from Form DOTF 5800.1,
Section IIL #29.

RAM Ac tivity T xt Code thatindic atesthe “Units of Measure” ofthe standardized

UoM units forthe ac tivity of the Radioactive materals pre sent in the
package. Taken from Form DOTF5800.1, Sec tion III, #29.

RAM Maternal T xt Indicatesthe Crtical Safety mndex ofthe Radioactive maternals

Safety Index presentin the package. Taken from Form DOTF 5800.1, Sec tion I,
#29.

Spillage Text Identifies whetherthe commodity released asa consequence of

(Re sult) Ind the incident. The valuesare 'Yes or'No and it defaultsto 'No' if no
value wasentered. Taken from Form DOTF5800.1, Sec tion IV, # 30.

Fre (Result) nd | Text Identifies whethera fire occumed asa consequence ofthe
incident. The valuesare Yes or'No'and it defaults to 'No'if no
value wasentered. Taken from Form DOTF 5800.1, Sec tion IV, # 30.

Explosion Text Identifies whetheran explosion occumed asa consequence ofthe

(Re sult) nd incident. The valuesare 'Yes'or'No'and it defaultsto 'No'if no
value wasentered. Taken from Form DOTF 5800.1, Sec tion IV, # 30.

WaterSewer Text Id e ntifies whe therthe commodity entering a waterway orsewer

(Re sult) Ind system wasa consequence ofthe incident. The valuesare 'Yes' or
'No'and itdefaultsto 'No'ifno value wasentered. Taken from Form
DOTF5800.1, Sec tion IV, # 30.

GasDispersion | Text Identifies whethergasdispersion wasa consequence of the

(Re sult) nd incident. The valuesare 'Yes'or'No'and it defaultsto 'No'if no
value wasentered. Taken from Form DOTF5800.1, Sec tion IV, # 30.

Envimnmental | Text Identifies whetherenvimnmentaldamage occurred asa

Damage consequence ofthe incident. The valuesare Yes'or'No'and it

(Re sult) defaultsto 'No'ifno value wasentered. Taken from Form DOTF
5800.1, Sec tion IV, #30.

No Release Text Hdentifiesif there wasno release of materalforthisincident. The

(Re sult) nd valuesare 'Yes' or'No'and itdefaultsto 'No'if no value was
entered. Thken from Form DOTF5800.1, Sec tion IV, # 30.

Fire/ EMS Text fa fire crew orEMSunit responded to the incident. The values are

Report Ind 'Yes'or'No'and itdefaultsto 'No'ifno value wasentered. Taken
from Form DOTF5800.1, Section IV, # 31.

Fre EMS EMS Text Ifa fire crew orEMSunit responded to the incident, include the

Report Nbr report number. Thken from Form DOTF5800.1, Section IV, #31.

Police Report Text Ifa police unitresponded to the incident. The valuesare 'Yes or

Ind 'No'and itdefaultsto 'No'ifno value wasentered. Taken from Form
DOTF5800.1, Section IV, #31.

Police Report Text Ifa police unit responded to the incident, include the report

Nbr number. Taken from Form DOTF5800.1, Section IV, # 31.
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In-Ho use Text In-house cleanup occumed forthisincident. The valuesare Yes or

Cleanup Ind 'No'and itdefaultsto 'No'ifno value wasentered. Taken Form DOT
F5800.1, Section IV, #31.

OtherCleanup | Text Othercleanup occumed forthisincident. Taken from Form DOTF

Ind 5800.1, Sec tion IV, #31.

Damage More | Text Estimated damagesexceed $500. The valuesare 'Yes' or'No'and it

Than 500 defaultsto 'No'ifno value wasentered. Taken from Form DOT
F5800.1, Section IV, # 32.

MateralIoss Nume ric Dollarvalue ofthe materallost. Taken from Form DOTF5800.1,
Section IV, # 32.

Camer Nume ric Dollarvalue ofthe damage sustained by the camier. Taken from

Damage Form DOTF5800.1, Section IV, # 32.

Property Nume ric Dollarvalue ofthe damage sustained to public orprivate property.

Damage Taken from Form DOTF5800.1, Sec tion IV, # 32.

Response Cost | Numeric Dollarvalue ofthe response cost. Taken from Form DOTF5800.1,
Section IV, # 32.

Remediation Nume ric Dollarvalue ofthe remediation cost. Taken from Form DOTF5800.1,

Cleanup Cost Section IV, #32.

Damage Nume ric Dollarvalue ofotherdamage. Thken from the old Form DOT

Other(Old F.5800.1, Section V, and #23E

Form)

Ttal Amount Nume ric Ttal Amount of Damages. This figure includes the costofthe

of Damages materallost,camerdamage, property damage, response costs,
and remediation clean-up costs.

HAZMAT Text A person was fatally injured by contact with the hazardous materal

Fa ta lity oritsvaporsorby a fire orexplosion that resulted from the

Indicator hazardousmateral The valuesare 'Yes or'No'and it defaults to
'No'ifno value wasentered. Taken from Form DOTF5800.1, Sec tion
IV, #33a.

HAZMAT Nume ric Numberofemployeesfatally injured due to the hazardous materal

Fa talitie s Thken from Form DOTF5800.1, Section IV, #33a.

Employees

HAZMAT Nume ric Numberofemergency responders fatally injured due to the

Fatalitie s hazardousmateral Taken from Form DOTF5800.1, Section IV,

Responders #33a.

HAZMAT Nume ric Numberofthe generalpublic fatally injured due to the hazardous

Fa ta lity materal Thken from Form DOTF5800.1, Section IV, #33a.

GeneralPublic

Hazmat Nume ric Numberoffatalities due to the hazardous materal(the value has

Fatalities (Old been taken from incident data priorto 2005).

