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U.S. Chemical Safety and Hazard Investigation Board

The mission of the U.S. Chemical Safety and Hazard Investigation Board (CSB) is to
drive chemical safety change through independent investigations
to protect people and the environment.

The CSB is an independent federal agency charged with investigating, determining, and
reporting to the public in writing the facts, conditions, andueitstances and the cause or
probable cause of any accidental chemical release resulting in a fatality, serious injury, or
substantial property damages.

The CSB issues safety recommendations based on data and analysis from investigations and safety
studies. The CSB advocates for these changes to prevent the likelihood or minimize the
consequences of accidental chemical releases.

More information about the CSB and CSB products can be accesgetvaisb.govor obtained
by contacting:

U.S. Chemical Safety and Hazard Investigation Board
1750 Pennsylvania Ave. NW, Suite 910

Washington, DC 20006

(202) 2617600

The CSB wagreated by the Clean Air Act Amendments of 1990, and the CSB walsificed

and commenced operations in 1998. The CSB is not an enforcement or regulatory body. No part
of the conclusions, findings, or recommendations of the Board relating to any accidental release or
the investigation thereof shall be admitted as evidemaised in any action or suit for damages

arising out of any matter mentioned in such report. 42 U.S.C. 8 7412(r)(6)(G).


http://www.csb.gov/
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ExecuSBSummary

At 10:28 a.m. a Saturday, May 19, 2018n ethylene releasmught orfire, injuring 23 workers at the
Kuraray Americalnc. (Kuraray) ethylene and vinyl alcohol copolynfeWAL) plant n Pasadena,
Texas? At the time of the incident, 266 employees and contract werkere onsite.

The incident occurreduting a chemical reactor systeffaBVAL Reactor 2)startupfollowing ascheduled
maintenance shutdowtu¢naroung. High-pressure conditions developed inside the reaatdactivated
the react or 6s -rdiehgystagmeliscioaygindlammableethyleme vapa@ through
horizontallyaimed pipin@ into theambient aiiin an area whera number otontractorsvere working
These workers were performingrioustasks that were not essential to the startup of the reactor,
includingwelding which likely ignited the ethylene vapolioud causinghefire. Kurarayreportedthat
2,347 pounds of ethylenveere releaseth less than three minuteSVhen thepressurenside theeactor
dropped sufficientljpelow the activation pressytée springloadedemergency pressurelief valve

closed extinguishing the fire

Workers in the immediate ar&@edto escapdrom the ethylene release and fi/hile fleeing, sme
workers were injured as they jumped from the second or third story plathistructure and ran or
otherwiseexitedfrom the area, tripping and falling or suffering spranslother injuriesalong the way.
Other workers were wearing fall protection equipmbaat physicallyattacledthem tostructuresn the
area whichdelayedtheir escape from thi@e andincreagdthe severity of their injuries.

Two injuredworkers were lifeflighted from theKuraray facility. One contract worker remained in
critical condition for several days from lifreatening burnbut survived Emergency responders
transportechs many a49 other injured workers to offite medical facilities for treatment.

Cause

The U.S. Chemical Safety and Hazard Investigation Board (CSB) determined that the cause of the

i nci dent wa sstakding eanergency pressumtiel gystem design that disarged flammable

ethylene vapothroughhorizontallyaimed pipingnto theair, near workersHa d Kur ar ay 6s emer g
pressureelief system discharged vapioom the reactoto asafe location the flammable ethylengas

should not have harmed any worker

Kurarayo6s | ong c¢ haimangenientsystatemgntshanmmadeaiseveralle d

process safety management system also contributed to the incident. In additiaondaodlyement
systemelementghatKuraray used to manageeEVALr eact or 6 s e meeliefygsgstem,y pr essu
otherelementscontributed by allowing higipressure conditions to develop insttle chemical reactor

system(EVAL Reactor 3. The combination of these ineffective management syskements

culminated witther e act or 0 s e meeliefsgstertagtivapngaaddsscharging flammable

8K u r a IEWAL ®@lant was covered by both the U.S. Occupational Safety and Health Administration (OSHA) Process Safety
Management (PSM) Standard and the U.S. EnvironmBntééction Agency (EPA) Risk Management Plan (RMP) Rule

€SB e
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ethylene vapor into thair, where it igited neamonessentialvorkers(that is,workerswho were not
essential to thetartup of thechemical react9r

Ku r a rsaeyymanagement systemalsofosterednconsistent practicésr keepingnonessential
personnel from being physically preserithin the unit during criticabvents andctivitied such asunit
startups or when upset process conditions de@elapich contributed tahe injuries suffered. Kuraray
could have preventatieseinjuries byimplementing aolicy to excludeworkers not involved in the
startup. FurthermoreKuraray could havéakenprotectiveactions during upset conditiotts prevent
workerinjuries. For examplewh e n t he r-messure alarndseundégiggaling upset
condiions), Kurarayshouldhave stoppe@ork and evacuateithe workers from the area.

Safety | ssues
The CSBOs identifiedsahdevguatedhefollowing safey issues:

1. EmergencyPressureRelief SystemDischargeDesign. This CSB investigation report details a
chain of process safety management system failures that led to excessive pesgugenerated
within Kurarayds EVAL Reactor 2. Kuraray prote
this excess pressure by discharging flammable ethylene vapor into the air. Of all the factors that
contributed to injuring the 23 workenmspnewas more gjnificant than the design of the outlet
pi ping from t he r e ardiefsgystdinswhieltaesedghe release tpliemeds s ur e
toward an area where workers were presétad Kuraray designed this piping to discharge the
flammable ethylene vapto a safe locatiorthis incidentcould have unfolded in precisely the same
sequencé but without harming peopléwith well-designed outlet pipinghéemergency pressure
relief systenmshouldhave discharged the excess flammable ethylene vapor vertipalrd, well
aboveand safely away from workers.

The CSB has historically advocated against discharging flammable vapor into the ambient air when
a flare system can serve both to contain the flammable vapor and then combust (destroy, dispose, or
burn) it séely. The CSB has stated thaflare systemis an inherently safer option compareith

dispersing flammable vapor into the atmosphéteverthelessindustry standards do provide users

with guidance for directing flammable vapor vertically upward thevambient air safely

Moreover the American Petroleum Institute (API) Standard 521 addresses many concerns about
releasing flammable vapdirectly into the atmosphere and generally requires using inherently safer
alternatives when the potential exists for a flammable vapor cloud explosion.

Ensuring that emergency pressuegef systems discharge to a safe location isanoéw safety

lessa nor a novel process safety concept. Past chemical dishatersaused great harm to people

by discharging chemicals from emergency presselief systems inmunsafemanner These

disasters includéhe Union Carbide disaster in Bhopal, India, i84@nd the BASF tragedy in

Cincinnati, Ohio, in 199(oth ofwhichinvolved discharging chemicals from emergency pressure
relief systems in a manner that caused great harm to people. Notably, the BASF event resulted from
not ensur i ng tganaytpressureelief aystenodiséhargee flaramable chemicals to a

safe location.
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The facts, conditions, and circumstances of the May 19,, 2@dilentshowthat the emergency

pressurg el i ef system for Kuraray6bs EIvcAtbnHadact or 2
Kuraray applied the lessons provideddaylierchemicaldisasters, the company could have

preventeche May 19, 2018incident by ensuring the EVAL Reactor 2 emergency presslief

system discharged the flammable ethylene vapor to dagaigon with no harm to people.

(SeeSection2.1)

2. Presence oNonessentiaWorkers During Startup and UpsetConditions. At the time of the
incident, rone of the contract workerarthe EVAL Reactor 2 emergency pressuebef system
wereessentiato the startupnor were they responding to thesapprocess conditions that led to the
emergency releaséVhen t he f |l ammabl e et hylene vapor disch
pressirerelief system, mangfthesenonessenti al workers were in har
work they were performing likely supplied the ignition source that created theifireough
Kuraray had an unwritten safety practice to exclude nonessential personnel from a unit when
reintroducing (pressuring or charging) ethylene into equipment after a turnaround, the cdidpany
not establista formal exclusion zone to protect nonessemi@kersfor the duration of the startup.
In addition,®i t her Kurarayds operating procedures nor
activities or conditions that should have promp
nonessentialvorkersfrom the unit. One waythatKuraray could have protected the nonessential
workerswas toensure that theywereimmediatelyevacuatd from the unitwhen the EVAL Reactor
2 High-High-Pressure alarm soundedignalingupset conditionsvithin the process.But Kuraray 6 s
processafety management systems did not consider thegrggsure conditions developing inside
EVAL Reactor 2 as an upset condition that shouldthalinaintenance work and promgut
evacuation ohonessentialvorkers (SeeSection2.2)

3. HazardousL ocation? In the context othe Kuraray incident, hazardous location dessribearea
with increasedire and explosiomisk to workersresultingfrom the horizontal orientation of the
r e a c éamegericy pressureclief systenmoutlet piping With workers present, activating this
safety system created a danger to their safEliye sequence of events that led to tpgessure
inside EVAL Reactor 2 on the day of the incident was only one afyrsaenarios thatould activate
t he react or 06s -reiehsystameOtherknowmscenaripswiiich could arise ahearly
any time couldhave alsdouilt high pressurénside the reactaand triggerech similar flammable
ethylene vapor release from the emergency presslie¢ system These eventsmicludedcooling
failure, loss of refrigeration, power failure, or even a singpiatrol valve malfunctionBecause the
rea c t emeency pressurelief system did not dischargfee flammablesthylenevaporto a safe
location, a portion of the area adjacent to EVAL Reactae®ented a safety risk to workers and
thuswasa hazardous locatior(SeeSection2.3)

4. Recognized andsenerally AcceptedGood Engineering Practices The phrase recognized and
generally accepted good engineering practices (RAGAGEP) stemshe Occupational Safety and

aHazardous location is a phrase typically used in the context of electrical equipment classification and the controhof igniti
sources. Hazardous location may also refer to the practice ofjagttia safety boundary around certain chemical processing
areas. For example, boundaries are sometimes set around areas that process, handle, or store chemicals such as strong acids
bases because of the increased chemical exposure risk. Beforelghgsatesingthis type of hazardous locatioworkers may
be required to upgrade their personal protective equipment, such as wearing goggles, a face shield, or a chemical suit.

OB
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Health Administratiod €OSHA) Process Safety Management Stand&sdder this regulation,

OSHA requires employers to documématther equpment complies with RAGAGEPKuraray

should haveéhoroughlyevaluatedvhetherits EVAL Reactor 2 emergency pressusdief system

met existinggood engineering practice$he horizontally aimedischarge pipingrom this
emergencyressureelief systemdeviated fromindustry standardsConsequently, Kuraray should
haveperformed a evaluation such as a dispersion and consequence anayd@ng sothe safety

risk to workers from a potential hiaontal discharge of flammableporcould have been identified,

the outlet piping design problem could have been corrected, and the company could have prevented
the May 19, 2018, inciden{SeeSection2.4)

5. ProcessHazard AnalysisSafeguards Federalprocess safety regulatio®@SHA and EPAYequire
thatcompanies like Kuraray periodically perform safetyiews called process hazard anays
(PHAs), to identify, evaluate, and control process hazaBisring thesePHA reviews, companies
identify their existing safeguardmcludingdevices, systemandactions thatan stop hazardous
chain of eventsr lessen the consequerafea hazardl n 2 0 1 5, PHAteamadentifiedilsee
existingsafeguardshat shoulchavecontroled high-pressure conditions inside EVAL Reactor 2
without activating the emergency pressuedief system.On the day of the incident, howevagne
of thesesafegiardswere effective in preventinpe EVAL Reactor 2 emergency presstebef
system from activating. Because these safeguards were ineffeajiv@ressure conditions inside
the reactor reached the activation pressure of the emergency presisfisystemyesulting in the
discharge oflammable ethylengaportoward workers.(SeeSection2.5)

6. ProcessHazard AnalysisRecommendations Safety recommendations stemming frafAHA
must be resolved and documentédn 2 015, Kurarayb6és PHA team devel
recommendtion addressing workeafety concerns related to potential ethylene releases from
emergency pressurelief systems.Implementatiorof this safety recommendation could hiee
Kurarayto preventhe May 19, 2018ncident. Kuraray could havé@entified the safety risk to
workers and corrected thee act or 6 s e meeliefysgstern gesign prebdesBut Kuwraray
declined to implemerihe safety recommendaticandconsistent witthe company s s af ety pol i
its management teadid notdocument it®valuation or reasonirfgr doing so (SeeSection2.6)

7. Warning Signs. Warning signs are indicators that something is wrongay soorgo wrong In its
investigation of the May 19, 2018, ethylene release and fire, the CSBdeuedhbre-incident
warning signs at Kuraray-or example, dngerous releases of flammable ethylene from emergency
pressureelief devices at the EVAblant had previouslp c cur r e d . I n addition,
hazard revieweamhadcautioned that ethylene vapor cloud explosions could occur when some of
these safety systems discharged flammable ethylene vapor into the air. These events should have
served as warningsabduth e seri ous design problem wi-t h some
relief systemsHad Kuraray effectively recognized and acted on these earlier warnings, the
company could have corrected its emergency presslieé systems to discharge to a safe timrg
preventinghe May 19, 2018ncident. (SeeSection2.7)

8. Equipment Design An importantadagen human performancgafety guidances i ma kii easy
for peopleto do thingsight and hard for them to do things wrard, p. 1] Based on equipment
design pressuresaen ofK u r ar ay 0 s rehctons had &\émdrgency pressatief system
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10.

11.

12.

designed to activaiat a pressure of 1,15®unds per square in¢psi), except for EVAL Reactor 2.

Kuraray designed the EVAReactor2 emergency pressurelief system to activate at 748i,

which was 41(@silower than the designed activation pressure of the other three redaéssite

this significant differencen the design pressure for EVAL Reactor 2, Kuréray cont did| syst e
not provide workers with any special or unique warnings toikelpoardoperatorgecognizethat

this reactor was differenfvh en Kur ar ay 6 s b o gpressureocpneitioastineides s aw hi
EVAL Reactor 2they did not treat it as an emergency. They did not remember that EVAL Reactor

20s safety syst epressarethathe athethreeEWAL reactois. (SeeSection2.9)

Operating Procedures Up-to-datewritten operating procedures that reflect current plantijoesc

are necessary for the safe operation of a facikiyraray management suppliéd operations team

with nightly operating instructionthatc onf | i ct ed wi th the companyds wi
andresultedn unmanaged changdsringthe reator startup.Kur ar ay és operators fo
nightly management instructions that deviated ftbewritten operating procedures during the

EVAL Reactor 2startup, whickcontributed to the incident~or examplethe nightly operating

instructiors thatKuraray management provided its board operatoggeted a reactor pressure that

was 10Qpsihigher tha whatt h e ¢ o wgeratimg/pdosedures called fovhichnarrowedhe

availablegap between theargeteperating pressure and the emeigepressure el i ef syst emb
activation pressure(SeeSection2.9)

Operator Training. Trainingprovidesworkers withthe communication of knowledge and skills

theyneed to perform taskdn chemical manufacturing plantsainingcommunicategmportant

process knowledgeéevelopsskills for performing operating procedures, aahve)s other essential

process operation taskstteworkersthatcarry outthesetasks.Cr i t i ¢ al gaps in Kura
training contributed to the incidenFor exampl e, Kurarayb6s operator t
alarm setpoints or actiorteatoperators shoulthke in response to specific process alarms, such as
high-pressureconditionsinside an EVAL Reactor(SeeSection2.10

Abnormal Operating Conditions. During the startupgthylene vapor condensed and started
flowing into EVAL Reactor2, forming an inventory of liquid ethylene arudeating dow-
temperature conditonK ur ar ay 6 s r ebnprmal gperatingconditiomsctuded heating
t he r eact orsiigsome ofithe lguid ethylenectiaange to ethylene gashich in turn
generatedhigh pressure inside the reactond ledto the incident.Kurarayd management systedid
not effectively handleabnormaloperatingconditions By getting the right people involveghen
plant personnel first discovered the abnorogdrating conditiongerforming a hazard analysis,
and developing written procedures to respond to thetdomperature conditions inside EVAL
Reactor 2the company coultave preventethe May 19, 2018incident. (SeeSection2.11)

SafetyInterlock Disabling. A safety interlockis a safeguard thékes automatic protective action
at a predermined limitto maintain safety During the EVAL Reactor 2 startufuraray operators
disabled the e a c @borm@l £ondition safety interlogkhile troubleshooting a problem that
stemmed frona misaligned &lve (a closednanualvalve that needed to be opefhe EVAL

Reactor 2 startup continued even though Kuraemydisabled this safeguard. As a result, when the

@pressure values described in this reporgarge pressure, unless othisevspecified.
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13.

14.

15.

pressure inside EVAL Reactor 2 reachedrHig-pressure limitthe safety interlock did neictivate
The automatic actiorthat should have been in placereduce the pressure inside the reactor did not
occur, allowing pressurdo continugo climb. (SeeSection2.12)

Alarm Management Alarm management describes the systdrascompanies use to help

optimize their operator alarms. In the context of a chemical manufacturing facility, an alarm is how
thecontrol system alerts an operator about a condition that needs a resfiptisetime of the

incident, Kuraray had not completed its process alarm manageffatgto improve the quality

and reduce the frequency of alarthat the company tasked hisard operatorsvith responding to

during upset or abnormal conditionghe control system sent abdiOalarms per hour to the

board operators on the morning of the incidélttis flood of alarms contributed to the incident by
preventing board operatdir®m effectively reviewing the process information and controlling the
high-pressure conditions inside EVAL Reactor(3eeSection2.13

ProcessAlarm Response Kur ar ay 6 s o0 p e didnotinclugle aamiafarneatdonar e s
operator guidanckr respondingo process alarmsTherespons¢hatK ur ar ay 6s boar d
took to active higkpressure alarms during the startup did not bringehetor pressure back below
the alarm limits.AlthoughKuraray equippethe EVAL Reactosystem with armutomated valvéo
direct vapor from the reactor to the flare undertain conditionsKuraray physically and
procedurallycontrolledwhen its board operators could ophis valve The company alsdid not
provide its board operators with a procedure or traittiag directedvhento open the valvéhat

could sendrapa from the reactor to thigare. Had Kuraray provided its board operators with clear
operating proceduresnd effective training, the board operators may have prevented the irmident
diverting ethylene gas into the flare systeBy opening this valvethe board operators could have
lowered the pressure inside the reaetwoughto avoidactivating the emergency pressuetief

system and discharging the flammable ethylene vapor intirtheear the workersin addition,
Kuraray could havéowered the pressure inside EVAL Reactor 2 and prevented the May 19, 2018
incidentby using effective control system automation. At a predeterminedgn@gsurdimit inside
EVAL Reactor 2, Kuraray could have had its control system automatically opealile andby

doing sodirected enough ethylene vapor to the flare to prevent the emergency pretstire

system from activating(SeeSection2.14)

SafeOperating Limits. Federalprocess safety regulations requiatcompanies like Kuraray
establishsafe upper and lower limifer process parameters sug$stemperatures, pressures, flows
or compositionsKur ar ay 6 s s a f reanaggmerayatem did got greivemti higheessure
conditions from developing inside the reacturarayalsoset the safe operating limits for EVAL
Reactor2toohighat t he reactor 6 s mé wlefieciielgpreventdaiating n

opeE

cond

the EVAL Reactor 2 emergency presstebef systemKur ar ay6s safe operating

considerthe activatiorpressuref its emergency pressurelief systems anthe fact that these
safety systems do not precisely activattheir design conditionsKuraray could have prevented the
May 19, 2018incident byhavinga robust safe operating limits system vatfective written

procedures andperatortraining. With an effective safe operating limits systanplaceKur ar ay 6 s

board operators shoulhve hadhe tools they needed to prevent this accidantudingthe
predetermined steps they nedtb take to lower and control the pressure inside the reaGee
Section2.15
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16. Environmental Permit. Kurarayhadan environmental permit that liredthe amount of volatile
organic compounds (VOCSs), including ethyletiat the companwas allowed tesendto its flare.
As the pressure withithneEVAL Reactor 2 steadily increased dur
operators limited the flow of ethylene vapor to the flare to avoid exceedisgpdenitlimits. In
addition,Kuraray management restricted its board opesdtom using theutomated valvewhich
could have directed even more ethylene vapor to the flare. The company did not have predetermined
actions for its operators to take in response to the-Higth HighHigh-Pressure alarms. Kuraray
alsoset the EVALReactor 2 safe operating limits too high, and the board operators did not

remember the reactords mechanical design condi't
effectively prioritize keeping the reactor pressure below its alarm limits overithe e 6 s

environmental permitconstrainKk ur ar ay o0s i neffecti veesutellinthé y manac
c 0 mp adegirédts avoid exceedingh e envi ronment al permit | imits
undulyinfluencingt he boar d o p e thahigbpressare comdgiqgnoimsisiecEVALO

Reactor 2whichr esul t ed i n acti vat i ng-retiehsgstemand mjuriog 6 s e me

23 workers (SeeSection2.16)

17. SafetyManagementSystem Self-AssessmenfAudits. Federalprocessafety regulations require
thatcompanies like Kurarageriodicallyevaluate theiprocessafety management systems to
ensue these safety systems are effectivheilvestigation of théncident onMay 19, 2018
revealed many weak process safety management systems at Kéitinaygh the problems with
these management systems were identifiable and corredfable, a rsafgs8essment audits did
notachievethe level of detail required to address phnecess safetgnanagement system failurémst
contributed to the incideni{SeeSection2.17)

Recommendati ons
New Recommendations
To Kuraray America, Inc.

2018-03-I-TX-R1

Develop and implement an emergency presselief system design standard to endtieg each ofhese
safety systems wil/ di scharge to a safe |l ocation.
emergency pressurelief systems and make appropriate modifications to ensureabltofthese

systems discharge to a safe location shahmateriathatcould discharge from these safety systems will

not harm people.

2018-03-I-TX-R2

Implement a sitavide system to evacuate nonessential personnel during upset conditions and exclude
nonessential workers from being neguipment during transient operating modes, such as startup.

2018-03-I-TX-R3

Develop and implement a system requiring a periodic evaluation of the adequacy and effectiveness of any
safeguard used to mitigate or otherwise lower the risk of process lsafeiyds. This safeguard
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protection analysis should be based on the requir
Petroleum Refineries regulations or an appropriate equivalent methodology.

