Chapteri1
INTRODUCTION

Theldestruction0fithe[(World[TradeCenter (WTC) [Complex[inMNew [Y ork [City lonSeptember 11,2001,
resulted(inlimmense loss [0flifeland [property. (Much [oflthe lbss[dccurredas aresultofthe[collapse ofthe
towersfollowing(the(dircraftimpacts. [This[tasklis[a[part(dfithe Investigation dflthe fechnical (dauses for
theldisaster(authorized By [theWnited [States Congress [and performed By [the Wational Thstitute[of
Standards/and(Technology(INIST). IDetails concerning [the [dbjectivesland @pproachofithe Investigation
arelihcorporated|ih [the [preface(to thisreport.

This[report[Summarizes [the fesults (0flone(ofithe[domponent(tasks 0fProject’S  Reconstructionlof
Thermalland Tenability[Environment.[Broject(3was onelofltheldight [projects thaticomprised the NIST
WTCInvestigation. [This particularfask, feferencedas/Task 5 A,Was [entitled[TVisual [Collection and
Analysis.”

Thelobjective oflthe(task Was[to tilize photographs, Wideos, [and[dther [relevant information(to [develop
detailed[time/(lines [for [the(spread(and [growth 0flfires(atthe [peripheries(0f[World [Trade (Center Buildings
1,12,[and[7[and [fo [organize theinformationsuch(that(it[danbeiitilized By dther investigation [feam
members.”[[This report[focuses(specifically onthe WTCltowers, ( WTC[1land(WTC2.[lIn [practice, [the
scope(ofithe(task Was[éxpanded, [@ndlits[staffiprovided(significant fechnical [Ssupport [and [@nalysis to
Investigation Projects (2, 3,4,[6,(7,[and (8, whileheeting [the [principal [objectivelofideveloping [fime lines
forthefires(observed intheltowers.

Based(onlthedialcoveragelonSeptember (11,2001, and afterward, [it was[évident(that the[World [ Trade
Center [disaster(hadBeen visually [documented [fo @[degree thatWas[inusual forsuch(@n[émergency.TAn
extraordinary mumber(and Wariety lofiphotographs [and videos Wwere shown [publicly, [starting With live
television(doverage shortly [@fter the first/@ircraft impact. [Thereldre(avariety [0f factors thatGontributed [fo
thelcreation(ofTthis(extensiveVisual fecord, lincludingthelocation(dflthe (disasterin(the oflalcenter major
metropolitan(drea, the[overwhelming thagnitudeoftheattack [and Toss,and[the length[dfltimethe @vent
lasted.

Members(ofithe NIST fechnical staffirecognized that thisWisual fecord ightdfferan kinparalleled
opportunity [to[document(the(disasterland(contribute [to inderstanding its[technical [dauses. [V ery [shortly
after[September(11,linformal [effortsfbcollect Wisualmaterial that ight [prove iseful fo(an[éventual
investigation Werelinitiated. [Prior(to the formalauthorizationand funding lofthe Investigation by the
United[States(Congress, NIST hadihitiated [Several [small, [internally fundedprojects [related [to[the
September!(11 [disaster. [Dne of these [projectswas [dmoreorganized effortto Beginltheidentificationland
collection oflrelevantvisual material. TTheselefforts(accelerated [greatly lonce(the formal Investigation Was
authorized,and [thesedctivities Became[a[formal [part/ofithe Investigation.

Thisltask[donsisted oflfour tajor(subtasks: [1)(identification, dollection, [data Basing,land cataloging[of
visual material, 2)[fiming [6fimaterial incorporated [into the INIST wisual [database, 3 ) [development 0fTfire
time(lines [and[@dditional(dnalysesBased [on[theMisual haterial,[and 4) [documentation.
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This[reportlis theldocumentation [0fTthis task [(subtask [4). [Barlier feports feleased by the Investigation
includelinterimiipdates(on progress [on[the task. (NISTISP10003,2003; NISTSP[1000[4,2003; NIST
SP1000(5,2004)

Thelreportis[organized @s follows:

Chapter 2 [provides(d[general [description oflthe visual imaterial thatWwas [fecorded [on [September (11,2001,
and(@pproaches/thatWeredeveloped forlidentifying, (collecting, dataBasing, and [cataloging thematerial
thatWascollected[(subtask(1). [Since almajor(focus [0fithe(task Was[the[development(ofitimelines, [it Wwas
necessaryfola@ssign@ccuratetimes[to the[photographs(and Wideosincorporated into the database.
Chapter3[describes [the @pproaches(developed for timing(and(anldssessment[ofitheir effectiveness
(subtask 2).

Chapter(4 [provides[backgroundinformation/about/suchltopics(as thellocal (geography, wind[direction,
relevant[tower structural [and[drchitecturaldetails,d MumberingSystem for(describing window [locationson
theltowers, [and [Some linterior(details, [such(the locations (0f[air intake [and [éxhaustlouvers(on(mechanical
equipmentroom(floors(and [floorplanlayouts for dertain @ffected floors. Thefowergeometry [affected the
accuracy [0flfindingsbased[dn Wisual [@nalysis. [Bucheffects are(discussedlinlthe last [Section [dfthis

chapter.

Chapter(5includes[detailsiconcerningthe Warious [fypes[oflanalysis(andproceduresémployed(to develop
time(lines[for fire behavior(in the fiwo towers. [The primary [dutput Was(d[Series 0f numerical [data [sheets [ds
alfunction [ofltime[thatprovided window [by [window [assessments [0fwhether [or ot alfire was [present,
and, [if[present, @ theasure [0flthe Tocal [intensity, Whetheror mot[smoke Was [flowing from(aparticular
window/(and, [ifidbserved, [anlindication[0fwhether(the flow Was Tightor(ieavy,land Wwhether(ormot(glass
waslin[placefor(algivenwindow. [Theldriteria’and the key hised [for [these [@ssessments are(discussed. [The
usefulness(ofithe(datasheets Was/énhanced by visualizing [the [dontents hising Marious [fiypes [0ficolor fagade
maps. [Inladditionto the svindow [by [window[data [sheets, [d fiumber 0fldther (Observations related [to the
firebehaviorwere/documented, including(theformation[0fIstreamers, [smoke[rharks [On[dolumn covers,
unusual Burning [and[smokebehaviors,and liuman [Observations(subtask 3).

Chapters[6land [7 contain [fimelines[describing lexternal Gbservations(related o the @ircraftimpacts/and
subsequent fireballs for WTC land WTCI2, [respectively. [The@ircraftimpacts [dausedsignificant [damage
tolthe fowers(andreleased(aviationfuel, Wwhichfignited inside/the fowers, leading fo the formation[of
external [fireballs immediately [@fterwards. [[Even[those these [aviation[fueledfires rapidly burned [out, they
ignited mascent(fires within [the[towersthatwere the[sourcesfor [the[fire spread [and[growth [dbserved
followinglthe dircraftimpacts. [Theselchapters/alsolinclude(descriptions 6fithel[damagelihflicted by [the
aircraftbased[onlobservationoflthe [éxteriors(oflthe towers [and(debris observed(on/the [ground. [Dbserved
fire(distributions(shortly [after the @ircraftimpacts(are documented. [Estimates(for the [Speeds 0fthe @ircraft
atthefimeloflimpactlareprovided(that(are based[on Wideolanalysis(dflthe impacts. [For WTCI2, additional
analyzes(oflavailable videos allowed [themotionoflthe towerlinh responsefo theldircraft impact(to Be
assessed[(subtask(3).