Form)

TtalHazmat Nume ric Ttalfatalities due to the hazardous maternal

Fa talitie s

Non_HAZMAT Text A person was fatally injured butit wasnotcaused by contact with

Fa ta lity the hazardous materialoritsvaporsorby a fire orexplosion that

Indicator resulted from the hazardous materal The valuesare 'Yes or'No'
and itdefaultsto 'No'if no value wasentered. Taken from Form DOT
F5800.1, Section IV, #33b.

Non-HAZMAT Nume ric Numberofpeople fatally injured due to causes otherthan the

Fatalitie s hazardousmateral Taken from Form DOTF5800.1, Section IV,
#33b.

HAZMAT hjury Text A person wasinjured by contact with the hazardous materalorits

Indicator vaporsorby a fire orexplosion that resulted from the hazardous

materal The valuesare 'Yes' or'No'and it defaults to 'No'if no
value wasentered. Taken from Form DOTF 5800.1, Sec tion IV, # 34.
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HAZMAT Nume ric Numberofemployeeshospitalized, admitted to a medic alfac ility,

Ho spitalized due to the hazardous materal Thken from Form DOTF 5800.1,

Employees Section IV, # 34.

HAZMAT Nume ric Numberofemergency responders hospitalized, admitted to a

Ho spitalized medicalfacility, due to the hazardous material Taken from Form

Responders DOTF5800.1, Section IV, # 34.

HAZMAT Nume ric Numberofthe generalpublic hospitalized, admitted to a medical

Ho spitalized facility, due to the hazardous material Taken from Form DOT

Gen Public F5800.1, Section IV, # 34.

HAZMAT Nume ric Numberofhospitalized injuries due to the hazardous maternal (the

Ho spitalized value hasbeen taken from incident data priorto 2005).

(Old Form)

TtalHazmat Nume ric Ttalhospitalized injuries due to the hazardous materal

Ho sp Injurie s

HAZMAT Nume ric Numberofemployeesinjured, but not hospitalized, due to the

NonHo sp hazardousmaterial Thken from Form DOTF5800.1, Sec tion IV, # 34.

Employees

HAZMAT Nume ric Numberofemergency respondersinjured, but not hospitalized, due

NonHo sp to the hazardous material Taken from Form DOTF5800.1, Section

Responders IV, # 34.

HAZMAT Nume ric Numberofthe generalpublic njured, but not hospitalized, due to

NonHo sp the hazardous materal Thken from Form DOTF5800.1, Section IV,

General Public #34.

HAZMAT Nume ric Numberofnon-hospitalized injuries due to the hazardous materal

NonHosp (Old (the value hasbeen taken from incident data priorto 2005).

Form)

TtalHazmat Nume ric T talnon- hospitalized injuries due to the hazardous maternal

NonHo sp

Injurie s

TtalHazmat Nume ric TDtalhospitalized and non-hospitalized injuries due to the hazardous

Injurie s maternal

Evacuation Text The incident required the evacuation orremovalofpersonsfrom a

Indicator specific area because of possible oractualcontact with the
hazardous materalsinvolved in the incident. The valuesare 'Yes or
'No'and itdefaultsto 'No'ifno value wasentered. Taken from Form
DOTF5800.1, Sec tion IV, #35.

Pub lic Nume ric Numberofthe generalpublic that were evacuated. Taken from

Evacuated Form DOTF5800.1, Section IV, # 35.

Employees Nume ric Numberofemployeesthat were evacuated. Taken from Form DOT

Evacuated F5800.1, Section IV, # 35.

Dtal Nume ric Ttalnumberofpeople that were evacuated. Taken from Form

Evacuated DOTF5800.1, Section IV, # 35.

tal Numerc The duration, to the nearest hour, of the evacuation. Thken from

Evacuation Form DOTF5800.1, Section IV, # 35.

Ho urs

MajorArtery Text A mad ortransportation facility wasclosed due to the incident. The

Closed valuesare Yes' or'No'and itdefaultsto 'No'if no value was
entered. Thken from Form DOTF5800.1, Sec tion IV, # 36.

MajorArtery Numerc The duration, to the nearest hour, the mad ortransportation fac ility

Hours Closed wasclosed. Thken from Form DOTF5800.1, Section IV, # 36.

Maternal Text The hazardous materialwasinvolved in a crash orderaiment. The

Ihvolved in valuesare Yes' or'No'and itdefaultsto 'No'if no value was

Accident entered. Thken from Form DOTF5800.1, Section IV, # 37.

Estimated Nume ric The estimated speed atthe time ofthe crash. Taken from Form DOT

Speed F5800.1, Section IV, #37.
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Weather Text The weatherconditions atthe time ofthe crash. Taken from Form

Conditions DOTF5800.1, Section IV, #37.

Vehic le T xt Identifies whethera vehicle overtumed. The valuesare Yes or'No'

Overtum and itdefaultsto 'No'if no value wasentered. Taken from Form DOT
F5800.1, Sec tion IV, #37.

Vehicle Left T xt Identifies whethera left the madway ortrack. The valuesare 'Yes or

Roadway/Tac 'No'and itdefaultsto 'No'ifno value wasentered. Taken from Form

k DOTF5800.1, Sec tion IV, #37.

Passenger Text Indic ates whetherthe shipmentin question wason a commercial

Airc raft passengeraircraft. The valuesare 'Yes or'No'and it defaultsto 'No'

Indicator if no value wasentered. Taken from Form DOTF5800.1, Section V,
# 38.

Cargo T xt Indicatesifthe materialwastendered (accepted forshipment) as

Passenger cargo,orwaslocated in a passengersbaggage, eitherin the

Baggage Ind cabinorbaggage compartmentona commercialpassenger
aircraft. Taken from Form DOTF5800.1, Section V, # 38.

Incident Text Indicates where in the course of transporntation the incident

Occumence occumed orwasdiscovered. Taken from Form DOTF5800.1, Sec tion
V, #39.

Ship phase T xt Shipment had notbeen transported. The valuesare 'Yes or'No' and

Non- itdefaultsto 'No'ifno value wasentered. Taken fom Form DOTF

Tansported 5800.1, Section V, #40.

