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The EPA Accident Invedigation Program

EPA has aresponsibilit y under section 112(r) d the Clean Air Act Amendments of 1990
for the prevertion ard mitigation of accdertal chemical releases.Ore o the fundamertal ways to
prevert accderts is to understand why accderts accurard to appl the lessas leaned to prevert
future incidents. Consequently, EPA has a responsihilit y to investigate and understand why
celtain chemcal accderts have occured. A keyobjectve o the BPA chemical accdert
investigation program is to deermine ard report to the pubic the facts, conditions, circumstarces,
ard causes olikely causes fochemcal accderts that resuts, or could have resuted n a fatality,
serious injury, substantial property damage, or serious off- site impact, including a large scale
evacuaton of the gerral pulic. The utimate goal of the acailert investigation is to deermine
the root causesn orderto reduce he likelihood of recurence, minimize he cansequerces
asseiated wih accdertal releasesard to make chemical production, processng, handling, ard
storage safr. Thisreport is a resuk of anEPA investigation to descibe the acailert, deermine
root causes ahcantributing faciors, ard idertify findings am recanmendations.

In the BPA accdert investigation report prepaation process,companes mentioned in the
report are provided a daft of only the factual portions (no findings, conclusions a
recanmendations) for their review for confidertial business nformation. Federal agerties ae
required by provisions of the Freedan of Information Act (FOIA), the Trade ®crets Act, ard
Executve Order 12600 b protect confidertial business information from pubic disclosure. As
part of this clearance process, companies often will provide additional factual information that
EPA considers ard ewaluaies for possble inclusion in the final report.

Chemcal accderts investigated ty EPA Headquaters are canducted by the Clremical
Accidert Investigation Team(CAIT) located n the Chemical Emergercy Prepaedress and
Prevertion Office CEPPO)at401 M Street SW, Washington, DC 20460,202260-8600. More
information atout CEPPO ard the CAIT may be found atthe CEPPO Homepage o the Internet
at http://www.epagov/ceppo

Basis of Decison to Invedigate and Scope

An explosion and fire occurred a the Pennzoil refinery in Rouseville, Pennsylvania, on
October 16, 1995, resulting in deahs, injuries pulic evacuaton, ard dgnificart plart danage.
EPA ard OSHA undertook aninvestigation of this incidert because bthe serousress @ the
consequences and the opportunity for lessons learned to prevent a smilar accdert from occurring
in the ckenical ard petochemical industy. The scge d the investigation ard this report are
sdely focused o the canditions ard circunstarces glated to the sbrage anks wiere the
explosion ard fire occured. This report is based on information gahered aml developed ly EPA
ard OSHA before OHA reacted aly setlerert agreenert with Pennzoil. However, OSHA had
no pat in writing the report.
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Execuive Simmary/Overview

At alout 10:15 am., on October 16,1995,anexplosion ard fire occurred atPlart No. 1
of the Pennzoil Products Company refinery in Rouseville, Pennsylvania. After the initial
explosion, flames quekly ergulfed a brge aea d the refinery, including areas uder
construction, storage tailers, a trailer where cantractors took work breaks,ard many storage
tanks. The flames ignited several tanks containing ngphtha and fuel oil.  During the fire, several
loud explosions could be head as conpressed gas ¢yders ard ather seagd cattainers exploded.
The exlosions hurled sane plart delris beyond the fenceline. Thick black snoke spead
throughout the aea. The fire forced Rnnzoil enployees ad cantraciors atthe phar, residers o
the town of Rouseville and an dementary school, and the Pennzoil offic e across Route 8 from the
facility, to evacuate. Hrefighters extinguished the fire a about 12:30 p.m. that same day. Three
workers were killed in the fire, and three others were injured. Two of the injured died later as a
result of their injuries. The fire resulted in extensive damage to the facility. Minor “sheening”
was reported on the stream that runs past the refinery, but there were no reports of any materials
spilled into the stream or environmental damage.

A welding operation was nh progress a1 a sevice shirway located etweentwo wase
liquid gorage ainks (Tarks 487 anl 488)at the ime of the incidert. These tanks contained
mixtures of waste hydrocarbons and water. A hat work (welding, cutting) permit had been
prepaed, as equired by Occupaibnal Safety ard Heath Administration (OSHA) stardard, which
included conbugible gasdetecton prior to welding to ersure the sfety of the wark.

The EPA Chemical Accident Investigation Team (CAIT) identified the immediate cause of
the fire and the conditions which triggered the serious consequences. The immediate cause of the
fire wasthe ignition of flanmable vapors in Sorage ank 487. Althoughthe CAIT could not
determine the exact mechansm, there ae atleasttwo likely scemrios: undetected fanmable
vapors emitted from tank 487 wee ignited by anignition source whch thenflased back nto the
tank; or anelectical discharge in the tank 487, gererated by the ac welding, ignited flammable
vapors in the tank.

Whenthe flanmable vapors in sorage aink 487 gnited, its combugion likely caugd a
rapid pressue increasenside he tank. The tank failed abng its ottom seamard shot up nto the
air, instartaneously releasing its erire conterts. The tkurning liquid releasedriom tank 487
appaently caugd the ignition of flanmable vapors in the adacer tank, tank 488. Tank 488 a$o
falled abng its bottom seamard stot up, releasng its caterts. Since hese wo storage anks
have no secadary containment, the kurning liquid releasedrom these wo tanks quckly spread
the fire through the refinery.

The CAT idertified he following as oot causes ahcatributing factors in the acailert:
. Vessel design, integrity, and mantenance were inadequate. The vessels did not have fire

protection capabilit y and had no provision for ether emergency venting or frangible roof
seans. Following the explosion of vapors, the vesses failed abng their corroded lottom
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seans, releasng their conterts.

Preparation for hot work in the sbrage ank area wasnadequag. The tanks containing
combusiible a flammable vapors were not thoroughy isolated fom the hot work site ard,
in addition to the welding itself, several ignition sources were present.

There was adck d awaeress @ the impact of charging conditions at the ot work site.
Although combustible gas testing prior to the sart of hot work early in the morning
indicated that vapors were not presem, gradualwaming cauld meke the preserce d
combustible vapors more lik ely.

Equipmert siting ard containmernt was nadequag. Burning liquid releagd fom the tanks
was not contained or impounded, impacting other areas of the facility. In addition, tool
ard work break tailers were spdted within a gemral containmert area rearthe tanks.
These trailers were degroyed by the liquid ard fire.

The CAT dewloped te following recanmendations that addess he root causes ah

contributing factors to prevent areoccurrence or Smilar event at this and other facilit ies:

Process saty managenent systens arl process hzads amlysis techiques shuld
include wast handling operations to ersure that al chemmical ard process hzads ae
identified and controlled and equipment integrity is mantained;

Pennzoil and other facilit ies should examine hot work permit processes and consider
developmert of managenent systernrs to ersure that all vapor ard ignition saurces ae
idertified aml cantrolled;

Facilit ies need to recognize the impact of changing conditions on hot work and other
hazadous wak tasks. Industy should consider the value o continuous a peliodic work
pemit rechecks ad the appicaion of process hzad aralysis techiques 0 ersure
greater control over passble clarges n routine wak situations;

Facilit ies should use hazad assessert techiques b addess he hazads assoiated wih
vehicular access ahlocaton of temporary work trailers in the vicinity of storage \esses;
ard

The potential for catastrophic vessel failure, no mater how remote, should be evaluated
along with other likely spill and leak scenarios, to determine the need for secondary
containmert or other impoundment as a rears d preverting impacton other site areas.
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10 Background
1.1  Facility Information

The Pennzoil facilit y in Rouseville, Pennsylvania has been in existence for about 100 yeas.
Thefirst U.S. oil well was drilled near Titusville, about 10 miles north of the refinery, in 1859.
The refinery sits in a river valley along the eastrn banks o the Ol Creek. The town of
Rouseville, with approximately 750 residerts, is located rext to the refinery. The fadlity refines
crude al into a rumber of hydrocaron products ard has keenexparded am modified many times
over the years. A new wax plart was umer construction at the ime of the incidert.

Exhibit 1 is amgy showing the location of Rouseville in Pennsylvania. A mgp of the
Pennazil refinery ste is shown in Exhibit 2. The aea d the explosion ard fire is indicated by a
box on the map in Exhibit 2. Exhibit 3 shows in more detil the aea rearsorage anks 487 arl
488 wrere the explosion ard fire occured.

About 20 aher large dorage tnks were located n the same area aganks 487 ail 488.
Next to tanks 487 anl 488 wee a rephtha tank, two number 6 fuel oil tanks, ard several other
tanks being sericed GeeExhibit 3). To the westard north of the tanks was a cocrete wall,
alout five feettall, sepaating the phrt area fom the Ol Creek o the westside anl a steamto
the rorth. Along the wal were four trailers, including three ol trailers where caitractors
working on site kepttheir tools ard a railer where the cantractors took their breaks. Within this
walled section is a mantenance road used by facilit y personnel and contractors.

The BPA Chenical Accidert Investigation Team(CAIT) focusedts atention on the
conditions ard circunstarces elated to the sbrage inks where the explosion ard fire occurred.
The sedions below descibe the equpmert, operations ard actvities accurring at the ime of the
explosion ard fire.

1.2 Process Irformation

Tanks 487 aml 488,where the incidert sarted, were used or soring wage nixtures of
water and oil or other hydrocarbons, some of which were recovered from spills. The purpose of
the tanks was to hold waste water and control its release into the water treatment facilit y through
gradual drainage, thereby preventing overload of the water treatment facility. The waste mixtures
were punped nto the tanks from vacuumtrucks which cdlected he wase liquids from drains,
equipment, or other locations around the ste. Over time, water and hydrocarbons will naturally
separate ard form distinct liquid phrasesbased on dersity ard pdarity of the meterial. Following
sepadtion, the hydrocaron layer could be returned or use asdedsbck or reprocessng, while
the waer layer is gradualy drained to wagewaer treatment. Tanks 487 awl 488 wee not
connected ly pipes b ary other tanks.
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Exhibit 3
Area of Explosion and Fire at Pennzoil Refinery

Site of welding
at time of explosion

s, O
\ O

Notes
Curved lines indicate trajectory of tanks 487 and 488 Tank 662: Empty, being cleaned
Tanks 487 and 4883: Oil and water mixture Tanks 232. 233: No. 6 fuel oil (thick, heavy oil)

Tank 208: Naptha; burned in place
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Tanks 487 aml 488,which were smilar in sze and design, were 30 feet in diameter with
25foot high sdewals ard five-foot high domes. The tanks, built in 1937,were constructed of
steelplatesriveted together. The riveted "umbrella’ domes were replaced m 1950. The tanks
were alout four feetapat ard shared a conmon setof stairs leadng to the top for enployee
activities such as gauging the volume of liquid in the tank or inspections. These tanks were not
individualy diked;i.e., they did not have a secadary containmert wal around them Howewer,
they were located in a general tank farm area that had walls and berms to prevent any spilled
materials from reacling the Oi Creek.