2018-03-I-TX-R4

Develop and implement a policy detagdihow to effectively address recommendations generated from
company process safety management systems, incladditg,incident investigations, management of
change, and process hazard analysis that is consistent with existing OSHA guidance. Iretliodica p
training requirement for managers and other employees involved with evaluating and managing proposed
recommendations to help ensure proposed safety improvements are effectively evaluated and
appropriately implemented.

2018-03-I-TX-R5

Review the Cater for Chemical Process Safety guidance on recognizing catastrophic incident warning
signsandthen develop and implement a program for the EVAL Plant that incorporates warning signs into
its safety management system.

2018-03-I-TX-R6

Clarify the lower guipment design pressure of the EVAL Reactor 2 within the operator training systems,
written procedures, and in the control system interface.

2018-03-I-TX-R7

Develop and implement a program to ensurettieat 0 mp aBEVALOPEant nightly operating
instrudions do not conflict wittits written operating procedures. Ensure that employees use the
management of change system when changes to the written operating procedures are desired.
Additionally, develop and implement a written procedure and condudigasn how to perform the
EVAL Reactor methanol flush operation.

2018-03-I-TX-R8

Strengthen the EVALpré&ytamby 1) hhdudioghekmowit activities, suehiam i n g
bringing ethylene back i nt o tHigbHigh#redsurealarmsaadt condi
providing guidance or otherwise clarifying when nonessential personnel should be excluded from being in

the unit 2) including alarm setpoinendactionsthatoperators should take in response to specific process
alarms, suclas highpressure inside an EVAL Reactor; 3) including directions on when operators should

use the emergency open valve; and 4) including safe operating limits, the consequence of deviating

beyond the safe operating limits, and the predetermined ste@gapareed to take to return the process

to a safe condition.

2018-03-I-TX-R9

Complete the alarm management efforts at the EVAL Plant and implement a continual program to meet
or be lower tharthe alarm rate performance targets established in ISA 18.

2018-03-I-TX-R10

|l mprove the EVAL Plantés safety management system
through the heat exchanger during startup; 2) enhanecagnition of liquid ethylene accumulatiand
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response to lovtemperature conddns inside an EVAL Reactor through alarms, written procedures, and
operator training; 3) implementing a system to manage abnormal operating conditions effectively by, at a
minimum, including appropriate technical representation, performing a hazardsnatgsnporary or
troubleshooting operations, and providing management oversight of any abnormal condition; 4) updating
the written startup procedures to include guidance on the appropriate operator actions to take in response
to process alarms; 5) usiogntrol system guidance to aid operator response to abnormal or upset
conditions to keep the process within the safe operating limits; and 6) removing the physical and
procedural controls used at the EVAL Plant to restrict board operators from accessimg dhe

emergency open valve, and updating the written procedures and operator training to provide guidance on
when to open the emergency open valve.

2018-03-I-TX-R11

Modi fy the EVAL Plantdés safe operat iitiorgpthitielmi t s pr o
upon equipment design safety factors, such aétierican Society of Mechanical EngineefASME)
code material safety factors.

2018-03-I-TX-R12

Acquire the services of an independent third party to perform a comprehensive asses$mERMAIS |

Pl antds process safety management systems. I n ad
Appendix Bof this report this comprehensive assessment should evaluate whether existing policies meet
minimum federal process safety regulatory requirements and apply the Center for Chemical Process

Safety model to verify both #hsuitability of these systems and their effective, consistent implementation.
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1Fact ual | nf or mati on

1.1 KuraOaervi ew

1.1.1 Corporate

KurarayCo, Ltd. is a Japanese chemical company founded in &826urashiki Kenshoku Catd. In

1972 KurarayCo., Ltd. commercializedethylene and vinyl alcohdEVAL) copolymer productiomt its

facility in Okayama, Japawhichthe companyrademarked as EM_E resin[2, 3]. EVALE functions

as agasbarrierby blocking oxygen, making usefulfor packagingoodsand beveragdg]. EVAL is

alsoused in plastic storage containers and automobile fuel fahkEigure 1 provides additional

information about h e ¢ o BWAA4 proddcs The top part of this image shows B¥AL E

mol ecul ar structur e. A number of cioterspersedwitlda et hy |
number of connected vinyl [&.]Thebbttorh pontianbfeheimbges ( deno
shows some product packaging applications thaENge_E [7].

Ethylene and Vinyl ALcohol

__(CH,-CH,)) __(CH,-CH) __
OH

TOMATO
Salice

(< \ult

Figurel. KurarayEVAWK Ethylene and Vinyl Alcohol CopolyméCredit: Kuraray
modified by CSBB, 9)

KurarayCo, Ltd. establishedeVAL Corporation of Americén 1983as a joint venturavith Northern
Petrochemical Comparf$0]. In 1986, Kuraray began manufacturiBYAL in the United Statestits

SSR
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chemical production facility located in the Bayport Industrial Dist(Bayport)near Pasagha, Texas
[10]. Kuraray Americalnc. (Kuraray)was established in 19961]. In 1999 Kurarayalsobegan
makingEVAL in Antwerp, Belgium[3].

1.1.2 Site

The KurarayEVAL Plant (EVAL Plant)in Texashadfour EVAL productionunits (EVAL Unit). Figure
2 showsa 2019 image dahe Kuraray EVAL Plant in Pasadena, Texahich isin Harris County The
gold star in the upper right quadrant shows the approximate location of the May 1%thgk8e
release and fire.

Figure2. KurarayEVAL Plant(Credit: Google Earth)

The May 19, 2018, ethylene release and fire occurred in EVAL UrkiuBaraybuilt EVAL Units 1 and
2in 1986[10]. Kuraray starte@peratinge VAL Unit 3 in December 1996nd EVAL Unit 4 in2007.

aThe Bayport Industrial District covers 12 square milesasmbmmodatesver 70 specialty chemical companies with more than
15,000 employe€ed 47].
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1.2 Surrounding

Ar e a

Figure 3 shows the area surrounding tReraray EVAL Plant The ciclesare set at one (blue), three
(orange), and fiveygllow) miles from EVAL Reactor 2.

Google Earth

Figure3. Area Surroundinghe Kuraray EVAL Plant. (Cre@bogle Earth, annotated by CSB)

While the Kuraray EVAL Planis surrounded primarily by industrial facilities, there segidencesa
park and aschoolin the areavithin one mile of the EVAL Plan{Figure 4).# Figure 4 shows theéwo
census blocks within approximateiynemile of the Kuraray EVAL Plarthat the CSB reviewed

8Di stances from Kurarayos
the school (5,000 feet).

SB

Eeva follovizs] residences (8,500 fhed), she papk (300ifeet), and e a s
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Figure4. Census blocks near the EVAL Plant. (Credit: Census Reporter with annotations by CSB)

Table 1 summarizes the demograpliatafor these two census bloéks

8This information was compiled using 2020 Census data as presented by Census Réggrter i Census Reporter i s
independent projetb make data from the American Community Survey easier to use. [It is] unaffiliated with the U.S. Census
Bureau. A News Challenge grant from the Knight Foundation funded the initiaddwild of t he site. €é Suppor
Reporter6s] CeMXxWU sDdxeeanruirels was provided by the Google News
Journalism at Northwestern University, home of the Knight Lab, [] providesilmnd support for some of Cen
ongoing developmentMo st o f [ Ce hserves hofirgpnrasttueuredsd] provided by the Oregon State University
Open Source Lafi50]. 0
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Tablel. Summarized Demographic Data.

Per
- . Number of
Population Race &(OI/EO;th'ty Iﬁgg;ae Po(\g/(:)rty Housing Types of Housing Units (%)
Units
$)
White 47 Single Unit 64
Black 18 Multi-Unit 28
Native 0 Mobile Home 8
6.459 Asian 1 28,646 12 2534 Boat, RV, Van, etc.
Islander 0
Other 0
Two+ 2
Hispanic 32

Table 2 contains further demographic information for these census blatkde na all individuals in
the two census blocks residetiwn one mile of the Kuraray EVAL Plant, in genetale populabn in the
area ipredominantly notwhite, with 12 percent of the population below the poverty level.

Table2. Tabulation of Demographic Data.

Per
Block Pobulation Median Race and Capita Poverty NJSLZ?; of Types of
Number P Age Ethnicity (%) Income (%) Unitsg Structures (%)
(%)

40.0 | White 64 | Single Unit
21.0 | Black 35 | Multi-Unit
0.0 | Native 1 | Mobile Home
0.0 | Asian 1 Boat, RV,

1 3,948 31.7 23,895 15.3 1,553 van, etc.
0.0 | Islander
0.0 | Other
2.0 | Two+
37.0 | Hispanic
14.0 | Black 17 | Multi-Unit
0.0 | Native 18 | Mobile Home
2.0 | Asian 1 | Boat RV,

2 2,511 40.3 36,116 7.0 981 van, efc.
0.0 | Islander
0.0 | Other
2.0 | Two+
24.0 | Hispanic
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1.3 Kuraray Personnel

Kuraray emplogdabout 130 people at its EVARlant[12]. Operationemployees normally workesh
one of fourrotating 12-hour $ifts. During theturnaroungthe operations staff was doubled wjith half
working a 12hour day stit and theother half working a 1-hour night shift. As a result, sthe time of
theincident there were 19 operators at faeility. Two of these operators were working as board
operators inside the control roorBoard Operator 1 hatB years of experience at the EVAL Plaamd
Board Operator Bad 12 years of experience at the EVIAlant. In addition to the 19 operators, Kuraray
had several operations supervisarshe EVAL Plant on the day of the incidei®upervisor had 27
years of experience at the EVAL Plant.

14 Ethyl ene

In its 2007 bookPetroleum Technologyiley Critical Cont ent experts i denti fied
largestv ol ume petr ochemi c fB, p.727]oThese expibrtsalsorndtedl that dtleylene

i s almost exclusively wused as [18, pi7B7l Accoddingitgtheb | o c k 0
American Chemistry Council (ACC)theylene isnotused directly byr sold toconsumer$14]. Instead,
commercial ethylene is used as a feedstock in the prodwaftiodustrial chemical§l4].

Ethylene contains one double bond imitslecularstructure, making it more reactive than the single
bonds found in most components of crude oil and naturdllgap. 92] This reactivity makes ethylene
useful in the production of other chemicHls, p. 92]

The Safety Data Sheet (SDS) for ethylene providede CSBby Kurarayfollowing theincidentshows
that a primary hazard of ethylene is its flammability. The National Fire ProtécsgmciationNFPA)
diamond for ethylene shows that its flammability hazard is a 4, the most severe NFPA hazaftiating
17] (Figure 5).

Diamond Hazard Value | Description
’ Health 2 Can cause temporary incapacitation or residual injury.
‘ Burns readily. Rapidly or completely vaporizes at atmospheric pressure and normal
Flammability 4 ambient temperature.
Instability 2 Readily undergoes violent chemical changes at elevated temperatures and pressures.
<O Special

Figure5. TheNFPA Diamond for Ethylef/]. (Credit: BMEC Chemicals)

a ComputerAided Management of Emergency Operations (CAMBQ) system of software applications used to plan for and
respond to chemical emergend#52].
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Ethylene is a colorless gas with flammability (explosive) limits reported as low as 2.7 and as high as 36
(volume percent)18].2 The relative vapor density of ethylene is 0.98 (air is equal td118))

Ethylene is among many other chemicals thatit& Environmental Protection AgendyRA) has
identified as volatile organic compounds (VOCK)]. VOCs have carbon and participate in atmospheric
photachemical(sunlight)reactiong20]. In some parts of Texas, including Harris County, ethylene is
considered a highly reactive volatile organic compound (HRVia@#Cause itlisproportionately

contributes to grountevel ozone famation[21].

15 Process Description

The May 19, 2018ncident at Kurarayccurredwhen highpressure conditions developetithin a

reactor system during startégdlowing a maintenance turnarounfligure 6 shows a simplified

schematic of Kurarayo6s r etamakesthylene gnslinyeaocoh¢l EVAL React
copolymer(EVAL). The equipment showin Figure 6 is limited to the items most relevant to the May

19, 2018, EVAL Reactor startup incident.

af V a miomixtures will ignite and burn only over a welbecified range of compositions. The mixture will not burn when the
composition is lower than the lower flammable limit (LFL); the mixture is too lean for combudtl@mixture is also not
combustible when the composition is too rich; that is, when it is above the upper flammable limit AURXture is
flammable onlywhen the composition is between the LFL and the UEbmmonly used units are volume percent fuel
(percentage of fuel plus airl.ower explosion limit (LEL) and upper explosion limit (UEL) are used interchangeably with LFL
and UFLo[149, p. 228]
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Emergency Pressure-Relief System Heat
Discharge to Atmosphere 9 Exchanger I

CLR -~ Flare
CLS

TCV
Ethylene & Flare
EQV
Reactor
B ] Legend

JWR CLR: Chilled Liquid Return

CLS: Chilled Liguid Supply
EQV: Emergency Open Valve
HCV: Hand Control Valve
JWR: Jacket Water Return
JWS: Jacket Water Supply
LCV: Level Control Valve
PCV: Pressure Control Valve
PSV: Pressure Safety Valve
RD: Rupture Disc

E&—_y TCV: Temperature Control Valve
Steamﬁ-[%—
HCV JWS i Reactor
L ) i Bottom Outlet
Pump

LCV

Figure6. EVAL Reacto(Credit: CSB)

TheEVAL Reactorincluded a pressurevessel with anixer* mounted inside Kuraray equippedie
reactorwith a heat transfer jacket that alleda portion ofthereactorsurfaceto be cooled or heated.
Kuraray usd a pump to circulate water through the heat transfergadBoard geratorscouldincrease
thecirculating jacket water temperaturg openinga hand control valven add steamBoard gerators
couldalso adjusthe liquid level inside the reactasing the level control valve

Kuraray direotdvapor from the top of the reactihrougha heat exchangénat usd a chilled liquict

system for cooling A temperature control valve adjesithe flow of chilled liquid through the heat
exchangef. To control the pressure inside the reactor, Kurasml two pressure control valves.hd@
first pressure control valMeweredthe pressure inside the reactorrbynoving reactovaporfrom the

8The mixer shown iffigure6i s i ntentionally different from Kurarayds actual
proprietary design information.

® The CSB Factual Investigative Upddteo r t he Kur ar a y incident ref estentvetdhovo t hi s <ch
plant personnel used the tef23].

¢ The actual equipment included more than one heat exchanger and temperature contféiguaiv@@. Among other things,
this explains why Kudrversay whernk ariss cruesfsarngt @ hfev t emper ature co
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heat exchangé outletand sendinghis vaporto the flae. The second pressure control valasel the
reactorpressure bydding ethylene vapao the reactof.

Kuraray contrdedthe EVAL Reactorpressuréy addingmoreethylene to increase the pressure or
flowing more reactor vapor to the flare to decrease the pressure. Other parameters, including jacket wate
flow and temperatureand chilled liquid flow and temperatygdso affectdthepressure inside tHeVAL
Reactor. Kuraray equippethe EVAL Reactosystem with an emergency open valve to increase the
amount of vaposentto the flare during certain conditiongor scenariogn whichthesepressure control
systemscould notmaintain control of the EVAL Reactor pressure, Kuraray equippeB\é¢. Reador
with an emergency pressurgief systerfiintended to prevenhe reactor frommupturing under high
pressure conditionsThis emergencyressuraelief system included bothrupture dis andan
emergency pressurelief valvein serieqFigure 7).° The postincident photo irFigure 7 shows the
location and piping configuration of the emergency preslief system for EVAL Reactor®the
reactor system involved in the incidént

a\With two pressure control systems on the reactor, Kuraray typically targeted the pressure control to the flare to aj@te abo
psihigher than the pressure control dé& supplying ethylene tde reactor. This offset between the two control systems was
done to help ensure that the ethylene pressure control valve would be fully closed before the pressure control vidve to the f
would open.

b A recent industry trainingideoprovided a general description of how emergency presseiief systems are used to protect
equipment. This video also provitla description of some of the important design abersitions for these systems, such as
ensuring that emergency presstekef systems discharge to a safe locafi4].

¢ The phras@mergency pressurelief systenused in this report is intended to describe the entirelyigkafety system,
including the inlet piping, rupture disc, piping between the rupture disc and the emergency pedisfwadve, the emergency
pressureelief valve, and the outlet or discharge piping from the emergency prestiafevalve to its ésposal location.For
EVAL Reactor 2, the disposal location was the ambient air, also referred to as the atmosphere. thithcepbrt usethe
term emergency pressurelief valve, the termpressure relief valvesafety relief valvgpressure safetyalve or relief valve
can be usethterchangeably. For a specific application, however, readers should know that these other names can reflect
different operating characteristics and using precise termindtwgyspecific applicatiomay be appropriateThe emergency
pressureelief valve Kuraray installed to proteEWVAL Reactor 2 was a Farris 2600 Series. Farris degttitie safety device
as a pressure relief valwehichi sa prgssure relief devicesigned to relose and prevent the further flow of fluid after
normal conditions have been restay§8, p. 9]

9The CSB investigator who captured the image showigare 7 was standing on the ground. The camera was angled upward
andwas facinghewestsouthwest (WSW) direction.
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= Horizontally
. Directed
. Discharge

Emergency
Pressure-Relief
Valve

A l—— Rupture DIS\C

Top of EVAL Reactor 24

Figure7. EVALReactor ZmergencyPressureReliefSystem (Credit: CSB)

Theemergency pressurelief systenfor EVAL Reactor 2 was designéddischargeeactorvapor to the
ambient air (atmospherapout 40 feet above the grounéinnotatingthe horizontal 96degree angle on
this piping(Figure 6, Figure 7, andFigure 8) illustratesthat Kuraray did not install the outlet piping
from theemergency pressurelief systemvertically upward (18@egree angle). As will be further
discussed, this piping desigetdil directedflammableethylene vapothroughthe horizontally aimed
piping andtowardan area where many workers were performing maintenance actilétaacluded
welding operations.
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Figure8. EVAL ReactorEmergency PressuiRelief System Outlet Piping. (Credit: CSB)

The pressure control system that sugpithylene to EVAL Reactor 2 also provite High-Pressure
alarm at 62(@ounds per square in€psi) and a HighHigh-Pressure alarm at 64i.2 Activating the
High-High-Pressure alarmalsotriggereda High-High-Pressure safetinterlockthat among other actions,
isolatal the feedgsuch as ethylenad the reactoandfully operedthe chilled liquid temperature control
valve to the heat exchangerhis High-High-Pressure safety interlockoweverdid not automatically
opentheemergency open valte sendvaporfrom the reactor to the flare

Kurarayoperate four different EVAL Reactorsat itsPasadena, Tex&acility. Threeof these reactors
hadanemergency pressurelief system designed to activate at a pressure of pdiffut the activation
pressurdor EVAL Reactor 2vas much lower Table 3 shows the HigiHigh-Pressuralarm limits and
the energencypressurerelief systemactivation pressure for théour EVAL Reactors

@Ppressure values described in this report are gauge pressure, unless otherifisgh spec
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Table3. EVAL Reactor EmergeresessureRelief System Design and Alarm Conditfons

Emergenc . .
EVAL Reactor Pressurge—Re)I/ief High-High-Pressure
Number System Activation Alarm :
R () Ethylene PCV (psi)
1 1,150 890
2 740 640
3 1,150 o}
4 1,150 0

Kuraray did not provide th€SB with alarm information for EVAL Reactors 3 or 4.

Each EVAL Reactocouldmake a variety of different product grades. Kurdragitarget operating
conditions for each product grade. As a result, the normal operating pr@asaréunction of product
grade,andthemasn o finor mal 6 operating pressure for each E

The emergency pressurelief system foEVAL Reactor Zhadan activation pressure of 748i0 410psi
lower than that of the other three EVAL Reactors. The lower activation pressure of the emergency
pressureaelief system for EVAL Reactor 2 resulted from this reactor having a lower mechanical design
pressure than the other three reactors. Becausesdbwer design pressure, Kuramegyuld not

manufacture some EVAL product grades in EVAL Reactor 2.

16 I ncident Description

A detailed timeline of events is providedAppendix A

1.6.1 Pre-Incident Information

Kuraray shut down its EVAL Plant on April 6, 2018, for a maintenance turnaround and to install various
equipment upgrades. One of these equipment upgrades included the commissioning of a new chilled
liquid refrigeration compressor to replaceextisting ammonidased system with one using
hydrofluorocarbon. On May4] 2018 five days before the incident, personnel finished commissioning
this new refrigeration equipment. With the new refrigeration system in operation, chilled liquid at
temperéure as low agd°F (degrees Fahrenhgttirculated through thEVAL Reactor 2 heat exchanger.

When Kuraray brought an EVAL Reactor back online followarigrnaroundthe nightlyoperating
instructions and operating procedures directed operations personnel to complete several steps before
initiating the normal chemical reaction to produce EVAL. These steps included:

9 replacing oxygen in the reactor with nitrogen;

&This report is simplifying the EVAL Unit and EVAL Reactor numbering from that used i@#& Factual Investigative
Updatefor this incidenf23]. The numbering system of 1100, 1200, 1300, and 1400 has been simplified to 1, 2, 3, and 4,
respectively.
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replacing nitroge in the reactor with ethylene;
flushing methanol through the reactor to remove residual water;

incrementally raising the reactor system pressure with ethylene vapor to check for leaks; and

= =2 =4 =4

achieving the target reactor system operating pressure witlerhy

1.6.2 The Incident

On May 18, 2018, the day before the incident, Kuraray operations personnel introduced methanol and
ethylene into EVAL Reactor 2, and they began increasing the system piasteading moreethylene

to the reactoto check for leaks. #aboutll1:25 p.m,just over 11 hours before the incident occurred, the
ethylene, along with the low temperature from the chilled liquid circulating through the heat exchanger,
createdeactor system pressurenditions thatould condenssome of the ethylene gas into a liquid.