Ind

Shipphase Air T xt Shipment had been transported by air (first flight). The values are

Fust Flight Ind Yes'or'No'and itdefaultsto 'No'ifno value wasentered. Taken
from Form DOTF5800.1, Section V, #40.

Shipphase Air T xt Shipment had been transported by air(subse quent flights). The

Sub Flight Ind valuesare Yes or'No'and it defaultsto 'No'if no value was
entered. Taken from Form DOTF5800.1, Section V, #40.

Shipphase Init T xt Shipment had been transported by highway to the cargo facility.

Tansport Ind The valuesare 'Yes or'No'and itdefaultsto No'if no value was
entered. Taken from Form DOTF5800.1, Section V, #40.

Ship phase Text Shipment had been transferred ata sortcenter/cargo facility. The

Tansfer valuesare Yes or'No'and itdefaultsto 'No'if no value was

Indicator entered. Taken from Form DOTF5800.1, Section V, # 40.

Contact Name | Text Name ofthe incidentreport preparer. Taken from Form DOTF
5800.1, Section VIIL

Contact Ttle T xt Ttle ofthe ncidentreport preparer. Taken from Form DOTF 5800.1,
Section VIL

Contact Text Business Name of where incidentreport preparerworks. Taken from

Busine ss Name Form DOTF5800.1, Section VIIL

Contact Street | Text The street addressofthe business, which the incidentreport
preparerworks. Taken from Form DOTF 5800.1, Section VIIL

Contact City Text The city name ofthe business, which the incidentreport preparer
works. Taken from Form DOTF5800.1, Sec tion VIIL

Contact State Text The state ofthe business, which the incidentreport preparerwo rks.
Thken from Form DOTF5800.1, Sec tion VIIL

ContactPostal | Text The postalcode ofthe business, which the incidentreport preparer

Code works. Taken from Form DOTF5800.1, Sec tion VIIL

Contact Non- T xt Ifthe businessisoutside the US, the foreign state ofthe busine ss,

US Sta te thatthe incidentreport preparer, resides.

Contact Text The country ofthe business, whic h the incidentreportpreparer

Country wo rks.

Preparerof Text Function of preparers busine ss; c amier, shipper, fac ility

Incident ownevoperatorofthe incidentreport preparer. hken from Form

Report DOTF5800.1, Section VIIL
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Description of Text The text entered in the “Description of Events and Packaging

Eve nts Failure,” Part VIof Form DOTF5800.1

Recommenda | Text The text entered in the “Recommendations/Ac tions Taken to

tions/ Ac tions Prevent Recumence,” Part VIIof Form DOTF5800.1

Taken

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Incident Ind serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
de finition.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Fa ta lity serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
de finition.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Injury serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
d e finition.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Fight Plan serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
d e finition.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Evacuations serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
d e finition.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

MajorArtery serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
de finition.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Bulk Release serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
d e finitio n.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Marine serious incident. See

Pollutant http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
d e finitio n.

HMIS Se rio us Text The valuesare 'Yes' or'No'and are based on the new definition of a

Radioactive serious incident. See
http://hazmat.dot.gov/pubs/inc/serious_incident_ new_def.pdffor
d e finitio n.

HMIS T xt The containershort description assigned by PHMSA based on

Contamer Packaging De sc rip tio n, Id e ntific a tion Marking s (Form DO TF 5800.1,

Sho 1t De sc 12 Section I, # 24, #26a and #26b) orthe Description o f Eve nts (Form
DOT5800.1, Section VI

HMIS Text The containercode assigned by PHMSA based on Packaging

Container De sc rip tio n, Id e ntific a tion Marking s (Form DOTF5800.1, Sec tion IIT,

Code #24, #26a and #26b) orthe Description of Events (Form DOT5800.1,
Section V]

HMIS Text The containerdescription assigned by PHMSA based on Packaging

Container
Description

De sc rip tio n, Id e ntific a tion Marking s (Form DOTF5800.1, Sec tion IIT,
#24, #26a and #26b) orthe Description of Events (Form DOT5800.1,
Section V]

2 The title is “HMISGeneral Package Type” in the database available with this re po rt—it
waschanged foranalyticalease.
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HMIS Bulk T xt Identifies if the incident involved a bulkornon bulkpackage.

Incident Assigns a value of 'Yes' or'No' based on the containersize. Form

Indicator DOTF5800.1, Section I, #24 and #27.

Undeclared T xt Hdentifies if the ncident had an undeclared shipment. Assigns a

Shipment value of 'Yes' or'No'based on the mnformation provided in Form DOT
F5800.1, Section L #1 and Section II #23.

Notes:

1. Anelectronic version of the Hazardous Materials ncident Report Form DOTF5800.1 is published
athttp://hazmat.dot.gov/pubs/inc/spill IncidentForm010105.pdf

2. The data dictionary referenc esthe new Form DOT5800.1 and not the form used priorto 2005.
The new from might ormight not contain allthe fieldsin the old form.

Citation:

Office of Hazardous Materals Safe ty. “Data Dictionary”. Incident Reports Database Search,
<https://hazmatonline.phmsa.dot.gov/IncidentRe portsSe arch/ Searc h.aspx>
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a

y
tado
cha

antity
its
me
asif
alities
uries

nHosplnjuri

mages
ipper
yOrigin

DataTy
pe

identity
char

char
float
float

varchar
varchar

varchar
varchar
varchar
varchar
varchar
varchar
varchar
varchar

varchar
varchar

varchar
varchar
varchar

varchar
varchar
varchar

Leng
th

20

10

255
255

255
255
255
255
255
255
255
255

255
255

255
255
255

255
255
255

CREATE TABLE SQL

CREATE TABLE
IncidentMaster (

intld int identity (1,1),
rptNumber char (20),

idNumber char (10),
x float ,

y float ,
rprtSource varchar
(255),

multiple varchar (255),

carrier varchar (255),
ruta varchar (255),
city varchar (255),
estado varchar (255),
fetcha varchar (255),
hora varchar (255),
quantity varchar (255),
units varchar (255),

name varchar (255),
clasif varchar (255),

fatalities varchar (255),

injuries varchar (255),
nonHosplnjuries varchar
(255),

damages varchar (255),
shipper varchar (255),
cityOrigin varchar (255),

ALIAS
INSERT INTO
IncidentMaster (

rptNumber,

idNumber,
X,

Y,
rprtSource,
multiple,

carrier,
ruta,
city,
estado,
fetcha,
hora,
quantity,
units,

name,
clasif,

fatalities,
injuries,
nonHosplnjuries,

damages,
shipper,
cityOrigin,

ORIGINAL FIELD NAME

SELECT

LEN(RTRIM([Report Number])) AS [Report Number],
LEN(RTRIM([Identification Number])) AS [Identification
Number],