At the time of the incidert, a threeinch trarsfer hose was daped @er the sde d tank
487. Ore e of the hose extended a éw feetthroughthe nmanway (alarge goening in the top of
the tank for access)nto the top of the tank while the ather erd exended © the ground outside.
The hose was Hd in place uderthe sairway structure with wire. This hose was usef
trarsferring liquids fom vacuumtrucks nto the tank. Inside he tank was ato a novealle
pipeine (‘swingline”) that connecied b a valve autside the tank nearthe kese. The swingline was
used b drain liquids from various levels within the tank, e g. at the bottom, water could be drawn
off; nearthe top, hydrocarons. The ekvation of the swhgline was adjsted using a cake ard
pulley arangemert on the sde d the tank. At the ime of the acailert, the swngline goening
insde ank 487 wagpositioned alove the liquid level in the vapor space d the tank. Fnaly, a
drain valve arl hose wee fitted to the ste d the tank nearthe kese. The tose exended fom the
side d the tank to a ®wer located rearthe rephtha dorage ank (#208) The drmin valve ard
hose were used to drain water from the bottom of the tank to wastewater treatment. Exhibit 4
shows inside aml outside viewsof tank 487 wih the trarsfer hose, swingline ard puley, ard drain
valve.

13 Chemical Information

The spedic chemcak in the tanks wlere the explosions took place,ard the quatity in
the tanks, are rot precisely known. The hydrocaon contert of the tanks cauld vary widely in
composition from dayto daybecause bthe reture of the piocess (.e., storage ¢ wase liquids
from drains, equipment cleaning and pills). The volumein the tanks aso varied. On July 16,
1995, the last time the tanks were gaugedtank 487 fad 19 ketof liquid (approximately 100000
galons), ard tank 488 tad 22 ketof liquid (approximately 116000 gallons); no information is
available an the wlume of the hydrocarbon ard water layers. A few days before the incidert, a
vacuumtruck reportedly discharged anurknown quarntity of methyl ethyl ketone (MEK) to one
or both of the tanks. MEK is flammable (NFPA 3 out of 4), only partially miscible with water,
has a low fire point (lower flammable limit is 1.8%) and its vapors are denser than air (Lees,
1996) The flash point of MEK is20 E A Material Sakty Data Sheet(MSDS)for MEK is
provided in Appendix B.
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20  Desciption of the Accdent

On the norning of October 16,1995,alout 100 peple were working atthe plart. About
50 d the wakers weke contraciors, including many pipe tters ard welders. The weaher was
clearard cool.

At 7:40 am., a Rennzoil sakty officer prepaed aml issued a ot work pemit, valid from
7:40 am. to 3:30 pm., for two Pennzoil enployees 6 weld a handrail to the stirs on storage
tanks 487 anl 488. The sfety tecmicianhad inspected he stup kefore giving the final appoval
for the wetling. The hot work pemit required that al manways atthe top of the tanks ke
covered, that the wetling mactine be grounded as @se as pssble to the pants being weled,
ard that a fire watch be presen at al times an the ground. (A fire watch is a peson desgnated ©
watch for small fires that might occurwhenwelding slhg a spater drips from the wak area;the
fire watch must have fire extinguishing equpmert readiy available ard ke trained in its use) The
pemit stated that there nust be no welding nearthe top of the tank (the manways wee located at
the top of the tanks). It alsorequired measuenert of the aea br combusible vapor. All of
these pecauions weke takento minimize the accurence d fire.

The aea was mpaed or hot work by spdting a weting machne rearthe wak
location, seting up wetling ard grounding calbes, rigging the sairway in place ad placing
welding barkets around the wak area. The wetling barkets, gererally made d heaw carvas,
callectspaks, slag a spater enitted from the wetling operation ard sexe to reduce he
potential for fire. The Rennzoil sakty tecmiciantook combusible vapor measuemnrerts around
the wetling area wth a canbustible gas detctor before appoving the hot work pemit to alow
welding. The canbusible gas detctor indicated hat no combustible vapors were presen in the
welding ara.

Onre weber beganarc welding on the sairs, ushg a wetling machine with aninternal
combusion ergine-driven gererator. The secod welder seved as lte fire watch on the ground.
The wetbler was nstructed rot to weld on the handrail closestto the roof of the tanks, becauseti
was o close 0 the gpenings an the tank.

At around 9:30 am., the webler ard fire watch took a break afer having tack wetled he
handrail in place wih the ad of riggess (tack wetling is aninitial welding sep). The riggers
assisted in positioning the handrail in its proper location for tack welding.

The wetler ard fire watch returned b work at 1000 am. Theywere unale to restart the
ergine on their welding machne. At alout 1010 am., two enployees i a naintenance truck
gave the welding machine ajump gart.

At 10:15,anexplosion occurred in tank 487, followed n less thana mnute by a £cad
explosion in tank 488. It is not precisely known whether the wetlers had acualy sarted weling
following the ump start at the time the e)plosion occured. Witnesseseaported seaig one
welder on the phatform betweenthe two flights o stairs ard the ather at the tottom of the shirs
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shortly before the incidert. No one reported seeig welding taking place atthat time.

As a resulk of the explosions, eachtank failed caastrophicaly at the ottom seamwhere
the \ertical sidewal of the tank was conected © the bottom horizontal floor plate, lifting the
tanks up n oppasite directions. Tank 487 Ifted off its base ard landed alout 20 feetto the wes.
Tank 488 bBnded almut 50 feetto the eatafter cleaing a $orage ank ard a ppe ack. The
burning canterts of the tanks, released wlnthe tanks failed, created a wae of burning
hydrocaron that ergulfed the ertire area.

Employees ralby reported reaiing a whooshing saund followed Ly a low boom ard
seeng a tide d flame speadng throughthe ste. Some enployees eported eaiing two set of
whooshing saunds bllowed ty a lbom. Ore reaby enployee eported seeig flames o the
southwed sde d tank 487;accading to the enployee,the flamescontinued aound the kese of
the tank, thenreacted am sweptover the top, followed ly the explosion. Other enployees di
not report seeng flames unil atter the explosion. No witness mterviewed rad anunobstructed
continuous vVew d the erire ewvert.

The welder who had been welding the railing was found on the bank of the Oil Creek with
burns over 60 percent of her body. The welder who had been acting as the fire watch was killed
in the fire. Two contractor employees aso were killed in the fire; they were found in the remans
of the trailers locaied rearthe tanks. Three employees (two contracior enployees ad the
Pennzoil welder) were sefously burned;the webler ard one cattracior enployee bter died fom
their injuries.

Thirteenliquid sbrage anks, piping, ard ekctical lines n the aea aud sane patts o the
new wax plart under construction were danaged. The fire ignited the canterts of a rumber of
liquid gorage anks; it consumed ae tank (70434 gadlons) of naphtha slvert, two tanks (1,605
galons) of Stoddad solvert, ard two tanks (21,057 gallons) of No. 6 fuel cil. These tanks
burned n place;they did not rupture ard spll t heir contents, which limited the spread of the fire.
A number of loud explosions were reported duing the fire. These ag lelieved to have beenthe
result of gascylinders ard seakd pping rupturing duting the fire.

Exhibit 5 preses photographs d the aea bllowing the explosion ard fire (refer to
Exhibit 3 for a dagram of this area wth tank numbers). Photograph A is anoverhead vew with
arrows indicaing the locations of tanks 487 aml 488 affer the eyplosion. The Oi Creek carbe
seenat the top of this photograph. Photograph B stows dps n the giound at the locations of
the bases of tanks 487 anl 488;this photo also shows the remains of tank 487. Tank 488 afer
the explosion is shown in Photograph C.

Some plant debris, including charred pipe insulation, landed on the hill across the road
from the refinery. The edplosions also hurled peces 6 a snall fuel container into the kusiness awl
residertial area leyond the fenceine. The five-foot wals sepaating the aea fom the river ard
stream gpparently prevented any released liquid from pillin g into the water.
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About 140 frefighters responded b the incidert. At 12:30 pm., the fire was
extinguished. A fire drill had been held the day before, with participation by areafire
depatments, the refinery's fire brigade,hazadous naterials spealists on site, local ard state
palice,ard the Rennsylvania Emergercy Managenent Agercy. The respanse b the incidert was
considered successf ard very quick, ard respanse pesonnel sufered no significart injuries;the
success was atributed in part to the fire drill.

The sequece d ewertsis sunmarized asdllows:

7:40 am. Hot work permit issued for sairway handrail welding at Tanks 487
ard 488.

7:459:30 am. Tack wetling work commences ad cantinues wihout incident;

9:30 am. Welders take lreak afer tack wetling the hand rail;

10:00 am. Welders return to work after break;welding machne wan't start;

10:10 am. Welding mechine is jump started;

10:15 am. Explosion ard fire occur attank site. Wave of flame dosewved

spreadng throughout plart. Emergercy respaise canmences.

12:30 pm. Fire extinguished.
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Exhibit 5
Photographs of Explosion Area

Li

B. Dips in ground showing the original site of tanks
487 & 488. Tank 487 in background

C. Tank 488, after explosion
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3.0 Analysesand Facts
3.1 Analyses

After the acadert, CAIT investigators plotographed te fire location, tanks ard piping
ard interviewed enployees b determine the piocess ad operations involving the sbrage anks
ard the sequece d ewerts leadng to the eyplosions ard fire. In addtion, se\eral pieces &
equpmert, suchas e tanks arl swinglines,were exanined as @sely as pssble. Howewer,
much of the aea audl equpmert were heavly danmaged o dedroyed including portions of the
tanks ard piping, hoses,the wetling machine, welding cabes, etc. ard cauld not be thoroughy
tested a examned. The exact condition of this equpmert prior to the incidert is not precisely
known.

The CAIT used he information calected b dewlop anEvert ard CausaFactors Chart
(described telow). The Evert ard CausaFaciors Chart combined wih the factual information
callected n addtion to profesional and ergineeiing judgenent were used © deermine the causs
of this acctert.