Chapter[8/and[ChapterQ[provide[detaileddiscussionsdflobserved firebehaviorsin(WTCI [and WTC12,

respectively. [The results [presented [in[these [two (chapters, [dlong With[the@ssociated [datasheets, Tulfill the
primaryldbjective(dfithetask[(subtask3).
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AmMumberlofladditional [details [@areincorporatedlinto [@appendices [for thisreport. TAppendix[A includes
diagrams [for[thelocations [0fldir [intake [and [éxhaustlouvers(atthe [Peripheries(0f mechanical(équipment
roomsIocated(onlthe108thland 109th floors[and the[75thland [76thfloors. TAppendix B [provides floor
planayouts(for@mumberofifloorslinthevicinities Wwhere(the @ircraft impacted the fowers. TAppendix [C
to[Appendix Jlincludedetailed fagade(mapslincorporating window [data [dn[fire, Smoke, [and window
conditionas [@function [6fltime [for the fourfaces ofleachtower. [A ppendix K [providesadditional [details
concerning(an(analysis(ofithe otion 0ffW TC 2 thatlresulted from [the limpact[ofithe(dircraft. TAppendix L
includes(altableoflobservations (oflstreamers released from W TC [during[the fires, and [Table M
summarizesobservations concerning [peoplefalling from WTCII.

1.1 REFERENCES

May 2003 ProgressReporton/the Federal[Building(andFire[Safety Investigation0fithe[World Trade
Center [Disaster, NIST [Special Publication1000 3.

December 2003 [PublicWpdate(dntheFederal Building/and(Fire[Safety Mnvestigation [0flthe(World [Trade
Center Disaster, NIST [Special Publication1000 4.

AppendixH: [Mnterim Report lon [Evolution 0f (W TC [Fires,[Smoke, [and [Damage Based [on limage [Analysis,

in[June2004 Progress Report(on the Federal Building[and (Fire[Safety Investigation(dfithe (World
Trade[Center Disaster, NISTSpecial Publication1000(5.
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Chapteri2
COLLECTION/AND HANDLINGOF VISUAL MATERIAL

2.1 BACKGROUND

TheMNew(Y ork City [arealis [dmajor(centerlin/the Wnited [States[for themedia, beingthe Home forseveral
newspapers, numerous(local ltelevision[stations, [and [the mational (headquarters[for[several television
network mews [Organizations. [It[is[aTargeldity,[@ndthere[are iumerous [freelancers Who maketheirliving
shooting[photographslandwideo. [The[Americanfashionlindustry, which [supports(additional
photographers(andWideographers, is[centered in New [Y ork. [City. New[Y ork [City[is [@lsolatajor fourist
destination, attracting [thousandsofTVisitors/daily Who bring/along their [dameras fo record their
experiences. [[Asaresult(oflthese fraits, the New Y ork [City(area, @and[particularly Manhattan, likely has
onelthehighestdoncentrations(ofidameras [per(arealin the world, [dlongwith[people(skilledinltheir hise.

On[September(11,2001 mumerouslevents were(taking placelin New Y ork [City [that/increased [the mumber
oflcamerasl(ih[the Wicinity [0f the[World[Trade[Center. TA [primary€lection Was[being held inthe city,@and
numerousnews[drganizations Wwereldovering|it. [Tt Wwas (Fashion Week, [and [the mumber(of fashion
photographerswas higher(thanusual.[School lHad[justopened(for the fall, [and Mumerous parents(darried
cameras when theyfooktheirichildren(toschool thatfthorning.

The [fact(that(this€ventoccurredlin lower Manhattan [ih [the hidst [0fd[sea [df [Cameras, resulted [in
incredible(fireballs(and[smoke [plumes thatlimmediatelyattracted people’s(attention, Was[visible from vast
distances(dueltothelieights and sizes[ofithefowers, @nd [took[place[over [Several liours heant that
thousands(dfipeople, bBoth(professionalland [dmateur, [turned [their[dameras/toward the(World [Trade (Center
andrecorded[someltypelofivisual [fecord(oflthelévents ofiSeptember(11. TAs(d[result, theWorld Trade
Center(disaster(islone[oflthe most [photographed [@vents/in world history. [RPortions[ofthis Wisual [decord
were[shown [publicly [starting [on[September 11,2001 [andcontinue to Beshown foday. [Thedramatic
images havemolded public(perceptions/ofiwhatdccurred(onthat daylin [@Wway [that Written [or Werbal
descriptions [douldnothave laccomplished.

Dueltolthe(location, [dertain[types 0flimagery [drethore available [than hight (Have been @nticipated. [[As an
example, derial images Were recorded from [at(leastseven different Helicopters. [Several video[dameras
werel[stationary, and [in[Some[cases Tongininterrupted Wiews [oflthe fowers Were recorded. [These [Video
recordingshave(notlonlyprovenlinvaluable(for fiming [purposes, But Have allowed(analysis(@pproaches
that[provide linprecedented details [oncerning (certain aspects (the(disaster. [Inan inlikely ([Occurrence, an
infrareddamerawastrained[on [the burning[towers[for brieflperiods.

TheWTCltowers (WTC1 and(WTC2)werelimmensely tall, [and they [dominated the New [Y ork [City
skyline. IWhenWTC was[struck by [American(Airlines[Flight 11 [at[8:46:30a.m., thedpproach oflthe
aircraftwasdaptured by at(least [fwo [videographers Who were coincidentally filming mearby. [Other
photographers(and videographers(in the Wicinity (began recording Within [a few [Seconds @fter [the impact.
Aslfires[grew[in/the fower, smoke [pouring from(the Building formed @[plume(thatcould be seen formiles
in[all[directions(in(thelclear sky of[September11,2001.PeoplelinManhattan, Brooklyn,Queens,and
NewJersey began [folfurnltheiricameras fowardthe WTCdomplex. TThemajor mews[organizations began
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coveragelalmostimmediatelyand Bbegan ovingpProfessionals ihtoposition(fb [dover(theévent. Numerous
other(videographers/and/photographers, Both[professional land [@amateur, [Started moving toward the WTC
inforder(to[createtheirl[own Visual fecords.

When [United[AirlinesFlight[175 [struck (WTC21at[9:02:59@.m., [thelapproach andicollision[ofthe @ircraft
werelrecorded By Mumerous [dameras from @ variety [f[directions. IMany [peoplecontinued o [record
imagesuntil WTC2[collapsed (at[9:59:59(a.m. [Followingthiscollapse, the @amount(dfVisual material
decreased markedlyas(peoplerushedtbeéscape theldrealandthe liuge(dustcloudsigenerated by the
collapse(dbscured thelsite.

Even(as[the(disasterinfolded, littwas(clear(that [@[Targe[dmount[0fvisual mhaterial Was [being [recorded. [The
resultingvisual fecord offered [an hinparalleled [opportunity [to [ontribute (o the [fechnical inderstanding[of
thelfragedy of September (1 1. TEventhoughlitwas(dlear(that(anleéxtensiveVisualrecord[ofthelevents [Of
September(11 [existed, @pproaches for(dbtaining[accessto [photographs andvideos[and cataloging[the
material had[to beldeveloped. [These[critical fasks(are discussed/in(the followingsections.

2.2[1 SOURCESFORIVISUALMATERIAL

Potential [Sources[oflVisual thaterial Were[identifiedin [@Mumber(ofWways. TRecordings 0f ewscasts[from
September(11,2001 [andlafterward,ldocumentaries, ‘and ([dtherremembrances providedlinformation
directly, butlalsopointed foward [Gther [potential [Sources0fmaterial. TThe thajorphotolclearinghouses,
such(@s[AP,Reuters, and[Corbis, have World Wide[Web sites(thatwere [feviewed [for haterial [felated [to
September(11th. IMembers[ofithemediasuggested Sources. [Several collectionsoflvisual material lave
beenlassembled for[charitable (orHistorical [purposes. [Collections from[the Herelis New [Y ork [City
exhibition(andthe[September(11 Digital [Archive Werereviewed. IMany [photographs(and videos began
appearinglon(the(World Wide Web(as[earlyas(September(11,2001.These dould[dften belidentified By
Weblsearches, [and[in[mhany [asescontactinformation Was[provided. [Public@appeals(for Wisual material
weremadelduring Investigation news [conferences(dnd hipdates. (News ldccounts0flthese events(led hany
to[contact INIST using [the foll (free iumber [0r By [€[thail. TFrequently, [dMew SourceWwould provide
suggestions [about/other [potentialsources. IMembers 0fithe Wew [Y ork [City [Police [and Fire Departments
recorded numerousphotographs(andvideos/thatWwere(thadelavailable fo INIST for review.