LEN(RTRIM([X])) AS [X],

LEN(RTRIM([Y])) AS [Y],

LEN(RTRIM([Report Submission Source])) AS [Report
Submission Source],

LEN(RTRIM([Multiple Rows per Incident])) AS [Multiple Rows
per Incident],

LEN(RTRIM([Carrier/Reporter Name])) AS [Carrier/Reporter
Name],

LEN(RTRIM([Incident Route])) AS [Incident Route],
LEN(RTRIM([Incident City])) AS [Incident City],
LEN(RTRIM([Incident State])) AS [Incident State],
LEN(RTRIM([Date of Incident])) AS [Date of Incident],
LEN(RTRIM([Time of Incident])) AS [Time of Incident],
LEN(RTRIM([Quantity Released])) AS [Quantity Released],
LEN(RTRIM([Unit of Measure])) AS [Unit of Measure],
LEN(RTRIM([Commodity Long Name])) AS [Commodity Long
Name],

LEN(RTRIM([Hazardous Class])) AS [Hazardous Class],
LEN(RTRIM([Total Hazmat Fatalities])) AS [Total Hazmat
Fatalities],

LEN(RTRIM([Total Hazmat Hosp Injuries])) AS [Total Hazmat
Hosp Injuries],

LEN(RTRIM([Total Hazmat NonHosp Injuries])) AS [Total
Hazmat NonHosp Injuries],

LEN(RTRIM([Total Amount of Damages])) AS [Total Amount of
Damages],

LEN(RTRIM([Shipper Name])) AS [Shipper Name],
LEN(RTRIM([Crigin City])) AS [Origin City],



Origin State
Mode of Transportation

Identification Markings
Cont1 Material of
Construction

Cont1 Packaging Type
Cont1 Package
Capacity

Cont1 Package
Capacity UOM

Cont1 Pkg Number in
Shipment

Cont1 Pkg Shipment
Nbr Failed

Cont2 Material of
Construction

Cont2 Package Type
Cont2 Package
Capacity

Cont2 Capacity UOM
Reported

Cont2 Pkg Number in
Shipment

Cont2 Pkg Shipment
Nbr Failed

What Failed
Description

How Failed Description
Failure Cause
Description

Description of Events
HMIS Serious Incident
Ind

HMIS Serious Bulk
Release

HMIS Serious
Evacuations

HMIS Serious Fatality

stateOrigin
TMode
markings
pakMaterial
pakType
pakCapacity
pakCapacityU
oM
pakNumber
pakShipment
pak2Material
pak2Type
pak2Capacity
pak2Capacity
UOM
pak2Number
pak2Shipmen
t

whatDesc
howDesc
causeDesc
genDesc
srsinclD
srsBulkRelea
se
srsEvacuartio

n

srsFatalities

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

varchar

text

text

text

text

varchar

varchar

varchar

varchar

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

stateOrigin varchar
(255),

TMode varchar (255),

markings varchar (255),
pakMaterial varchar
(255),

pakType varchar (255),
pakCapacity varchar
(255),
pakCapacityUOM
varchar (255),
pakNumber varchar
(255),

pakShipment varchar
(255),

pak2Material varchar
(255),

pak2Type varchar (255),
pak2Capacity varchar
(255),
pak2CapacityUOM
varchar (255),
pak2Number varchar
(255),

pak2Shipment varchar
(255),

whatDesc text ,
howDesc text ,
causeDesc text,
genDesc text,

srsinclD varchar (255),
srsBulkRelease varchar
(255),

srsEvacuartion varchar
(255),

srsFatalities varchar
(255),

stateOrigin,
TMode,
markings,
pakMaterial,
pakType,
pakCapacity,
pakCapacityUOM,
pakNumber,
pakShipment,
pak2Material,
pak2Type,
pak2Capacity,
pak2CapacityUOM,
pak2Number,
pak2Shipment,
whatDesc,
howDesc,
causeDesc,
genDesc,
srsinclD,
srsBulkRelease,
srsEvacuartion ,

srsFatalities,
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LEN(RTRIM([Origin State])) AS [Origin State],
LEN(RTRIM([Mode of Transportation])) AS [Mode of
Transportation],

LEN(RTRIM([Identification Markings])) AS [Identification
Markings],

LEN(RTRIM([Cont1 Material of Construction])) AS [Cont1
Material of Construction],

LEN(RTRIM([Cont1 Packaging Type])) AS [Cont1 Packaging
Type],

LEN(RTRIM([Cont1 Package Capacity])) AS [Cont1 Package
Capacity],

LEN(RTRIM([Cont1 Package Capacity UOM])) AS [Cont1
Package Capacity UOM],

LEN(RTRIM([Cont1 Pkg Number in Shipment])) AS [Cont1 Pkg
Number in Shipment],

LEN(RTRIM([Cont1 Pkg Shipment Nbr Failed])) AS [Cont1 Pkg
Shipment Nbr Failed],

LEN(RTRIM([Cont2 Material of Construction])) AS [Cont2
Material of Construction],