32 Facts

The CAIT asserhled the following facts ushg the information cdlecied:

. Tarks 487 aml 488 wee intended © function aswade watr tanks - holding up wase
water ard hydrocarbon mixtures o reduce bad an wase wagr treament;

. Hardrails needed @ be secued by welding to stairs installed betweenthe tanks;

. Precauions wee takento control flammable vepor ard diminate ignition sources. These
included cwering the sbrage ank manway ard prepaation of a ot work pemit;

. Welders were instructed © keep lot work awayfrom manways oan the tanks ard to secue
the ekctric arc grounding lead obse o the wark;

. Combustible gas testing was canducted prior to the start of welding work. Test resuts
indicated hat no combusible vapors were presen in the weting area;

. Initial welding work proceeded whout incidert from about 7:30 am. to 9:30 am.;
. Combustible gas testing was conducted only once, early in the morning. It does not
appeartthat the aea was etested or combustible gases por to the restart of work

following the midmorning break;

. Following ignition of vapors, the sbrage anks failed abng their bottom seamard lifted
off their base,releasing their conterts.
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. Once ©Eleasedthe kurning liquid flowed wihout restriction to other areas realby
involving trailers, storage ainks ard other equpmert in the fire; ard

. Tool ard wark break tailers were spotted in the Mcinity of sorage anks 487 aml 488.
40  Causssof the Accident

The immediate cause of the fire was the ignition of flammable vapors in sorage tank 487.
Althoughthe CAIT could not deermine the exact mecharism, there ae atleasttwo likely
sceranios. undetected fammable vapors enitted from tank 487 wee ignited by anignition source
which thenflashed back nto the tank; or anelectrical discharge in the tank 487,gererated by the
arc welding, ignited flammeble vapors in the tank.

Whenthe flanmable vapors in sorage aink 487 gnited, its combudion likely caugd a
rapid pressue increasenside he tank. The tank failed abng its ottom seamard shot up nto the
air, instartaneously releasng its erire conterts. The turning liquid releasedrom tank 487
appaently caugd the ignition of flanmable vapors in the adacer tank, tank 488. Tank 488 ato
failed abng its bottom seamard stot up, releasng its caterts. Since hese wo storage anks
have no secadary containmenrt, the kurning liquid releasedrom these wo tanks quckly spread
the fire through the refinery.

The acatert investigation idertified seeral possble saurces d vapor ard ignition in the
storage tnk area an reasms why vapors may not have beendekecied. The investigation team
also sauglt to idertify root causes ahcantributing factors o the incidert ard its sewerity. These
are presened in Secion 4.6.

Exhibit 6 isanEvert ard CausaFactors Diagram for the acailert. This diagram presens
the sequece d ewerts, with the desadption of eachevert erclosed n a rectargle, ard faciors that
may have contributed to the accurence d eachof the ewens.

Four patential vapor sourcesalong with three pdential ignition sourcesare desribed
below. Eachof the causafaciors dscussednithese ptential saurces s stown graphcaly in the
Event ard CausaFaciors Diagram. Possble reasms that anundetected canbusible amosplere
occurred are presened next. Additional vapor ard ignition saurces ae ako discussed.Rnally,
factors that may have contributed to the seerity of the cansequerces d the incidert are dscussed
at the erd of this secton.

Exhibit 7 dhows tanks 487 anl 488 wth the appoximate pasitions of the wetlers at the
time of the acailert. This exhibit also indicates paential saurces ¢ combustible vapor ard
potential sourcesof ignition, asdiscussed below.
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4.1 Potential Vapor Sources

Vapor Escaping from Open Manway. Placenert of a hose br discharge o liquids
from vacuumtrucksthroughthe goenmanway into tank 487 peverted the manway cover from
completely seaing the goening. Althougha wetling barket was daped @er this opening, vapor
could have escapednto the surounding area lecausehe Harkets are rot desgned © provide a
vapor-tight seal. This potential vapor source is shown in Exhibit 7. The escape of vapor could
have beenaggavated ky anmbiert conditions, since he autdoor temperature rose fom eaty to
mid-morning. The effect of ambient conditions is discussed in more detail under Section 4.3
bdow.

Addtionally, the pdential presere d MEK in the tank likely provided suficiert vapor
for ignition. AlthoughMEK is “apprecialdy sduble” in water, the anount of water presen in the
tank is unknown aong with the amount of hydrocarbon which may have affected MEK solubilit y
ard vapor pressue. MEK vapors are deser thanairr ard it is not known if suficiert driving force
waspresert to have pused vapors up aml out the gpenmanway. In addtion, the vapors may
have beendiluted before reacling ignition saurces.

Vapor Escaping from Swingline. The swngline cauld have provided a pute for vapor
release gee Exhibit 7). The swigline pation inside the tank was Bised almve the liquid level in
the tank vapor space. Investigators found ater the acailert that the cutside valve rearthe kese
of the tank connected b the swigline inside he tank was gen As alove, as he tank wamed, if
sufficient driving force was pesen, urdiluted heaver-than-air flanmable vapors could have been
pusted out throughthe swngline ard openvalve. If there wasikttle a no wind, these dege
vapors could have cdlected atgrade ével nearignition saurces gee lelow). After ignition, the
flame front could have flasted back tiroughthe swigline, igniting vapors in the tank. Howewer,
the erd fitting on the swigline valve autside the tank was luried urderthe sal. Further,
inspecton of the inside d the swigline, atter the acatlert, reveakd ro evderce d burn or scach
marks.

Vapor Escaping from Trander Hose. Vapa from the tanks could have exted through
the gpen threeinch trarsfer hose Badng from inside the sbrage ank throughthe manway to the
ground outside the tank, as slown in Exhibit 7. The fose emained afer trarsfer of liquid from a
vacuumtruck ard was wied in-place uulerthe stirway nearthe wetling operation. As for the
swingline desribed alove, the hose could have provided a pute for vapor to be emitted ard for
flamme to flashback nto the tank. Howewer, as br the manway, it is not known if suficient
driving force waspresert to have pused vapors up am out the hose. In addtion, investigators
found no eviderce d burn or scach marks inside the hose upm examnation ater the acailent.

Vapor Escaping from Holesin Tank. After the explosion ard fire, investigators
discovered same holes up b a quater inchin diameter, presuned © be from corrosion, nearthe
top of the tank. If these loles weke presen before the exyplosion, they could have provided a
route for vapor release at flame front flastback ee Exhibit 7). Howewer, ignition saurces
would need b be very close o ignite the snall anmount of diluted vapor expected fom this
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saurce n comparison to the urdiluted vapor ermitted by the aher saurces desébed alove.
Further, welders wee instructed © not weld nearthe top of the tank.

4.2 Possible Ignition Sources

The maost likely ignition sources were provided by the welding operation, the welding

machine’s internal combusion ergine, ard electrical arcing from the weting machne o
grounding calbes:

The welding rod or sparks from hot dag a spatter possibly could have caugd ignition of
vapors presen, if welding had beenstarted (see Exhibit 7 for enployee accarts of the
paosition of the wetler). During welding, flux coating the wetling rod burns off. The
welding rod being used lg the wetler was bund ater the acailert ard inspecion reveakd
that flux on the tip was ot burned df; however, there cauld have beenaninstartaneous
arc, which could have causedgnition, but could have beenof suchshort duration that the
flux wasnot burned df. Or, the wetling gunmay have beendropped @ kicked agaist
the shirway causng anarc. Howewver no eviderce was dicovered (.g. arc marks) to
suppat this sceranio. Hammable ard cambugible neterials are dften ignited duling hot
work; generally, the maerial ignited is in the equipment being worked on. It is relatively
rare for hot work to ignite a vapor cloud (Lees 1996)

The welding machne (see Exhibit 7), which provided paver from aninternal combuston
ergine gererator, also could be a sarce d ignition because barcing in the germrator, the
heatof the internal combuston ergine, exhaust gasespr enissbon of hot paticles from the
ergine exhaust system The webling machne paver gererator that was rearthe tanks at
the time of the incidert wasnot equpped wih anexhaud spark arestor. Welding
machines or internal combustion engines used in hydrocarbon processing facilit ies are
often equpped wih anarestor on the eXhaud to prevent sparks or hot paticles from
being emtted (Lees 1996) Engine exhaud piping and gags canbe hot ard becaus of
turbulert mixing, canignite flanmable vapor mixtures atlower temperatures than
expeced (Lees 1996)

Altematively, electrical grounding or arcing from welding or the wetling mactine cauld
have caused sty currents that may have contacted he tank, causng ignition. For
exanple, a wan or frayed wetling lead @ grounding cabbe resting aganst the sde d the
tank or structure cauld stort out. More importantly, arcing to ground canoccur if the
grounding calbe from the ac weber is connecied b a bcation that is not wel grounded
to eath (Lees 1996) The ste investigation confirmed that the gounding lead was
attached cbse to the canponerts to be welded aml appeagd © be properly connected.
The candition of the wetling calbes atthe time of the incidert is not known. Howe\er,
the giounding lead was canected b the sairway which also connected © the tank.
Grounding leads sbuld not be connected © equpmert containing flanmable meterials
(Parkratz, 1997) In addtion, the preserce d corrosion at the ottom of the dairs ard
tank may have preverted a gad connecion to eath causing current flow instead o the
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tank. This condition may have led to a luildup d a large charge hat canaccunulate in
the liquid ard on the catainer (Lees 1996) If the charge henfinds a pah to ground,
there cauld have beenanarc in the vapor space bthe tank which sulsequerly ignited ary
Vapors preert.

4.3 Possible Reasnsfor Not Detecting Combustible Vapors

As perstardard sakty ard hot work pracices,the saéty techiciantested he aea wiere
the wetling wasto be pefformed usng a canbudible gasdetector. Testing wasconducied ealy
in the norning before welding operations began The gasdetector found no combugible vapor in
the locaions tested. There ae sewera possble reasms why combusible vapors were not
detected:

. Eary in the norning, the tanks, the wase liquids, ard vapors were cad. There wee less
flammable vepors presen. Charges n temperature later in the norning may have
increasedhe cacertration of flammable vapors nearthe wetling operation. The
measuenen for flammable vapors took place ataround 7:40 am. (justafter surrise),
before the wetling began ard was ot repeatd. Asthe anbient temperature increased
during the norning, it could have raised the vapor concertration in the aea aound the
tanks to a canbustble level. Accarding to National Oceaic ard Atmospleric
Administration (NOAA) weather data, on October 16, the sun rose in Rouseville,
Pennsylvania, at 7:31 am. ard skies wee clear Betveen7:00 am. ard 1000 am., the
air temperature a Pittsburgh International Airport (about 75 miles south of Rouseville)
increased atiut 9°F, from 39 F to 48° F. The ambient temperature in Rouseville maost
lik ely increased by a smilar amount. In addition, sun shining directly on the sorage tanks
likely raised vepor temperatures n the tanks, and the resuking themmal exparsion could
have pushed flammable vapors out from tank openings.