NISThired [@isual hedialdonsultant, Mr.[Valentine Junker, [to[act as [its representative [in[the New [Y ork
City(area.lIn/additionfolinteracting with @[dumber(oflindividuals, His[efforts were [particularly valuablelih
interfacing with [themajor [felevision Metworksand(Tocal New Y ork [City/stations, [as Wwell (@s [the tajor
photographicniews [Services.

23 COLLECTION/PROCEDURES

Thelidentification(oflsourceswas(only [the first/steplih thelcollectionprocess. [tlwas[then fiecessary [to
contact/the[source, [request [the taterial, [and make @rrangements [for [its fransfer. [Special [Considerations
such/as/dopyrightland privacylissues(dftennieeded(to beladdressed. [Dncelan [@greement Was reached,
arrangements Were thade fo [review [and [transfer [Copies 0fthe thaterial fo INIST.

Inlthelcollection process, @mphasiswas[placed[0onObtaining material lin(a[form thatwas(as[close(ds
possibleltbtheldriginal inlorder to haintain(astuch spatial [and fiming[information(as[possible. [Tn[the
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caselofldigital [photographs(andvideos, thislimplied(aldirectdigital[Copy. [For filmorslide photographs, it
wouldbedhightesolution(digitized Wersion[oflthe driginaledia, [@nd for[@nalogvideo, a/direct [copy
fromtheldriginal(source. While(it Was rot@lways [possible o thaintain/these standards, the hajority [of
material iltimately(dollected Was handledin [this thanner.

24 GENERALDESCRIPTIONOF VISUAL' MATERIALICOLLECTED

Aslexpected, theldamountlofvisual haterial from[September 11 waslimmense. INISTwas(ablefo[dbtain
access [fo [asignificant/@mount(ofirelevantimagery.hlexcess6f300hours6fvideolonmearly (150
separate(tapes Wereldssembled(and logged. [Wideo footagewas(provided by NBC,(CBS,/ABC,[CNNand
local New [Y ork [City [stations WABC, WCBS, WNBC, WPIX,WNY W @nd New Y ork [City [Dne. [[Tn
many (cases, [the[videosprovided motonlyincluded taterial broadcast[(known @s(air[checks), But(also
material thatwas(recorded but Mot broadcast(known(asduttakes). TAdditionally, Wideos fecorded by [hore
than40 individuals Wwere received.

Photographs have been provided by [aiumber(ofsourceslincludingldommercial [photoservices, the New
York[City [Police Department (NYPD), The Fire Department ofthe City [0f New Y ork (FDNY), land
individuals. IWelllinleéxcess[0f(7,000 [photographs, representing more(than 200 photographers, were
received. [Professional mews [organizations that[provided thaterial linclude (AP, [Corbis, (Reuters, the New
York[Times, the Daily News,[and the(StarILedger. [Many[oflthese[drganizations also [provided dccess[to
unpublishedphotographs. [Themajority [dflphotographs(dame fromlindividual [photographers, both
professional andlamateur.

Itis(difficultltolestimate [the[dctual amount ofrelevant [visual material (rfecorded (0n [September (11,2001,
and [thus, [folestimate iow [Complete[the[collection[éfforts were. [Therelis [Certainly taterial [thathas Mot
beenlidentified(and [ollected. THowever, NIST (believesthat(the extraordinarily large(collection [0fWideo
material that/itlassembledis sufficientfor [purposes[ofithe Investigation.

2.5[] DATABASING/ANDICATALOGING

Itwould have beenlimpossible toleffectively usethe Wastlamount(oflvisual haterial (collected [for [the
Investigationwithout/[Some heans(0f'organizing/and(cataloging(the material. [This [Section summarizes [the
approaches(and(proceduresused(for(these [purposes.

251 Digital(Storage

Verylearly [ih[thefask, the[decision Was Mmade(tosavelall material ih[digital format/dnlarge digital [data
storage(devices. [This[approachHad(several [advantages. [Becausethe taterial Wasin [digital form, it[could
belassessedIquickly. TtWwasmot mecessary[tolsearch [for @lparticular[photographic(cdollection(dr¥ideotape,
and[nolspecial équipmentwasrequired todisplay it. [Becausemost thaterial (wasdeceivedin[otherforms,
theldigital [Storage[Was, [in(effect, [@Backup [System[forthe original. TAdditional fedundancy Wasprovided
by backingip [thelentire [digital [Storage[system(atregularintervals. [Because videos were saved[digitally,
they(douldbelanalyzedising @variety [0fldcommercially @vailableediting[software.

Various|storage solutionsweredonsidered. TAnlapproach wasadoptedinhich(adentral(server @long
withfwo[325[gigabyte, lone200 gigabytelandone 160 [gigabyte éxternal (hard [drivesWwere[connected with
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eight(personal [domputers(équipped ivith 70 (gigabyte harddrives. [The personal [Gomputersfotionly
providedladditional [disk Storage, But/also[served(asWorkstations for dataentry [and[analysis. TAll [6fthe
systemswere [donnected By high [speedlethernetto form(a(single nietwork [donfigured [Such thatthelentire
system[became, [inleffect, alsinglemassstorageldevice. [Thelfotal @amount(ofistorage @vailable Wwasfoughly
1.6[terabytes. Duelto[Securitydoncernsrelated[to thelsensitive Mature [0f[Some[0flthe Visual material land
copyrightlissues, the[domputer metwork Was/(setup Wwith its[0wn dedicated [donnectionsand Waslisolated
from[thelinternet BackbonedfINIST. Policies wereladopted [thatrequired [all viewing[and @nalysis(oflthe
material [fo BeldonelinSecured foomshising(secured rietworks.

252 DigitizingTechniques

Whenew [visualthaterial was [received @t INIST, lit(was(stored [digitally [dn[the[dedicated [System. [Tflthe
material Was(dlreadylindigital form, [this[Simply [required (Copyingand(savinglit(On[the system. [Analog
material had[tb be(first(digitized [in [Some manner. [For lihstance, [dphotograph thightbe[scannedand
digitized, [or(dn(a@nalogvideothight beldonverted [folaldigital [video format((typically ini[DV)(and(then
copied[fo/the(datastorageSystem.

Eachlarrivingvideo wasloggedlinto VideoList,ld Microsoft[Access[database [@pplication that Was Written
specifically [for this fask. [Eachvideo [énteredin/the [database Was [assigned[a iiniqueidentification mumber.
Pertinentlinformation[concerning [the tape was[recorded, including lits[duration, [the metwork [and (broadcast
date, [ifl@pplicable, its [format(e.g.,(VHS, Hi[8, 0r[mini[D V), iwhere(the physical tape Wwas[stored, whether
theltape Was anloriginal(dr(d[copy, lits Source, Whether(ithad been [digitized, Whether(it[contained
embedded[time(code, [and [general motes (Onlits[content.

Figure2 1(shows/anléxamplelofithelentry(sheetfor(the VideoListldatabase. IV ideos[to belstoreddigitally
wereldopiedontolthini [DV [hedia, and [@achicopy wasl(alsolbggedlinto thedatabase. [VideoListlalso
contained(alcalculator [for @ssisting[in/thedalculation 0flclip fiming[as(describedin [Section(3.1.2.[Selected
videomaterial Wwas(then [fransferred tohard[diskfor[storage.