The temperature inside EVAL Reactor 2 then began to decrease as liquid ethylene entered the reactor.
Figure 9 shows a timeline of the key events leading up to the incident. The green area shows events that
took place while the pressure inside the reactor was less thaosi50the yellow section covers events

that took plae when the reactor pressure was between 500 anasy@dd the red portion shows events

that took place with pressure inside EVAL Reactor 2 abovep30

May 18, 2018 at 11:25 p.m.
ethylene begins condensing

400 psi 7:1la.m. 8:51a.m 10:05a.m.
prr:sssure |n5|_de reacto(; High-Pressure contro(\jtranmt\ons to
reac es_o;_;erat\ng prc.)ce ure alarm at 620 psi Boar Oper?tor 2
limit of 495 psi 703 psi

Pressure Inside EVAL Reacto

9:01a.m.

May 19, 2018 at 7:00 a.m.

low-temperature recognized 8:44a.m High-High-Pressure 10:_28 a.m_.
when reactor temperature is  inside react alarm at 640 psi ethylene discharging from
17 degrees Fahrenheit PrESSUTe Insice reactor emergency pressure-relief
472 osi reaches target operating system towards workers
P pressure of 595 psi 719 psi

Figure9. Timeline of Key Events. (Credit: CSB)
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After the day shiftook overat about 5:30 a.nan the morning of May 19, 2018, Kuraray divided the
operational tasks inside the control room between two board oper&oesd Operator 1 focused on
operational activities for EVAL Units 1 and 2, while Board Operator 2 focused on EVAL Units 3 and 4.

At approximately7:00 a.m, Supervisor hecked on thprocessstatusby reviewing some of the

displays at one of the computer control system workstatiBusing this reviewSupervisor Xecognized

the low reactor temperature inside EVAL Reactor 2 and instructed Board Operator 1 to stop circulating
chilled liquidthrough the heat exchanger by closing the temperature control(adwee 10). Figure
10shows an excerpt froffigure 6 that highlights the chilled liquid temperature control valve (blue
dashedine rectangle).

Heat N\
Exchanger
CLR e —>| XK I— Flare
I 1 PCV

CLS-DXH
TCV!

) ———+Dﬂ(}——*Fbre
EQV

Reactor

Figurel0. Temperature Control Valve. (Credit: CSB)

Supervsor lexplained:

[l was just] kind of seeing where things are at for myself and kind of get
an idea. And | looked at [EVAL Reactor 2] and [l saw the chilled liquid]
valves open | [saw] it was 17 degrees F [Fahrenheit]. | knew that
probably means liquid ethylene. | walked [over] to the board man and told

the board man, ACl ose those valves. 0 | sai d
Il just said, ACl ose the valves. o | knew it
up on its own, nNo I ssue. | 6ve seen that on
and we just closed them back off. It i s ki

8Kur aray6s ccarcampuer control systemhwatorkstations for three board operators. Each of the stations had

access to the same information, meaning that any of the EVAL Reactors could be monitored or controlled fromsny of the
workstations
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time, gets your attention. B[when | saw this before], we just closed the
valves, and it just came back on its own with no issue.

The lowtemperature conditions inside EVAL Reactor 2 did not appear to createtablesafety
concerisamong the Kuraray operations personnel workimghe startupas Kuraray operations

personnel took no special steps before continuing with startup tasks. Although some liquid ethylene had
accumulated inside the reactor, Kuraray operations personnel did not have any discussions or call for a
meetingwith engineering or other technical stadfhelpdecide what actions to take.

To help warm the reactooward thetarget operating temperatyet 7:08 a.mBoard Operator bpened

the cantrol valvethat addedgteamto increase the temperature of the water circulating through the
reactor 6s heRidgurell). &igusefllshowg aa ex&emt frolfigure 6 that highlights the

hand control valvehlue dashedine rectangle}hatKuraray operators periodically used to increase the
temperature of the reactor jacket water by injecting steam into the circulating water. By raising the jacket
water temperaturdaowever the injected steam was also ragsithe pressure inside the reactor because

some liquid ethylene vaporized.

Steam

JWS 1

Pump

Figurell. Steam Injection. (Credit: CSB)

At 7:11 a.m, the pressure inside EVAL Retor 2 reached 495si. Although the operating procedures
called for limiting the pressure inside the reactor tog€Kurarayd s b o a r dwere fplewirgtheo r s
operating instructionthat Kuraray management had providethia form of nightly operating

instructions. TIs operating instructiotargeted increasing the pressur&® psi, 100psiabove tle limit
specified in the operating procedure

By about8:44 a.m, the pressure inside EVAL Reactor 2 reacheddtget pressuref 595 psi, butthe
pressure continuei increasdeyond the target pressurat 8:51 a.m, the pressure inside EVAL
Reactor 2 reached 628i, activating the HiglPressure alarm. Ten minutes lateQ:8tL a.m, the

r eact o-HighsPressureg dhan went off at 64(si. Each of these highressure alarms was
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acknowledged by one of the Kuraray board operators, likely Board Opefatss the pressure inside
the reactor continually increased, Board Operator 1 periodically tried to lower therpi@gsypening the
pressure control valvé-igure 12) to send some vapor from the reactor to the fl&igure 12 shows an
excerpt fromFigure 6 that highlights the pressure control valve (blue dadinedrectanglejhatKuraray
operators periodically used to direct vapor from the reactor to the flare to reduce theeprnsssdeithe
reactor.

Heat
Exchanger

CLR+
CLS

Flare

TCV

Reactor
Figurel2. Pressuré€ontrolValve to Flare. (Credit: CSB)

To avoid exceeding an environmental permit emissions limit orcoorbusted volatile organic

compounds (VOCSs) exiting the flare, Board Operatlimited how much he openetie pressure control
valve. To reduce the pressure inside the reactor while keeping the VOCs below the environmental
emission limit, he adjusted the vapor flow from the reactor to the flare. In explaining how he controlled
thereactor pressure to CSB investigators, Board Operattatéd

Usually, we look at the reactor pressuamd we uséthe pressure control
valve]to control the reactor pressure on there.

8The pressure inside EVAL Reactor 2 remained abovelifje- and HighHigh-Pressure alarm settings until after the
emergency pressurelief valve openedKur ar ay6s control system configuration had
As a result, when Kuraray operators acknowledgey alarm, the conti system also silenced (acknowledged), all the active
control system alarmsBecause of this control system design, it is not possible to know which Kuraray employee
acknowledged the highressure alarms.
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There was a higpressure reactor [alarm] that | [saw] atthe me . That 6s
why | opened [the pressure control valve] up 30, 35 [peréent].

| opened it up. You know, at the same time, you kritiwyas trying to
watch the VOCs on the flafpecausejwe have a certain limit for the
VOCs on the flare.

T h e r en&[df weaexcéed]a certain limit for VOCs on the flare.

[ The envir on meéasicallyl an verage of whatsethyle@es
we b6r e | eaviandgtcdcolates $oenudhd m rlreour 6 s t i me. So,
you know, | was trying to watch that.

Later in themorning, Board Operator 1 began focusing his attention on starting up a distillation column
downstream of EVAL Reactor 2. During this time, while Board Operator 1 primarily focused on the
distillation column startup, other operaticalsowere routinely reding his attention. Among other

things, these operations included:

9 the continuapressurencreases within EVAL Reactor 2; and

1 acknowledging numerous control system alarms related to a compressor startup.
Board Operator 1 explained the heavy workloagjrey:

And, you know, é | had a | ot of ot her stuff
column] startup. Then é the VYOCs and then
panel alarm from the compressor trying to be started up also.

At 10:05 a.m, as Board Operator 1 was focused on the distillation column st8uapprvisor Jasked

Board Operator 2 to take over the operation of EVAL Reactor 2 to initiate the next step in the startup
procesd flushing a batch ofmethanol and vinyl acetate through the reactor (flush batBoard

Operator 1 handed his copy of the procedure to Board Operator 2.

Kuraray usd a checklist procedure that operatorfilbut as they flusbdthe reactor with methanol and
vinyl acetaed the flush batch. To complete the flush batch, board operataisheseontrol system to
make needed calculations as they pertatthe procedure.

When Board Operator 2 took over the EVAL Reactor 2 startup, the pressure inside the reactor was 703
psi. Still, the control room workers were focused on the next step in the Stdréginning the flush
batch Board Operator 2 was natvare of how closéhe reactor systefs pressure was to the activation

a Although Board Operator 1 described limiting thressure control valve opening from 30 to 35 percent dpguré 12),
Kur arayods pr oc eeslthat aperatarsropehed ttheavalze ndsals mweh as 100 perdénto help lower the
reactor pressureAf t er the incident, Kuraray clarified in its operatir
for safety has the highest priorignd operators should disregard the environmental VOC emission liuitaray also
changed its controls to open thmergency open vahautomatically(Figure 13), directingvapor from the reactor to the flare
whena r e ahigh-poessars alarm activates.
PKurar a y 6 s b o ardtraiming and petiodicably operieach of the four EVAL Uits.
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pressure design (743 of the emergency presstraief system. Board Operator 2 explained the
transition to CSB investigators. ld&ated

When 1é took over the reactor froffBoard Operator 1]¢ | didn& do
anything with the pressure or anythirignerely got it to staraflush batch
for [Board Operator 1fo get that started.

To work through the procedufer flushing the reactor with methanol and vinyl acetate, Board Operator 2
briefly left the control room to retrieve his reading glasses. Board Operator 2 expla@®®#8 to
investigators how the events unfolded:

So, | walk over there tfBoard Operator 1pn his side of the board and

[get the procedure]So, | go sit back down at my consa@d Em sitting

therereading over th¢procedureland having a little troublesading it.

So, | needed to get my reading glass®es, | get up, and | tell the guys, |

sai d, AHey, |l 6m going to go grab my readin;q
So, | walk out there and get them and come back inside. Put thedmon. |

sitting therereading the [procedure]. You know, just looking over the first

part, which is what | need to do to put the flush batch in. Which is calculate

my methanol and [vinyl acetate]. Get my methanol ratio put in right on

that [computer control system].

At thattime, 266 employees and contract workers were ofi2ie Kuraray control system records show
that the operatorsd efforts to slOabatmBbande met hanol
Operator 2 continued describing the events that preceded the incident. He explained in detail:

[ él] turn over to thgcomputer screergraphic and | pull ug we have

a batch meter where we put in @urour methanol ratio and then oér

how mucHhvinyl acetatelwe 6 r e going to put in for the bat
met hanol wedr e g¢gobBmlgputthase mumbkersiimnd t he bat ch.

€ [ #&d shmettimedn fixing up, m calling a technician to go upstairs

and line up my[vinyl acetate]land methanol. We leave all that stuff

blocked in until we need it agairY.ou know, just in case something were

to leak by or somethingSo, call him up thereand hés standing by to line

it up, and I get him to line up thginyl acetateland methanol.

So, we got the [vinyl acetate and] methanol f[ov the flush batch]and

right before | go to start the batch on th
to ook over and see the presgure on the re
was about 710 pounds. My immediate first reaction when | saw that was

to open up [the pressure control valve to the flaléjve get high pressure

in the reactor, we open it up, and it helps relieve the pressure.

8Kurarayb6s control system records show that Board Operator 2
percent open dt0:15 a.m.
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Now itGsé when you open this v, ités not going to drop [the pressure
inside the reactorfjuick. Therds an orifice in the line, andé that
prevents us from putting too much ethylene in the flare at one @uogl
opened thaé operedthat pressure control valve up to Rercen]. At

the same time&é we were trying to start up a compressdéfe were doing
ethylene purges on a compressdrhen we do that, we purge the process
side of this compressorWe purge it with ethylene to remove all the
nitrogen and oxygen out of it et it ready for startupWWhen we do that,

€ we pressure everything up and then go out to the flare with it.

At the same time, we were doing all tikatwe watché on our flare we
watch flare VOCs.And we have to stay under a certain permit limit, or
wedl have an environmental deaSo,é when | operd that [pressure
control valve]on the reactoé | only went to 3§percent openbecause

| was thinking of the VOCs downstream at thedlar

The activation pressure of the emergency presslief sysem was identical foeachof the EVAL

Reactors except EVAL Reactor 2. Reactors 1, 3, and 4 all have emergency pedssigpstems

designed to activate at 1,1p8i. EVAL Reactor 2, however, relieves at a much lower predsa4é psi.

This differencestems from EVAL Reactor 2 having a lower design pressure than the other three EVAL
Reactors. Board Operatotdd CSB investigatorthath e was not aware of how cl o
operating pressure was to activating the emergency presdigfesystem At 10:28 a.m.about thirteen

minutes after Board Operator 2 first noted the high pressure inside EVAL Reactor 2, the emergency
pressureelief system opened and discharged fpgissure ethylene near many of the contractors

working in the area.

In explaining what happened to CSB investigators, Board Operatate?i

[ él] was unsure of what the relief valve setting wa$EWAL Reactor
2]. So, when | openefthe pressure cdrol valve]to 35 [percent] instead
of 100 [percent], | was thinking of the flare downstredmé [was trying
not to breach the flare VOCs to put us in an environmental situation.

| did not have time to look at tHpressurelrend. By the time | opead

that valve to the 3fpercent] it was,[lifting the emergency pressurelief

valve]was almost like if € Jas instantaneousélay be €é about a minut e
after.

Had | known exactly whafpressure]that [emergency pressurelief
systenp was going tarelieve at, | could have opened up feenergency
open valve] and relieved it a lot fastéigure 13).

Board Operator 1 also forgot that EVAL Reactor 2 had a lowegesessure, statingl was not aware
we were even clogéo the pressure where] the reactor pressure relief valve [might Ifigure 13
shows an excerpt froffigure 6 that highlights the emergency open valve (blue datihedectangle)
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that Kuraray operators could have used to direct vapor from the reactor to the flare talreguessure
inside the reactor further.

Emergency Pressure-Relief System Heat
Discharge to Atmosphere Exchanger |
CLR Sy Flare
CLS—1><»—/ |
TCv ; i
i I
! Eg] 1
Ethylene—@ i {— Flare
| EOV |

PCV

Reactor

Figurel3. Emergency Open Valve to Flare. (Credit: CSB)

Board Operator 2 continuekplainingthe incident. He stated

| was thinking thdemergency pressurelief systerh setting at that time
was the same as the highessure drupwhich runs around,100 pounds.
A little over 1,100 pounds.

And then operators out in the unit started getting on the ra@ia.know,
AThe@atfe Therds a f i re! 06 Ansdu @ehreyant é h e
outside and | believe as soénimmediately as soon as he went out, he
knew what it was so he told és told us to open thfemergency open
valve] on the reactor.So, my first response is | went and opened the
[emergency open valveh the ractor.

Figure 14 shows imagesof the ethylene fire at Kuraragfter the initial cloud bethylenevapor was
consumed. Theeft photoshows the developdie from a bcal roadand the right imagshowsa screa
capture from aideoof the fire.
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Figureld. Ethylene Fire. (Crediteft image,Houston Chronicteright image Tiffany Craig, KHOU TV,
courtesy of Edward Ross)

Outside the control roormanyworkers were in the vicinity of EVAL Reactor 2, performing various

tasks that included pump demolition, hydrotesting, welding, insulating, and scaffolding. None of these
workers were essential to the startup. These wohatso warning that the emergency presselief

system was about to discharge a Higessure stream of ethylene vapor toward them. One worker
explained to CSB investigators that he was speaking with his supervisor when the emergency pressure
relief sygem on EVAL Reactor 2 opened

[W]lhen we felt the vibrations on the ground. | told him there [are] no

earthquakes in Texas. Somet hingbs wrong.
uni t . So, at é at that time when [the et h
€ lemt in to start [é] telling everybody to
when it lit off.

|l 6d say [it was] from 15, maybe to 25 secon

the release and when the ethylene fire erupted].

a\Wwitness accounts of the evenryan a number ohspects, including the timing between the ethylene release and the ignition of
the ethylene
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The images irfrigure 15show the approximate area and direction of the ethylene release from the EVAL
Reactor 2 emergency pressuetief system (yellow oval in the right image). The gold star shows the
likely location of the ignition sour@ an operating welding machine on the bed of a pickup fruck.

Figurel5. Ethylene Releade(Credit: leftimage, CSB; right image, Google Eamtintatedby CSB)

Another worker who was near the reactor recounted his experience with CSB investigators. He said:

| know | was standindgnear the reactorland|[ é ] dond remember

hearing a pop anything like that. | remember hearing a real loud rumble,

and |I turned to |l ook over my |l eft shoul der
| looked over my left shoulder, and | just saw a wall of fire. | saw

everybody else run, so | took off running.

Figure 16 shows the location of the likely ignition souécan operating welding machine on the bed of
the pickup truck facing forward, located below the horizdn&imedethylene dischargindrom the
EVAL Reactor 2 emergency pressuiedief system.

8The Harris Cou@tiyi Feriedd&arishiaédsthe ignition source as Al oca
machine] locatedh the back of the Dodge pickafil29, p. 13] The pickup truck was parketext to the reactor structure,
under theoutletpiping from the EVAL Reactor 2 emergency presstgkef system. In addition, the Harris County Fire
Mar shal 6s report on t he Kur waitha9yoftheseovorlers betng teisportes fo2mkdicalor ker i nj
treatment

b Each image ifrigure 15is shownlooking east. The left image waapturedoy a CSB invesgatorstandingon the ground,
north and west of EVAL Reactor @ith the camera facing east. The tigicture is a satatke or aerialimage from west of the
facility looking down and to the east.
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in Bed of Dodge Truck :

1 i ¢
parat}g Welding Machine

Llncate

L

Figurel6. Likely Ignition Source. (Credit: (&8)

Workers in the immediatécinity of the ethylene release and fingently tried to evacuate from the area.
In doing so, some workers were injured as they jumped from the second or third story of the plant
structure and ran or otherwise exited the area, tripping and falling or suffering sprains along the way.

One of thke supervisorexplainedo CSB investigators that while some workers were able to escape
immediately, other workers were burned because they were wearing equipment for fall protection and
were physically tied off and connected to the plant structure,idgl#lyeir escape. One worker jumped

but forgot that he was wearing fall protection equipment and was left hanging from the structure. While
he was not directly in the flame, he sustained burns from tlds fadiant heat.

Emergency responders trangeoras many a1 injured workers to ofkite medical facilities for
treatmen{22].2 Two workers were lifdlighted from the Kuraray facility. One of these workers
remained in critical condition for several days from-tifeeatening burnbut survived

The fire burned foaboutthree minutes until enougtthylenevaporhad beemeleasedo reduce the
pressurenside EVAL Reactor 2allowing the sprindoadedemergency pressurelief valveto close
stopping the flow of flammable vap@nd extinguishinghe fire. Kuraray reported releasing 2,347
pounds of ethylene through the EVAL Rea emergency pressurelief systen{12].

81n its 2019RMP, Kuraray reported that the incident injured a total of 23 worki€dps
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1.7 Di schargg Emer gencYfRePr e$§s @yos tae ms
Safe Lo%cation

The emergency pressurelief valvethatKurarayhadinstalled to protect EVAL Reactor 2 wa2@00
Series safly device manufactured dyarris[24]. The Farridnstallation and miatenance instructions for
this device includda safety warningo helpensure thathe discharg&vasdirected to a safe locatig@b,

p. 4]. Farris waned its users to ensure that

The exhaust from the main valve outlet or any other ports that could
exhaust, should be vented to a safe location to eliminate the potential
serious injury or damage during relief operafi®s, p. 4]

Kuraray providd its employees with a list of scenarios that qualify as the top level of process safety
events. Not abl vy, Kur & fFigwedd indluded dischargingremesgencys er i ou s
pressureelief systems to an unsafe locatidfigure 17showsan excer pt from Kuraray¢
Investigation and Reporting policy showing that the company considered discharging an emergency
pressureelief system (pressure relief devioePRD) to an unsafe locatida beamong thenost serious
incident consequences. I n this ATierdo system, Ti
process safety consequelfi2é, p. 12]

a0n March 4, 2020Georges Melhem dbMosaicprovided a webinar with the American Institute of Chemical Engineers
(AI'ChE) titled fAWhat [188]. Readmifamingd urslerdtandhegagproacidrc Methénmopropsed
to assess whether a particular emergency presslieésystem discharges to a safe location are encouraged to vidre¢his
webinar While this CSB report focuses on discharging flammable vapor into the air, the webinar also discusses toxics,
asphyxiants, andvenmaterials such as steam that can present thermal burn hazards to workers.
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Kurarayos

EVAL : HSSE

Incident Investigation and Reporting

Document:HSE 080.01
Revision: 1
Last Reviewed: 10/24/2017

A Tier 1 Process Safety Event is an unplanned or uncontrolled release of any
material, including non-toxic and non-flammable materials (e.g. steam, hot
condensate, nitrogen, compressed CO2 or compressed air), from a process that
results in one or more of the consequences listed below:

1

2.
3

A “days away from work” injury and/or fatality or hospital admission, by
either employee, contractor, or third party.
An officially declared community evacuation or community shelter-in-place;
A fire or explosion resulting in greater than or equal to $25,000 of direct cost
to the Company;
A pressure relief device (PRD) discharge to atmosphere whether directly or
via a downstream destructive device that results in one or more of the
following four consequences:
i. liquid carryover,;

ii. discharge to a potentially unsafe location;

iii. an on-site shelter-in-place;

iv. public protective measures (e.g. road closure);

v. and a PRD discharge quantity greater than the threshold quantities,

or

A release of material greater than the threshold quantities described in
Table 1 in any one-hour period.