. The combustible gas indicator may nat have been calibrated, or may have been improperly
calbrated, leadng to inaccuete readngs. The four-gas deg¢cior used ¢ dekect
combusible gas reds o be calbrated, ard regularly checked b ersure its accuacy. It is
not precisely known whether the instrument was popeny calbrated or whether the
training ard procedues povided ty the canpary ard expelierce d the userare suficiert
to ensure that the instrument will be properly calibrated and used. However, the CAIT
assuras that there weke not significart anount of flanmable vapors presen since te ealy
morning portion of the welding operation occurred without incident.

. Combustible gassampling technique, training ard proceduesmay have beeninadequag.
In patticular, insufficiert time may have beentakenfor sanpling to alow anaccuete
readng. Sampling of gases @y have missed agas wiere canbustble vapors were
presert. It isnot precisely known what gassampling tecmiqueswere used, whether the
userwas tained, ard the adequacyf training. Howewer, as abve, the CAT assures
that there wee not significart anount of flammable vapors presen since the ealy morning
portion of the wetling operation occurred without incidert.
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4.4 Other Vapor and Ignition Sources

The CAT examned he aeas aound the webling operation for other potential sources @

flammable vapor or ignition that may have contributed to this incident:

The openwaskwater drain in the aea d the sbrage anks is a passble sarce d
flammable vepor. If wase waer containing flammable sulstances @ flanmable iquids
are goilled into an inadequately sealed sewer, vapors can migrate in interconnected sewer
chamels to other plart locaions where ot work may be taking place. A seakéd seweis
desgred D prevert vapors from traveling from one sewetto arother (e.g., by use @
water seas). It is not precisely known if flanmable sulstances wee presei in sewer
drains nearthe wetling work or whether combustible gas reasuenerns were made at
sewer openings. Regardless, the likelihood that vapors originated and ignited from this
source wagudged b be low becaus a ste visit indicated hat the swers were propery
seakd anl covered. The Rennzoil sewersystemincluded a ew cdlection basin that was
seaéd aml vented D prevert accunulation of vapors ard to prevert vapors from traveling
throughout the swer syssem The cath basin by tanks 487 anl 488 wasonnected ©
only one aher catch basin, which was caered with a wetling barket at the ime of the
incidert, before it ertered the seadd cdlecton basin. Some of the dder catch basins did
not have liquid seas; howewer, investigators found evderce atseera locations that the
sewes were covered with wooden covers or welding barkets to minimize \apor escape.
These measures aso serve to reduce the possihility that hot work in other plant locations
ignited vapors that propagat back b the tank 487 aml 488 bcaton, triggeing the
explosions ard fire.

Arcing from static electric discharge canprovided anignition saurce. Liquids, including
hydrocarons, may gererate static electricity whentrarsferred. Hoses,piping ard liquids
canretain anelectical charge eenatter punping or trarsfer has ceased.n addtion,
spbshloading (liquids dscharged alove the liquid level rather thanbeneah) cangererate
static charge;the hose waswel alove the surface d the liquid in the tank (Lees 1996)
However, no liquids were transferred into, or out of, the tanks shortly before the incident,
ard ary gatic charge fom the last loading or uoading is believed to have dissipated by
the time of the incident.

Cathodic proteciion systens, which are ometimes used © protect underground piping
ard tank bottoms from corrosion, have the pdential to creak anelectrical charge. This
electical charge cauld be a pdential saurce d ignition. Repatedly, the Rennzoil site had
no cathodic proteciion systemin use;therefore, sucha sytemcould not be the ignition
saurce.

Seeral trailers in the \Mcinity of the inciden site had ekctrical componerts ard fixtures
that did not meetthe requirements for Class 1 Division 2, locatons; i.e., they were not
considered "exlosion-proof” or "intrinsicaly sak." An electical parel for same punps
and motors in the area was in a Smilar category. These eectrical components could be a
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potential ignition source n the preserce d combudible vapor. Eviderce siggess,
howewer, that ignition occured attanks 487 anl 488,not in the aea d the trailers.
Further, sufficiert vapor would have to have beenenitted from the tank to suppat this
scemurio.

A sewice 10ad s located adacent to the tanks, ard four trailers used ér tool storage ad
contraciors taking breaks wee also located n the aea. Either a passig vehicle a same
activity at one o the trailers passbly could have ignited the vapor. As alove, there is no
suppating evderce or these seranos.

45 Factorsthat Contributed to the Consequences

Once he flanmable vapors were ignited ard exploded n tanks 487 anl 488,the tanks

failed attheir bottom seambetweenthe kese an the sdewal, lifted off their bases,ard released
their ertire conterts. If the pressue of the explosion could have beensuficiertly vented ether by
emergency vents or by failing the roof-to-shell seam, the fire likely would have been confined
within the tank wals. Conterts of tank 208, located rext to tank 487, also ignited. Tank 2085
wall folded nward underthe heatof the fire but did ot lift like tanks 487 aml 488.The neterial
in the tank burned n-place.Other neaby storage ainks cantaining naphtha ard fuel oil also were
damaged duimg the fire but did not fail atthe bottom ard release lteir conterts.  Factors that
may have contributed to the failure of tanks 487 aml 488 atthe kottom include:

The tanks weke not equpped wih suficiert enmergercy venting ard the roofs o the tanks
were not suficiertly frangible to actas arenergercy vent; i.e., the roof-to-shell side seam
did not yield ard fail readly to internal pressure buildup. (See Appertix C).

The bottoms of the tanks atthe slell wal seanmay have beenweakerd through
corrosion. The tanks gemrally contained water at the ottom. Gravel was aso built up
around the bottoms and sdes of the tanks, which may have dlowed maisture to collect on
the autside, on the lottom ard tank wal edge leadng to corrosion ard weakeimg of the
bottom seamat the stell wal. (Eviderce d this gravel canbe seenn Exhibit 5-B, which
shows the indertations left in the ground by tanks 487 ail 488)

Although the ste had walls and berms to prevent spillage or runoff from reaclhing the Ol
Creek o other offsite locations, tanks 487 arl 488 dd not have secandary containmert or
impoundment which may have prevented the spilled liquid and fire from spreading
throughout the area triggering fires in other vessels.

The tool ard kreak tailers were located wihin a waled aea rearthe sbrage anks. Had
the trailers beenisolated fom the sbrage aink area,the casudies in the trailers may have
beenpreverted.
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4.6 Root Causesand Contributing Factors

Root causes a&rthe urdelying prime reasms, suchas &ilure of paticular managenent
systens, that alow faulty desgn, inadequag training, or defciercies h maintenance © exst.
These,in turn, lead b unsak acts a conditions which canresuk in anaccdert. Contributing
factors ae reasms that, by therselves,do not lead o the conditions that ultimately caused the
event; however, these factors facilit ate the occurrence of the event or increase its severity.
Althoughthe CAIT camot precsely deermine the exact cause bthis evert, there is suficiert
information to suppat several root ard cantributing caugs. The root caugs ard cantributing
factors o this evert have broad appicaton to a \ariety of situations ard should be considered
lessons for industries that conduct similar operations, especially the chemical and petroleum
refining industries.

The CAIT uses a ariety of amalyticalteciques b determine the root causes ah
contributing faciors o accderts, ard to gererate recanmendations to prevert a recurence. The
techiques usedithis casencluded Everts ard CausaFactors clarting, ergineeling ard
operations managemnent expetierce am profesional judgenent. A number of factors involving
equipment, facilit y layout, and procedures may have contributed to this incident, as discussed
below. Appertix C preserts information on indudry sardards ard regulations that were most
likely relevant to tanks 487 awl 488,ard welding operations at this fadlity. Based upon the facts
ard circumstarces desédbed atove, the CAT idertified he following root causes ah
contributing factors in this incident:

. Vessal design, integrity, and mantenance were inadeguate:

1. Tanks 487 aml 488 wee primarily intended b sore wase waer ard did not appearto
be properly equpped b handle flammable neterials; yet a cansideralde quartity of MEK was
trarsferred into tank 487. The tank manways were alowed D remain opento the atmosphere
without fire prevertive measues €.9. pressue-vapa vents, flame arestors a other mears);
potentially flammable neterials weke spbshloaded nto the vapor space bthe tank without
benefit of static discharge prevertion, ard there dd not appeatto be a nears d energercy
venting (vert systemor frargible roof); ard

2. Tanks 487 anl 488 &iled abng their bottom seans, releasng their ertire conterts.
There was eiderce d corrosion along the bottom seam The roofs d these énks had been
replaced sice nitial construction but the CAIT has ro other information atout whether these
tanks weee propeily inspeced a maintained a a routine kesis.

. Preparation for hot work in the sbrage tnk area wasnadequat:

1. Althoughthe CAIT camot thoroughy assess wdther the training, procedues an
equpmern were adequat for detecion of combustible a flanmable vapors prior to the strt of
hot work, eviderce siggess that combugible a flanmable vapors in the gorage ainks closeg to
the welding operation were not completely isolated (open manways, open swingline valve, open
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hose)from the hot work leading to ignition ard explosion of vapors in the tanks; ard

2. Aside from the wetling pant, seweral other electrical or spak ignition saurces n the
area rearthe sbrage ainks wee inadequadly addesseddectical equpmen classiications ard
welding machne exhaug spark arestor). In addtion, grounding of the weting equpment may
have caugd a hiildup d charge m the tank. Orce caditions were favorable for ignition, these
saurces nay have played a ole;

. There was adck d awaeress ¢ the impact of charging conditions at the ot work site:

No acion was Bkento addess be pdential for conditions nearthe ot work area b
charge over time, affecting the saéty of the task. Astemperatures 0se fom eaty to mid-
morning, there was agreater possibilit y that combustible or flammable vapors were present.
Proper retesting with a camnbustible gas dedctor before the restart of welding ater the lreak
could have addressed this possibilit y.

. Equipmen siting ard containment was nadequad:

1. There wasno secandary containmert or impoundment capadiy around tanks 487 aral
488 hat may have limited the spread of liquid and fire following tank failure; and

2. There dd not appeaito be a caonsideration of the hazads assoiated wih the vehicle
accessagad aml placenert of tool ard kreak tailers within the sbrage ank area. Greaer
isolation or relocation of these ptential ignition saurces ad enployee wak areas ikely would
have preverted same of the casuaies atthis location.