Video material Was[often found [to (have matural breaks, [Such(ds When [the [camera [Was [furned [0ffland [on
(e.g.,bylan(individual videographer) (orwhen(thultiple camerasivereiised (e.g., during [dMewscast). [1t[is
advantageous|toltreat(dach [0f these [breaksas [the(end [0flanindividual video. [[This Wasdccomplished by @
process knownlas “clipping.” [Byiising [Adobe Premiere softwareland @ personal[domputer(to [Control the
videolplayer, it(was[possibletolidentifylandnotelsuchbreaks inlal“clipfile.” [Thelclip file[couldlalso
containnotes(related [to[thematerial. [[(Mnce alclip file Was[generated [for(an(entire[tape, the[Softwarecould
take[dontrolloflthe video[player(and(go through [andlautomatically generate thultipledata [files[containing
thevideomaterial. [Thematerial thatWwasclipped Was[stored in[favi” [format, Which haintained [all 6 fTthe
digitallinformation.lThe thaximum(video(file[size that/could be Handled by this [System[Was[1 [gigabyte.
This[dorresponds o slightly horethan 4 1/2 tin(oflavi wideo. lLonger [dontinuous video [Segments Were
broken(ihto lengthshaving foughly(thisperiod. [Breaking ip Tongervideos [in(thishanner[also madethem
easier(to(searchland(catalog.
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2.5.3 SearchableDatabase

As[noted[earlier, [@Vast @amountofivisual (thaterial (Was[dollected[and [Saved (digitally as [part[ofithe
investigation. TWithout/[Some[organization, it would Have been impossible fo ise this material [éffectively.
Aldommercialldatabase [programwritten(specially [for Organizing WVisual haterial, [Cumulus, Wwaschosen
for(this [purpose. [This[softwarelisdesigned(to [collectlindividual [fassets” inspecified [datalogs and(fo allow
thelassets(fo[belcharacterized with @ Variety [oflattributes. It[is [possible[fo generate[specific @ttributesand
include lthesein[specially [designed [forms(for(dataéntry. [Once(alcataloghad been @ssembled, [it (was
possibleltbsearch [for @ssetshaving [@[specific @ttribute lor[combinationsoflattributes. [Quite Sophisticated
searches(couldbe(created. [t Was(dlso[possiblefoorder assets Based (onldparticularattribute. TAs[an
example, When [datesand[times Werelassigned, [thelassetsdould Beordered in/chronological lorder.

Two [Separate(catalogs, lone for [photographs(andone for video clips, were created [for Wisual materials
collected(aspart(ofithe Investigation. TEach [datalog Had(a[similarset Gfattributes that Was ised [fo
characterize [the @ssets[thatWwerelincluded. [These attributes were [chosen Based lon [the Meeds dflthis [thsk,
dealingwith[firedonditionswithin WTC, (WTC[2,land WTCI7,[and by[consultation With [staffldfldther
Investigationprojects.Table2 1[and(Table2 2ist/thelattributesised for [the photographiclandvideo
catalogs, [respectively. [7A [descriptiondfldach attributelis provided dlong With[details(on liow(information

NISTINCSTARI5A, (WTClinvestigation(| 9
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concerning|the(attribute Was [inputinto [the Worksheet. TFigure 2 2[showslanleéxampleofithe first/screen
for(thephotographicdata entry form.

10

Table2(1.TAttributes for photographicassets.

Attribute(] Definition[] EntryChoice
AssetReferencel Locationlofiphotographlin file[system [ Setby [Cumulus
Categories! Listloficategoriesinderwhichlthe photograph SetbyCumulus

isllisted, ltypically(thephotographer’s mame(or
source
Record Name ! Filemame oflphotograph (] Setlby[Cumulus
Photographer ! Photographer’sname!] Text
Received/from![] Wherephotograph was obtained [(Other”hay | Photographer
refer(toalthird [party, forléxample) WWW
Other
Original Source! How [photograph(was/added[to/the[collection[] | Digital Copylof/Original
Digital [Copy [from [Program
Digitized[SlidelorNegative
Digitized[Photograph
Uploaded(from Web
Use/Limited Photographer hasrequested (thatise 0fithe Checkbox
photograph(be limited
Copyright[] Alcopyrightexists[] Checkbox
Copyright’/Agreement! Usageldgreementwith NIST[] Text
ShotFrom![] Location/ofiphotographer!] Text
Date Recorded (] Dateland time[ofishot [ Dateland time
Time Wncertainty((s) Numberlofisecondshincertaintyin/thefime Integer
assigned
View Direction Location(oflphotographerwithrespect tothe North
WTC Northeast
East
Southeast
South
Southwest
West
Northwest
WTCIFaces Buildingface(s)Wisiblelin the photograph ] Checkbox [forldach (choice
[MWTC North[Face
MWTC [EastFace
[MWTC1SouthFace
IWTC West[Face
[MWTC[2North[Face
MMWTC2 [EastFace
[MWTC2(SouthFace
IWTC[2WestFace
[MWTC[7North[Face
MMWTCT]EastFace
[MWTC7SouthFace
IWTCl7West[Face

NISTINCSTAR(15A,[WTClinvestigation




CollectioniandHandlinglof VisualilMaterial

Attribute(] Definition[] EntryChoice
Distance Clarity (ofthephotograph Checkbox [for(each(choice
MNear [MNear=[Can [makelout(details Withinwindows
[Medium [MMedium =[Can/dountwindows
[MFar [[IFar[=Wnableto [dountwindows
Building Building(s) visiblelinphotograph!(’ Checkbox [for[éachichoice
MIWTCO
MIWTCR2
MWTCT7
[1Other Building
Ist[Plane Strike[! Photograph/showsthe [plane strikelon(WTCI1 Checkbox
2nd[Plane(Strike[ PhotographishowstheplanelstrikelonWTC[2 Checkbox
WTC[Collapsel] Photograph [shows|the[collapse df WTC[1 Checkbox
WTCRICollapsel] Photograph shows|the(dollapse lof(WTC2 Checkbox
WTCI7[Collapsel Photograph shows/the[dollapse df WTCI[7 Checkbox
Street Street(scene, [Oralstreetis[vVisibleinlthe Checkbox

photograph
Debris Debrislis visiblelin[the photograph Checkbox [forlgachichoice
[MAircraftDebris Type ofldebris:
[ICollapse Debris [MAircraft/=Can belidentified as[planeldebris
TDebrisInsideBuilding | I{e.g., ltires, lengines)
TStreetMebris [[Collapse=Resulting from [collapse
[MnsideBuilding = Visiblethroughwindows
[Iorlopenings
[IStreet=On street
Fireballll Initial fireball from(plane Istrikelis [visible[] Checkbox
Thermal Thelthermallis altallregion ofithe [smoke[plume | Checkbox
thatresults from(the lift[daused By the Hot[gases
oflthelinitial(fireball
Plume Smoke [plumelgenerated by [the [fires Withinlthe | Checkbox
towers [@andblown downwind. [Thismarker(is
checked (iflthelsmoke[plume [in[the[photograph
extendsfartherthanlalsingle[tower width.
FlamesVisible[] Flames|arevisiblelinthe[photograph(] Checkbox
People Thelphotograph includes [people Checkbox [for(each(choice
[Mnside [Mnside=Peoplelinside/the(buildings, at/the
TFalling [Mwindowsor[climbingdown
Mutside [IOutside =Peoplelon the street
Falling/building The photograph(shows/a/building[component Checkbox
component falling[(e.g.,[dluminumcladding)
Streamers [Falling Thelphotograph shows [d[streamer, @n(object Checkbox
thatlemits smoke aslit fallsand leaves/a[trail
Dripping Molten material [dripping from WTC2[is Checkbox
visible
Hanging(Floor Alsagginglorhanginglobject(suggestingldfloor | Checkbox

isvisible Wwithin thewindows

NISTINCSTAR115A, WTClInvestigation![]
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Attribute(] Definition[] EntryChoice
BuildingCore Photograph showsthe core of WTC[or Checkbox
WTC2E—[bothlremained(standing briefly
during(collapsebefore(falling
FDNY FDNY [personnellor[vehicleslarevisible, Checkbox [forlgachichoice
TFDNY [Apparatus including EMTs, firetrucks, [dndl@ambulances
[IFDNY [Personnel
NYPD NYPDIpersonnelorvehicleslarevisible, [also Checkbox [for(each(choice
INYPD/Apparatus includesFBIland [other[policeofficials
[INYPDPersonnel
ImpactlAircraft Photograph(shows aircraft/@pproaching(WTC[1 | Checkbox
or(WTC2beforelorduring thelstrike
Other[Aircraft Aircraft(other thanthelimpact(dircraftlare Checkbox
includedlin/the [photograph, [suchlashelicopters
or(fighterfjets
Good[for[Analysis Markphotograph(forpossible window by [ Checkbox
window lanalysis
Analyzed Thephotographhas beenised forwindow byl | Checkbox
window [analysis
Notes Notes,lincluding laldescriptionoflhow the Checkbox

photographwas/timed

NISTINCSTAR(15A,[WTClinvestigation
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Table(2(2. [Attributesforivideo(assets.