Figurel?. Serious’rocessSafetylncidentCriteria. (Credit: Kurarayannotatedby CSB)

i nci dent Arerficae PetiolesnylsstitieertAPResomimende@rdctice n

API RP 754 Process Safety Performance Indicators For The Refining And Petrochemicalieslust
for nationw

which statdt h at
intended for internal use at individual facilittd26, p. 1] Figure 18 shows how API uses a pyramid to

descri be

ATiers 1 and 2 are suitable

the four ATierso of process

safety

events, which API describdeas loss of primary containent (LOPC) events of greater consequgd6e
p. 12] The May 19, 2018ncident at Kuraray was a Tier 1 process safety event. API cositidér
Tiers 3 and 4endto be leading indicators that are predictive of bigtpnsequence events, while Tiers 1
and 2tend todescribe serious process safety events that have already occurred (lagging infRéatprs)
12].
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Tier 2

LOPC Events of
Lesser Consequence

Tier 3

Challenges to Safety Systems

Tier 4

Operating Discipline & Management System
Performance Indicators

Figurel8. Process Safety Indicator Pyrdm{Credit: APl RP 7525])

1.8 Ot her Kuraray Eme¢¥Rgednceyf Bryesd sumrs

Although the CSB investigation focused on the EVAL Reactor 2 emergency presl#irgystem,

publicly available images suggest that Kuraray dkssigned other emergency pressualef systems that

dischargd through horizontily aimed piping The CSB obtaineBigure 19 using the Google Maps

AiStreet Viewdo feature. The i mage showsir sever al p
through horizontally aimed pipingncluding the emergency pressuedief system for one of the other

three EVAL Reactors (farthegght yellow oval with yellow arrow). The outlet piping from this EVAL

Reactor appears designed to release reactor vapors containing flammable #dihyleyidorizontally

aimed pipingowarda public road.
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Figurel9. Horizontally Aimed Discharge Pipin@Credit: Google Masnotatedby CSB)

I'n di scussing this ot her -rEligfhystenk ena Kuramy shipervistateelr ge nc y
that it could disbarge flammable ethyleriewardChoate Rad, a public roadhatruns outside the
southern perimeter of the plantie said

[That other EVAL Reactor emergency pressigief systemplso angles
towards the streetYeah, we have a road over theteaimed toward our
road, and if anything did come out and kept traveling, the next road is that
public street.

In addition, one Kuraray employee suggested that similar horijoataleddischargeiping may exist
at Kurarayds EVALBdlgum.iHesaidi es in Japan and

aChoat Road is about 90 feet south®V AL Reactor 1 and about lide0 feet south of th
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[ é Kuraray Japan doe@rhave a process safety mandate, or even any
documents.Sq, if you look across all thregeVAL] plants,[ é Jtherés

no process safety standard that s&ysis is the way apEVAL] reactor
vent system should lgesigned)right? 1980s technology has been copied
and pasted five, six, seven times.

19 Emergency HMRredszedr e&ystem Validat

In 2011, seven years before the May 19, 2@i@dent, Kuraray began engineering work to ensure that it

had properdgi gns f or t he s i-tlefGwstenesmEhis gra@ectsystenmtically revieweel

the design of Kur a-relefysgstemse Aneonggthear ihiggs, this praesthjectives

included evaluating the adequacy of the existingddsignr  icur rent pl ant configur
conditions. 0 Kuraray hired an engineering firmt

During the initial phases of this project, however, the engineering firm identified safety concerns with the
design of some existingr@rgency pressu@lief systems. Among these concerns, the firm found that
forsomeo f K u rsystemasyliqued ethylene could be released int@ithe&reating the potential for a

vapor cloud explosioh.In 2013, the engineering firm proposed aipnglary design to address these

safety concerns. The proposed design called for
service) that currently dischargeo theairt o be contained in blowdown t anfk
p | an n aghése fblowdowi tanks to provide] the volume needed to contain reliefs and at the same time

of fering the settling time for the liquid ethylen

The emergency pressurelief system from EVAL Reactd was included in the scope of this proposed
design.

In other wordsaccording to the engineering firno, prevent a future vapor cloud explosion, Kuraray

needed to change some of its emergency pressligé systems capable of discharging liquid ethgle

near workers. Ethylene from these relevant atmosplaaharging emergency pressuedief systems

could be collected in equipment that would contain the liquid ethylene. After capturing the liquid

ethylene, the proposed system would warm it upvaparize it. The proposed design directed these

ethylene vapors from the containment system to a flare to burn the hydrocarbon vapor safely.
Demonstrating the complexity and amount of equipm
estimate apaching$10 million.

The engineering firmbés proposal included a basic
accuracy.If Kuraray had pursued this project to the next phase (detailed engineering), the company still

had to perform a signdant amount of engineering work to implement this proposal. Detailed
engineeringlansincluded new piping and instrumentation diagrams, rigorous equipment pressure drop
calculations, equipment specifications, risk analysis, process hazard afRiiA)s piping layouts, civil

and structural designs, construction permits, process control designs, operabilityestiegying

materiab of construction, and developingr@re accurateost estimate.

8The engineering firmés eval uat i omliefeysten didmot B Adcen®Rieteatld or 2 e mer
release liquicethylene
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1.10 Laws, Codes, and Guidelines

Kur ar ay 6 s e mereligf systamydesgm packagesiineluded a general list of laws, codes, and
guidelines that may apply to each systdfigure 20 shows the Bt of laws, codes, and guidelirtbat
Kuraray typically included with each emergency pressetief system design package. Kuraray used
this list in the design package for the EVAL Reactor 2 emergency prastiefesystent.

LAWS, CODES AND GUIDELINES

Laws, Codes and Guidelines

* The following laws, codes and guidelines are considered whenever applicable to the emergency relief system design.

- OSHA (Occupational Safety and Health Administration)

NFPA 30 (Flammable and Combustible Liquids Code)

- ASME Section VIII (Pressure Vessels)

ASME Section | (Power Boilers)

ASME RTP-1e (Reinforced Thermoset Plastic Corrosion Resistant Equipment)

ANSI / ASHRAE 15 (Safety Code for Mechanical Refrigeration)

ANSI (Piping Codes)

API Guidelines (APl RP 520 and API RP 521)

- API Standard 620 / 650 / 2000 (Venting Atmospheric and Low-Pressure Storage Tanks)

Figure20. Laws, Codes, and Guidelines for the EVAL Reactor 2 Emergency HRefistire
System. (Credit: Kuraray)

111 2015 Process Hazard Anal ysi s

Kur a mpracess bazard analysBHA) program use a risk ranking approach to assess thle r
associated with each hazard scenario. Thew&da function of the consequence of the scenario and
how likely the scenarivas Eachevaluated®HA scenariovas assigned a risk rankiogtegory that
Kuraraydescribed aflnacceptableUndesirableor Tolerable with Unacceptableepresenting the
highest risk raning.

Kur ar ay 6s 2 évallatedRoWtamperat@eamonditiorthat might develojn EVAL Reactor 2
as an operability concern, bilte teandocumentedho safetyconcern ohazardfrom such conditions

Kurarayb6és PHA team found that potenti al etthyl ene
relief systems (including EVAL Reactor 2) could result in a flash fire or a vapor cloud exphagion

8The design package for t8/AL Reador 2 emergency pressurelief system was approved dMarch 23, 2012.
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worker fatalities For EVAL Reactor 2K ur ar ay 0 sdoduideitedthigsaemaricas anUndesirable
risk.

When evaluating vapor cloud explosion risks from scenarios that could release ethyleneaintiodime
the EVAL Reactor 2 emergency pressure | i ef sy st e&mRHA téam coadludey that lea®t0 1
three different safeguards could act to reduce the risk of this halaede safeguards included:

1 high-pressure alarms witln operatoropening the emergency open valve
9 reactor abnormal conditiod{gh-High-Pressuresafety interlock; and

1 ahigh-pressure switch thabuldtrigger closing valves to isolate reactor feeds.

Kur ar ay 6 steanfedommeRdddupgrading and automating the emergency open valve that
directs reactor vapor to the flafeigure 13). At a pressure above the EVAL Reactor 2 Hitjgh-

Pressure alarm, the recommendation called for the control system to take over and fully open the
emergency opevalve to reduce the pressure inside the reactor. Although the original action item

Kuraray developed to implement this recommendation called for making this change in time for-the post
turnaround startup in the spring of 2018, the action item was pestgo 2019.As a result, during the

EVAL Reactor 2 startup on May 19, 2018, the emergency open valve still required manual activation, and
the control system did not automatically open this valve.

The PHA teanalsorecommended that Kuraray perform a gttmlevaluate potential ethylene releases
from emergency pressurelief systems and their impact on personnel. Kuraray management did not
accept the PHA teambs recommendati on, however, an

Thereasons for ndtnplementing this recommendation are not cleat,dne Kuraray employee who took

part in the PHA management review meeting provided some insight. In describing his perception of why
Kuraray management declined, or otherwise did not adopt, some PHAmecmiations, the employee

said:

| think there were something over 90 total [PHA recommendations], and

my management would say, AHuUh, webdbve never
maybe not acknowledge that there is a risk
[corporate]recogrizes therés a risk.

So  lgust wanted to communicate tHaté fnight be a reason for tiée

ités not really ignorance,& more just not acceptance of the risks that are
presented, because many of those managers have been at Kuraray for 20,
30 years, anthave only worked at Kuraray, right3o, they do@ know

the industry standards.
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ItGs kind of the opposite of maybe what happened at TexadNarch
23, 2005, BP incidentlvhere you had a different plant manager coming
in everyé two or three years, rightR& kind of the opposite.

So, € if you have questions about why some
werendbét completed or were completed or what
in the management review meetings for .tHiswas postponed probably

three or four times over the course of three to foonths[ € |t was a

long time[between the PHA and the management review meetigjn

that management meetifigé kmaller itens occupied too much time, and

| think they cannibalized the more important items.

Kurarayo6s i nt er edsitt maRdgement o HeiclineyPHA redoronvendations if certain
conditionswere true.Figure2ls hows an excer pt fr om thaidestribathebs i nt e
criteria management should evaluate and apply bef
conditions generally match publishgdS. Ocupational Safety and Health Administratié@@SHA)
guidancegSeeSection2.6) [27, pp. 105106], wi t h one notabl e exception.
for the employer to document that one or more of
require its management to document its reasons for declining PHA recommendations.

Process Hazard Analysis

A recommendation can be decline in the PHA management review meeting if

one or more of the following conditions is true:
i. The analysis upon which the recommendation is based contains material

factual errors

ii. The recommendation is not necessary to protect the health and safety of
the employer's own employees, or the employees of contractors

iii. An alternative measure would provide a sufficient level of protection

iv. The recommendation is infeasible

Figure21. Conditions for Kuraray Management to Decline a PHA Recommendation. (Credit: Kuraray)

1.12 Previous I ncident s

During an interview with a senigevel Kuraray manager, CSB investigators asked if there had been any
previousreleases from emergency pressiaief systems that created flammable ethylene vapor clouds.
The Kuraray manager explained that there had been a significant incident in the lajsi®@89safter

the plant was first operating:

aThe Report of the BP U.S. Refineries Independent Safety Reviewakezl Panel) report noted the high turnover in
leadership at the BP Texas City refingt9, p. 43] Between 2000 and 2005, the refinery had eight different plant managers
[139, p. 34] And between 2001 and 2003, the refinery had five different plant marjagere. 43]
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Yes, [there was a prews incident].

Not recentl y. I candét give you the circums

year . But | can remember, maybe in the |
off on the third stage of the compressor.

And it went to atmosphere, and | was in the mambom, and we saw the

at

[fl ammabl e gas] meters go off. € Not that

percent, but they reached, you know, the 20 percent alarm points. For like
the [flammable gas] meters at the sump and the tank farm, so it was a pretty
g o od tanc¢ fibin the release point].

But [the vapor cloudfidnd ignite.

More recently, Kuraray records show that on March 22, 2015, another emergency pedEsiggstem
discharged higipressureethylenehorizontally into theair. As with the incident fronthe 1980s, the
ethylene vapor c¢cloud did not ignite. Kurarayos
Kuraray PHA team included the potential for ethylene discharging from an emergency prelésiure

system resulting in a vapor cloud égion with multiple fatalities as a potential hazard in the 2015 PHA.
One member of the 2015 PHA team recalled the incident to CSB investigators. He explained:

We had an incident in 2015, a couple of months before the PHA, where
we released ethylenettoe atmosphere from [another emergency pressure
relief systemp.

The operator left the incomirfgressure control valveh manual and did
not see the alarms, and the vessel went 200 pounds pisoveximum
allowable working pressure].

So that wag thebig item in our minds when we went through the PHA
é

Kur aray 6s 20 1 5daBddtian dadcribing the hazdrdous eharacteristics of chemicals used in
the process, including ethylene. Notably, the PHA discussion of ethylene hazards includéda warn

2

against venting ethylene into the. Figure22s hows an excer pt from Kurarayé

against venting ethylene into th& (atmosphere)ecause of its flammability hazard.

8The emergency pressurelief systeminvolved inthis 2015 ethylene release was not protecting a reactor system.
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Substance Hazardous Characteristics

Extremely flammable. Extremely cold material; can cause burns similar to
frostbite. Inhalation causes chemical asphyxiation. Inhalation causes
headaches, dizziness, drowsiness, and nausea, and may lead to

Ethylene unconsciousness. Keep away from sources of ignition (e.g., heat and open
flames). Use with adequate ventilation. Do not vent into atmosphere or
enclosure unless area is sufficiently ventilated to reduce vapor
concentrations below flammable limit.

Figure22. Hazardous Characteristics of Ethylene. (Credit: Kuraray [emphasis add&&py

1.13 Operating Instructions and Oper

Before midnight on May 17, 2018, Kuraremporarilycleared nonessential personfiem the unit

while operatorginishedreplacingthe nitrogen in EVAL Reactor 2 with ethylen&/ith the concentrated

ethylene now inside the reactonly onestepremainedn thestartupprocedurghatK ur ar ay és oper a
personnelere completingincreasinghe reactor pressure to 1p8i with atemperature 086°F. After

this last stepKuraray operatorshouldbegin the flush batch.

In addition to operating procedures, Kuraray management sdpjidjietly operating instructions. The
nightly operating instructions fromarlier that eveningMay 17, 2018) included directions for starting
methanol flushes to EVAReactor 2. Although not covered by a written procedure, Kuraray pedorm
methanol flushes to remove aliyuid water left in the reactafter the maintenance turnarour@n May
18, 2018 Kuraray operatoradded métanolto EVAL Reactor 2 from 1:50 a.m. to 4:13 a.m. During this
time, theliquid level in the reactor rose to about 2 percent.

The nightly gerating instructions also directed operatoradd ethylen¢o the reactor to reach the target
pressure of 59psi. At every 100psi, thenightly operating instructions required operators to check for

leaks by spraying a soap solution on piping arss@keconnectionsBy applyingthisleak detection
techniqueanyethylene leakshouldappear as soap bubbfest 3:00 p.m. @ May 18, 2018, perators

began adding ethylene to increase the pressure inside EVAL Reactor 2. Increasing the pressure inside the
reactor above 150siat t his point in the startup wien one of
operating procedures, which called &arting the flush batch before or at the same time as increasing the
reactor pressure. Because of a valve misalignnaedbg$edmanualvalve that needed to be open),

Kuraray operations personnel could not establish flow fronkEtisl. Reactor 2 bottonoutletto

downstream equipmett remove the methanol flusfrhe valve misalignmerglso prevente®uraray

operations personnélom startingthe flush batch until May 19, 2018, H2:05 a.m.23 minutes before

the incident.

When Kurara$ board operators wegglding ethylene to increatiee pressure inside EVAL Reactar 2

the operating procedurealled for limitingthe pressure to 5Gisi. Once the board operatdosgan

heatingt he reactoro6s jacket water while simultaneous|l
ethylene, the operating proceduvesre more restrictive. Under simultaneous heating and pressuring

aThis videoshows how Lsg a soap solution can help locate gas |§aRS].
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condtions, the operating procedures limitbe pressure inside the reactor to a maximum ofp$9&t a
temperature ofio more tharLl37°F.

114 Et hy IVeaape&€o nde nBwersi ng Startup

OnMay 14, 2018Kuraraybegarcirculating chilled liquid througle V AL R e aleat excharigdb s
commission its new refrigeration systemuring an EVAL Reactor startygirculatingchilled liquid
through the heat exchangeasnotnecessary until the desired chemical reacttfasunderway and
generating heatOn May 18, 2018, as Kuraray operations personnel worked to achieve the operating
pressure specifiely the nightly operating instructions (59si), chilled liquid at a tempature of about
4°F circulated through the heat exchangBecause chilled liquid was circulating through the heat
exchanger, when the EVAL Reactor 2 pressure exceedeplsfidd :25 p.m), some of the ethylene
condensegdand cold liquid ethylene began flowing from the heat exchanger into the reactor.

115 Low Reactor Temperatur e

At 7:00 a.mon the morning of May 19, 2018, wh&upervisor lsaw thdow temperaturénside EVAL
Reactor A17°F), he instructedBoard Operator 1o stop circulating chilled liquid through the heat
exchanger by closing the temperature control vafigufe 10). The supervisor had seen this situation
before, and the low reactor temperature did not present a safety cam¢asropinion When speaking
to CSB investigators about thev-temperatureondition in EVAL Reactor 2, he said:

| j ust sai d, ACl ose the valves. 0 I knew i f
up on its own, rnoocefiom ainterlock engégeneents een t hat
and we just closed them back off. It i s ki

time, gets your attention. But [when | saw this befose] just closed the
valves and it just came back on its own with no issue.

When Kuraray opations personnel began the startup of EVAL Reactooimissioning activities

related to the new refrigeration system had alregunedhe chilled liquid valvesallowing chilled

liquid to circulate through the heat exchang&his was an abnormal adition becaus&uraraydid not
normallycirculate chilled liquid through the heat exchangetil much later during the startup sequence.
BecausK ur ar ayd6s saf ety manage me ndrculstiprsof chilled liquddas&da not i
concernhowever,the operating procedures did not instruct anyone to verify that this system was not

coolingthe heat exchanger for EVAL Reactor 2 during startup. As a rasoNt, inventoryof liquid

ethylene was in the reactor.

1.16 Pressure Exceedsirnmalt

At 7:08 a.mon May 19, 2018, Board Operator 1 opened the control valve that added steam to the
reactoro6és jacket water supply. Af t eadding éthylesnep oi nt ,
to increase the pressure inside the readdi7:11 a.m, the pressure inside EVAL Reactor 2 reached 495

psi. The operating procedure did not call for heating the reactor contents until adding the flush batch to

the reactor. Because the flush batch had not been started, Kuraray was not even on step 1 of the flush
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batch procedure. The operating procedure dicalbfor pressuring or heating the reactor contents until
step 15.

1.17 Met hanol FI ush Removal

During the reactor startup on May 19, 20K8raray operators/ere troubleshooting tdeterminenvhy
they could not get the methanol flush inside EVAL Reactor 2 te fiom the reactor to downstream
equipment. During this troubleshooting, Board Operator 1 manually activated the EVAL Redgby 2
High-Pressure safetinterlock.

After manually activating the interloakuring the troubleshootinddoard Operator 1 toed the reactor
High-High-Pressure safety nt er | oc k t o. As thestaftup Eohtiduethi®istarlack o n
remained off With this interlock off, the chilled liquid temperature control valve would not
automatically open when the pressure insieEVAL Reactor 2 reached the Higtigh-Pressure alarm
andsafety interlockcondition of 64(Qpsi. Kurarayoperations personndisabledthis safety interlockand
the EVAL Reactor 2 startup continued without this safeguard.

Troubleshooting efforts contired andthe operators found misaligned valvga closedmanualvalve

that needed to be opeahatprevenedthem from transferring the methanol and water in EVAL Reactor 2
to downstream equipmenifter one of theKuraray operators opendlde misaligned valvdiquid from
EVAL Reactor 2 began flowing to downstream equipment.

1.18 Kuraray Al arm Management

K u r asrcangyrodroormrhada computer control system with workstations for three board opefators.
Each of the stations Haccess to the same information, meaning that any of the BRéakctorscouldbe
monitored or controlled from any of theworkstations. Tis design allowed alarms triggered by the
computer control system twtify operators audibly and through visdadplays on the alarm summary
page at each control station.

When the computer control system deteletn alarm condition, the system chathgfee visualdisplay

information from green to another color (depending on the alarm priority). The text for that parameter

would also be flashing. When one of the board operators acknowléageomputer control system

alarm, the blinking stqped and theaudible alarm noiseassilenced. Kuraray designed its control

system to fimass acknowl edge t hpedthe flashingferevery Ac kn o wl
instrument in an alarm condition and cledihe alarm for all instruments thladdreturned taa normal

state. Only when the control system degdthat the process paramebexdgone back to a normal level

(below the alarm conditiorgid thevisualdisplay reset the text color back to green.

I'n Apr il 2 @rbcess coktnalram met to &8ew and discuss the site alarm management
program. A slide deck from this meeting shows that in 2017 the team focutiezifollowing

aThe Abnormal Situation Management (ASMConsortiumpublishedOperator Interface Requirements: Going Beyond the
Obvious to Achieve Excellena@guidelinefor designing effective control system displays for board operEit883.
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1 Analyzing the existing alarm conditions;
9 Establishing an alarm philosophgnd

1 Performing alarntationalizatior?.

The Kurarayprocessontrolt eamés sl i de deck shows that its 2018
management and achieving conformance with ISA 18.2. The slide deck also described how Kuraray, like
many other companies, evolved to 8awo many process alarms. Before computerized control systems,

the company had a physical panel board with a hardwired alarm annunciator panel. The cost and physical
space needed for each alarm made it necessary to justify each alarm. Operatorsfefted the

physical alarm panel because they could review all active alarms with a single glance at the board. With

the transition to computer control systems, alarms were inexpensive to configure, and designers

configured most control system parameteith alarms.

Figure23i s a slide from Kurarayds alarm management s/l
of the old alarm system helped to ensure that tirdymost important parameters were equipped with an
alarm.

kuraray

» Hardwired annunciator

» (Cost and space made justification of each alarm
necessary

= All alarms in view - capable of noticing active alarms
at a glance
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Reservorfll 1o werex Wt TGS
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SEALGAS I ooy oy 2201 [l HATCH #101
OPEN OPEN

PRESSURE
HIGH

ESEE R TR
£ N =

e SULFURPIT
VieasTion SWEEP PIS.5 ENCLOSURE
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Figure23. Alarm Annunciator Panel. (Credit: Kuraray)

8An alarm philosophy is a fAdocument that established the basi
maintain an alarm systeg[106, p. 17]

PAl arm rationalization is a iprocess to review poteéati al al ar
design, and to documen[iO6tpHR8 rati onale for each al ar mo
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The Kuraray teamdés analysis of

e X i s tmontlgperaod i r m

con

November2016, the control system activated more than 265,000 alarms with an average alarm rate of 395
alarms per hour. The team also reduced the number of configured alarms by 64 percent. Kuraray had
selfidentified future priorities foits alarm management tea including the need for developing adaptive

alarmingd during transient operations (including startup and shutdown) and providing a clear,
predetermined action for operators to take when responding to arPalarm.