50 Recommendations
Based o the root causes ahcotributing factors o this accdert descibed atove, the
CAIT provides te following recanmendations to prevert accderts like this one from happenng

in the future at this and other facilit ies:

Equipmert Desgn ard Integrity

Althoughwase waer or slop oil tanks nay be typicaly expeced © presei low chemical
or process hzads, Pennzoil ard ather fadlit ies should ill ensure that al chemical and process
hazads anl the cansequeres ad devations ass@iated wih these lazads ae canpletely
understood, evaluated, docunmented, ard appopriately addessed through prevertive measires
This assessert stould alkso include acalert history, equpment desgn, ard integrity. Ore way
facilit ies can carry out this evaluation is use of aformal process hazads amlysis (PHA) as
required urderthe OSHAProces Sakty Managenent Stardard under29 GFR 1910119 a the
EPA Risk Managenent Program Rule under49 (PR pat 68. The Genter for Chenical Proces
Safety (CCPS) of the Americaninstitute o Chemical Engineels Americaninstitute of Chemical
Engineess (AIChE) has prepaed gudarce an PHA methodologies. In this case the FHA could
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have asssted n the idertificaion of process hzads assoiated wih the introduction of a brge
amount of volatile hydrocamon into the wase watr tank ard appopriate saéguads (fire
protection, flammable vapor control, flame arestors) for sucha stuation. The hazad ewaluaton
canidertify failure areas hat need b be addessed % sabguads suchas egineeiing cantrols, or
the reed br energercy venting or frarmgible roofs (@so capured by industy codes ad stardards
listed in Appendix C), and ongoing preventive mantenance for vessel integrity (for example,
inspecton, recagnition, ard cantrol of corrosion that canlead b vesselfailure). EPA has ateady
issued am\lert on Catstrophic Failure of Storage Tanks (Apperdix D) that addesses eergercy
venting (e.g. frangible roofs) and mantenance. Facilit ies should consider use of PHA techniques
for al vesse$ ard processesdr control of hazads aml urintended siuations.

Prepasntion for Hot Work

Pennzoil and other industries should review their hot work permitting processes and
procedues anl cansider deelopmert of a managenent systemor other mecharisms to ersure
that al vapor and ignition sources are identified and controlled immediately prior to the sart of
hot work. For exanple, anequpmert scrematic ard checkist could seve as aeminder or tool
for ersuling that all patential vapor saurces (narways, drains, valves)ard ignition saurces
(electrical classiications, spak arrestors, grounds) are isolated a in proper working candition.
Facilit ies should review past hot work incidents, conduct periodic audits or inspections of ongoing
hot work, ard deelop a nears to continuously improve or correct passble vapor or ignition
source gapsn pemitting procedues @ processes.In addtion, comparies reed b ersure that
welding equpmert is properly grounded aml provide assuance hat electrical curent camot find
its wayto equpmert containing flanmable neterials.

Awareress & Chaming Conditions

Facilit ies need to be aware that environmental conditions can change over the time. In this
case retest for combustible gases ay have deected heir presere pior to the restart of work
following abreak. Facilities should aso consider continuous combustible gas monitoring.

Facilit ies should consider the value of work permit rechecks following work breaks or periodic
rechecks as a atter of routine practice for hot work or other high hazad work tasks guchas
confined space dry). In addtion, fadlit ies should consider gpplication of process hazad aralysis
methodologies to job task aralyses b ersure greatr control over possble charges n routine
situations. For exanple, the What-If methodology could ke used ¢ evaluate hot work or other
pemitted jobs to examine the influerce d weaher or other almormal situations that might arise in
the sane area hat could afectthe saéty of the task.

Facilit y Siting Considerations

As alove, PHA tecmiques carbe used ¢ evaluate the hazads assoiated wih siting of
equipment and work areas. Pennzoil and the other facilit ies can make use of these techniques in
combination with industy codes ad stardards ard regulatory requirements, to ersure that
vehicular traffic is restricted fom areas caotaining flammable nreterials, the wark locations are
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properly evaluated ard isolated fom potential process hzads aml that these wok locations do
not impose hazads an the piocess ignition saurces) Further, accdent history, the pdential for
leaks, spills, and vessdl failures should be evaluated to determine the need for secondary
containmert or other impoundment as a rears d preverting impacton other site areas.
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Appendix A

EPA personnel who patticipated n the acailert investigation ard report dewelopmert include:

Daud Speghts, Associate Direcior

EPA Headquaters

Craig Matthiessen, Chemical Engineer

EPA Headquaters

Daud Chung, Chenical Engineer

EPA Headquaters

Diare Walker, Chemical Engineer

EPA Regon 3

Jim Corbitt, Chemcal Engineer

EPA contractor

Lawrerce McLaugHin, Chemical Engineer

EPA contractor

OSHA personnel involved in the investigation® include:

John Morris

OSHA Investigation TeamLeader

MichaelL. Marshall, Civil Engineer

OSHA Investigation TeamMember

Walt Siegfried

OSHA Investigation Team Member

Bob Carol

OSHA Investigation Team Member

Vance Delsignore

OSHA Investigation Team Member

Geage Ydsas

Regbn V - PSM Coordinator, OSHA
Investigation TeamMenber

! OSHA did notparticipate in writing the report.
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Appendix B
MSDS for  METHYL ETHYL KETONE

1. PRODUCT IDENTIFICATION

PRODUCT NAME: METHYL ETHYL KETONE
FORMULA: CH3COCH2CH3
FORMULA WT: 7211
CASNO.: 78-93-3
NIOSH/RTECS NO.: EL6475000
COMMON SYNONYMS: 2-BUTANONE; MEK; ETHYL METHYL KETONE, METHYLACETONE
PRODUCT CODES: 921493239211538593190Q531
EFFECTIVE: 0827/86  REVISION #02

PRECAUTIONARY LABELLING BAKER SAF-T-DATA(TM) SYSTEM
HALTH - 2 MODERATE
FAMMAB ILITY - 3 SEVERE (FLAMMAB LE)
RACTIVITY - 2 MODERATE
ONTACT -1 SLIGHT

HAZARD RATINGS ARE0OTO 4 (0=NO HAZARD; 4 = EXTREME HAZARD).

LABORATORY PROTECTIVE EQUIPMENT - SAFETY GLASSES; LAB COAT; VENT HOOD; PROPER
GLOVES; CLASS BEXTINGUISHER

PRECAUTIONARY LABEL STATEMENTS

ARNING EXTREMELY FLAMMAB LE
AUSESIRRITATION HARMFUL IF INHALED
KEEP AWAY FROM HEAT, SPARKS, FLAME. AVOID BREATHING VAPOR KEEP IN TIGHTLY
CLOSHED CONTAINER. USE WITH ADEQUATE VENTILATION. WASH THOROUGHLY AFTER
HANDLING. IN CASE OF FRRE, USE ALCOHOL FOAM, DRY CHEMICAL, CARBON DIOXIDE - WATER
MAY BE INEFFECTIVE. FLUSH SPLL AREA WITH WATER SPRAY.

SAF-T-DATA(TM) STORAGE COLOR CODE: RED (FLAMMAB LE)

2 - HAZARDOUS COMPONENTS

OMPONENT %  CAS NO.
METHYL ETHYL KETONE 90-100 78-93-3

3 - HYSICAL DATA

BOILING POINT: 80C( 176 F) VAPOR PRESSIWRE(MM HG): 78
MELTING POINT: -87C (-125F) VAPORDENSITY (AIR=1): 25

SPECIFIC GRAVITY: 0.81 FAPORATION RATE: 5.7
(H20=1) (BUTYL ACETATE=1)

SOLUBILITY (H20): APPHECIABLE (MORE THAN 10 %) % VOLATILES BY VOLUME: 100



-26-
APPEARANCE & ODOR CLEAR COLORLESS,LIQUID WITH ACETONE-LIKE ODOR

4 - FIRE AND EXPLOSION HAZARD DATA

FLASHPOINT (CLOSED CUP  -7C( 20F) NFPA 704M RATING: 1-3-0
FLAMMAB LE LIMITS: UPPER -11.4% LOWER - 18 %

FIRE EXTINGUISHING MEDIA - USE ALCOHOL FOAM, DRY CHEMICAL OR CARBON DIOXIDE.
(WATER MAY BE INEFFECTIVE.)

SPECIAL FIRE-FIGHTING PROCEDURES - FIREFIGHTERS SHOULD WEAR PROPER PROTECTIVE
EQUIPMENT AND SH.F-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED
IN POSTTIVE PRESSLRE MODE. MOVE CONTAINERS FROM FIRE AREA IF IT CAN BE DONE
WITHOUT RISK. USE WATER TO KEEP FIRE-EXPOSHED CONTAINERS COOL.

UNUSUAL FIRE & EXPLOSION HAZARDS - VAPORS MAY FLOW ALONG SWRFACES TO DISTANT
IGNITION SOWRCES AND FLASH BACK. CLOSED CONTAINERS EXPOSHED TO HEAT MAY EXPLODE
CONTACT WITH STRONG OXIDIZERS MAY CAUSE FIRE.

TOXIC GASES PRODUCED - CARBON MONOXIDE, CARBON DIOXIDE

5- HEALTH HAZARD DATA

THRESHOLD LIMIT VALUE (TLV/TWA): 590 MG/M3 ( 200 PPM)
SHORT-TERM EXPOSLRE LIMIT (STEL): 885 MG/M3 ( 300 PPM)

PERMISSIBLE EXPOSLRE LIMIT (PH.): 590 MG/M3 ( 200 PPM)

TOXICITY: LD50 (ORAL-RAT)(MG/KG) - 2737
ID50 (IPR-MOUSE)(MG/KG) - 616
ID50 (SKN-RABBIT) (GIKG) - 13

CARCINOGENICITY: NTP:NO IARC:NO ZLIST:NO OSHA REG: NO

EFFECTS OF OVEREXPOSLRE - INHALATION OF VAPORS MAY CAUSE HEADACHE, NAUSEA,
VOMITING, DIZZINESS,DROWSINESS,IRRITATION OF RESPRATORY TRACT, AND LOSS OF
CONSAOUSNESS. CONTACT WITH SKIN OREYES MAY CAUSE IRRITATION. PROLONGED
EXPOSLRE MAY CAUSE DERMATITIS. LIQUID MAY CAUSE PERMANENT EYE DAMAGE.
INGESTION MAY CAUSE NAUSEA, VOMITING, HEADACHES, DIZZINESS, GASTROINTESTINAL
IRRITATION.