Attribute(] Definition ] EntryChoice
AssetReferencel Locationlofivideocliplinlthe filesystem[] Set by [Cumulus
Categories Listloflcategoriesunderiwhichlthe video[clip/is | SetlbyCumulus

listed, typically(thelphotographer’snamelor
source
Record Name!(] Filelnamelofivideolclip] Setby[Cumulus
Videographer!( Videographer’sname! Text
Content!] Contentloflvideo clip WTCI9/11[Footage
[MWTCI9/11[Footage=EventsbBeforelcollapse | Streetiscenel(notiming)
[MMMofWTCH Debrisfield
[[IStreet/Scene(no timing) Construction
(MDebrisfield =Ground(Zero after WTC(7 .
Normal [Operation
[Tcollapse o
TConstruction =Construction 0f W TC fowers AI‘nmanon
[fromdocumentary Still(s)
[MNormal [Operation=MNormalloperation [0f Interview
[MMbuilding, hisually from[documentary
[TAnimation =[Animation[0f9/1 1 [eventsfrom
([Mdocumentary
[[I8till(s) =Photographs/dontained [within
([MMdocumentary
[Mnterview =[Clip lonly shows/interview
Use/Limited Videographer has requested thatise0flthe Checkbox
videotape be limited
Copyright[] Alcopyrightlexists(] Checkbox
Copyright/Agreement(] Usageldgreementlarrangements with NIST(J Text
ShotFrom[] Location(oflvideographer!( Text
Date[Recorded!! Dateland [timelofbeginninglofivideo clip[] Dateland time
End[Recording!] Dateland [timeloflend(ofvideolclip[] Dateland [time
Duration!] Number oflminutes:seconds/contained(in'dlip[] | Realmumber
Time Wncertainty((s) Numberlofisecondshincertaintyin/thefime Integer
recorded//lendrecording
View Direction Location(oflvideographer with respectlto/the North
WTC Northeast
East
Southeast
South
Southwest
West
Northwest

NISTINCSTAR115A, WTClInvestigation![]
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Attribute(] Definition ] EntryChoice
WTCFaces Building(face(s) visiblelinthe video[clip ] Checkbox [forléach/choice
[MWTC North[Face
MWTC [EastFace
[MWTC1SouthFace
[IWTC West[Face
[MWTC[2North[Face
MMWTC2 [EastFace
[MWTC2SouthFace
IWTC[2WestFace
[MWTC[7North[Face
MMWTCT]EastFace
[MWTC7SouthFace
MIWTCl7West[Face
Distance Claritylof'theWideo [clip Checkbox [for(each(choice
MNear [MNear=[Can [makelout(details Withinwindows
[Medium [MMedium =[Can/dountwindows
[MFar [[[Far[=Wnableto [dountwindows
Building Building(s) visiblelin video[clip[ Checkbox [for(éachichoice
MIWTCO
MIWTCR2
MWTCT
[MOther Building
Ist[Plane(Strike[! Clip/shows the[plane/strikelon WTCI1 Checkbox
2nd[Plane Strike[ Clip(shows|the[plane(strikeldn WTC2 Checkbox
WTC[Collapsel Clipshowslthe(collapse0ffWTCI[1 Checkbox
WTCR[Collapsel Clipshows|the/collapseof WTC[2 Checkbox
WTCI7[Collapsel Clip showslthe/collapseofWTCI(7 Checkbox
Street Street(scene, (dr(alstreetlis Wisiblelinthe Wideo Checkbox

clip
Debris Debrislis[visiblelin(thevideo clip Checkbox [forleachlchoice
[MAircraftDebris Typeofldebris:
[CollapseDebris [MAircraft=[Can(belidentified(ds [plane debris
(Mebris InsideBuilding [M{e.g., [tires, [engines)
[IStreetDebris [ICollapse = Resulting from(collapse
[MnsideBuilding = Visiblelthroughwindows
[IStreet=On street
Fireball [ Initial fireball from [plane strikelis visible[! Checkbox
Thermal Thelthermallis(d[talllregion 0fithe smokeplume | Checkbox
that(results from(the lift[daused By the Hot[gases
oflthelinitial(fireball
Plume Smoke [plumelgenerated by (thefires withinlthe | Checkbox
towers [andblown downwind. [Thismarker/(is
checked (iflthelsmoke[plumelinthevideolclip
extends(farther(than(alsingletowerwidth.
Flames[Visible[] Flameslarevisiblelinthevideo clip[] Checkbox

NISTINCSTAR(15A,[WTClinvestigation
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Attribute(] Definition ] EntryChoice
People Thelvideolcliplincludes(people Checkbox [forleachichoice
[Mnside [Mnside=Peoplelinside/the(buildings, at/the
[Falling [MMwindows, orl¢limbing [down
[MOutside [MOutside = Peoplednthe street
Fallingbuilding/component[!| Theideolclip/showsabuildinglcomponent Checkbox
falling/(e.g.,[dluminum/cladding)
Streamers [Falling Thevideo clipshows/d[streamer, anlobject/that | Checkbox
emits/smokeds|it/fallslandleaves dtrail
Dripping Molten material [dripping from WTC2is Checkbox
visible
Hanging Floor Alsagginglobject/suggestingla/floor(isvisible Checkbox
within[thelwindows
Building(Core Videolclip/shows|the core0f WTCI1 [or Checkbox
WTCR2 E=bothlremained(standing briefly [during
collapselbeforefalling
FDNY FDNY [personnel(or[vehicleslarevisible, Checkbox [forlgachichoice
TFDNY [Apparatus including EMTs, firetrucks, [dndl@ambulances
[IFDNY [Personnel
NYPD NYPDIpersonnelorvehicleslarevisible, [also Checkbox [for(each(choice
TINYPD Apparatus includesHBIland(dtherpolicelofficials
[INYPDPersonnel
Aircraft Aircraftlarevisiblelin/the¥ideo (clip Checkbox [forleachichoice
[Mmpact[Aircraft ([Mmpact: [[Shows laircraftlapproaching(WTC1
TOtherAircraft [MMor WTC2 beforelor [during[the strike
[MOther: [Helicopters or fighter [jets
Major[Change One of the(following[events[takes [place(in/the Checkbox [for(each(choice
[MMajor Fire[Change video clip:
[IMajor Smoke(Change [MMajor Fire[Change: [Fire flaresip, [dies
TTWindows(Opened [Idown, lor[spreadstoamiew region
[MMajor [Smoke[Change: [[Smoke bursts, dies
(Idown, or(spreads/tb(aiew [region
[MWindows[Opened: [Window [breaks [open,
[Teither(due'to(firelor(to[people
Good[for[Analysis Mark video clipforipossible window [by[] Checkbox
window lanalysis
Analyzed The videolcliphasbeenused foriwindow byl | Checkbox
window [analysis
Notes Notes, lincluding(aldescriptionofliow thevideo | Text
cliplwastimed

NISTINCSTAR115A, WTClInvestigation![]
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E[nfurmatiun for Asset "MarkStetler_WTC9_1113.TIF" of "dbWTC"

fsset Edt Help

=18l x|

Field Name | Field Content

Categories Rall 1

L1

Record Name  [MarkStetler_WTCI_1113.TIF
Thumbnail

Photographes [Mark Stetler

ReceivedFrom  [Photographer

Original Source | Digital Copy of Original
Use Limited ~
Copyright? =

Copyright Agreem .. [

Shot From [BO Nassau 5t

Dats Recorded  [3/11/2001 51044 AM

Time Uncertainty (s]2

View Direction [ amt

WIC1Faces |
WICT Harth P [
WIC1 East Facel?
WTC1 SouthF.. [~
WIC1 WestFa. [~

WIC2Faces |
WIC2NathF. [

I

Rean| [ A2 3 B

B B a] ] ] ] ] ] o] on] ] o] 05 Bic] @l
Source: Thumbnail ©2001 Mark Stetler.