1.19 Pressure I nside EVAL

Reactor

2

Figure 24 shows the pressure inside EVAL Reactor psi(psi) leading up to the incident on May 19,
2018. Kuraray operators stopped adding ethylene to the reaBtd6at.mwhen the pressure inside
EVAL Reactor 2 was 60psi. At 9:01 a.m.the HighHigh-Pressure alarm sounded wtiba pressure

inside the reactor was 648i. Al t hough actions taken

by

Kur aray o0

which the pressure inside the reactor was increasing, the pressure continued rising until the emergency

pressureelief system activated 40:28 a.m.

Pressure Inside EVAL Reactor 2 on May 19, 2018
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Figure24. EVAL Reactor 2 PresstréCredit: CSB)

11:00 AM

1.20 Operating Procedure Guidance on
Whenrunning, the normal operating presstoeEVAL Reactor 2was595psi, about 80 percent of 740
psid the activation pressure of the emergency presslief system. In addition, Kuraray designed the
8An adaptive alarm is an fAalarm for which the setpoint is che
product [106np. I5lat e ) O
b Kuraraydid not have a corporate standam alarm management.
¢ The graph irFigure 24 showsindividual oneminute data points from 7:00 a.m. through 10:31 a.m.
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system to have higpressure alarms at 620 and @$® 84 and 86 percent of the emergency pressure
relief system activation pressure, respectively.

Kuraray 6s o p eddnotincuge afamiofarneationar agperatorguidance omespondingo

process alarms. Increasing the flow of vapor from the reactor to thedialdthelp to reduce the

pressure inside the reactdkfter the HighHigh-Pressure alarrwasa ct i vat ed, Kurarayos
made 14 adjustments tioe flow of ethylene apor from the reactor to the flarBut the pressurkept
increasingFigure 12). The pressure inside EVAL Reactor 2 was abbtredHigh-High-Pressurealarm

conditionfor 87 minutes The pressuraeverdropped below the alarm limiintil after the incident.

121 Use of Emergency Open Val ve

The e ofthe emergency open valve was managed by both procedural and physical controls. The

operating procedurgtated Ddinot open [the emergency open valve] without supervisor approval.

In addition, the emergency open valve was activated using a physical switch on a panel board and was not
part of the computer control system. Kuraray management installed a protective déye ewétch and

locked the cap closed with a plastic hasp to control when board ope@itdssethe emergency open

val ve. As one worker described to CSB investigat
€ switch. o Torapaw tequivanedeit Kuboard operators
approval, and remove the plastic hasp to access the switch.

Kur ar ayPbAidedtifiet Bighpressure insidEVAL Reactor2a s havi ng tllitthe pot ent i
relief valve[activate theemergency pressurelief systempnd vent ethylene to the atmosphere which

results in a vapor cloud which finds an ignition source, explodes and causes multiple fatalities.

Kur ar ayPbAtean@etdinmended upgrading and automating the enogrgpen valve that

directs reactor vapor to the flare to help prevent this scenAtia pressure above the EVAL Reactor 2
High-High-Pressure alarrinreshold the recommendation called for having the control system

automatically take over and fully op#me emergency open valve to reduce the pressure inside the reactor.
Although the original action item Kuraray developed to implement this recommendation called for

making this change in time for the pastnaround startup in the spring of 2018, Kuraragtponed

upgrading this safety system to 2019.

122 SafOperati mgt s

Kurarayhada s af ety policy addressing the companydés req
required operating procedures tmntain various items, includirgperating limis, the consequences of
deviating from operating limitgndthe steps required to avoid or correct deviations from these limits.

Kuraraydocumented itsafe operating lints, the consequences dévating beyond these limiteindthe
correctiveactions to takén a spreadsheet thiacluded hundreds of limithroughouthe entirefacility .2
Kurarayb6s operati ng princliding thepreceduresdostartipvaddinoriRee act or 2

8Kurarayos Pl ant Pr oratieglimits Epgeadsheenwas provited!® £ $Bn re€ppnsetb he CSBO6 s
request for afe upper and lower operating limits for the subject process.
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operation did notlist, describepr otherwise rier tothese safe operating limit§or aKuraray board

operator to recall a specific safe operating limit, thegdedo look it up in thespreadsheetin

describing how this woddto CSB investigators, origbard operatoe x p | a ibelievell would have

to go into the [shared drive name] and search for &@ath individual columné | 6 ve f ound it t ¢
di f f iAoathkertKuraray employeeed to explain theverallc onf usi on surroundi ng K
operating limits. He explained:

€ [ &/] do n 6 turate @pemtinglimits that are documenteshd

the operatordéds not aBanotenlyafethéeyim se oper ati ng
accurat e, theyAmne wheracttkespgdbéel ocated ov
doesnoét necessarily mddoropoter tdmeol al arm t hat 6
system]here, which they should.

AlthoughKurarayhadanestablished set of documented safe operating lithi'sscompany alsbad an
undocumented seff safeoperating limitghat its operatorsay not haveknown about Thedocumented

limits for EVAL Reactor 2wvere reflected in the spreadsheet. Kuraray asséotthe CSBhat its various

control system alarm limits served@sdocumentedafe operatig limits. Although not written in

procedures or covered in training materials provided to the CSB, Kurarayeds#satrthe EVAL Reactor

2 safe operating limits went beyond the single condition ofp&t@nd 203F andalso included the High

and HighHigh-Pressure alarm conditions of 620 and 40 To minimize reader confusion around

documented and undocumensadeoperating limits, the remainder of this report will focus on the
documented safe operating limitth whichK ur ar ayés oper ators were famild.
incident.

1.22.1 EVAL Reactor 2 Safe Operating Limit

Kuraray established safe operating Isidr its equipment, including EVAL Reactor Kuraray sethe
safe operating limit for EVAL Reactor 2 at 7@6iand 203’Fd thereactofs mechanical design
conditions?

1.22.2 Consequence of Deviation

Kurarayb6s spreadsheet of safe operating |limits sh
Reactor 206s safe oper at i n gondisiemhwith the Mag 19, 2@licdent. at el vy
Kuraray identified that developing high pressure inside the reactor would result in a discharge of

flammable ethylene (reactor vapor) through the emergency pres$iefesystem into thair, resulting in

a fire or explosion when this vapor cloud found an ignition source.

@ Although not written in procedures or covered in training materials provided to the CSB, Kuraray asserts that its $afe operat
limits went beyond the single condition of 7d€i and 203F, but also included the Higland HighHigh-Pressure alarm
conditions of 620 and 64psi. There were no low temperature limits for EVAL Reactor 2.
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1.22.3 Predetermined Steps to Avoid or Correct Deviations

Kuraray documentation shows thatpi@vent such aatastrophiconsequenc&om highpressure
conditionsinside the EVAL 2 Reactoits operators should:
1 Stopfeeds to the reactosuch as ethylerfiow into the reactorand
91 Increase reactor cooling by:
U Increasing the flow of chilled liquid through the heat exchanger;
U Increasing water flow through the heat transfer jacket;
U Keeping oher feeds and outlet streams flowiand
U Sendng reactor vapor to the flare through both the pressure control valve and the

emergency open valve.

One of the Kuraray board operators explained to CSB investigators that deciding when to use the
emergency pen valve wageft up to each individual operatbased ortheir judgmentand experience.
When investigators asked hdduraray trained hinto know when to open the emergency open vidhee,
board operatosaid:

|l 6ve never receivead €e€hbht depéti whaoati het s@agt i

judgment call €é but ¢é at a certain point, i
the fl are] i snot wor ki ng, thatds your | ast
pressure el i ef system activates]. oé | 6ve never
705ps]i , flip the [emergency open valve], you
dead set number at this point flip the [ em
always, | guess, you kind of have to judge and say, okay, if our pressure is

this or weobwee haveqldtt ictaught it, you know, \
no, | 6ve never been given any specific inst

[emergency open valve].

1.22.4 Safe Operating Limits Procedure
Kurarayob6s operating procddure on safe operating |

Efforts to redice pressures or temperatures should begin when normal
conditions have been exceeded and every effort should be made to avoid
reaching these upper limits.

The safe operating limits procedure inclddee following:

Most vessels at [Kuraray] are built to W& specifications which include
a 3X safety factor. Most materials of construction are 304 [stainless steel]

aBecause EVAL Reactor 2 was in startup, the step of keeping other feeds and outlet streams flowing did not apply.
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or better. Most design temperatures are established by requirements and
not by actual limitations.304 [stainless steel] has no significant logs
material strength up to 30Qidgrees Fahrenhgit Therefore in an
emergency or other unusual conditions the limits as listed in the
attachment[the safe operating limits spreadsheetly be exceeded with
management review and supervision Managemenwill review or
calculate the allowable conditions under such circumstances and issue
specific written instructions and approval for the situation, normally
through the Management of Change (MOC) sydimmphasis added)

123 Operator Training

Kuraray provided the CSB with iBVAL Training Manual Thesematerialsshow that Kurarayrained

its operators on detailed process descriptions that included an explanation of the available controls and the
general presence of alarmi§.u r a r a y 0 tsainingpmaterials includka discussion of the EVAL

Reactor 2 design pressure and highlighted that its design pressure was lower dieaigthpressure of

theother three EVALReactors.

124 Envi ronment al Per mit Li mit for

As part of its &orts to follow thes i teevidbosmental permit, Kurardyada flow meter and an analyzer

to evaluate the materidl®wing toits flare. A key focusinvolvedmonitoringthe volatile organic
compoundgVOCSs), including ethyleneKur ar ay 0 s wsshaflaresystenslowsnieter snd

analyzer to provide an hourly average/@Cs directed to the flare. The control system pravide
Kurarayb6s board operat or s thathdlpbdthem kaeihe¥OCshetbwo per at o
the environmental permiimits.

1.25 Noneesmst i al Per sonnel

At the time of the incideng number of nonessentiabrkers were in the vicinity of EVAL Reactor 2,
performing various tasks that included pump demolition, hydrotesting, welding, insulating, and
scaffolding.

In fact, some contract workers at Kuraray on the day of the incident were surprised to leastatiap
was taking place and that Kuraray allowed them to continue working near the unit. As workers said:

Because of the BP [Texas City] incident, many, many plants throughout Texas

and the Gulf Coast, because ofl 6tmhat i nci den
thinking everybody should follow this. Anytime you introduce anything back
into a unit, that personnel should not be at

all stems from the BP incident.

A lot of people are either sent home or sent to the lunchrobatewer the case
may be. € [ T]hatdés how a | ot of plants do i




Investigation Report

[I']f I 6m made aware t hadmnotgongtaallomt i s bei ng b
our employees to go in there. And | know | am 100 percent sure that my

managenent team would have supported me or would have done the same thing

if they would have known.

Nor mal | vy, when theyodédre bringing up a unit,
uni t . So, we wouldndét have gone in the uni:t

I'n expl aini ng Ku rrkeepnyg riosessansaliveotkerspout af the unit, a Kufaray
supervisor said:

e [I1]t depends what piece of equi pment we 0
Normally, when we initially bring a new feed stream into the unit, we do it

when people, other people thanp er at or s, are not on the wuni-
charge. After the initial charge is in the unit, and we have not seen any leaks

or anything of that nature, we deem it safe for the people to come back on the

unit, and [they] go to work.

A Kuraray operator ab explained that nonessential personnel are kept out of the unit durfirgtthe
introduction of chemicals, such as ethylene:

€ [S]ay for i nstance, when we first brougt
evacuated al l t he c¢ont r aoughtahe ®thyleeend we br oug
into the unit, checked for leaks, and we canceled all hot wolkke did

everything. B e ¢ a u s-pressure]wethyleae irb[pipingl.gi ng i n [ hi
So, itdés ¢é you definitely want to make sure
fwedodt find any | eaks, or we walk around wit

if we dondédt find any detection on anything,
theydre doi ng h esniff the areals forghezanohdug vaporjawe r e
allthatkindofstuffAnd i f the area ¢é is deemed safe fo
their permits and let them get back to work.

Kur a mprastabtigp safety review (PSSPB9licy did not require a PSSR before startingeaistingunit
or require thahonessential personnat removedrom the aredefore startu@fter a turnaround

1.26 SelAssessment Audi t

Kuraray completed its most receagulatory complianceelf-assessment audit in November 2015.

Amongother issueghe audit was intendedo eval uat e t he fivenessigithet eness ar
existing and plannedo process safety management s
area requiring fienhancemento to support PSM imple

&K ur ar a-Startsp SAfetyeview (PSSR) policyequired a PSSR for new facilities or for modified facilities if the change
was accompanied by a Management of Change (MOC)
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highly experienced company employees waittotal of 124 years of industry experience and an average of
25 years of industry experience.

Kur ar a-gséessmenedudit developed 64 proposed recommendations in 11 of the 14 PSM.elements
Table 4 shows the resultsom theaudit ofK u r a pracess safety management programtiudingthe

PSM element, the number of audit team recommendations, and the number of these recommendations that
Kuraray management accepted.

Table4®d YdzNI NI 8Qa wnamp [/ 2YLX AL yOS ! dzRA

Number of Number of
Process Safety Management
Proposed Accepted
Element . .
Recommendationss Recommendations

Process Safety Information 4 2
Process Hazard Analysis 20 9
Operating Procedures 4 2
Employee Participation | i
Training 4 3
Contractors 4 |
Pre-Startup Safety Review I T
Mechanical Integrity 10 5

Hot Work 4 4
Management of Change 5 5
Incident Investigation 4 3
Emergency Planning and 4 3
Response

Compliance Audits T T
Trade Secrets 1 1
Total 64 37

During Kurarayds management review, only 37 of th
assigned corrective actions and due dates to track completion (58 percent). Kuraray management did not
accept the other 27 proposed recommendations (42 percen

1.27 Pr ocess Rxagfueltayt i ons

Kurarayrecords show thats EVAL Plantwascovered by botl© S HA 6 s Stah@&M andthE PA 6 s

RMP Rule[12]. In addition, as a membef the American Chemistry Council (AC[8], Kuraray

applied the Responsible CafeProcess Safety Code of Management Practcés Pasadena facility

operationg§29]. AccordingtatheACC, t he Process Safety Code A[i s i1
requi r e me n tbaththe OSHA PSVBtahdard gnd the EPA RMRule[29, p. 1]
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1.27.1 OSHA Process Safety Management Standard

Kurarayconsideed its EVAL Plant covered by the OSHA PSBtandardbecause of the chemical
quantities used or storéduraray records show that EVAL Unitvaslikely covered by the PSM
Standard because it contathmore than 10,000 pounds of flammable chemicals.

1.27.2 OSHA Citations

OSHA launched an inspection of the EVAL Plant following the May 19, 2018c i dent . OSHAOGSs
accident investigation summary of the incideates!:

At 10:15 a.m. on May 19, 2018, employees were completing welding
projects with a pickup truck nearreactor.The reactor was charged with
ethylene and heated@xpansion of ethylene increased the pressuitbéh
reactor, exceeding the setpoint of the relief vallige relief valve opened
and vented ethylene fthe] atmosphere where it was theniigd by the
welding projects going on nearbyhe flash fire resulted in 21 employees
being hospitalized for burns, bruises, and cusother 150 employees
were injured but were not hospitalizg0].

OSHA issued 13 citatits to Kuraray with a proposed penalty of $70,[31]. Kuraraycontestedhe
citations and a settlement agreement was reachdekbruary21, 202Q thatwithdrew six citations and
lowered the penalty to $65,188].© Among other things, the settlement agreement indwache
assurance bituraray that each condition described in the citatita beertorrected.Each of thdinal
citations i nvol ve dPSMSandard3d]s Petaits bf thesk cit&liénk dad lz found on
the OSHA websit¢30]. The citations includethe following

T Kuraray6s pr osididmeffacivelaidedtify,cevaldtey and control process
hazards. This included not evaluatingrkersbeing in theemergency pressuree | i ef sy st em
exhaust zone whilEVAL Reactor 2operated in upset conditiahsvhenthe pressure inside
the reaabr approached thactivationpressure of themergency pressurelief system

1 Kuraray did noeffectively train workers on the safe operatiingjts for EVAL Reactor 2

9 Kuraray did not establish effectiveafe work practices, such as removing nonessential
personnel from the area when upset conditibigh{pressurgwere taking place in EVAL
Reactor 2

4See29 C.F.R§1910.119

® The PSM Standardtovers chemicalthathave feen deemed hazardous either because of their chemical composition and
quantity(listed inAppendix A or because of their flammability characteristics (flash point belokP0®Bee29 C.F.R 8§
1910.119

As part of this settlement agreement, Kur aray ddiAdornot admit
regul ations or st and d32]dlsadditiom theiSegedaty ®fd abor dié moteagree iodvaive its
Ainterpretation of the standard, compl ira8ce with the standar
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1 The company did not inform contract workers of the potential fire and explosion hazards
related to the EXL Reactor 2 startup conditions or process upsets

T Kuraraybéds management of change procedures did
the EVAL Reactor 2 starpijincluding the bypassing of the EVAL Reactor 2 abnormal
condition safety interlock.

9 Kuraray did not include certain contract employee representatives in the investigation of the
EVAL Reactor 2 incident.

The citations that were withdrawn includé®d, 32}

9 Kuraray did not ensurhatits emergency presseirelief systems followecognized and
generallyacceptedjood engineering practis€RAGAGEP) by discharging to a safe location.

T Kurar ay 6s maedaogteimpement ret@nenendations from its Pit#at called
for the company fAto eliminate at mod&[3hperic r el
8]. Instead, OSHA agreed t@rrow itscitationto K u r a raakyoféasvritten schedule for
completing interim measures onéil resolution of PHA corrective actions.

1.27.3 EPA Risk Management Program

Kurarayconsideedthat the quantity of ethylene its process prompticoveragey theE P A RNP

Rule? TheKuraray EVAL Plantsubmitted its most recent RMP to the EPA in2[i2]. Kuraray
reported thatheincident onMay 19, 2018injured 23 workers after releasing 2,347 pounds of ethylene
that caught on fir§l12].?

1.28 Weat her

The weather at 10:50 a.m. (thearest data to the time of the incident) was partly cloudy, with winds
from the south at 17 miles per hour and an ambient air temperaturdof B& relative humidity was 58
percent, and the dew point was’F#2 The barometric pressure was 29.90 inafanercury. Visibility
was 10 miles. The wind gust was zero miles per hour, and no rainfall was recbnéséweather data
come from the Ellington Field weather station, whicloisghlyeight miles from the Kuraray facility
[33].

Kuraray reported that the weather conditions at the time of the incident included an ambient air
temperature of 8%, with winds from the soutsoutheast at 15 miles per hgu2].

#40 C.F.R8§68.15068.195

IDKuraray(“)s summar g, of EMALle hiansc ihdeedh to nset agceci dent involving ethy
employees or contractors. There were no injuries, exposure or impact to the publehadebeen changes made to facility

equi pment and process control s, i mproved training, operating
[12].
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1.29 Poslthci dent Actions

1.29.1 Emergency Pressure-Relief System

After theMay 19, 2018incident, Kuraraymodifiedthe EVAL Reactor 2 emergency presstekef

system design to help ensure that this systischargeso a safe location. To accomplish this, Kuraray
changed the outlet pipirgpthatit terminated at least 50 feet horizontally away fremad10 feet

vertically above any existing equipment. Kuraray provided the CSB with documents for the modified
EVAL Reactor 2 emergency pressuigdief system. The documents show that the emergeesguyore

relief system now followexisting industry guidance amdll discharge through piping aimedrtically
upward. Kuraray also elevated the discharge aittiat it now terminates about 90 feet above the
ground

Figure 25 shows how Kuraray modified the emergency presgelief system discharge piping after the
incident. The redesigned discharge piping will rdizect flammable ethylene vapor verticaiijo the

air ata locationthatKuraraydeterminedo be a safe locatigincludingperforming a dispersion analysis
of the system

Figure25. PostincidentEmergency PressuiRelief $stemModifications.
(Credit: Google Mapsinnotatedby CSB
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1.29.2 Plant-Wide Emergency Alarm

After the incident, Kuraraghangedts practices to protect personnel during certain upset conditions. For
example, during the startup of an EVAL Reactor, Kuraray now instructs its operators to activate the plant
wide emergency alarm if the reactor pressure exceeds th@iggbure alarmalue by a specified

threshold. Although these thresholds are not constantsiahgeare specific to the equipment involved,

the computer control system displays a visual operator guidance message to activate (sound) the plant
alarm.

1.29.3 Emergency Open Valve

After the incident, Kuraray changed its controls to open the emergency openRigive (L3)

automatically to direct vapor from the reactor to theafr e wh e n  a-HighdP@ssureoataiins Hi g h
activates.In addition, Kuraray updated the EVAL Reactor 2 opaggtirocedure to clarify thatOC

emission limits should be disregarded during an emergency bdeasag the pressurethin safe

limitshast he Ahi ghest priority. o

1.29.4 Safe Operating Limits

Kurarayestablished a new set of safe operating limits for EVAL Reactor 2n8ldimitsinclude:

upper control limit

upper operating limjt

1

1

9 upper safe operating limit

9 upper do not exceed limiand
1

upperdesign limit

Safety interlock actions take place at the upper operating IB&tween théupper operating limitand

the Aupper safe operatirlgnit, 0 theboard operator receives a guided message from the control system to
activate sound the plant alarm systenfinally, theflupper do not exceed linditvasset at 90 percent of

the emergency pressurelief system activation pressuehelpensure all pregtermined actions are
takenandreduce the likelihoodf activating the emergency pressuedief system.

1.29.5 Nonessential Personnel

Documentation Kuraray provided to the CSB shows that after the incident, the cachpaggdts

practices to protect nonessential personnel. For example, Kuraray now requifesiaex@lusion zone
around each EVAL Reactor during startup. Kuraray wskise red barrier tape to identify this

exclusion zone, and the company allows only the shift supervisor or their designee to enter the exclusion
zone.
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2l ncident Anal ysi s

This incident occurred when higitessure conditions developed inside EVAL Reagtactivating the
emergency pressurelief system and discharging flammable ethylewveard workers.The ethylene
vapor ignitedcreating a firghat injured 23 workers

This section discusses the following safety issues the CSB identified ind&igation:

1. EmergencyPressureRelief SystemDischarge Design This CSB investigation report details a
chain of process safety management system failures that led to excessive petsgure
generatedvi t hi n Kurarayo6s EVAL Reactor 2. Kur ar ay
that lowered this excess pressure by discharging flammable ethylene vapor into the air. Of all the
factors that contributed to injuring the 23 workersnewas more gjnificant than the design of
the outlet piping fr om-reliéfgystamevehicitauseddhe releasets ge nc y
be aimed toward an area where workers were prestad Kuraray designed this piping to
discharge the flammable ethylene vafma safe locatiorthis incidentcould have unfolded in
precisely the same sequedckeut without harming peopléWith well-designed outlet pipinghé
emergency pressurelief systenshouldhave discharged the excess flammable ethylene vapor
vertically yoward, well abovand safely away from workers.