LEN(RTRIM([Cont2 Package Type])) AS [Cont2 Package
Type],

LEN(RTRIM([Cont2 Package Capacity])) AS [Cont2 Package
Capacity],

LEN(RTRIM([Cont2 Capacity UOM Reported])) AS [Cont2
Capacity UOM Reported],

LEN(RTRIM([Cont2 Pkg Number in Shipment])) AS [Cont2 Pkg
Number in Shipment],

LEN(RTRIM([Cont2 Pkg Shipment Nbr Failed])) AS [Cont2 Pkg
Shipment Nbr Failed],

LEN(RTRIM([What Failed Description])) AS [What Failed
Description],

LEN(RTRIM([How Failed Description])) AS [How Failed
Description],

LEN(RTRIM([Failure Cause Description])) AS [Failure Cause
Description],

LEN(RTRIM([Description of Events])) AS [Description of
Events],

LEN(RTRIM([HMIS Serious Incident Ind])) AS [HMIS Serious
Incident Ind],

LEN(RTRIM([HMIS Serious Bulk Release])) AS [HMIS Serious
Bulk Release],

LEN(RTRIM([HMIS Serious Evacuations])) AS [HMIS Serious
Evacuations],

LEN(RTRIM([HMIS Serious Fatality])) AS [HMIS Serious
Fatality],



HMIS Serious Flight
Plan

HMIS Serious Injury
HMIS Serious Major
Artery

HMIS Serious Marine
Pollutant

HMIS Serious
Radioactive

srsFlightPlan

srsinjuries
srsMajorArter
y

srsMarine
srsRadioactiv
e

varchar
varchar

varchar

varchar

varchar

255
255

255

255

255

srsFlightPlan varchar
(255),

srslnjuries varchar (255),
srsMajorArtery varchar
(255),

srsMarine varchar (255),
srsRadioactive varchar
(255)

)

srsFlightPlan,

srslnjuries,
srsMajorArtery,
srsMarine,

srsRadioactive)
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LEN(RTRIM([HMIS Serious Flight Plan])) AS [HMIS Serious
Flight Plan],

LEN(RTRIM([HMIS Serious Injury])) AS [HMIS Serious Injury],
LEN(RTRIM([HMIS Serious Major Artery])) AS [HMIS Serious
Major Artery],

LEN(RTRIM([HMIS Serious Marine Pollutant])) AS [HMIS
Serious Marine Pollutant],

LEN(RTRIM([HMIS Serious Radioactive])) AS [HMIS Serious
Radioactive],



Appendix C: Scripts forDatabase Management

-- Create indexes on important columns

CREATE INDEX i1dxPKIncClnXDes ON IncidentCleanXDesc (intId, rptNumber,
idNumber) ;
CREATE INDEX idxPtIncClnXDes ON IncidentCleanXDesc (x, V)’

CREATE INDEX i1dxPKIncDes ON IncidentDescription (intId, rptNumber,
idNumber) ;

CREATE INDEX idxPKIncMast ON IncidentMaster (intId, rptNumber,
idNumber) ;

-—- Insert statement to populate IncidentDescription table
-- NOTE: intId is just carried over from IncidentMaster
-= - this id is no longer auto-generated but carried over to all
tables

-= - to allow linking the records as required.

-- If you want to do a clean insert into this table - you can delete
all the

-- rows and run this same insert statement again. It will load a
description

-- for every incident ID in the IncidentCleanXDesc table.

INSERT INTO IncidentDescription (
intId, rptNumber, idNumber,
whatDesc, howDesc, causeDesc, genDesc
)
SELECT
intId, rptNumber, idNumber,
whatDesc, howDesc, causeDesc, genDesc
FROM IncidentMaster
WHERE
intId IN (SELECT intId FROM IncidentCleanXDesc)

-- Create table for description columns

CREATE TABLE IncidentDescription (
intId int,
rptNumber char (20),
idNumber char (10),
whatDesc text ,
howDesc text ,
causeDesc text ,
genDesc text
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-—- Insert statement to populate IncidentClean table

-—- No description columns, no repeats, and no null X or Y
-- NOTE: intId is just carried over from IncidentMaster
-= - this id is no longer auto-generated but carried over to all
tables

- - to allow linking the records as required.

INSERT INTO IncidentCleanXDesc (

intId, rptNumber, idNumber, x, y, rprtSource, multiple,

carrier, ruta, city, estado, fetcha,

hora, quantity, units, name, clasif, fatalities,

injuries, nonHospInjuries, damages, shipper,

cityOrigin, stateOrigin, TMode, markings,

pakMaterial, pakType, pakCapacity, pakCapacityUOM, pakNumber,
pakShipment,

pak2Material, pak2Type, pak2Capacity, pak2CapacityUQM,
pak2Number, pak2Shipment,

srsIncID, srsBulkRelease, srsEvacuartion , srsFatalities,
srsFlightPlan,

srsInjuries, srsMajorArtery, srsMarine, srsRadiocactive
)
SELECT

intId, rptNumber, idNumber, x, y, rprtSource, multiple,

carrier, ruta, city, estado, fetcha,

hora, quantity, units, name, clasif, fatalities,

injuries, nonHospInjuries, damages, shipper,

cityOrigin, stateOrigin, TMode, markings,

pakMaterial, pakType, pakCapacity, pakCapacityUOM, pakNumber,
pakShipment,

pak2Material, pak2Type, pak2Capacity, pak2CapacityUOM,
pak2Number, pak2Shipment,

srsIncID, srsBulkRelease, srsEvacuartion , srsFatalities,
srsFlightPlan,

srsInjuries, srsMajorArtery, srsMarine, srsRadiocactive
FROM IncidentMaster
WHERE

(x is not null OR y is not null)

AND multiple = 'No'

-- Create table for all incidents - without description columns
-- incidents and multiple rows per incident