[Ga zuzem

Figure2(2.MAnexamplelofithefirstpagelofithe[Cumulus/dataentrysheetfor
photographiclassets.

Cumulusallowsthumbnails [ofleéntire(catalogs(orSelected [Subsets/to (beldisplayed. [This [hade(it [possible
toreview [large mumbers 0f photographsandvideo [clips [quickly [and fo[decide which were host [likely [fo
beluseful for alparticularpurpose. TA Variety [0flasset(characteristics [couldalso e [shown[simultaneously.
Typically,the[assetnamelandthe timelthe(dssetWwas recorded (wereldisplayed. [Higure 2 3(showslan
example [0fthumbnailstaken from(the Wideo [database.

Notall[dollected visual material wasincorporated [into [the [fwo [catalogs. [Photographsand wideos jiudged
notltb/dontaininformation [directly felevant fo [the Investigation Were Mot ihcluded. TEven so, the miumber
oflphotographsand¥ideo clipsladdedtb the[datalogs was arge. [The[photographic catalog lincludes
7,118assets, [andthevideocataloglincludes(6,982 [@ssets representing[dver 76 (hr0fimaterial.

16
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B cumulus - [WTcYideo]

Fle Edt WYiew Catalog Category Cgllection Asset Specal Window Help

1l
=18 x|

Bl
=] #|e=|| [Ofo )=l

5] MSNBC Investigates Out < |
(5] NBC Atlanta 10 ko noon
(5] NBC Atlanta noon to 2
% &1 NEC Restricted - 2 Tape:
(5] NBC Short Collapse of
(5] NBC_Broadcast_6-455
(5] NBC_Miewss Dub from Jim
(5] New York Firefighters br
(5] NOVA PBS_Why Towers
(5] NY1-6 raw field tapes
(5] NY1-onair phus 5 raw br
(5] NYPD Aviation 9-11
(5] NYPD OMAP B
(] Onno deJong
(5] Pavel Hiavel
(5] PBS - The Center of the
(& PBS Twin Towers A Histc
(] PBS_Heroes of Ground 2

(5] Sekani Compilation of Cl
(5] Skidmare, Owings and M
(5] Sorensen WTC
(] SpedialfImportant Clips
(&] Steve Spak Smm
(] Steve Spak Mini DY

[ (5] Stevens - 2 Tapes
(5] Tim Main and Mike Ballou
(5] TLC _WTC_&natomy_of
(&1 Unknown Source - Short
(5] Vince Dementri CBS WG
(5] WABC Broadcast
(5] WABC NIST Dub #1
(5] WABC_Helicopter Shots
(5] WCBS NIST Dub #1_Dar
(5] WCBS NIST Dub #2

Myers_clipl.avi

9/11/2001 8:47:01 AM

Myers_clip2.avi

9/11/2001 2:48:35 AM

Myers_clip3.avi

9/11/2001 8:4339 AM

=] Repart from Ground Zen { 911,2001 8:48:31 AM 9/11/2001 8:48:54 &M 9/11/2001 8:53.38 &AM

(&) Richard Peskin

(51 5am Risgel Myers_clipd avi Myers_clip5.avi Myers_clip6_avi o
8 Scott Myers

9/11/2001 853:29 AM 3/11/2001 8:57.23 &AM 9/11/2001 3:01:29 AW
{e] WCBS NIST Dub#ﬁ-aev 9/11/2001 857:33 AM §/11/2001 9:01:39 AM 9/11/2001 905,39 AM
w1 MRS MTET Pk #4 - L
T i b
| [127 of 146 Categaries (1 Selected) [11 of 6278 Records [

Source:Thumbnails ©2001ScottMeyers.

Figure(2(3.TAnexamplelofialCumulusassetscreendisplayforithe video/database.
Thumbnailsiareishown/alongwiththe timeland/dates whenthelrecordingstarted
andlended.
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ThislpagefintentionallyTeftblank.
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Chapteri3
TIMING OF PHOTOGRAPHS AND VIDEO CLIPS

Sinceloneloflthe thajor(goals 0flthis[task Was[the[developmentlofitime lines[for fire [growth and [Spreadlin
World(TradeCenter (WTC) 1 land WTC2,itwaslimportant[foassign timesdflknownldccuracy [foassets

includedlinthefwo limage[datalogs. [This[task Wwas(greatly [complicated by the @bsence 0 flaccurate fimes

for [themhajority [0f Wisual material [dollected.

Thelvisual taterial@assembled(during[the Tnvestigation (dan be classified [into fwo [broad [Categories With
regard[fo fimelinformation—material fthatincorporates/someindication [0f relative[fime(and [that for Which
no(timelinformationl(is [provided.

3.1 VISUAL'MATERIALINCORPORATING TIMESTAMPS

Modernphotographiclandvideo(digital .cameras(often record [Cameralclock fimes [@s[part [0fTtheir [Gutput.
Forphotographs, [thisinformationlisiisually [stored (as(an(integral(part[dfitheimagein @header knownas
an[EXIF file. [Similarly, [digital video[cameras(oftenembed(a variety[oflinformation, [including[the[camera
clock time, as[part6fiwhat(is known as thetadata. [Softwarelis@vailable[for reading these clock [times
from [EXIF land[dther metaldatamedialfile formats. TWhilela[greathelp, these times Lisually still required
someladjustmentbecause [peopledo mot generallysettheir([dameraldlocks(accurately. [InSome cases,
clocksiwerefound|[tobeoft by [days orleven[years. TEven[so, therelative fimes (Gver(theshort fimeperiod
ofltheleventsofSeptember(11,2001, Wwere quite dccurate.

Occasionally,[@analog[photographicand Wideocamerasimprint[d[fimeStamp [On[their [Qutputsthat[can
providerelativetimes/similar to[EXIF [orthetaldata.

Thefollowinglsubsections(describe [@pproachesland(toolsthatwereldeveloped to partially [@utomatethe
assignment/oflaccuratefimes[fo(series[df[photographs [and videos/dontaining [integratedfimeinformation.

3.11 Photograph(Tools

Inlorder(tb hake(the Bestiiselofthelihformation embedded(in(digital photographs, [Softwarewas [required
tolretrieve the[EXIF [fileihformation @nd(foadjust/the fecorded clock fimes. The/commercial [Software
packageCatDV [is@ble(fo retrievemetaldatalembedded(in(avariety [0f thedia formats, ihcluding [digital
photographsandmini[DVs.IThe[Access(database PhotoTiming[Was written [for the [purpose0f
determining(the(dctual [fimes for[a/set 0f[photographsgiven therelative [EXIF [fime for(dachand(alsingle
accurate(time reference. [For(a/set of[photographs [sharing @lcommon(dlock from[the[Samedigital [damera,
anlaccurate fimefor(alsingle photographwas/sufficient to [Setthe relative fimes [for(the @ntire [Set.

Figure(3 1(showsaPhotoTiming[datalsheet[for(alselectedsetdfiphotographs. 1A filegenerated by [CatDV
containing the EXIF [data for(dach [photograph, lif'available,Wwas rfead into Photo Timing. [Thelequivalent
EXIF [and known [relative[times Were entered (into[the [@ppropriate [fields atthe tipper right(0fthe [data
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sheet.[[Selection(oflthe[Calculate Photo Times button filled the[Actual [Timedolumn With thelappropriate
values[for@ach[EXIF [time. (Inthis[éxample, the EXIF [fimes Were found [fo be[off By 102 s.