The CSB has historically advocated against discharging flammable vapor into the ambient air
when a flare system can serve both to contain the flammable vapor and then combust (destroy,
dispose, or burn) it $aly. The CSB has stated thaflare systemis an inherently safer option
comparedvith dispersing flammable vapor into the atmosphéteverthelessndustry standards

do provide users with guidance for directing flammable vapor vertically upwarthatmbient

air safely Moreover the American Petroleum Institute (API) Standard 521 addresses many
concerns aboutleasing flammable vapdirectly into the atmosphere and generally requires
using inherently safer alternatives when the potential ekists flammable vapor cloud

explosion.

Ensuring that emergency pressuoedef systems discharge to a safe location isanoéw safety

lessomor a novel process safety concept. Past chemical dishater€aused great harm to

people bydischarging chamicals from emergency pressuedief systems inrmunsafemanner

These disasters includlee Union Carbide disaster in Bhopal, India, in 1984 and the BASF

tragedy in Cincinnati, Ohio, in 199Bpth of whichinvolved discharging chemicals from
emergencyressureelief systems in a manner that caused great harm to people. Notably, the

BASF event resulted from not emndiefsystamg t hat a r
discharged flammable chemicals to a safe location.

The facts, conditions, and circstances of the May 19, 2018, incidshbwthat the emergency

pressure el i ef system for Kurarayds EVAL Hadactor 2
Kuraray applied the lessons provided by earlier chemical disasters, the company could have

prevente theMay 19, 2018, incident by ensuring the EVAL Reactor 2 emergency prestefe
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system discharged the flammable ethylene vapor to a safe location with no harm to (®eple.
Section2.1)

2. Presence of MnessentiaWorkers During Startup and Upset Conditions At the time of the
incident, rone of the contract workerearthe EVAL Reactor 2 emergency pressuzkef
system weressentiato the startupnor were they responding to the upset process conditions that
led to the emergency releaséhen t he f | ammabl e ethyl ene vapor
emergency pressurelief system, mangf thesenonessential workersweren har més way,
the welding work they were performing likely supplied the ignition source that created the fire
AlthoughKuraray had an unwritten safety practice to exclude nonessential personnel from a unit
when reintroducing (pressuring or chargieghylene into equipment after a turnaround, the
companydid not establisla formal exclusion zone to protect nonessemt@kersfor the
duration of the startupln addition,® i t her Kur arayds operating proc
training coveredthte nown activities or conditions that sh
operations personnel to exclude nonessewnakersfrom the unit. One way that Kuraray could
have protected the nonessential workers was to ensure that they were immediately evacuated
from the unitwhen the EVAL Reactor 2 HigHigh-Pressure alarm soundedignalingupset
conditionswithin theprocess.ButK u r a rpracessafety management systems did not
consider the higipressure conditions developing inside EVAL Reactor 2 as an cpsdition
that should halthe maintenance work and promgo evacuation afionessentiavorkers (See
Section2.2)

3. HazardousL ocation. In the context of the Kuraray incident, hazardous location describes the
area with increased fire and explosion risk to workers resulting from the horizontal orieotation
t he react or 6s -reiehsystameountlet pipiny.r With wouker® present, activating
this safety system created a danger to their safety. The sequence of events that led to high
pressure inside EVAL Reactor 2 on the day of the incident wigsome of many scenarios that
could activate t he refiasydteonr Otlser keomsEanarieswhichk pr es s ur
could arise at nearly any timeguldhave also builhigh pressure inside the reactnd triggered
a similar flammable ethylene par release from the emergency pressalief system. These
events includedooling failure, loss of refrigeration, power failure, or even a siroqigrol valve
malfunction. RBecause the e a ¢ éamergedicy pressurelief system did not dischargjee
flammableethylenevaporto a safe location, a portion of the area adjacent to EVAL Reactor 2
presented a safety risk to workers and tasa hazardous locatiorn(SeeSection2.3)

4. Recognized andGenerally AcceptedGood Engineering Practices. The phrase recognized and
generally accepted good engineering practices (RAGAGEP) stems from the Occupational Safety
and Health Administrati ono dStgn@aBiHUYertRis ocess Saf
regulation, OSHA requires employers to document that their equipment complies with
RAGAGEP. Kuraray should have thoroughly evaluated whether its EVAL Reactor 2 emergency
pressureaelief system met existing good engineering prasticéhe horizontally aimed discharge
piping from this emergency pressurdief system deviated from industry standards.
Consequently, Kuraray should have performed an evaluation such as a dispersion and
consequence analysit doing sothe safety risko workers from a potential horizontal
discharge of flammable vapoould have been identified, the outlet piping design problem could
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have been corrected, and the company could have prevented the May 19, 2018, i(S&tent.
Section2.4)

5. ProcessHazard AnalysisSafeguards Federal process safety regulations (OSHA and EPA)
require that companies like Kuraray periodically perform safety revieldlsdgrocess hazard
analyses (PHASs), to identify, evaluate, and control process hazards. During these PHA reviews,
companies identify their existing safeguards, including devices, systems, and actions that can stop
a hazardous chain of events or les¢ert consequence of a HHAteanr d. I r
identified threeexistingsafeguardshat shoulchavecontroled high-pressure conditions inside
EVAL Reactor 2without activating the emergency pressuedief system.On the day of the
incident, lowever,none of theesafeguardsvere effective in preventintpe EVAL Reactor 2
emergency pressurelief system from activating. Because these safeguards were ineffective
high-pressure conditions inside the reactor reached the activation presswewfdigency
pressureelief systemresulting in the discharge 6hmmable ethylengaportoward workers.
(SeeSection2.5)

6. ProcessHazard AnalysisRecommendations Safety recommendations stemming from a PHA
must be resolved and documented. I'n 2015, Kur
recommendation addressingrker safety concerns related to potential ethylene releases from
emergency pressurelief systems. Implementation of this safety recommendation could have
led Kuraray to prevent the May 19, 2018, incident. Kuraray could have identified the s&fety ris
to workers and corr ect e dreliefBystenr desige fgroblenh S8ute mer gen
Kuraray declined to implement the safety recom
safety policy, its management team did not document its evaluatieaswning for doing so.
(SeeSection2.6)

7. Warning Signs. Warning signs are indicators that something is wrongay soorgo wrong
In its investigation of the Ma$9, 2018, ethylene release and fire, the CSB faaveralpre-
incident warning signs at Kurarayor example, dngerous releases of flammable ethylene from
emergency pressurelief devices at the EVAbplant had previously occurred. In addition,
Kuraray 6 s hazard revievieamhadcautioned that ethylene vapor cloud explosions could
occur when some of these safety systems discharged flammable ethylene vapor into the air.
These events should have served as warnings about the serious design probsemevih
Kur ar ay 6s e mereligf systeamg Hapd Kueasag effectdvely recognized and acted on
these earlier warnings, the company could have corrected its emergency pedsfusgstems
to discharge to a safe location, preventing the May 188, 20cident. (SeeSection2.7)

8. Equipment Design An important adage in human performasaéety guidance s fimaki ng it
easy for people to do things flipglhBaseaod hard f o
equipment design pressureackofK ur ar ay 0 s re&ctons had & \émdrgency pressure
relief system designed to activate at a pressure of pdmds per square inch (psxcept for
EVAL Reactor 2. Kuraray designed the ENReactor2 emergency pressurelief system to
activate at 74@si, which was 41@silower than the designed activation pressure of the other
three reactorsDespite this significant differende the design pressure for EVAL Reactor 2,

Kurarayd s cl eyatendia not provide workers with any special or unique warnings toitselp
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10.

11.

12.

board operatoreecognizethat this reactor was differenrtwh en Kur ar ay6s board op
high-pressure conditions inside EVAL Reactotly did not treat it as an engency. They did

not remember that EVAL Reactod s saf ety system actitheatieed at a
threeEVAL reactors. (SeeSection2.8)

Operating Procedures Up-to-date written operating procedures that reflect current plant

practices are necessary for the safe operation of a fad{lityaray management supplied its

operaions team with nightly operating instructiotatc onf | i ct ed wi t h t he ¢ omg
operating proceduremnd resulteéh unmanaged changdsringthe reactor startupK ur ar ay 6 s
operators followed some nightly management instructions that deviatedHeowritten

operating procedures during the EVAL Reactor 2 startup, widntributed to the incidentFor

example, the nightly operating instructions that Kuraray management provided its board operators
targeted a reactor pressure that was 100 psehigh t han what the companyds
called for, which narrowed the available gap between the targeted operating pressure and the
emergency pressuree | i ef syst emo gSeeSection29at i on pressur e.

Operator Training. Training provides workers with the communication of knowledge and skills

they need to perform tasks. In chemical manufacturing plants, training communicates important
process knowledgelevelops skills for performing operating procedures, and conveys other

essential process operation tasks to the workers that cattyesatasks. Critical gaps in

Kurarayo6s operator trainikhagr ceoxdmplbearframiig rt aor & yhée
program did not covedam setpoints or actiortbat operators shoutdke in response to specific

process alarms, such as hjgfessureonditionsinside an EVAL Reactor(SeeSection2.10

Abnormal Operating Conditions. During the startup, ethylene vapor condensed and started

flowing into EVAL Reactor2, forming an inventory of liquid ethylene and creating a low
temperaturecod i t i on. Kurarayds response to these ab
heating the reactorébés contents, causing some o0

which in turn generated high pressure inside the reactor and led to the in&idemtayd s
management systedid noteffectively handleabnormaloperatingconditions By getting the

right people involvedvhen plant personnel first discovered the abnormal operating conditions,
performing a hazard analysis, and developing written praesda respond to the lew
temperature conditions inside EVAL Reactotte company could have preventedMay 19,
2018 incident. (SeeSection2.11)

SafetyInterlock Disabling. A safety interlock is a safeguard that takes automatic protective
action at a predetermined limit to maintain safdduring the EVAL Reactor 2 startuiuraray
operators disabled the e a c abiworm@l £ondition safety interlock while troubleshooting
problem that stemmed frommisaligned valve (a closadanualvalve that needed to be open)
The EVAL Reactor 2 startup continued even though Kurbealdisabled this safeguard. As a
result, when the pressure inside EVAL Reactor 2 reachdudheressure limit the safety
interlock did not activate The automatic actiorthiat should have been in placereduce the
pressure inside the reactor did not o¢callowing pressure to continue to clim{SeeSection
2.12
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13. Alarm Management Alarm management describes the systdmascompanies use to help
optimize their operator alarms. In the context of a chemical manufacturing facility, an alarm is
how the controbystem alerts an operator about a condition that needs a respotise time of
the incident, Kuraray had not completed its process alarm manageiffioetsito improve the
guality and reduce the frequency of alartimet the company tasked lisardopeiatorswith
responding to during upset or abnormal conditiofiBe control system sent about 160 alarms per
hour to the board operators on the morning of the incidenis flood of alarms contributed to
the incident by preventing board operators fefifectively reviewing the process information
and controlling the higipressure conditions inside EVAL Reactor($eeSection2.13

14. ProcessAlarm Response Kuraray 6 s o p er at ididngpt inglude alaenidifarmadianor
operator guidanckr respondingo process alarmsThe responsthatK ur ar ayds boar d o]
took to active higkpressure alarms during the startup did not bring the reactor pressure back
bdow the alarm limits.AlthoughKuraray equippethe EVAL Reactosystem with an
automated valveo direct vapor from the reactor to the flare undenrtain conditionsKuraray
physically and procedurallgontrolledwhen its board operators could ofhis valve. The
company alsdalid not provide its board operators with a procedure or trathigigdirectedvhen
to open the valvéhat could send vapor from the reactor to the fldtad Kuraray provided its
board operators with cleaperating proceduremd effective training, the board operators may
have prevented the inciddoy diverting ethylene gas into the flare system. By opening this
valve, the board operators could havedosd the pressure inside the reaetwwugh tcavoid
activating the emergency pressuetief system and discharging the flammable ethylene vapor
into theair, near the workersin addition,Kuraray could have lowered the pressure inside EVAL
Reactor 2 ath prevented the May 19, 20liicidentby using effective control system
automation. At a predetermined highessurdimit inside EVAL Reactor 2, Kuraray could have
had its control system automatically open the valve bydloing sodirected enough eylene
vapor to the flare to prevent the emergency presslief system from activating(SeeSection
2.14

15. SafeOperating Limits. Federaprocess safety reguiahs require that companies like Kuraray
establishsafe upper and lower limifsr process parameters swutemperatures, pressures,
flows, or compositionsKur ar ay 6 s s a f reanaggmerdyatem did got dreivemti t s
high-pressureonditions from developing inside the reactiurarayalsoset the safe operating
limits for EVAL Reactor 2toohighat t he reactords médwmhanical des
effectively prevent activating the EVAL Reactor 2 emergency presslieé system Kurar ay 6 s
safe operating limits did not considbe activatiorpressuref its emergency pressurelief
systems and the fact that these safety systems do not precisely activate at their design conditions
Kuraray could have prevented the May 19, 2018deai by having a robust safe operating limits
system with effective written procedures and operator training. With an effective safe operating
l'imts system in place, Kurarayés board operat
prevent this accidenincludingthe predetermined steps they negth take to lower and control
the pressure inside the react¢®eeSection2.15

16. Environmental Permit. Kurarayhadan environmental permit that liredithe amount of
volatile organic compounds (VOCS), including ethylene, that the compasgillowed tesendto
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its flare. As the pressure withthe EVAL Reactor 2 steadily increased during the startup,
Kurarayb6s board operators | imited the fd ow of
permitlimits. In addition, Kuraray management restricted its board operators from using the

automated valve, which could have directed even more ethydgioe to the flare. The company

did not have predetermined actions for its operators to take in response to thendigtigh

High-Pressure alarms. Kuraray also set the EVAL Reactor 2 safe operating limits too high, and

the board operators did notremeamb t he react or s mechanical desi
safety management system did not effectively prioritize keeping the reactor pressure below its
alarm I imits over the si.tKeudrsa reanyvdisr o nnneefnfteaclt ipveer
managemergystemg esul t ed i n the c¢compathgendronchentali r e t o a
permit | imits for tnduyiniluentipgameg 6sodl drepesiyast @ms O
the highpressure conditions inside EVAL Reactomiich resulted in activatingh e r eact or 6 s
emergency pressurelief system and injuring 23 workeréSeeSection2.16)

17. Safety Management Systemedf-Assessmenfudits. Federabprocess safety regulations
require that companies like Kuraray periodically evaluate titeressafety management
systems to ensure these safety systems are effectiagnvestigation of the incident dday 19,
2018 revealed many weak process safegnagement systems at Kurar@fthough the
problems with these management systsls were id
assessment audits did ramhievethe level of detail required to address finecess safety
management system failurdmat contributed to the incidenfSeeSection2.17)

SeeAppendix Cfor the accident mafAcciMap), which provide a graphicaanalysisof this incident
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21 Emergency HRredfs £y sEtiesnt h disg eg n

Like the safety valve on household water hedtgd} emergency pressurelief systems protect
equipment at chemical manufacturing facilitidsis not uncommon to haveany potential scenarios that
couldcause high pressure insimhelustrialequipmentandemergency pressurelief systendesign

should address these scenaridbis safety equipment not ontgeddo protect the equipment, but its
designmustalso protet workers. Ensuring thatvorkersareawareof whenreactor operating pressure
approachesa design limitis essentialbut other highpressure scenarios could take place during a reactor
startup or during normal operations where operators might not inae¢a take actiorand the

emergency pressurelief system would still activate to protect the equipméinsequently,a protect
people, emergency pressugdief systems must discharge to a safe location.

An emergency pressurelief system is a iger of protection that is often considered the last line of

defense to prevent equipment rupture due to aighsure situatiof85, p. 178] When processes are
operatingcorrecty, system pressure stays under cordrad within the equipmeds design limits.

Undesired scenariauldcause these design limits to be exceeded. When these scenarios occur, the
emergency pressurelief system must lower the system pressure by transferring some material to a lower
pressue, safe locatiof36, p. 336] Otherwise, a catastrophic equipment rupture could occur, harming
people or propelling equipment fragments that could impact other critical equipment, escalating the
incidents consequences.

As a general emergency presstgkef system design philosophy, ABlandardb21 (API 521)cautions

that Ain no instance should the s[87/f®14y38,p.fl4ja pl ant
Indeed, to protect peoplemergency pressurelief systems must discharge to a safe locatidme

primary breakdown at Kuraray was that the outlet piping from the EVAL Reactor 2 emergency pressure

relief system did not discharge the flammable ettg/hapor to a safe location.

The CSB concludes thamong the mangrocess safety management system failures that egutong

the 23 workerat Kuraray, none was mosgnificantthan thedesign of the EVAL Reactor 2 emergency
pressureelief systend eutlet piping. When the emergency pressuedief system activatedhis piping
design directed flammable ethylene vagwough horizontally aimed pipingwardan area where many
workers were performing maintenance activitiasludingwelding operatins.

The CSB has historically advocated against discharging flammable vapor into the ambient air when a

flare system can serve both to contain the flammable vapor and then combust (destroy, dispose, or burn) it
safely. The CSB has stated thdllare sysemis an inherently safer option compareith dispersing

flammable vapor into the atmosph¢88, p. 119] Nevertheless, industry standards do provide users with
guidance for directing flammable vapor vertically upwiaitd the ambient air safelyAPI 521 addresses

t h e dgT@&Bedbns about releases directly into the atmospheigeardally requires using inherently

safer alternatives when the potential exists for a flammable vapor cloud expiisipn 2]

Had Kurar ayods el sygtenrdischarged tre slssnmable ethylene vapor to a safe
location, following industry good practice guidance such as that provided by API Standard 521 (API
521), the flanmable ethylene vapor should not have harmed any worBgrfollowing API 521
guidance, the emergency presstetef system outlet piping could have been exteratetldirected
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vertically upward such that the flammable ethylene vapatdsafely dischage from a sufficient
elevationthatcould not impact or otherwise injuveorkers who might baearby

The CSB concludes thatitiv well-designed outlet piping, the flammable ethylene vapor could have
safely discharged vertically upward, likely limiting timeidentconsequences tctivatingthe EVAL
Reactor 2mergency pressurelief system and releasing ethylene intoghgironment

2.1.1 Discharging to a Safe Location

In his 1993 bookLessons From Disaster: How Organizations Have No Memory and Accidents Recur
process safety expert Trevor Kletated

It might seem to an outsider that industrial accidents occur
because we do not know how to prevent them. In fact, they
occur because we do not use the knowledge that is
available [41, p. 1]

Analyzing pasdisasterss important to show how we cégarn from accidentandapply safety lessons
to hdp prevensimilar chemical disasteis the futurg42, p. 1] Ensuring that emergency pressueéef
systems discharge to a safe locai®nota newsafety lessomor a novelprocess safety conceptike
manyothers, thisafetylessonshould have been learnfdm previouschemicaldisasters

On Feluary 24, 199, OSHA issued its finaPSMrule at 29 C.F.RPart 191043, pp. 63586417] The
preamble tdahefinal rule stated:

Releases of toxic, reactive or flammable liquids and gases in processes
involving highly hazardoushemicals have been reported for many years.
Incidents continue to occur in a variety of industries which use a variety
of highly hazardous chemicals which may be toxic, reactive, flammable,
or explosive or exhibit a combination of these attrib{48s p. 6356]

Regardless of the industry that uses these highly hazardous chemicals,
there exists a potential for an accidental release if a highly hazardous
chemical is not properly controlledhis in turn presents the gottial for

a devastating incidentRecent major incidents include th884 Bhopal
incident resulting in more than 2,000 deaththe October 1989 Phillips

66 Chemical Plant incident resulting in 24 deaths and 132 injuries; the July
1990 Arco Chemical incident resulting in 17 deaths;July 1990 BASF
incident resulting in 2 deaths and 41 injurieand the May 1991IMC
incident resulting in 8 deaths and 128 injurigg3, p. 6356](emphasis
added)
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Of the fivechemicaldisasterdshat OSHA cited, twoof theseeventyBhopal and BASF) involved
discharging chemicals from emergency presselief systemsn a manner that caused great harm to
people.

Bhopal which is considered the worst industrial accident eéagolved the discharge of methyl

isocyanatea toxic chemicalfrom an emergncypressureelief systenthat acivateddue toa runaway

reactionthat generated higpressureonditionsinside a storage tarjk2, p. 110, 44, p. 537 Hundreds

of thousands of people were exposed to the dense
emergency pressurelief system and drifted over the city of Bhopal. Within days of the ttheéenical

release, an estimated 3,800 people wataly injured, and tens of thousands were injured. Thousands

more people later died from illnesses attributed to axgo® the toxic gaglb, 42, 44]

The July 199BASF incidentalsois helpful to revsit in light of the May19, 2018incident at Kuraray
because critical safetylesson fom theBASF disastewasthat emergecy pressureelief systems must
dischargdlammable chemical® a safe location.

On July 19, 199( release oflammable chemicals explodeahd afire erupted fatally injuring two
workers and injuring 4bther workersata BASF chemical manfacturingfacility in Cincinnati, Ohio

[46, pp. 407408, 47] The blastls injured some residents and damaged more than&®yhomes

[48, 49, 50] In a news release summarizimpre thars1 million in proposed penalties, OSHstated

that theexplosionand firefollowed a sequence of events where Rgressure conditions developed inside
a reactoduring a cleaning operatiorAmong other things, OSHA found thRASF failed to ensure that
thereactoits energency pressureelief systendischarged to a safe locatio According to OSHA,

when the emergency pressuedief systemwasactivated it dischargeda mixture offlammablechemicals
into the plantwhere it found an ignition sourtiggering a vapor cloud explosi¢46, pp. 407408, 47]

The CSB concludes thaatt Kuraray applied the lessons provided by previous chemical disasters,
including the Union Carbide disaster in Bhopal, India, in 1984 and the BASF tragedy in Cincinnati, Ohio,
in 1990 (which involved dizharging chemicals from emergency pressafief systems in a manner that
caused great harm to people), the company could have preteakédy 19, 2018, incident by ensuring

the EVAL Reactor 2 emergency presstetef system discharged the flammable ethylene vapor to a safe
location, with no harm to people.