CREATE TABLE IncidentCleanXDesc (
intId int,
rptNumber char (20),
idNumber char (10),
x float ,
y float ,
rprtSource varchar (255),
multiple varchar (255),
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carrier varchar (255),

ruta varchar (255),

city varchar (255),

estado varchar (255),

fetcha varchar (255),

hora varchar (255),

quantity varchar (255),

units wvarchar (255),

name varchar (255),

clasif varchar (255),
fatalities varchar (255),
injuries wvarchar (255),
nonHospInjuries varchar (255),
damages varchar (255),
shipper varchar (255),
cityOrigin varchar (255),
stateOrigin varchar (255),
TMode varchar (255),

markings varchar (255),
pakMaterial varchar (255),
pakType varchar (255),
pakCapacity varchar (255),
pakCapacityUOM varchar (255),
pakNumber varchar (255),
pakShipment varchar (255),
pak2Material varchar (255),
pak2Type varchar (255),
pak2Capacity varchar (255),
pak2CapacityUOM varchar (255),
pak2Number varchar (255),
pak2Shipment varchar (255),
srsIncID varchar (255),
srsBulkRelease varchar (255),
srsEvacuartion varchar (255),
srsFatalities wvarchar (255),
srsFlightPlan varchar (255),
srsInjuries varchar (255),
srsMajorArtery varchar (255),
srsMarine varchar (255),
srsRadioactive varchar (255)

-- Insert statement to populate IncidentMaster table

-- Change table name as required to move data from 1998 - 2007 incident
tables.

-— Also replace bg lat and bg long for X, Y for the 2006, 2007 tables

INSERT INTO IncidentMaster (

rptNumber, idNumber, x, y, rprtSource, multiple,

carrier, ruta, city, estado, fetcha,

hora, quantity, units, name, clasif, fatalities,

injuries, nonHospInjuries, damages, shipper,

cityOrigin, stateOrigin, TMode, markings,

pakMaterial, pakType, pakCapacity, pakCapacityUOM, pakNumber,
pakShipment,
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pak2Material, pak2Type, pak2Capacity, pak2CapacityUOM, pak2Number,
pak2Shipment,

whatDesc, howDesc, causeDesc, genDesc,

srsIncID, srsBulkRelease, srsEvacuartion , srsFatalities,
srsFlightPlan,

srsInjuries, srsMajorArtery, srsMarine, srsRadioactive

)

SELECT

[Report Number], [Identification Number], [X], [Y], [Report Submission
Source], [Multiple Rows per Incident],

[Carrier/Reporter Name], [Incident Route], [Incident City], [Incident

State], [Date of Incident],
[Time of Incident], [Quantity Released], [Unit of Measure], [Commodity

Long Name], [Hazardous Class], [Total Hazmat Fatalities],

[Total Hazmat Hosp Injuries], [Total Hazmat NonHosp Injuries], [Total
Amount of Damages], [Shipper Name],

[Origin City], [Origin State], [Mode of Transportation], [Identification
Markings],

[Contl Material of Construction], [Contl Packaging Type], [Contl Package
Capacityl], [Contl Package Capacity UOM], [Contl Pkg Number in
Shipment], [Contl Pkg Shipment Nbr Failed],

[Cont2 Material of Construction], [Cont2 Package Typel], [Cont2 Package
Capacity], [Cont2 Capacity UOM Reported], [Cont2 Pkg Number in
Shipment], [Cont2 Pkg Shipment Nbr Failed],

[What Failed Description], [How Failed Description], [Failure Cause
Description], [Description of Events],

[HMIS Serious Incident Ind], [HMIS Serious Bulk Release], [HMIS Serious
Evacuations], [HMIS Serious Fatality], [HMIS Serious Flight Plan], [HMIS
Serious Injuryl, [HMIS Serious Major Artery], [HMIS Serious Marine
Pollutant], [HMIS Serious Radioactive]

FROM <INCIDENTIMPORTTABLE>

-- Create single master table for all incidents.

CREATE TABLE IncidentMaster (
intId int identity (1,1),
rptNumber char (20),
idNumber char (10),

x float ,

y float ,

rprtSource varchar (255),
multiple varchar (255),
carrier varchar (255),
ruta varchar (255),

city varchar (255),
estado varchar (255),
fetcha varchar (255),
hora varchar (255),
quantity varchar (255),
units wvarchar (255),

name varchar (255),
clasif varchar (255),
fatalities varchar (255),
injuries wvarchar (255),
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nonHospInjuries varchar (255),
damages varchar (255),
shipper varchar (255),
cityOrigin varchar (255),
stateOrigin varchar (255),
TMode varchar (255),

markings varchar (255),
pakMaterial varchar (255),
pakType varchar (255),
pakCapacity varchar (255),
pakCapacityUOM varchar (255),
pakNumber varchar (255),
pakShipment varchar (255),
pak2Material varchar (255),
pak2Type varchar (255),
pak2Capacity varchar (255),
pak2CapacityUOM varchar (255),
pak2Number varchar (255),
pak2Shipment varchar (255),
whatDesc text ,

howDesc text ,

causeDesc text ,

genDesc text ,

srsIncID varchar (255),
srsBulkRelease varchar (255),
srsEvacuartion varchar (255),
srsFatalities varchar (255),
srsFlightPlan varchar (255),
srsInjuries varchar (255),
srsMajorArtery varchar (255),
srsMarine varchar (255),
srsRadioactive varchar (255)

Script for Major Evacuation Query:

-- withn this query I selected srsevacuation=yes and liked to the
desvcription by internal ID field.