2 PhotoTiming I =131 x|
File  Edt  View Insert Format Records Tools  Window  Help Type a question For help |+
E < s Sans Serif -8 prulEs=2 A L=,

M- HE SRR @2 TFET A K@ B 0.

B9 frmPhotoList
Photographs
et s L Nicolas Cianca EXIF Refererce Tine [Sep < [11 2001 [ :[25 :J42 [aM = ALY
Inness

is equivalent to
ActuslTime  [Ben T[T 2007 1| [3 :[2e fon fa =T | TeRePhele
Click on buttan to select phato for time calculation

Phota Souce Phota Name EXIF Time Actual Time d
e INicn\as Ciancal IEIANE‘A_DSENN E1.PGI ISED 11, 2000 17:26:131 |9mzznm 5:24:31 P

[ |Nicu\as Ciancal |CIANCA_DSCN21 E2.FGI ISEp 11, 2000 17.27:491 |9.v‘11.-/2001 5:26:07 P

T |Nicu\as Ciancal |CIANCA_DSCN21 E3.PGI ISEp 11, 2000 17.28:241 |9.v‘11.-/2001 5:26:42 PM

i |Nicu\ax Ciancal IEiANCA_DSCNﬂ B4.PGI Igsp 11, 2001 17 28:551 ISMWZUM 5:27.13 PM
W [Micolas Ciancal ICIANCA__DSCN21 ESIPGI ISnp 11, 2000 1725161 |9;11zznm 5:27.34 PM

"'t"ﬁa H Uncheck Al
...Phelos..| Phatos

Record: 14 ||| 70 _» [vi vk of 115

Form Yiew s

dstan| | ) @ B EE @ || miipstabsses | EElfmvian: Form | [ES frmPhotolist <2 cumuius - dbwrc | Blinformaton for .| (B eEd dal®  ciozpm

Figure31.MAnexampleofthe[PhotoTimingsheetfori¢calculating timesforphotographs
containing [EXIF metaldatalisishown.

3.1.2 Video(Tools

Inladdition [fo [containing the Wideo database(describedlin[Section2.5.2, [ VideoList(also assisted with
timing [theclips [faken from(@videotape. [This function was[similarfo [that ihthe Photo Timingtool. [For(d
broadcastvideothatwas(filmed [in[real time, the fiming ofleévery cliplinthe wideo, [exceptfor [replays,
couldbelsetfrom knowing [the time at(d[single [point. TAneéxample0flthis ise0fVideoListlis[shownlih
Figure(3 2.MAlclip filelgenerated(in[AdobePremiere(for(alspecified videowasreadlinto[VideoList.[The
mini[DV time(oflan(éventlinthe Wideo Wwhose timing Wasknown, such(dsthe moment [dflthe second
aircraft impactlon WTC 2, waslidentified. [Both [times Wereléntered(into [the @ppropriate fields dtthe ipper
right(oflthe(datalsheet. [[Clipstobetimed (excluding replays) Wwereidentified by [a check mark, [and the
requested(calculation resulted(ih[theactual fimes [in [and [out for[@ach clipds[shown ih (Figure3 2.1This
toolwaslalso mseful lin [dalculating|start fimes [for ([Continuous Wideo [Segments (brokenlinto multipleclips.

Forlgachmini[DV videolthat[dontained metaldata, [CatDV [was ised [to [extract thedlock times [fortheIn
and/Qutpoints[forieach(clip. [Thesevalues/énabled/the timingoflévery [clip ih[the Wideofrom(alsingle
referencetime.
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2 videotapes — .-J.m&l
Fle Edt View [Insert Formst Records Toos Window Help Type a question for help  |»
= || M5 Sans Serif ~|8 - B I U0 E=

M- Hyg @V iBR|» 2| Ya Y éal % FEe- 0.

= frmTapeClips

Video Clips

Min  Sec  Frame

Tape_Name an Myers - 9711 video - East faced ﬂ OVRefeenceTime [ [ ;[ ;[ CeluateCip

Times

is equivalent to

Tape ID [ 2 Tape Length min [ &0
Actual Time l_ i l_ 3 I_ ] [_ Repart Clip Tlmesl
Chick on button bo select clip for ime calculatic
Clip Hame DY Timeln DV Time Out  Actual Time In Actual Time Out  Duration Mates ;I

— lM_vel‘s_ciﬂl I&iﬂ,ﬂﬁ;ﬂﬂl 00:01:33:121 [ 00:01:30:13 IEast faces of 1 and 2 From street Medium distant vie
— IH_vers_cﬁﬂl mﬂﬁ 000152021 l 00001820 IEast faces of 1 and 2 From strest Medium view Bef(
1 IMM,BEGI Imfﬁ 00:05,52.001 108.43.38,11 08:53:35.:08 ,W [SIarl of continuous track. East faces of 1 and 2 From
I3 !M_vers_cﬁ)dl lﬁﬁ;d?ﬂﬂ! 00:09:52:001 108:53:28;08 08:57:39:02 00:04:10:0 lan in cortinuous frack East faces of 1 and 2 From

=3 IMyers_l:ﬁ)EI mﬁ?ﬂﬂ! 00:13;52.000 08:57:28:08  |09:01:38:08 00;04,10.01 lSrd in continuous tack Eastfaces of 1 and 2 From s
3 IMya's_nﬁﬂ IE—B:H_'QM 0017 :52:000 lDS'D] :28:08  |03:05:38:08 00:04:10:01 |4th in continuous tacking. East faces of 1 and 2 fron
I IH_vers_pla’B_ﬂei m:w{ 00:15:21:161 | 00:00;14,07  |Plane strike East faces of 1 and 2 From street Medi
1= IHm_m@FI Wm mm [00,04.10,01 Eth in continuous track East faces of 1 and 2 From s

Check AICips | Uncheck AllClips |

Record: Ml 4 [ 111 e [ei]ee]of 172

Tape name L

amill HerEald | yR:ipatabases | Syc:\peaume... | Bscottttyers... | B fmbtain : F... | [ videos |[EfmTapect.. [® S S@aBG 1124 a0

Figure(3(2.MAnexample(ofithe VideoList'sheetforicalculating ¢liptimesforvideoassets.

3.2 VISUALMATERIAL WITHOUTITIMESTAMPS

Mostlanalogvisualldevices,suchlas(film based photographicland Wideo [cameras(and [@analog [video
recorders [thatrecord(on [fape, domotprovidelalclock output/thatlisrecorded. [For(these [dases|it Wwas
necessary [fola@ssign [fimesiising @pproaches(such @sithosedescribed below. [In thecaseldfiphotographs,
thislrequiredlassigningatime [foldachlindividual [photograph. [Thesituation/is[similarforvideo
recordings, butwith@major(difference. [VideocanBbethoughtdfbBeing [comprised 0flaseries [0flclosely
spacedlimages, known (as frames, having[very (well [defined[dnd known[time[spacing. [Aslong(as the
camera [recordscontinuously, [the fimes for [thelentire Wideocould belassigned by [simply [determining [the
absolute fime for(alsingle frame.

3.3 REFERENCETIME

Recognizingthatthe tajority l0fifiming linformationavailable from [the Wisual material litselfWwas[0fTHigh
relativeldccuracy, [butloftinknown [and Variableabsolute@ccuracy, [@[fimingschemeWasadopted(inWhich
all[ofthetimes [for [items in the [databases were[placed lon[d[dommon Telative fime(Scaletied [fo [@[single
well [defined[évent.[Duetb the large liumber Ofldifferent Wiews[available, the momentWwhen the Mose 0 f
thelSecondldircraftistruck the(south face 0fTWTC2 was[chosen o [Bethis[fime. [This[éventWas/defined [fo

NISTINCSTARI5A, (WTClinvestigation(| 21



Chapter(3

have(occurred(at[9:02:54a.m.basedon fimes [for majorléventslincluded(in [the €arlier Federal Emergency
Management[Agency (FEMA) report (McAllister2002)(describing [thelevents[of September(11,2001.