In his1990 book(Critical Aspects of Safety and Loss Preventioevor Kletzcautioned readers to
consider what will happen when emergency presemelief systems function as designethphasizing
thesesafetysystemsnustdischage to a safe locatiorKletz forewarned:

a0n December 2, 1984, water inadvertently entered agedank containing more than 80,000 pounds of methyl isocyanate
(MIC) at the Union Carbide India Limited (Union Carbide) pesticide plant in Bhopal, India. The MIC reacted with the water,
creating highpressure conditions within the tank, which activateld e t an k 6 s e nieief gystemcand dischaggeds u r e
MIC vapor into the atmosphere, resulting in a massive toxic gas r¢déask?, 44]
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Relief valves aredesignedto lift and so when they do they
should not create a hazard by discharging material over
people or plant é [51, p. 146]

In his 1994book, What Went Wrongvhich studied case histories of process disasteesor Kletz
warned readers to avoid discharging eniat from emergency pressureief systems into thair. Kletz
cautioned:

If, despite my advice, you let relief devices discharge to
atmosphere, make sure that if the discharge ignites, the
flame will not impinge on other equipment and no one

will be inthe line of fire  [52, p. 181](emphasis added).2

Ensuring no harm to people bgnfirmingthese safetyystems discharge a safe location is a basic

emergency pressurelief system design principléelhe CSB concaldes thattie facts, conditions, and

circumstances of the May 19, 201&identshowthat the emergency pressusdief system for

Kurarayb6s EVAL Reactor 2 did not discharge to a s

Consistent with defining a safe location as one that easurénarm to people, ABtatedthat an unsafe
location is one that may harm people. API defined an unsafe (hazardous) location for discharging
flammable vapor from emergency presstekef systems in its industry guidance documnocess
Safety Perfamance Indicators for the Refining and Petrochemical Industéies RP 754. According to
API RP 754, an unsafe location is:

An atmospheri®RD [pessurerelief deviceor emergency pressurelief
system]or upset emission discharge or a downstreastrutive device

[for example flare, scrubbdrdischargehatresults in a potential hazard

to personnelwhetherpresentor not due to the formation of flammable
mixtures at ground level or on elevated work structures, presence of toxic
or corrosivematerials at ground level or on elevated work structures, or
thermal radiation effects at ground level or on elevated work strgcture
from ignition of relief streams at the point of emission as specifiédPin

521 Section 5.8.4.88, p. 135, 26, p. 10]

a1n this safety videp Energy Safety Canada explains that line of fire is orits D lifesaving rules.t definesline of fire as
keeping yourself (and others) out of jeasrvehicles, diopped dbjgctspands i t i oni

pressure releas§s42]. Anothersafety vided ur t her revi ews | ine of fire safety and e
when the path of a moving object or hH#Ohrdous energy interse
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NOTE The termiunsafe locatiodis used in the description of one of the
four potential Tier ¥ or Tier 2Y consequences associated with an
engineered pressure relief or an upset emission from a permitted or
regulated sourceThe assumption is the discharge from the engineered
pressure relief whether directly to atmosphere iar & downstream
destructive device or the emission from a permitted or regulated source are
engineered for safe dispersion of the rel¢aéep. 10]

The facts, conditions, and circumstances of the May 19, 2018, Kunardgnt show that the EVAL
Reactor 2 emergency pressuedief system discharge location met the API 754 criteria for an unsafe
location.

In 1994,0SHA publishedProcess Safety Management (PSM) of Highly Hazardous Chemicals
Compliance Guidelines and Enfement Procedurd?7]. In the guidelinesOSHA addressed the need
for safety assessment through a series of saéédyed questions, including whether emergency pressure
relief systemsvill discharge to a safe location.

Do observations of a representative sample of praedsted equipment
indicate bat obvious hazards have been identified, evaluated, or

controll ed? & For example, €& pressure rel
are properly designed and discharge &afe area[27, p. 38](emphasis
added)

The October 984 issue ofthe Loss Prevention Bulletimcluded an artie discussing the safe dispb®f
discharges from emergency pressugkef devices.Thearticle, The Safe Disposal of Relief Discharges
stated

The need for a relief device, be it a safety valve or a rupture disc may be
clear and obvious; indeed, it is often legally determined. However,
defining the relief criteria, calculating and specifying the relief valve and
then providing and erecting it @mot the only problems. It is also
necessary t@nsure that the process of discharge, which is often of a
violent naturecan cause no harm to peopland adjacent equipment and

aAccordig t o API RP 754, fAa Tier 1 [process safety event] is a |
defined by this RP. A Tier 1 [process safety event] is an unplanned or uncontrolled release of any material, inchtaliig non
and norflammable materials ([for example] steam, hot water, nitrogen, compressed CO2 [carbon dioxide] or compressed air),
from a process that results i n on¢g26@rl3]mierrl ensequendedircludeonsequenc
ADi scharge to a potenti al |l y un sraiéf{forlexampte pressunadef device,safefy[ a] n engi
instrumented system], or manually initiated emergency depressure) discharge, of a quantity greatequibhtodhe
threshold quantities in Table 1 in amhaur period, to atmosphere whether directly or via a downstream destructive device that
results in one or more of the following four consequendés threshold quantity determination is made at thehdigie of the
engineered PRD, while the consequence is determined when the material reaches atmosphere whether directly or via a
downstream def6,pd3jtive deviceo

bAccording to APl RP 754, @ier 2 process safey e v e onplannesl or firecontrolled release of any material, including non
toxic and norflammable materials ([for example] steam, hot water, nitrogen, compressed CO2 [carbon dioxide], or compressed
air), from a process that results in one or morthefconsequences listed [in APl 754] and is not reported as a Tier 1 [process
saf et y[26& p E9h The It of Tier 2 consequences inclddeDi scharge to a poRegmi9 ally unsaf
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that the materials discharged are dispersed, destroyed or collected and
dispcsed of safely53, p. 15](emphasis added)

The American Society of Mechanical Engineers (ASME) design, addieh isused to build many of the
vessels in the chemical industry, including EVAL Reactor 2, requires that puing from emergency
pressurg el i ef systems fAshall [bdmiD3 b5p. 47,56,p.f9¢] pl ace of

Other publicly available examples of good practice safetyamaiel that followthis basic design principle
include the following:

9 fPressure relief vent piping systems shall be constructed and arranged to direct the flow of gas
to a safe locatio  E57, 58]0

1 fVents, pressure relief, and rupture disk discharge points should be located to \s&afeto a
location. Locate these discharge points such that they do not create a hazard for operators or
maintenance personnel on walkways or platforms. Location of eese should be a safe
distance from building [heating, ventilation, and air conditioning] intakes. Consequence
modeling may be utilized to determine the distance from the vent that a hazardous
concentration may exi§h9, p. 114](emphasis adde)

1 fAPressure relief device discharges shall be arranged such that they are not a hazard to personnel
or other equipment and, wharcessary, lead tosafe locationfor disposal of fluids being
relieved[60, p. 21](emphasis dded)o

9 fFor full effectiveness, the pressure relief system must be included in the overall process
design, and must be adequately sized to permit discharge of vessel contents at a safe pressure
and to asafe location[61, pp. 13511352](emphasis adde)

I fAEmergency relief systems consist basically of one or more emergency relief devices, relieving
either direct!l y safelocdtibrie ocart nmoys pvheeyr eofiian rael i ef |
treating or handlinghe discharge, which can range from a stack to a combination of treatment
devices in serief62, p. 171](emphasis added)

i fThe discharge point for relief devices should also be a consideration in designing relief
protection. The nature of the discharge and the point of the discharge may present significant
hazardg63, p. 338]0

9 fln the circumstance where the [presstgigef device] is activated, the diverted reaction
effluent (gas, liquid, or hybrid mixture) must be routed sag location this location may be
a flare for burning, a chemical scrubber, or even the atmosfii#erg. 7](emphasis added)

I fASystems designed to completely or partially depressurize the process. These take the form of
[safety relief valves] or valves which automatically open at a predetermined setpoint to vent
piping or vessels to aafe location[65, p. 295)(emphasis added)

SB Pager6




Investigation Report

9 fFor most processes, the last lines of defense are pressure relief systems. When designed
properly, such systems are capable of preventing vessel and fgiihiings, and direct the relief
effluent to asafe location[66, p. 2](emphasis added)

1 fThesafedischargdocation must be identified for each individual relief dev[é&, p. 8]
(emphats added)

1 A[A pressurerelief valve is] a generic term which might refer to relief valves, safety valves, and
pilot operated valves. The purpose of a [presselief valve] is to automatically open and to
relieve the excess system pressure by sendengrocess gasses or fluids teade location
when its pressure setting is reacf@gl p. xlii] (emphasis adde)

I RAPI [Standard] 521 recognizes that disposal to atmosphere can be safe and has been
demonstrated. However, in accordance with [Section] 5.8.1 careful attention is required to
ensure that atmospheric disposal of relief strearsafe§69, p. 4]0

9 fThe basic purpose of a vent or vent line is to ensure that gases escaping from anfglesfsure
valve are directed tosafe locationwhere they will not cause any hafid, p. 161](emphasis
adced)o

1 fRelief valve exhaust must be directed or pipedgafa location[71, p. 958](emphasis
added)>

9 fThe simplest process vent system is one that consists of one vent device with minimal piping
discharging diectly to atmosphere at the nearssfie location[72, p. 1](emphasis adde)

1 fAwWhen discharging directly to the atmosphere, discharge shall not impinge on other piping or
equipment and shall be directed away from ptatfand other areas used by persof¥glp.
47].0

9 fThe valve dischargand discharge pipe shall be checked for possible hazards to pef3dnnel
p. 45]0

9 fVerify the discharge of the device is piped teafe pointof dischargd75, p. 3](emphasis
added)o

1 fDischarge piping should be piped tsafe areato prevent discharge of high pressure fluids
from causing harm to pensoel or equipmerZ6] (emphasis addea)

1 fA[Emergency pressunelief and effluent handling] systems should be designed to protect
equipmenfrom overpressure and to either contain or safely control hazardous materials
discharg@d during an emergengy?7, p. 1]0

In a March 200&afety publicationthe Center foChemical Process Safety (CCPS) described a historical
problem with some emergency pressigkef system outlet piping designs discharging process fluids to a
convenient location rather than to a safe locatibime CCPS stated:
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Any material which couldbe released from process equipment, including

pressure relief valves or rupture disks, must discharge to a safe location.

Relief devices often di $andthatopay t o a O6conve
not be the samgr8las a d6ésafed | ocation

The safety publicatiohighlighted the importance of discharging to a safe location by shayingure
(Figure 26) of elevated emergency pressuedief system outlet piping directed toward the ground.

SaaCE : //www.aiche.org/c beacon.htm CCPS
Supporters

cCl @ Process Safegy Beacon| Seensoredby
hi

Messages for Manufacturing Personnel

Pressure Relief Systems — Do you see any hazards here?  March2006

Figure26. March 2006°rocess Safety Beaco(Credit: CCH%3])

When describing the potential hazard of this piping design, the CCPS stated:

The discharge from the relief valves in picture #3 is directed downward,
toward an area where people could be working. As in the first picture,
anyone working in this area when a relief valve opens could be injured
[78].

Relief valves and rupture disks are part of an emergency pressure relief
system Its design must not only prevent equipment overpressure, it must
also make certain that material discharged does not lead to personnel
injury. The system needs to ensure thatgleno fire, explosion, or toxic
material exposure hazard from the material released through a relief valve
or rupture disf78] (emphasis in original).

Any material which could be released from process equipment, including
pressure relief valves or rupture disks, must dischargesédealocation
[78] (emphasis added).
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In relevant corporateafetyguidance, Kuraraitself sugportedthe safety philosophy that emergency

pressureelief systems must discharge to a safe location. Specifically, in its policy on incident

investigations, Kuraray providets employees with a list of scenarios that qualify as the most serious

leveld process safety ev efmosserioushtoatiogirizilded disthargingr ay 6 s | |
emergency pressurelief systems to an unsafe locati@eéFigure 17).

The CSB concludsthat thee aremanypublications that provide industry safety guidangaking it clear

that emergency pressurelief systems must discharge to a safe locatigmmégent harm to peoplelhe
CsSBfurtherconcludes that althoudfurarayp s c or p or at erecegnidecdth@ptengal i d anc e
severityof discharging emergency pressuedief systems to an unsafe locatittimee companylid not
addresshis hazard foits EVAL Reactor 2 emergency pressuedief system.

2.1.2 Industry Safety Standards Rely on Vertical Discharge

Althoughthere is an abundance of indusgigod practice safety guidance discussing the need to
discharge emergency pressuesief systems to a safe locatiomg guidance suggests thais appropriate
to dischargdlammable hydocarbon vapors into the air through horizontally aimed piping

API 521, PressureRelieving and Depressuring Systersigecifies requirements for emergency pressure

relief systems, including examining the causes of overpressure, determiregnfrelr at es, and fse
and designing disposal systems, including such component parts as piping, vessels, flares, and vent

st a3k, p.d, 38, p. 1]

Published industry studies have shown that flammablesgzen be discharged into thiesafely by
following the design guidelinda API 521 Among otherconsiderationsemergency pressurelief
system outlet piping should direct a release of flammable wagstically upward to satisfy these design
guidelineq79, p. 12]

An entire section of API 52is devoted to safely dischargingpas (including flammable hydrocarbons)
from emergency pressurelief systemsnto theair [37, pp. 144152, 38, pp. 12841]. Several portions

of this section are relevant to evaluating the Kyramaident because they provide insight as to what the
industry considernecessary tensurehat emergency pressdrelief systems discharge flammable
hydrocarbon vapor to a safe location:

In many situations, [pressurelief device] vapor streams cae Bafely
discharged directly to the atmosphere if environmental regulations permit
such discharges. This has been demonstrated by many years of safe
operation with atmospheric releases from properly installed vapor
[pressurerelief devices]. Technical wk sponsored by APl has also
shown that within the normal operational range of conventional [pressure
relief devices], weldefined flammable zones can generally be predicted

AR V. 0. Hoehne, R. G. Luce, and L. W. Mi g a, AThe Effect of Ve
Flammability Limits in WindBl own Jets of Hydrocarbon Gases, 0 report to the
MemorialInstitute, Columbus Ohio, 1970, and Proceedingefining Department, Volume 50, 1970, pp. 1060 8[370p.

237].
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for vapor releases. With proper recognition of the appropriate design
paraméers, vapor releases to the atmosphere can provide for the highest
degree of safety. Where feasible, this arrangement offers significant
advantages over alternative methods of disposal because of its inherent
simplicity, dependability and economy. Thecid#on to discharge
hydrocarbons or other flammable or hazardous vapors to the atmosphere
requires careful attention to ensure that disposal can be accomplished
without creating a potential hazard or causing other problems, such as the
formation of flammale mixtures at grade level or on elevated structures,
exposure of personnel to toxic vapors or corrosive chemicals, ignition of
relief streams at the point of emission, excessive noise levels, and air
pollution[37, p. 144, 38, p. 125]

The studies demonstrate the adequacy of the general industry practice of
locating [pressureelief valve] stacks that discharge to the atmosphere at
least [15 meters (50 feet)] horizontally from any structures or equipment
running to a higher elevation than the discharge point. In most cases, this
is adequate to prevent flammable vapors from reaching the higher
structures. With these jet momentum releases, there should also be no
concern about large clouds of flammable vamosrBammable conditions
existing at levels below the release level of the stack. These studies have
generally verified longstanding experience relative to the safety of vapor
releasesvertically to the atmosphere from atmospheric [presselief
valve]discharge stack§37, p. 147, 38, p. 12{pmphasis added)

When hydrocarbomelief streams comprised entirely of vapors are
discharged to the atmosphere, mixtures in the flammable range
unavoidably occur downstream of the outlet as the vapor mixes with air.
Under most circumstances in which individual [pressetief valves]
dischargevertically upward through their own stacks, this flammable
zone is confined to a rather limited definable pattern at elevations above
the level of releas¢37, p. 145, 38, p. 12@pmphasis added)

Based on these dispersion data, it can be concluded that where discharge
velocities causing turbulent mixing are achieved, the hazard of flammable
concentrations below the level of the discharge point is negligible. Fixed
distances mayeused for designs based upon experience, which precludes
the need to perform dispersion analyses. This confirms the many years of
experience with vapor releases from [pressalief valves] discharging
directly to the atmosphere without accumulating mitaable
concentration§37, p. 146, 38, p. 127]

For installation details related to piping, APl 521 directs the user to API Standard 520 (AF3i52@),
Selection, and Installation of PresstiRelieving DevicesPart 10 Installation APl 520providesfigures
to describe how users should design piping for discharging emergency pressfisystems. As shown
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in Figure 27, for atmospheric discharge, API 5@@monstratethat the piping should be aimed vertically
upward[80, p. 8, 81, p. 9]API 520 usd the image irFigure 27, showing outlet piping aimed vertically
upward to inform users of the general design requirements for emergency predirgystem outlet

piping.

l— F (see NOTE 2)

A (see NOTE 2)

/ Vent pipe
/ Long radius elbow

Support to resist weight
and reaction forces
(see NOTE 1)

Pressure
relief valve

NOTE 1 The support should be located as close as possible to the centerline of the vent pipe.
NOTE 2 F = reaction force; A = cross-sectional area.

Figure 6—Typical Pressure-relief Valve Installation with Vent Pipe

Figure27. Vatical Outlet Piping. (Credit: ARBD, p. 8, 81, p. 9]

2.1.3 Horizontally Aimed Discharge of Flammable Vapor

The CSB identified onpublished studyhatevaluated a horizontal release of flammable crude pibya
wherethe horizontal release did not discharge the flammable vapor to a safe loGdteauthors of the

studystated

In the cases with subsonic horizontal gas exit velocities, the rate of air
entrainment is too slow to prevent the flammable pldrom reaching
grade. [API521] correctly identifies this situation as one which may result
in flammable vapors at gradiéo, p. 15]
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Kurarayinformedt he CSB t hat t h-eelietsystem expeytsbated tpat herzantiglr e
aimeddischargs of flammable vapor from emergency pressugkef systemarenot specifically

prohibitedby industry standards, such as APl 5Zhe CSB consultedith API 521 subject matter
expertsand was told thaAPI 521 does not prohibit dischang flammable vapor from emergency
pressureelief systemshrough horizontally aimed pipingThe API 521 experts said that a horizontal
discharge migheévenbe desirable isome cases, such as when the discharge of flammable vapor from an
emergency pressurelief system might intersect with the potential flight path of a helicopter taking off

or landing on an offshore oil rig.

Since API 521 does not include guidance delgalischarging flammable vapor from emergency
pressureelief systemshrough horizontally aimed pipinguch a design may require companies to
develop their owrsafetystandard to ensure that a sufficiently robust analysis is performed to show that
thehorizontal discharge is directed to a safe locétiensuring no harm to people.

The CSB concludes that APl 5HressureRelieving and Depressuring Systemiges noprovideusers
with guidancefor safely discharging flammable vapor into the air from lanially aimed emergency
pressureelief system piping.Therefore API1521 cannoserve ashe sole safetgesign basis for an
emergency pressurelief system that horizontally discharges flammable vaporti@@mbient air.

2.1.4 Emergency Pressure-Relief System Validation Project

In 2011, seven years before the May 19, 20i@dent, Kuraray began engineeringnwdo ensure that it

had proper desi gns f o rfreligf SyssemsAmbng Otiser conveznthg Suraay pr e s s
project teantoncludedhatKuraray needed to change some of its emergency presdiafesystems

capable of discharging liquidratlene near workerSeeSectionl.9. Not abl y, the projectod
not include a dispersion study of flammable hydrocarbon vapor releases iaig émel Kua r ay 6 s

project recordslid notinclude asafety evaluatioof the discharge froramergency pressurelief

systems

| mpl ementing the engineering firmbébs proposed chan
since the ethylene vapor released fittvn EVAL Reactor 2 emergency presstgkef system would have

been contained in equipment and directed to a flare instead of ira theard workers. Although

Kuraray i mplemented some of the engiimgeeenitheg f i r mo
engineering firmbés proposal t-eliefcsgsterh venteandrdute et hyl e
them to a flare. Project documents provided to the CSB do not explain why Kuraray did not implement

the engineering fir rm@ysempayee pleadyaecalled thawthe corpany dicenotK u

i mpl ement the proposal Adue to cost, o0 a key Kurar
he thought the proposal stemmed from his desire to reduce environmental emissions.

Kuraray nevecorrected the hazardous EVAL Reactor 2 emergency pressiaiepiping, in part because

Kuraray never implemented the overarching proposal to capture discharges from its emergency pressure
relief systems and route them to a flare and also becausegthierre er i ng f i rddéddd scope o
appear to havimcluded evaluatingvhether each emergency presstaigef system discharged to a safe

location.
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The CSB concludes th&uraray could have prevented the May 19, 20d&8dent byimplementing its
engineering firmbs proposal t-reliefysterasdda fladitey | ene fr
engineering fird s p r calipdferataining the flammable ethylene from the emergency pressure

relief system within piping that dicted the vapor to a flare for safe dispasalead of discharging the

flammable ethylene vapor into the air (through horizontally aimed piping) near workers

2.1.5 2015 Process Hazard Analysis

Another opportunity for Kuraray to preveieincident onMay 19,2018, incident followed the

companyds PHAcsdndwecteend in 2015, Kurarayods PHA tear
releases from some of -retiehsgstems (inctudirg EVAMReaaioe2) coyld pr e s s u
result in a flash fire or a vapaloud explosion. The PHA team recommended that Kuraray perform a

study to evaluate these potential ethylene releases from emergency pregsfisgstems and their

i mpact on personnel . Kuraray managemehowevedi d not
and Kuraray never performed the proposed study.