TARGET ORGANS - NASAL SEPTUM, LUNGS

MEDICAL CONDITIONS GENERALLY AGGRAVAT ED BY EXPOSLRE - NONEIDENTIFIED
ROUTES OF ENTRY - INHALATION, INGESTION, EYE CONTACT, SKIN CONTACT
EMERGENCY AND FIRST AID PROCEDURES - CALL A PHYSICIAN. IF SWALLOWED, DO NOT

INDUCE VOMITING. IF INHALED, REMOVE TO FRESH AIR. IF NOTBREATHING, GIVE ARTIFICIAL
RESPRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN. IN CASE OF GONTACT,
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IMMEDIATELY FLUSH EYESWITH PLENTY OF WATER FORAT LEAST 15 MINUTES. FLUSH SKIN
WITH WATER

6 - REACTIVITY DATA

STABILITY: STABLE AZARDOUS POLYMERIZATION: WILL NOT OCCUR
CONDITIONS TO AVOID: HEAT, FLAME, OTHER SOWRCES OF IGNITION

INCOMPATIBLES: STRONG OXIDIZING AGENTS, STRONG BASES, CAUSTICS, MINERAL ACIDS,
AMINES AND AMMONIA, HALOGENS

DECOMPOSITION PRODUCTS: CARBON MONOXIDE, CARBON DIOXIDE

7-SPLL AND DISPOSALPROCEDURES

STEPS TO BE TAKEN IN THE EVENT OF A SPLL ORDISCHARGE - WEAR SH_F-CONTAINED
BREATHING APPARATUS AND FULL PROTECTIVE CLOTHING. SHJT OFF IGNITION SOLRCES; NO
FLARES, SMOKING ORFLAMES IN AREA. STOP LEAK IF YOU CAN DO SO WTHOUT RISK. USE
WATER SPRAY TO REDUCE VAPORS. TAKE UP WITH SAND OROTHER NON-COMBUSTIBLE
ABSORBENT MATERIAL AND PLACE INTO CONTAINER FORLATER DISPOSAL FLUSH AREA WITH
WATER

J.T. BAKER SOLUSORB(R) SOLVENT ADSORBENT IS RECOMMENDED FORSPLLS OF THIS
PRODUCT.

DISPOSALPROCEDURE - DISPOSHN ACCORDANCE WITH ALL APPLUCABLE FEDERAL, STATE,
AND LOCAL ENVIRONMENTAL REGULATIONS.

EPA HAZARDOUS WASTE NUMBER: W59 (TOXIC WASTE)

8 - PROTECTIVE EQUIPMENT

VENTILATION: USE GENERAL OR LOCAL EXHAUST VENTILATION TO MEET TLV
REQUIREMENTS.

RESPRATORY PROTECTION: RESPRATORY PROTECTION REQUIRED IF AIRBORNE
CONCENTRATION EXCEEDS TLV. AT CONCENTRATIONS UP TO 1000
PPM,A CHEMICAL CARTRIDGE RESPRATOR WITH ORGANIC VAPOR
CARTRIDGE IS RECOMMENDED. ABOVE SH.F-CONTAINED
BREATHING APPARATUS IS RECOMMENDED.

EYE/SKIN PROTECTION: SAFEY GOGGLES, UNIFORM, APRON, RUBBER GLOVES
RECOMMENDED.

9 - STORAGE AND HANDLING PRECAUTIONS

SAF-T-DATA(TM) STORAGE COLOR CODE: RED (FLAMMAB LE)

SPECIAL PRECAUTIONS - BOND AND GROUND CONTAINERS WHEN TRANSFERRING LIQUID.
KEEP CONTAINER TIGHTLY CLOSED. STORE IN A COOL, DRY, WELL-VENTILATED, FLAMMAB LE
LIQUID



STORAGE AREA.

10 - TRANSPORTATION DATA AND ADDITIONAL INFORMAT ION

DOMESTIC (D.O.T.)

PROPER SHPPNG NAME  METHYL ETHYL KETONE
HAZARD CLASS FLAMMAB LE LIQUID

UN/NA N1193

LABELS FAMMAB LE LIQUID
REPORTABLE QUANTITY 5000 IBS.

INTERNATIONAL (1.M.O.)

PROPER SHPPNG NAME  METHYL ETHYL KETONE
HAZARD CLASS 3.2

UN/NA N1193

LABELS FAMMAB LE LIQUID
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Appendix C

Industry Standards and Regulations that May Be
Applicable to the Aboveground Tanks at the Pennzoil Facility

Pennsylvania Statutesand Regubtions

The Storage Tank and Spill Prevention Act, Title 35, requires the Penngy/lvania
Depatment of Environmertal Resairces DER) to adgt regulations regarding the cetificaion
ard training of installers ard inspecbrs o aloveground sbrage anks. Howewer, the regulations
do not include equirements for operators or energercy response personnel. As a result of the
Act ard Title 35,the Rennsylvania DER must adgt minimum corrosion protection stardards for
alovegmound sbrage anks. Title 35 autorizes he DER to esgblish "methods aml procedues
for the gperation of alobveground sbrage anks art the ealy detection, by owners, of releases o
potential releases, ard to adgt minimum stardards for release pevertion, which may include
leak de¢cion systens. Sectons 902 al 903 d the Act edablish the gudelnesfor prepaation
of a spill prevention response plan for al facilit ies with capacities that exceed 21000 galons. The
plan must include descriptions of the facilit y, the organization sructure for plan implementation,
the spill leak prevention, response, and countermeasure programs, the emergency spill network,
ard ary other information as nay be required by the DER. Pars nust be submitted to DER for
appoval.

EPA Regulations
Oil Pollution Prevenion Regubtion (29 CFR 112)

The Oil Pollution Prevention Regulation is intended to prevent discharges of oil into
waters of the United States. Facilit ies drillin g, producing, gathering, soring, processing, refining,
trarsferring, or consuming ail or oil products may be subectto the nle if they are ron-
transportation related, meet certain storage capacity criteria, and are located so that spilled oil
could be reasmaly expeced  reachwater. Fadlities subject to the regulation must prepare and
implement a Spill Prevention Control and Countermeasures (SPCC) Plan. The plan must be
prepaed n accadarce wih good ergineeiing practices ad be cetified ty a registered
professonal ergineer. It should detil the equpment, manpower, ard seps b prevert, control,
and provide adequate countermeasures to an oil spill.  The plan is awritten description of the
facilit y' s compliance with the regulation. The plan must cover:

* The practices devoted to the prevention of oil spills, including:
--  Minimization of operationa errors (e.g., through training and supervision),
--  Minimizaton of equpmert falures (e.g., through proper construction,

maintenance d structural integrity, and frequen inspecions);

* The plan of containment should a spill o ccur (e.g., through dikes, retaining walls,
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curbing, spill diversion ponds, sumps); and

* The planfor removal ard dispcsal of ail.

The facilit y must mantain a copy of the plan and make it available to EPA for on-site
review. If one dscharge o more than1,000 gallons occurs, or if two dischargesof harmful
guartities accurin a 12month peliod, copies d the phnmust be submitted to EPA ard the stte.
In suchcasesEPA may require anamerdment to the panto preven future discharges.

American Petroleum Institute Standards, Recommended Pradices, and Othea Publications

API Standard 12A, Specifcation or Standad Tanksaith Riveted Shellgpulished
from 1936 hrough1941)

This sardard (currently out of print) probaldy would have appled to tanks 487 ail 488.

API Standard 620,Desgn and @ndruction ofLarge, Welded, LowPressure Storage
Tanks

This stardard covers the degyn ard canstruction of large, welded, low pressue, catbon
stee| aloveground tanks. The rles cover only those tanks that are staped suclthat they canbe
gererated hy the rotation of a suiade contour around a sihgle verticalaxis. APl Stardard 620
covers tanks that operate atmetal temperatures rot exceeding 200F ard with pressues in their
gasor vapor spacesexceedng those pemissible urder APl Stardard 650, but not exceeding 15
pounds persquae inch gauge. The kesic rules piovide for installations in areas wiere the lowest
recaded ane-day meanatmospleric temperature is as bw as 50°F. These ules nay be used ébr
tanks intended ether for holding or storing liquids wih gases pvapors alove the suface @ the
liquid or for holding or storing ga®s or vapors alone. Thee rles do not appy to "lift-type" gas
holders. Althoughthis Stardard does rot cover horizontal tanks, it is not intended © preclude he
applcation of appopriate pationsto the desjn ard canstruction of horizontal tanks.

API Standard 650, Welded Steel Tankior Oil Storage

API Stardad 650 cwers material, desgn, fabrication, erecion, ard testing requirements
for vertical, cylindrical aloveground, closed- ard opentopped,welded stelstorage anks in
various skes ad capadies wth internal pressues appoximating atmospleric pressue. Higher
internal pressue is pemitted when ceitain addtional requirements ae net. This Stardard covers
only tanks with uniformly suppated ottoms ard tanks in non-refrigerated ®rvice hat have a
maximum operating temperature of 200°F.

API Recommended Practice RP) 651, Cathodic Rotection ofAboveGround
Petroleum Stoage Tanks

APl RP 651 povidesrecanmended prcicesto limit potential corrosion problems
common to steelaloveground tanks. It contains a desdaption of corrosion problems ard
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methods for evaluaing the reed br cahodic protection. This puldicaion also descibes the
desgn, installation, ard maintenance d various types d cahodic protecion systens.

API RP 652,Lining of AboveGround Retroleum Stasge Tank Bttoms

APl RP 652 peserts proceduesard recanmended pactcesto improve corrosion
control in aloveground sorage anks by the addiion of linings © tank bottoms. It includes a
desciption of the various types @ corrosion that may affecttank bottoms, ard factors that should
be considered when evaluating the need for and suitabilit y of different types of linings. It aso
providesgereral guidarce a applcaton of linings

API Standard 653, Tank hspection, Repair, Alteration, and Reconsgructiort

The recertly adgpted API Stardard 653 s applcalde to catbon ard low-alloy seeltanks
built to APl Stardard 650 aml its predecesor, 12C. It providesminimum stardards to maintain
the integrity of alovegmound, non-refrigerated, atmospleric tanks that are ateadyin sewice.
Some of the topics cover auitabilit y for service, brittle fracture, repair and dteration,
recanstruction, ard inspeciton ard testing.