3.4 TIMING TECHNIQUES

Once [the referenceltimewas(chosen, lit was[possible[to [place times(dn [Wideos [that[showed [the[second
aircraftlimpact. [By(ratchingother [photographsand videos [to these [initially [dssigned [wideos, the
assignments werelextended [fo[visual materials thatdid notlinclude the [primary [@vent. [Using [this[process,
itWwas(possiblelto[placephotographs/and wideosleéxtendinglover(thelentire [Period [Oflthe @ventlon alsingle
timelline. [SBetslofiphotographs(containing EXIF times(and videoclips [that[gither (dontained hetaldata lor
wereldontinuous Over relatively long[periods were [particularly hiseful (for (this [purpose, (because @single
timelassignmentwould[allow [the entire [series fo betimed. [Bets0fiphotographsrecorded (on[filmlor
analogVideos(thatWere [frequently [furned [on and loftWere[the most(difficultitems[fo fime[sinceindividual
matches were required for(@ach photo(orvideolclip.

Matching Visual iinages(and[assigning[timesfurnedout/to bela[demandingfask, requiring tinique
approaches. [TA variety [0flcharacteristics Were @mployed (o match times(in [different [photographs(and
videos. [Theseincludedistinctishadows cast(on [the buildings By [the Smoke [plumes, [the [@ppearance and
locations[oflsmoke[and(fire plumes, theloccurrence ofWwell [defined [€ventssuchas(a(falling[Object(dr the
sudden(dppearance oflsmoke,d@nd [@variety [0fldther inlikely [dlues(such(as(alclock Beingrecorded(in lan
image.

3.5 TIMES[FORTHEFIVEIMAJORIEVENTS OF SEPTEMBER 11,2001

Tolassistlinthe fiming[process, relative times for thefive major [évents 0f[September (11,2001 [Tfirst
aircraftlimpact,(second(dircraftlimpact, [dollapse 0f(WTC2, collapse 0f WTC1,and(dollapse 6f W TC 7 1]
were(determined(with[l[slaccuracies. [These [fimes [are'summarized(in[Table([3[1. Motethatthe Building
collapse [fimes are(defined [fo [beWhentheentire Building Was [first[observedtostartfocollapse. Tnthe
case[0fTWTCI7,alpenthouse(onthe fooflsank(ihto [theBuilding before [thethain (dollapse [Started.

Table3M1.Timesforimajorevents of(September11,:2001.

RelativeTime AdjustedTime TimeBasedon
fromVisual from(Television TimeReported(in LDEO Recent
Event Analysis Broadcasts the FEMA [Study Analysis

Firstldircraftimpact 8:46:25@.m. 8:46:30@.m. 8:46:26/d.m. 8:46:29a.m.
Second gircraft 9:02:5478.m, 9:02:597@.m, 9:02:547@.m, 9:02:57.m.
1impact
Collapselof WTCI2[] 9:58:54/a.m. 9:58:59@.m. 9:59:04/a.m. 9:59:07@.m.
Collapselof WTC1[] 10:28:17/a.m. 10:28:22[a.m. 10:28:31[a.m. 10:28:34[a.m.
Collapselof WTCI7[] 5:20:47p.m. 5:20:52p.m. 5:20:33p.m. 5:20:42[@.m.

Itlis motlonly [importantto@ssign relative fimes [for photographs [and Wideos, Butlalso fb [provide [dn
indication [for(liow(accurately [they(areknown. [For [this feason, fiming incertainties Were[eéstimated for
eachltimeldetermination andfincluded(in the databases.
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TiminglofiPhotographsiandVideo[Clips

Thetiming[processwaslihitially [difficult. THowever, [Task[stafflfiming [skills iimproved ith[practice While
morelvisual material became/available,(dnd the Mumber offimed(@ssetsincreased. MWitimately, 3,357 (of
the(7,118Icatalogued photographs/and 2,7890fthe (6,982 wideo clips(in [fheldatabases were timed with
assigned [relativeincertainties [0f[3 [S[or Better.

3.6 ABSOLUTEITIME'ACCURACY

Many(ofthe mewsBroadcastsion [September(11,[2001, hadthe[durrent fimeimprinted[on thelscreen. [These
imprints(are known [in thelindustry(dsTbugs.” TAs(these broadcasts Were(timed, [it became [@pparent that
therewerelsmallldifferencesBetween[times [for [the[second @ircraftlimpactbased(onlthese Bugs(and the
time used(asthe Basis for(the[database. [Checks(with [several broadcasters(indicated that the bugs(should
belquite[close [fo thedctual fime[because theldlocks ised(as[sourcesfor[the Bugsareregularly lipdated
fromhighly [@ccurate [Sources, [such(ds [geopositioning satellites or(the [preciseatomicc¢lock (based fiming
signals(provided by INIST [@s(@public(service. [Careful [checks'showedsmall fimedifferences between
different video(recordings, butlthese were generally lessthan(1 (8. [These [smallldiscrepancies were likely
duelfovariations/infransmission [fimes [resulting from[the different pathways[thatthe Wideo[signalsfook[to
thesites Where[theyWererecorded. TBased(on [fourihdependent Wideo rfecordings, [the(actual fime[dfthe
secondlaircraftimpactiWwas/determined fo[be[9:02:59d.m.,[or(3 S laterthan[the timelassigned[in
developing(the(database. TTheléstimated incertaintyis[1[s. [Table 31 compares fimes for themajor(events
taken [from(the(database, [@djusted [fb [felevision fime, [@nd [feportedih the [FEMA [report (McAllister2002).

Theltimes/listed for the ajoreévents [in the [FEMA [report(McAllister[2002) werebased [on[Seismic
signals [(andlanalysis)recorded By [the lLamont [Doherty [Earth [Dbservatory (LDEO) (0f[Columbia
University atlalbcation21 iles fromthe (W TCsitelin [Palisades, Wew Y ork. [These [Signals Have
subsequently [been rfeanalyzed by ILDEO, svorkinginder(alcontractfromthe NIST (W TC Investigation.
(Kim,[2005)TA [reinterpretation 0f the [fypes dfiseismic signals received resulted inslightly (revised fimes
for[themhajor(évents. TTheresults0flthis recent(@nalysis(are/alsoincludedinTable[3[1.TheRincertainty
for(the first@ircraftlimpact on(WTC1,thelcollapse 0f WTCI2,[and[thecollapse df (W TC[1 were reported
by [LDEO fo[be(1s, While thatfor[the @ircraftimpact(on[WTC2(is 2[s.[[Recalling fhattincertainties [for
times [0flthe[thajor eventsbasedonthe(television broadcasts [are(éstimated [fo (Be (1 [, [it[dan beseen from
Table3 1 lthatlthe two [@ircraftimpact fimes(derived by NIST[and ILDEO now [agree Within the combined
uncertainties.

Timesllistedin(Table31 forltheldollapsesofithefiwo fowers based ontheltelevision fecordsland the
revised [LDEO [analysis @ppear [to[differ significantly. [These [differences are likely [due [fo [different
definitions [used for [thecollapse times. [Thefimes (based [on Wisual @nalysis refer tothe fime When [the
collapse [oflatower [first becamelevident, while(thefimes based[dn[Seismic records(likely lindicate the time
when(the falling [debris(first(struck thelground. [Theldifferencesbetween[thefwo fimesWere @stimated [to
beldpproximately Qsfor(WTC2[and@pproximately (11 sfor WTC (based dnvideos[oflthe(collapses.
Whenlthetimes rfequired [for(falling(debris[to feach the [ground [aresubtracted [fromthe ILEDO times, the
collapse [fimes [also[agree withinthe [feported incertainties.

Sincelthe(times[derived/from [televisionbroadcasts|((i.e., thosein[Column(3 [0fTable[3([1)[are believed[to be
accurateland(alsolagree Wwith[thethost[recentanalysis (0flseismiclsignals, 5 Swerelddded(to [fimes lincluded
inlthe NISTWTCdatabaseswhenpreciseltimes were feported for [the Tnvestigation.
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