SELECT * FROM IncidentMaster WHERE srsEvacuartion = 'Yes'
SELECT ~*

FROM IncidentCleanXDesc icx, IncidentDescription ides
WHERE icx.srsEvacuartion = 'Yes'

AND icx.intId = ides.intId

-- Find all incidents which have multiple rows per incident
-— Use the IncidentMaster table, WHERE multiple = 'Yes'
-- Sort this data by rptNumber, idNumber, intId
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-—- FIGURE OUT A BETTER WAY TO DO THIS

SELECT * FROM IncidentMaster
WHERE rptNumber + '|' + idNumber
IN (
SELECT dups.rptNumber + '|' + dups.idNumber FROM
(SELECT rptNumber, idNumber, COUNT (*) AS theCount
FROM IncidentMaster
GROUP BY rptNumber, idNumber
) dups
WHERE dups.theCount > 1
)
ORDER BY rptNumber, idNumber, intId

Matlab Script for Data Interoperability Excel- ArcMap10

file extensions={"*.csv';'*.txt';"'*.xls'};

file separators={','," '," "};

file types={'archivo con separador de comas';...
'archivo de texto';...
'archivo excel'};

oldpath=cd;
[xls files, files path]=uigetfile(pwd, 'Indique los archivos de
Entrada', ...
'* . x1s', '"MultiSelect','on'");
cd(files path);
fileNames=sort (xls files)

default selection=1;
screen=get (0, '"MonitorPositions'
[selection,ok] = listdlg('PromptString', 'Tipo de archivo de
salida:"', ...
'SelectionMode', "single', ...
'ListSize', [screen(3)/4,screen(4)/10]1,...
'ListString',file types,...
'InitialValue', default selection,
'Name', [mfilename ' input']);
if (ok==1)
outfile ext=file extensions{selection};
outfile sep=file separators{selection};
else
outfile ext=file extensions{default selection};
outfile sep=file separators{default selection};
end

[out filename,outfile path]=uiputfile (outfile ext,...
'Seleccione nombre para el archivo
concatenado') ;

$inicializacion del ciclo
num_ files=length (fileNames) ;
info todos=[];
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remove hdr=false; $flag que indica no remover el
encabezado (del primer archivo)
h wait=waitbar(l/(2*num files), [mfilename, ' procesando: ']);

for idx file=l:num files;
[numeros, texto, info]=xlsread(fileNames{idx file});
header lines=length (texto)-length (numeros):;
clear numeros texto;
if remove hdr && header lines>0
info=info(l+header lines:end,:);
remove hdr=true;
end
info todos=[info todos;info];
waitbar (idx file/ (num files+2),h wait);
end

num_ fields=size(info_ todos,2);
info todos=info todos';
fid=fopen(out filename, 'w');
eol=[13 10];

if isequal (outfile ext, '*.xls'");

try
xlswrite(out filename,info todos,',');
catch
warndlg ([ 'Demasiados datos: ',num2Zstr (length(info todos)), eol,

"' El maximo es ', num2str (2716)], [mfilename '

warning']l) ;

end
else

sep=outfile sep;

%escribe el encabezado

header=info todos(:,1);

header=strrep (header,' ',"'");

header=strrep (header, "' ',"'");

texto raiz=['%s',outfile sep];

u=texto raiz(ones(num fields,1),:);

ut=u';

format str=ut(:)';

format str=[format str(l:end-1),eo0l];

fprintf (fid, format str,header{l:num fields});

=findstr (format str,'s");
muestra=info todos(:,end);

for id field=l:num fields;
if ischar (muestra{id field})
num_ type='%s';
elseif isreal (muestra{id field})
num_type='%f';
else
num type='%sd';
end
idx=percent id(id field);
format str(idx:idx+1l)=num type;
end
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fprintf (fid, format str,info todos{:,2:end});
end

%$final settings
fclose (fid) ;
waitbar(l,h wait, ['Proceso terminado. ',
num2str (length(info todos)), ...
' registros concatenados']);
pause (0.5) ;
close (h wait);
cd (oldpath)
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Appendix D: Scores fortop clusters in Califomia

HD_1 Frequency GIZScore GIPValue Place/County Subdivision

47 906 17.929 0.00000 Sac rame nto

56 369 3.784 0.00015 So uthe a st

48 365 13.344 0.00000 Sa c rame nto

3 313 3.053 0.00219 South San Francisco
Anaheim-Santa Ana-Garden

101 306 3.229 0.00124 Grove

117 273 5.117 0.00000 San Be mardino

130 257 2.950 0.00307 San Be mardino

90 250 2.557 0.01056 San Diego

59 242 1.691 0.05664 So uthe a st
Anaheim-Santa Ana-Garden

97 230 2.521 0.01171 Grove

33 213 1.768 0.07702 East Yolo

69 212 1.413 0.15759 Downey-Norwalk

125 206 2.058 0.03961 San Bemardino

60 201 2.453 0.01376 IosAngeles

114 198 4.658 0.00000 San Be mardino

13 164 1.707 0.08773 San Jo se

137 161 1.927 0.05404 Ba rsto w-Vic to rville

9 178 1.875 0.05061 Oakland

111 156 2.522 0.01168 San Bemadino

41 156 2.133 0.03290 Sa c rame nto

37 121 2.309 0.02094 East Yolo
Anaheim-Santa Ana-Garden

104 105 1.653 0.09625 Grove

76 95 1.336 0.18166 San Femando Valley

31 69 1.901 0.05729 East Yolo

81 76 3.076 0.00209 IosAngeles

112 71 1.951 0.05111 San Be mardino

42 43 2.014 0.04400 Sa c rame nto

39 34 2.084 0.03718 East Yolo

120 33 2.854 0.00419 San Be mardino

56 30 4.656 0.00000 So uthe a st

127 29 2.025 0.04266 San Be mardino

67 29 1.876 0.06066 Whittie r

77 24 1.938 0.05267 IosAngeles

36 17 1.519 0.12863 East Yolo

19 13 1.472 0.14115 Oakland

131 11 2.950 0.00307 San Be mardino

1 11 0.853 0.00012 South San Francisc o

116 10 4.669 0.00000 San Be mardino

29 10 1.686 0.09171 Sa c rame nto
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Appendix E Scores fortop clusters in Califomia

Table 19. Poisson regression modelofall spill counts by tract

Estima te Std. Eyor z value Pr(> | z])
(Intercept) -3.4508 0.1783 -19.36 0.0000

-2.6257 0.7872 -334 | 0.0009*

% NHO PI 13.9368 4.7911 0.0036

% Re nte rs -1.1324 0.4030 -2.81 0.0050%*
% Pove rty -2.1944 0.9988 -2.20 0.0280%*
AIC=2107.2
> £:(0)=7035
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Table 20. Quai-Poisson modelofall spill counts