API RP 575,Inspection ofAtmogphelic and LowPresure Stolage Tanks

This recanmended pacice cwers the inspecton of atmospteric sorage anks desjned
to operate atatmospteric pressue through0.5 psg ard low-pressue storage anks desgned D
operate almve 05 psg to below 15 psg. It includes easms for inspecion, frequemy ard time of
inspectons, methods o inspecton ard repar, ard recads arl reports.

API Publication 2009,Sak WAlding and Qitting Practicesin Refineries Gagline
Plants and Retrochemical Pants

This pulication outlinessuggesed pecautons for the piotecion of peisons from injury
ard the piotecion of property from danage Ly fire that might arise durng the goperation of gas
ard ekctric cuting ard welding equpment in ard around petroleumoperations.

APl RP 2000,Venting Amopheic and LowPresure Stoilage TanksNon Refrigerated
and Refrigerated:

This pulication outlines ngjor considerations for desgn ard arangemnert of emergercy

venting ard pressue relief of alove giound storage anks.

API Standard 2610,Desgn, Condruction, Opeiation, Maintenance and nspection of
Teminal and Tank Ecilities:
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This pulication provides spedic gudarce for prevertion of ignition of flanmable vapors
in the vicinity of storage anks.

American Sociey of MechanicalEngineers (ASME) and American National Standards
Institute ANSI)

ASME/ANSI B31.3, Chemical Pant and Rtroleum Rfinery Piping:

ASME/ANSI B31.3 isa ®ction of the ASME/ANSI B31 Code for Pressure Piping. It is
applcable to piping systemnrs that handle most typesof fluids including oil ard ather petroleum
products. It includesrequirements for materials, desgn, fabrication, asembly, erection,
examnation, ard inspecton of piping systers.

National Fire Protection Association (NFPA) Codes and Standads
NFPA 30, Flammable and @nbusible LiquidsCode

The Hanmmable ard Combugible Liquids Code (NFPA 30) apples to operations that
require the use flammable ard cambustible iquids. Its provisions are intended © reduce he
hazad to a degee cansistent with reasmale pulic sakty, without undue nterfererce o pubic
convenierce aml necessy, for acivities that require the use 6 flanmable ard canbusible iquids.
It includesrequirements for aloveground, underground, ard patalde tanks. Requirements
conceming desgn ard canstruction of buildings that contain tanks ae ako discussed.

NFPA 51B, Standad for Fire Prevention in Us of Cutting and VWlding Proceses:

This stardard covers provisions to prevert loss d life ard property from fire in the use
oxy-fuel gas ad ekctic arc cuting ard welding equpment. Topics covered included he
responsibilit ies of management, supervisors, and cutters and welders; and fire prevention
precautons, including pemissble aeas or cutting ard webing, pemits, ard fire watchers.

NFPA 77,RecommendedrBctice on Static Ectricity:

This recanmended pacice b intended © assst in reducng the fire hazad of static
elecricity. It includes a geaxal discussn of static charges,gerera methods for mitigation, ard
recanmendations for disspation of static electricity in cettain spediic operations. Hanmable ard
combugible iquidsare dscussed, including recanmendations regarding forage anks ard piping
systens.

NFPA 780,Standad for the Installation of Lightning Rotection Sytems

NFPA 780 peserts lightning protecton sardards for sructurescontaining flammable
vapors ard gass, aswel asliquids that give off flammable vapors.
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Occupaipnal Safety ard Heath Administration (OSHA) Reguations
OSHA Standard for Flammable and Combustibl e Liquids (29 GFR 1910106).

This stardard includes a @riety of provisions for sak storage ad handling of flammable
ard cambugdible liquids including desgn, construction, ard installation of tanks, piping systers,
ard cantainers; ard sorage ad handling of flammable ard cambustible iquids n various types @
industries.

OSHA Standard for Proces Sakty Managenent of Highly Hazardous Chemicals
(29 OFR 1910119y

OSHA'’s Pracess Sdety Management (PSM) standard contains regquirements for the
managenent of hazars assoiated wih processes usg highly hazadous clemicals, including
flammable cremicak. It does rot appy to flammable iquids sbred n atmospteric tanks at
temperatures below their normal boiling points (without refrigeration). Requirements included
are related to: process saty information, process hzad aralysis, operating procedues, training,
contraciors, pre-startup saéty review, mechancal integrity, hot work pemits, managenent of
charge, inciden investigations, enmergercy plaming, compliance saéty audts, enployee
paticipation, ard trade seats.

OSHA Standard for Welding, Cutting and Brazing (29 GFR 1910 Supart Q)

This sardard includesrequirements for fire prevertion ard protecton for welding,
cutting, ard krazing, including fire extinguishing equpment, fire watch, ard protecive equpmert.
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Appendix D

Chemical Sakty Alert for Catastrophic Failure of Storage Tanks
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United States Office of Solid Waste
Environmental Protection and Emergency Response
Agency (5104)

EPA 550-F-97-002b
May 1997

CATASTROPHIC FAILURE OF
STORAGE TANKS

wEPA
CEPFié)

The Environmental Protection Agency (EPA) is issuing this Alert as part of its ongoing effort to
protect human health and the environment by preventing chemical accidents. Under CERCLA,
section 104{e} and Clean Air Act (CAA), EPA has authority to conduct chemical accident
investigations. Additionally, in January 1995, the Administration asked the Occupational Safety
and Health Administration {QSHA) and EPA to jointly undertake investigations to determine
the root cause(s) of chemical accidents and to issue public reports containing recommendations
to prevent similar accidents. EPA has created a chemical accident investigation team to work
jointly with OSHA in these efforts. Prior to the release of a full report, EPA intends to publish
Alerts as promptly as possible to increase awareness of possible hazards. Alerts may also he
issued when EPA becomes aware of a significant hazard. It is important that facilities, SERCs,
LEPCs, emergency responders and others review this information and take appropriate steps

CHEMICAL SAFETY

>
m
-
<

to minimize risk.

Three specific incidents demonstrate the

P ROBLEM potential dangers posed to workers, the
public, and the environment when these

. . storage tanks fail catastrophically. In

2?05\?%2(};:1; d f?g;g?p her(i)cf these incidents, the shell-to-bottom seam

storage tanks can occur when
flammable vapors in the tank explode
and break either the shell-to-bottom or
side seam. These failures have caused
the tanks to rip open and, in some cases,
hurled the tanks through the air. A
properly designed and maintained
storage tank will break along the shell-
to-top seam. Then, the fire would more
likely be limited to the damaged tank
and the contents would not be spilled.
This alert describes the types of tanks
that may be prone to catastrophic failure
and maintenance practices that can help
prevent the accidents.

RECENT ACCIDENTS

within the last few years in which

storage tanks have failed
catastrophically when the flammable
vapors inside an atmospheric tank
exploded. The tank was either propelled
upward from its base (shell-to-bottom
seam failed) or split along the side seam.
As a result, workers were killed or
injured and the contents were released
into the environment.

f ; everal accidents have occurred

failed after an explosion and the tank
was propelled upward. All occurred in
older, atmospheric steel storage tanks.
Often workers were performing tank
maintenance or other activities that
introduced an ignition source. The
vapors were ignited either inside the
tank or outside and then flashed back
into the tank.

In a 1995 incident, during a welding
operation on the outside of a tank, the
combustible vapor inside two large, 30-ft.
diameter by 30-ft. high, storage tanks
exploded and propelled the tanks
upward — one landing more than 50 feet
away. The flammable liquid inside was
instantly released and ignited, resulting
in a massive fire that caused five deaths
and serious injuries. '

In a 1992 incident, while workers were
welding the outside of a tank empty of
liquid, the residual vapor in the storage
tank exploded and propelled the tank
upward and into an adjacentriver. Three
workers were killed and one was injured.

In a 1994 incident, during a grinding
operation on a tank holding petroleum-

* Chemical Emergency Preparedness and Prevention Office

éjgp Printed on recycled paper
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Catastrophic Failure of Storage Tanks Caused by Vapor Explosion

May 1997

based sludge, the tank was propelled upward,
injuring 17 workers and spilling its contents over
a containment berm into a nearby river.

HAZARD AWARENESS

practices are factors directly related to

T | lank design and inspection/maintenance
catastrophic tank failure.

Tank design

Historically, accidents where the shell-to-bottom
seam fails are more common among older
storage tanks. Steel storage tanks built before
1950 generally do not conform to current
industry standards for explosion and fire
venting. Atmospheric tanks used for storage of
flammable and combustible liquids should be
designed to fail along the shell-to-roof seam
when an explosion occurs in the tank. This
prevents the tank from propelling upward or
splitting along the side. Several organizations
have developed standards and specifications for
storage tank design. Published standards relevant
to this design feature include API-650,"Welded
Steel Tanks for Oil Storage” issued by the
American Petroleum Institute (API). Additional
codes and standards, published by API and
other organizations, address tank design,
construction, venting, and safe welding and are
listed at the end of this alert.

Poor inspection, maintenance,
and repair practices

Tanks that are poorly maintained, rarely
inspected, or repaired without attention to
design, risk catastrophic failure in the event of a
vapor explosion. Either weakening of the shell-
to-bottom seam through corrosion or
strengthening the shell-to-roof seam relative to
the shell-to-bottom seam will increase the
vulnerability of the tank to failure along the
shell-to-bottom seam. The practice of placing
gravel and spill absorbants around the base of
the tank, may increase the likelihood of bottom
corrosion. Given years of this practice, the
bottom of some tanks, especially older ones, may
be below ground level, thereby trapping

moisture along the tank bottom. This can
weaken the bottom and the shell-to-bottom
seam. Alternatively, changes to the roof seam
such as modifications to or replacement of the
roof, or attachments to the roof, could make the
roof-to-shell seam stronger relative to the shell-
to-bottom seam.

Other hazards that can contribute to a tank
explosion and possible consequences are:

Combustible vapors

Generation of combustible vapors is a hazard
not only for the storage of pure flammable
liquids but also for the storage of any sludge or
mixture where a combustible component is
present or can be produced by reaction. Sludge
(slop tanks) and mixture (e.g., oil/water) tanks
may be particularly vulnerable because they are
sometimes open to the air; explosive
atmospheres may form inside and outside the
tank. Facilities may not always recognize this
hazard. In addition, even tanks appearing to be
empty may pose a hazard if they still contain
combustible vapors.

In the cited cases, the potential for combustible
vapors was not clearly recognized and materials
were stored in tanks that were not equipped with
flame arresters to prevent external fire from
reaching the vapor space inside the tank or with
vapor control devices to limit vapor emissions
from the tank.

Ignition sources

When combustible vapors escape from their
containment and mix with air in the presence of
an ignition source, combustion may occur. To
minimize this hazard, all possible ignition
sources must be isolated from potential
combustible vapors, e.g., welding equipment or
other maintenance equipment that can spark or
arc, sources of static electricity, lightning, "hot
work" in adjacent areas, and any electrical
equipment in the vicinity of tanks that does not
conform to National Fire Protection Association
(NFPA)-70, “National Electric Code.”
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Proximity to workers and
environment

The danger posed by these tanks is often
increased when the location of the tank does not
conform with current minimum spacing
requirements. Sections 2-3.2 to 2-3.3 of NFPA-30
discuss minimum spacing. For mitigating
consequences to workers, the environment, and
other tanks, proper secondary containment
(diking) should be considered for containment.

HAZARD IDENTIFICATION

for potential to catastrophically fail and

identify factors that could cause storage
tank explosion. Some of the factors to look for
include, but are not limited to, the following:

I Tacilities should evaluate their storage tanks

¢ Atmospheric storage tanks that do not meet
API-650 or other applicable code(s) and
contain flammable liquids or liquids that
may produce combustible vapor.

¢ Tanks with corrosion around the base and/or
steel tanks whose base is in direct contact
with ground and exposed to moisture.

# Tanks or associated structures (e.g., pipes)
with weakened or defective welds.

¢ Tanks used to store mixtures containing
water and flammables where the water
phase is at the tank bottom and may con-
tribute to internal bottom corrosion.

¢ Tanks containing combustible vapor and
not equipped with flame arrestors or vapor
control devices to limit emissions.

# Possible ignition sources near tanks
containing combustible vapor.

PROCESS SAFETY AREAS
FOR HAzARD REDUCTION

regulations, industry codes and standards,

including inspection and maintenance
requirements to keep tanks in proper condition.
Facilities with storage tanks that can contain
flammable vapors should review their
equipment and operations. Areas to review
should include, but not be limited to, the
following;:

f ; torage tanks should comply with all

1) Design of atmospheric
storage tanks

APT and other organizations have standards and
codes that address recommended practices for
tank design and construction. It is imperative
to evaluate whether the liquids or certain
components of liquid mixtures may generate
combustible vapors. Design measures include
fire protection, flame arrestors, emergency
venting (such as part of the API-650), prevention
of flash back (for tanks containing flammable
liquids), and proper berming or diking.

2) Inspection and maintenance
of storage tanks

API-653 has tank inspection guidelines and
procedures for periodic inspections and testing,
especially for older tanks. These procedures call
for written documentation of inspections by API
Certified Tank Inspectors. Measures to review
include procedures for pressure testing, welding
inspections, and checks for corrosion or metal
fatigue. API-650 specifies welding procedures
and welding qualifications as well as joint
inspection (e.g., radiograph and magnetic
particle examination). Programs for tank
inspection and maintenance should be
developed in accordance with these standards.

3) Hot-work safety

Both the Occupational Safety and Health
Administration’s (OSHA) regulations concerning
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hot work and NFPA’s standards on welding
should be reviewed for compliance. Hazard

reduction measures include proper hot-work
procedures such as obtaining a hot work permit,
having a fire watch and fire extinguishing
equipment present, and proper testing of
atmosphere for explosivity; covering and sealing
all drains, vents, manways, and open flanges;
sealing all sewers (to prevent gas or vapor
migration); and training workers and providing
them with appropriate protective equipment.

4) Ignition source reduction

Both OSHA regulations and NFPA standards
should be reviewed for compliance. Hazard
reduction measures may include: having all
electrical equipment in a hazardous
environment conform with the requirements of
the National Electric Code (NFPA-70),
grounding tanks to dissipate static charge, using
only “non-spark producing” tools and
equipment in flammable atmospheres, and
taking care to not create sufficient heat or sparks
te cause ignition of flammable vapors.

INFORMATION RESOURCES
FOR HAZARD REDUCTION

guidance only. References with

information about the hazards of
catastrophic failures and methods of minimizing
them are listed below. Regulations potentially
applicable to storage tanks and codes and
standards that may be relevant are included.

I I The above information is for general

For more information consult the following:

Statutes and Regulations

Section 112(r) of the Clean Air Act focuses on
prevention of chemical accidents. It imposes on
facilities with regulated substances or other extremely
hazardous substances a general duty to prevent and
mitigate accidental releases. Accident prevention
activities include identifying hazards and operating
a safe facility.

EPA’s Risk Management Program (RMP) Rule [40
CFR 68] is intended to prevent and mitigate
accidental releases of listed toxic and flammable
substances. Requirements under the RMP rule
include development of a hazard assessment, a
prevention program, and an emergency response

program.

EPA has tank inspection regulations under the Spill
Prevention Countermeasure and Control Plan and
Oil Pollution Control Act of 1990 [40 CFR119].

The Occupational Safety and Health
Administration (OSHA) has the Process Safety
Management Standard [29 CFR 1910.119], which
includes regulations on tank inspection, fire
prevention, and conduct during hot-work;
regulations concerning the storage of flammable
and combustible liquids [29 CFR 1910.106];
regulations concerning fire protection and
prevention during welding, brazing, and cutting
[29 CFR 1910.252] and regulations covering the
duties and responsibilities of a fire watch [29 CFR
Part 126].

Occupational Safety and Health Administration
Phone: (202) 219-8151 - Public Information
Web site: http://www.osha.gov

Codes and Standards

The American Petroleum Institute (API) has tank
standards and guidelines on safe welding.

American Petroleum Institute
1220 L St NW

Washington DC 20005

Phone: (202) 682-8000

Web site: http:// www.api.org

Relevant API standards include:

API Standard 620 — Design and Construction
of Large, Welded, Low-Pressure Storage Tanks,

ninth edition, February 1996 (includes
Addendum 1, December 1996).

[API Standard 650 comes from] Welded Steel Tanks
for Qil Storage, ninth edition, May 1993
(includes Addendum 1, December 1994;
Addendum 2, December 1995; and Addendum
3, December 1996).
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API Recommended Practice (RP) 651 —

Cathodic Protection of Aboveground Petroleum
Storage Tanks, first edition, April 1991.

API RP 652 — Lining of Aboveground

Petroleum Storage Tank Bottoms, first edition,
April 1991.

API Standard 653 — Tank Inspection, Repair,
Alteration, and Reconstruction, second edition,
December 1995 (includes Addendum 1,

December 1996).

API Standard 2000 — Venting Atmospheric and
Low-Pressure Storage Tanks: Nonrefrigerated
and Refrigerated, fourth edition, September
1992.

API RP 2003 — Protection Against Ignitions
Arising Qut of Static, Lightning, and Stray
Current, fifth edition, December 1991.

API PUBL 2210 — Flame Arrestors for Vents of

Tanks Storing Petroleum Products, second
edition, 1982.

APIRP 2350 — Qverfill Protection for Petroleum
Storage Tanks, first edition, March 1987.
4

The American National Standards Institute (ANSI)
has the B-31.3 Refinery Piping Code and other
standards and codes.

American National Standards Institute
655 15th St NW
Washington DC 20005
Phone: (202) 639-4090 or
11 West 42nd St
New York, NY 10036
Phone: (212) 642-4900
Web site: http://www.ansi.org
L 4

The American Society of Mechanical Engineers
(ASME) has the Pressure Vessel Code and other codes
relevant to tanks and storage vessels.

American Society of Mechanical Engineers
1828 L St NW, Suite 906
Washington DC 20036
Phone: 1 (800) 843-2863 or (202) 785-3756
Publications and membership 1 (800) 843-2763
Codes and standards (212) 705-8500
Accreditation and certification programs (212)
705-8581
Web site: http:/ /www.asme.org

4

The American Society of Nondestructive Testing
(ASNT) certifies welding and non-destructive
examination (NDE) and non-destructive testing
(NDT) inspectors.

American Society of Nondestructive Testing
P.O. Box 28518
1711 Arlingate Lane
Columbus, OH 43228
Phone: 1 (800) 222-2768 or (614) 274-6003
Web site: http://www.asnt.org

*

The American Welding Society (AWS) certifies
welding inspectors with the designation AWS QC-1
(Quality Control) Welding Inspector and has
guidelines on safe welding.

American Welding Society

550 NW LeJeune Rd

Miami, FL 33126

Phone: 1 (800) 443-9353 or (305) 443-9353
Web site: http:/ /www.amweld.org

' *

The National Fire Protection Association (NFPA) has
lightning and flammable/combustible liguid codes.

National Fire Protection Association
1 Batterymarch Park

P.O. Box 9101

Quincy, MA 02269-9101

Phone: (617) 770-3000

Customer Service: 1 (800) 344-3555
Web site: http:/ /www.nfpa.org

Relevant NFPA codes include:

NFPA 30 — Flarnmable and Combustible Liquid

Code, 1996 edition.

NFPA 51 — Design and Installation of Oxygen-
Fuel Gas Systems for Welding, Cutting, and
Allied Processes, 1992.
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NFPA 51B — Fire Prevention in Use of Cutting

and Welding Processes, 1994.

NFPA 70 — National Electric Code, 1996.

NFPA 77 — Static Electricity, 1993.

NFPA 780 — Lightning Protection Code, 1995.
*

Underwriters Laboratories Inc. (UL) has standards
for product safety.

Underwriters Laboratories Inc.
333 Pfingsten Rd

Northbrook, IL 60062

Phone: (847) 272-8800

Web site: http:/ /www.ul.com

Relevant UL standards include:
UL-142 — Standard _for Steel Aboveground

Tanks for Flammable and Combustible Liquids,
1993.

For MORE INFORMATION...

ConNTaCT THE EMERGENCY PLANNING AND
CommuniTy RigHT-To-Kivow HOTLINE

(800) 424-9346 or (703) 412-9810
TDD (800) 553-7672

MonNDAY-FripAY, 9 AM TO 6 PM, EASTERN TIME

L 2 4 4

Visit THE CEPPO HoMEe PAGE oN THE WORLD
WIDE WEB AT:

http:/ /www.epa.gov/swercepp/

appropriate.

NOTICE

The statements in this document are intended solely as guidance. This document does not substitute for EPA's or other
agency regulations, nor is it a regulation itself. Site-specific application of the guidance may vary depending on process
activities, and may not apply to a given situation. EPA may revoke, modify, or suspend this guidance in the future, as
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