Estimate Std. Eyor tvalue Pr(> | t])
(lhtercept) -3.4508 0.3482 -9.91 0.0000
%Bla ¢ k 1.4531 1.1715 1.24 0.2149
% Asian -2.6257 1.5377 -1.71 0.0878¥Y
% American 5.4073 2.5945 2.08 0.0372%*
Indian
9%NHO PI 13.9368 9.3587 1.49 0.1365
% White , Hisp a nic 2.6311 0.8767 3.00 0.0027%*
% Asian, Hispa nic 41.6960 16.0262 2.60 0.0093**
% American 17.2901 9.3748 1.84 0.0652 ¥
Indian, Hispanic
% NHOPI, Hispanic | 52.5149 21.1693 2.48 0.0131*
%Re nte 1s -1.1324 0.7872 -1.44 0.1504
%Po ve 1ty -2.1944 1.9510 -1.12 0.2607
AIC=NA
Y. f1(0)=7035
Table 21. Negative Binomial Model of All Spills, 1998 to 2010

Estim a te Std. Evor z value Pr(> | z|)

(Intercept) -3.5287 0.2901 -12.16 0.0000
%Bla ¢ k 0.7145 1.1570 0.62 0.5369
%Asian -1.8319 1.0196 -1.80 0.0724 ¥
%American Indian | 24.4263 5.6038 4.36 0.0000***
9%NHO PI 16.1503 10.5912 1.52 0.1273*
%White , Hisp a nic 1.6828 0.8434 2.00 0.0460%*
%Asian, Hisp a nic 39.5396 24.8456 1.59 0.1115
% Amerc an 9.4482 13.5225 0.70 0.4847
Indian, Hisp anic
9%NHO PI, Hisp a nic 73.9221 48.6049 1.52 0.1283
%Re nte rs -1.2780 0.6281 -2.03 0.0419%*
%Po ve 1ty -0.6384 1.5076 -0.42 0.6719
AlC=1,413

Page 91 0f101




Table 22. Hurdle models of all spills, 1998-2010

Countmodel coefficients (runcated poisson with log link):

Estim a te Std. Enor z value Pr(>]|z]|)
(Intercept) 0.3932 0.3050 1.289 0.19737
%Bla c k 0.1882 1.1373 0.166 0.86854
% Asian -2.2307 1.3561 -1.645 0.09998 ¥
% American Indian | 2.5228 4.8268 0.523 0.60121
% NHO PI 18.0567 7.2870 2.478 0.01321 *
% White , Hispanic 1.9959 0.6759 2.953 0.00315 **
% Asian, Hispanic 121.0263 16.3048 7.423 1.15e-13 ***
% Amerc an 4.3390 5.7957 0.749 0.45406
Indian, Hisp anic
9%NHO PI Hispanic | 13.5676 16.1163 0.842 0.39987
% Re nte rs -1.5465 0.6417 -2.410 0.01596 *
% Pove rty -2.6662 1.2050 -2.213 0.02692 *
Zero hurdle model coefficients (binomial with logit link):

Estim a te Std. Exor z value Pr(>] z]|)

(Intercept) -4.0065 0.2350 -17.053 <2e-16 ***
%Bla ¢ k 0.3071 0.9213 0.333 0.7389
%Asian -1.4031 0.8893 -1.578 0.1146
%American hdian | 3.9608 2.4324 1.628 0.1035
9%NHO PI 8.6496 7.9450 1.089 0.2763
9% White , Hisp a nic 0.8487 0.6553 1.295 0.1953
%Asian, Hisp a nic -16.4907 27.0928 -0.609 0.5427
% American 13.3988 7.8235 1.713 0.0868 .
Indian, Hispanic
% NHOPI, Hispanic | 49.6711 20.6168 2.409 0.0160 *
9%Re nte rs -0.6407 0.5080 -1.261 0.2072
9Po ve rty 0.1607 1.1611 0.138 0.8899
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Table 23. Zero-inflated Negative Binomial Model

 Poisson with log link ]

Estim a te Std. Enor z value Pr(>]|z]|)
(Intercept) 0.3990 0.3126 1.276 0.201821
%Bla ¢ k -0.1398 1.2298 -0.114 0.909467
%Asian -1.6661 1.3056 -1.276 0.201899
%Americ an -5.2839 3.8789 -1.362 0.173133
Indian
% NHO PI 18.9761 6.9937 2.713 0.006662 **
% W hite , 2.4825 0.6756 3.674 0.000238 ***
Hispanic
% Asian, 113.7333 15.8801 7.162 7.95e-13 ***
Hisp anic
% Amerc an 5.4758 4.9130 1.115 0.265046
Indian,
Hisp a nic
%NHO PL 1.6704 18.8395 0.089 0.929346
Hisp anic
% Re nte rs -1.5826 0.6426 -2.463 0.013781 *
% Po ve rty -3.0513 1.1408 - 2.675 0.007479 **
Estim a te Std. Enor z value Pr(>|z]|)
(Intercept) 3.94335 0.31565 12.493 < 2e-16 ***
%Bla c k -0.54534 1.30274 -0.419 0.67550
%Asian 0.09682 1.29924 0.075 0.94059
% Americ an -23.65583 8.63731 -2.739 0.00617 **
Indian
%NHO PI 0.85197 9.03254 0.094 0.92485
%White , 0.51213 0.80936 0.633 0.52689
Hisp a nic
% Asian, 60.97039 30.95996 1.969 0.04892 *
Hisp anic
% Amerncan |-9.37490 8.83207 -1.061 0.28848
Indian,
Hisp a nic
%NHO P, -61.18217 41.27945 -1.482 0.13830
Hisp anic
%Re nte rs -0.35072 0.70560 -0.497 0.61916
%Po ve 1ty -2.24018 1.51492 -1.479 0.13921
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