The CSB concludes that Kuraray did not adsadetyrecommendations that its 2015 Process Hazard
Analysis (PHA) teanproposedafterfinding that atmospheric ethylene releases from some emergency
pressurerelief systems, including the EVAL Reactor 2 emergency presslied system, coultharm
workers bycreaing a flash fire or vapocloud explosion

2.1.6 API Safety Guidance to Prevent Vapor Cloud Explosions

Kuraray management 0A ft @ialmdrse r te @bichasidietadnmpaoytie P H
further evaluate how atmospheric releases of ethylene might adversely affect the safety of waskars
significant contributing caude the May 19, 2018ncident. To better understand the causahegction
between this management decision and the incident, it is helpful to unddretaA®| 521addresses
scenarios in which releases framrtainemergency pressurelief systems into thair can create the

potential for a vapor cloud explosion.

As pat of its investigation of the 2005 BP Texas City refinery explosion and fire that resulted in 15
fatalities, the CSB evaluated the 1997 edition of APl Recommended Practice 521 (API RBuk#),

for PressureRelieving and Depressuring Systemaich was the generally accepted industry good
practice guidance for pressumrgieving and disposal systems at the time, to determine its effectiveness in
addressing hazards posed by blowdown drums with integral stacks opeaito fige CSB identitd
several gaps in the guidance and noted imitsstigation reporon the incident that APl RP 521, among
other things, did not address the potential ovequee hazard of vessel liquid overfill or the hazard of a
large liquid release to a disposal drum that vents directly intaith& he guidance also did not advise on
the safe siting of a vent stack or flare. API RP 521 dichddtess the concept thaflare system is an
inherently safer design than an atmospheric vent stack because it safely combusts flammable
hydrocarbons before they are vented intodinewhere they could become a serious fire or vapor cloud
explosion hazard. Considering the mssuliscovered after reviewing APl RP 521, the CSB issued
Recommendation No. 2086I-TX-R4 to API on October 31, 2005, to revise APl RP 521:
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Revise APl Recommended Practice 521, Guide for Pressure Relieving and
Depressuring Systems to ensure that the geieta

1 Identifies overfilling vessels as a potential hazard for evaluation in
selecting and designing pressure relief and disposal systems;

1 Addresses the need to adequately size disposal drums for credible
worstcase liquid relief scenarios, based on aceuralief valve and
disposal collection piping studies;

1 Warns against the use of atmospheric blowdown drums and stacks
attached to collection piping systems that receive flammable
discharges from multiple relief valves and urges the use of appropriate
inherently safer alternatives such as a flare sygtéimp. 1]

Foll owing the CSB6s recommendation, API strengthe
standard. API also issued updated versions of this industry sland2007 and again in 2014. These

revisions included specifying what users must do to avoid or prevent a vapor cloud explosion scenario

from certainemergency pressurelief systems that discharge into #ie For these unacceptable

scenarios, API 52&tatel:

If there is a vapor cloud explosion hazard associated with one or more
relief cases or discharges, then one of the followhegl be used:

- disposal by a flare ¢é;
- dischargingintoalowepr essur e system ¢é;
- application of HIPS [HigHntegrity F ot ect i ve Systems] ¢é; and

- eliminating the relevant relief cases (redesign of equipment[&T¢.)
p. 155, 38, p. 135fmphasis added).

As a result of the improvemerttsat APl made to API 521, in April 2016, the CSB voted to change the

status of the recommendation to Clasetcceptable Actiorj40]. The CSBstated fAi Revi si ons mad
the text [in APl 521] address concerns about releases directynbsphere and generally require using
inherently safer alternatives when t he[4d0pp2]lent i al

The CSB concludes that Kuraray could have prevented the May 19, 20ti8nirtay applyingne ofthe
four safer strategighat APl 521 specifietb prevent vapor cloud explosi@gnsedesigning equipment to
avoid the scenario, flaring, containing the flammable material in a {presisure system, or applying
high-integrity protetive systems
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2.1.7 Kleen Energy Incident

In addition to the Kuraray inciderthe2010Kleen Energy incident providesiathervivid example of the
danger involved when flammable gas is not discharged to a safe location. On Sunday, February 7, 2010,
Kleen Energy, a natural géiseled power plant under construction in Middletown, Connecticut,

experienced a catastrophic naturad gaplosion that fatally injured six workers and injured at least 50

other workerg82, p. 1]

The incident occurred during the planned cleaning of fuel gas piping, part of the commissioning and
startup phase oftheKlee Ener gy proj ect . At the time of the
bl ow, 0 wh er avasyorcedahtough the pipiggaas high pressure and volume to remove debris
[82, pp. 23]. Figure 28shows the horizontyl aimeddischarge of natural gas during a gas blow at

Kleen Energy. Like the outlet piping from the EVAL Reactor 2 emergency presdigfesystem, the

gas blav piping did not discharge flammable gas to a safe location. At theféki horizontally aimed

piping, thecleaning operatiomtentionally discharged the natural gas (and debris) intaitt@2, p. 11]

Natural Gas Blow at Kleen Energy {f *
February 7, 2010

' /—’»— —

-

Figure28. Horizontal Natural Gas Blow at Kleen Energy. (Credit{8G}5B

Figure29 shows a portion of the Kleen Energy facility that was heavily damaged when flammable gas
(used to clean piping) was discharged into the air horizonighited,and exploded. This releask o
natural gas into the air was similar to an atmospheric discharge from an emergency-peéstaystem.
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Figure29. Explosion Damage at Kleen Energy. (Credit:[825B

Figure 30 shows the vertical discharge of natural gas during a gas blow at Kleen Energy on January 30,
2010, one week before the incidg®, p. 5] The brown color is from the piping debris. The natural

gas that propelled the debris out of the pipiascolorless. Workers conducted multiple gas blows to
clean the piping. With each successive gawplbe amount of debris and the color of the release
decreasedAlthough most of the gas blows at Kleen Energy discharged natural gas and debris vertically
upward Figure 30), the gas blow that resulted in the explosion on February 7, 201@,heaizontally
aimeddischargeigure 28) [82, p. 2]

a Although the gas blow show Figure 30 did not ignite, the release discharge point may not have been sufficiently elevated to
be considered as discharging to a safe location.
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Figure30. Vertical Natural Gas Blow at Kleen Enér¢@redit: CSEB3])

At the time of the explosion, workers were blowing natural gas intaitlie®m operended piping
between two large structures known as heat recovery steam gen@atprs?] This location, though
outdoors, was congted by the surrounding power generation equipmgigiure 31is animage from

Deadly Practicesa CSB safety videshowinghow the horizontdy aimeddischarge of flammable gas in
a congested area led to the explosion at Kleen Energy.

a Although the gas blow show Figure 30 did not ignite, the release discharge point may not have been sufficiently elevated to
be considered as discharging to a safe location.

SB



https://www.youtube.com/watch?time_continue=1&v=rjxBtwl8-Tc&feature=emb_logo

Investigation Report

Like the outlet piping from the EVAL Reactor 2 emergency presslief system, the gas blow piping
was installed in a horizontal orientation and did not dischargdaimerfable gas to a safe location. At
Kleen Energy, both the congested area and the ver@sgipezontal orientation likely adversely affected
the dispersion of the natural g&2, p. 2]

Figure31l. Animation of Horizont§t AimedGas Blow. (Credit: CEB])

In 2011, as a result of a CSB recommendation, the State of Connecticut banned the practice of performing
gas blows to clean fuel gapjmg at power plantf85]. CSB Recommendatia?01601-1-CT-UR16to

the Governor and Legislature of the Stateoh@oe ct i cut st ated, WAEnact | egis
plants in the state that prohibits the use of flammable gas that is released to the atmosphere to clean fuel
gas piping. o On Boergunanimbusly votéd4o, appPoesidg thist h e

recommendation with the status of Clodeticceptable Action.

2.1.8 Other Kuraray Emergency Pressure-Relief Systems

Although the CSB investigation focused on the EMAdactor 2 emergency pressuedief system,
publicly available images suggest that Kuraray also designed other emergency jredis$systems
with outlet piping that dischardgehrough horizontally aimed pipin@eeSectionl.8).

The CSB concludesthtu r ar ay 6 s us e o frelieésystemgvatmhorizonially aireesl u r e
outlet piping may be a systemic problem. The emergencyureelief system for EVAL Reactor Wwas
designed talischarge flammable ethylene vapor horizontadlyarda public roagdwhichcould place
member s of t he plo&dtitor the GEB leanediliastwpoeatonmight haveused

this dangeousdesignin all its EVAL facilities.
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As described in Sectiah29.1 Kuraraychangedts EVAL Reactor 2 emergency pressuesief system
design after the incidentAmong othechangesKuraray modified the outlet piping to discharge
vertically upwardfollowing existing industry guidance. Kuraray also increased the elevation of this
piping and performed a dispersion analysis to show that should this systernteatvalischarge
flammable ethylene into ttedr (in the futurg, such a release should not harm any workers.

The CSB recommends that Kuradgvelop and implemeiain emergency pressurelief system design
standardo ensurehat each ofhesesafety systems will discharge to a safe locatimtiude a
requirement to periodically evaluate the temdrgency pressurelief systems and make appropriate
modifications to ensure thatich ofthese systems discharge to a safe location such thertizhdnat
could dischargérom these safety systems will not harm peogtgeeRecommendatioB01803-1-TX-
R1).

22 EvacuMdressential WorkemasdDur i ncg
Upset Conditions

In its book,Guidelines for Siting and Layout of Facilitighe Center for Chemical Process Safety
(CCPS) presertia series of case histories illustrating situations in which companies did not perform
their risk management tasks Wb, p. 265F The first case historthat theCCPS reviewed was the
March 23, 2005, BP Texas Citgfinery inciden{86, p. 268]

In discussing the lessons from the BP Texas City refinery incident about the presence of nonessential
personnelthe CCPS concluded:

€ [Tl he severity of t hrereds&®lBythepergsanse Ci t y] i nci
of many people congregated in and around temporary trailers, which were

inappropriately sited too close to a potential hazard. To help reduce risks to

personnel working near hazardous areas, consider:

1 All hazards in the surround area when siting temporary
buil dings ¢é;

T Siting temporary buildings in remote |

I The need to create an exclusion zone around process units under
startup conditions. Incidents are more likely to occur under
transient operations such astartip. All nonessential personnel
and vehicles should be removed from adjacent areas for the
duration of the startuf86, p. 270]

@Kuraray is a CCPS member compdhg7].
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The last of the CCPS bullet poirglsould be exploreh light of the Kuraray inciderit.Some companies
have adoptethisrecommended approach to help reduce the potential severity of incidents during
transient operations, such as a unit startagheir postincident statements to CSB investigators, several
workers commented that theyeve surprised to learn that Kuraray was starting up EVAL Reactor 2.
Following the March 2005 disaster at the BP refinery in Texas City, toeseactworkersoften travéed
from site to sitdor different companiesindtheyhad grown accustomed to eittieeir own management
or the local site managemenithdrawing orrestricting nonessential personnel franmitsduringa

startup.

At the time of theKurarayincident, many workers were in the vicinity of EVAL Reactor 2, performing
various tasks that included pump demolition, hydrotesting, welding, insulating, and scaffolding. These
tasks were not essential to the EVAL Reactor 2 starfingg CSB concludes that the time of the

incident, none of the contract workers locatedrthe EVAL Reactor 2 emergency presstekef system
wereperforming tasksissociated witloperating the reactoresponding to the abnormaactor

conditions or wereotherwiseessential to the startup.

The CSB also concludes that neither Kurarayds ope
known activities or conditions that should have p
nonessential psonnel from the unitTheseeventsnclude bringing ethylene back into the unit or during

upset conditions, such as highessure conditions that trigger a reactor Hitjph-Pressure alarm.

While Kuraray had an unwritten operational practicexafluding nonessential personnel from a unit
while ethylene was first introduced, the site practice did not include a formal exclusion zone for the
startug@s duration.Whenthe EVAL Reactor 2 HiglHigh-Pressure alarm soundiedhowing upset
conditions in tle uni® no oneevacuatedhe nonessential personnel working in the.unit

The CSB concludes that Kuraray had an unwritten safety practice to exclude nonessential personnel from
a unit when reintroducing (pressuring or charging) ethylene into equipmerd &fteraround, but the
company lacked a formal exclusion zone to protect nonessenotiaérsfor the duration of the startup.

The CSB concludesth&tur ar ay 6s saf ety managemen-pressuest ems di d
conditions developing inside EVAL Retor 2 as an upset condition that should tha&maintenance
work being performed and promipte evacuation afionessential personnel.

The CSB further concludes thahen the flammable ethylene vapeasd i schar ged from t he
emergencyressureg el i ef system, many nonessential workers
they were performing likely supplied the ignition source that created the fire.

8The CSB investigation report on the March 23, 2B Texas City disastéoundthat BR pre-startup safety revie(PSSR)
procedure required PSSRbefore starting up a unit after a turnaroudP & SSRpolicy went beyond theninimum OSHA
PSSR requirementsThe PSSR policyncluded a provisioto ensure that nonessential personnel were removed from the unit
and neighboring nits before startup Still, BP did notperformany of thec o mp aRS$Rpocedural stepefore starting the
ISOM unit, and nonessential personmeimained39, p. 47] Noneof the 15 fatally injuredvorkerswere essential to the
isomerization(ISOM)u n i t 0 s[39spt68]rKtuurpar ay 6 s P S S Rjuine a PSSR heford stadtingnaaunitrooiude
aprovision to remove nonessential personnel beforéugtafter a turnaround
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As described in Sectieri.29.2and1.29.5 Kuraraymaodified its practices to protect nonessential
personnebfter the incident During the startup of an EVAReactor, Kuraray nowses the control
systemto display a visual operator guidance message instrutsiogerators to activaigsound)the
plantwide emergency alarm if the reactor pressure exceeds th@tagbure alarm value by a specified
threshold In addition, Kuraray now requires a-f@ot exclusion zone around each EVAL Reactor during
startup.

As a result of the settlement agreement between OSHA and K&efyectionl.27.9, OSHA required
Kuraray to evacuate nonessential workers from the area during EVAL Reactor-BligigRressure

alarm conditions. The OSHA enforcement effort did not extend to the other areas of the Kuraray facility,
nor did it require Kuraray tomplementa sitewide system to establigtn exclusion zone during transient
operating phases, such as startup.

The CSB recommends thatufarayimplementa sitewide system to evacuate nonessential personnel
during upset conditions and exclude nonessential workers from being near equipment during transient
operating modes, such as start8pg201803-1-TX-R2).

23 Hazardous Locati on

With the EVAL Plant having several emergency presselief systems with the potential to discharge
flammable ethylene to unsafe locations, workers at Kuraray were routixgdged to elevated risk. For
example, the EVAL Reactor 2 emergency presselief system could activate and discharge flammable
ethylene near workers from any of several scenarios that could amnisarlgany time. Beyond the
specific events thatdeto the highpressure conditions on May 19, 2018, Kuraray had documented a
number of scenarios that could generate pigissure inside EVAL Reactor 2. These events included
cooling failure, loss of refrigeration, power failure, or even a simple maitumat the control valve
supplying ethylene to the reactdidure 6).

The CSB concludes thdid safety of workersearthe EVAL Reactor 2 emergency presstekef system
wasroutinely at risk. Known scenarios thatuld generatdhigh pressure inside the reactor could arise at
any time, including cooling failure, loss of refrigeration, power failure, or even a simgienetain of

the control valve supplying ethylene to the reacwith workers present, activating this safety system
created a danger to their safety.

The CSB also concludes thadause the emergency pressuleef system did not discharge ethylene to
asafe location, a portion of the area adjacent to EVAL Reactor 2 was a hazardous location for workers.

Kuraray made changes to the EVAL Reactor 2 emergency presdigbsystem design after the incident.
These changes shoutélp ensure that the aregant to EVAL Reactor 2 is not a hazardous location
for workers.

aThe CSB is not issuing new Recommendatitias overlap witithe O S H Adhfercement effortthat aredocumented in the
settlement agreemebétween Kuraray and OSHA

OB




Investigation Report

24 Recognized and Generally Accept
Practices

For two of the 14 OSHA PSM elements (Process Safety Information and Mechanical Integrity), OSHA
requires companies to documenthequipment, such as an emergency presslief system, conforms
with recognized and generally accepted good engineering practices (RAGAGE/)ese two PSM
elements, the Process Safety Information aspect of RAGAGESEhe most relevant to the May,

2018, incident at the Kuraray EVAL Plant.

According to OSHA, Process Safety Information must be both complete and accurate. Companies must
document the information they used to develop the equipment design. OSHAexkblsmequirement
by saying:

In other words, what were the codes and standards relied on to establish
good engineering practi¢87, p. 5]

The information available to the CSB suggests that at the time of the May 19ir2dént, the design

of theemergency pressurelief system for EVAL Reactor 2 was unchanged from when Kuraray
installed this system in 1986. OSHA addresses what employers need to do when good engineering
practice has changed after equipment has been insta@ldena desgn does not conform with industry
codes or industry standards

For existing equipment designed and constructed in accordance with
codes, standards, or practices that are no longer in general use, the
employer shall determine and document that the equipment is designed,
maintained, inspected, tested, and operatingsaf@ manner(emphasis
addedy

For existing equipment designed and constructed many years ago in
accordance with the codes and standards available at that time and no
longer in general use today, the employer must document which codes and
standards werased and that the design and construction along with the
testing, inspection and operation are still suitable for the intended use.
Where the process technology requires a design va@phrts from the
applicable codes and standardghe employemust doaument that the

design and construction is suitabldor the intended purpod87, p. 5]
(emphasis added)

With regard to Process Safety Information, OSHA requéreployerdo document the design and design
basis oftheiremergency pressunelief systems. Furthermore, employers need to select and show what

8See29 C.F.R§1910.119 Before the OSHA PSM Standard was issued, industry good practice guidance was available to
companies on how to use good engineering practices to achieve safe facilities. One such exampauidsities for
Technical Managment of Chemical Process Safptiblished bythe CCPS in 1989128].

P See29 C.F.R. § 1910.119 (d)(3)(iii)
©See29 C.F.R. § 1910.119 (d)(3)(i)(D)
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design codes and standards they apply to equipment and how this equipment conforms with the chosen
RAGAGEPI88, pp. #11]2

The engineering firm that developed 2@2d e si gn package for Kudigdr ay 6 s
systems, however, did niolentify thecodes or standardlsatspecifically applied to the design of each
emergency pressurelief system or explain how each system conformed with RAGAGEP. Rather,

Kur ar ay 6 s e mereligf systeamydesmgm packajest listedseveralaws, codes, and

guidelines that may anay not apply to each systerRigure 20 shows the list of laws, codes, and

guidelines the engineering firm typically included with each emergency prastiefesystentdesign

package. Kuraray used this list in the design package for the EVAL Reactor 2 emergency-phkssure
systent Basedonthisinformation, thedesign basisncludedAPI 521 as well as API 520, and the ASME
pressure vessel code.

Although theEVAL Reactor 2 emergency pressuetief system discharged horizontally, the design was
basedon industry codethat requiradischarge to a safe locatiandindustrystandardshatrely on

vertical dischargéo helpensure safetwhen discharging flammable par into the air These industry
standards daot provide users with guidance for safely discharging flammable vapor into the air from
horizontally aimed emergency pressueéief system piping The EVAL Reactor Zesign and design
basisdocumentationhoweverdid not include ay evaluation showing that the emergency presseiief
system would discharge to a safe location. Such an evaluation could include a dispersion and
consequence analysis showing no expected adverse safety dhcfieats(that is,no harm to workejs
While the design information did include a sketch showing that this emergency predisfisystem
dischargedhrough horizontally aimed pipingothing suggestithat an evaluation had been performed
to ensurehat discharging flammable ethylene through this piping would not harm workers.

The CSB concludes that Kuraray did not demonstrate how its EVAL Reactor 2 emergency Jpedisure
system conformed with recognized and generally accepted good engineadiicep (RAGAGEP) or
that this safety equipment was designed and operated in a safe manner.

The outlet piping from the EVAL Reactor 2 emergency presalief system was oriented such that the
release discharged flammable ethylene horizontally, pataltake ground, toward an area where
nonessential workers were performing their assigned tasies CSB concludes that Kuraray did not
perform an evaluation, such as a dispersion analysis, to ensure that releasing ethylene vapor from the
EVAL Reactor 2 emmgency pressureelief system through its horizontally aimed piping would discharge
the flammable ethylene to a safe location.

The CSBalsoconcludes that had Kuraray evaluated the safety of horizontally dischargingraggure
ethylene into thair whendeveloping its Process Safety Information for the EVAL Reactor 2 emergency
pressureelief system, the safety risk to workers could have been identifiedutlet pipingdesign

problem could have been corrected, and the company could have preveieg & 2018incident.

4See29 C.F.R.§1910.119

b Several of thdaws, codes, and guidelines identifisdich ashe ASME (American Society of Mechanical Engineers) Section |
(PowerBoilers), seem irrelevant for the design of the EVAL Reactor 2 emergency presigefreystem.
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As described in Sectioh29.1, Kuraraymodifiedits EVAL Reactor 2 emergency pressuedief system
design after the incidenfAmong otherchangesKuraray modified the outlet piping thscharge
vertically upwardfollowing existingindustry guidance Kuraray aso increased the elevation of this
piping and performed a dispersion analysisitowthatshould this system activate and discharge
flammable ethylen&to theair (in the futuré, such arelease should not harm any workers.

25 PHA Safeguards

On August 6, 202, the Chevromnefinery in Richmond, California, experienced a catastrophic pipe failure
in a crude unit, causing the release of flammable hydrocarbon proceswHidl partially vaporized

into a large cloud.The vapor clougngulfed 19Chevron emplogeswho narrowly escaped, avoiding
serious injury.About 15,000 people from the surrounding area sought medical treatment in the weeks
following the incident. TheC S B idv@stigation found that the pipe failure was caused by sulfidation
corrosion, a dange mechanism that causes piping walls to thin over [@ep. 3]

Additionally, the CSB investigation found that thcesshazardanalysis conducted on the piping that
failed at the Chevrorefinery did not identify capsion as a potential cause of a leak or rupture. The CSB
alsofound that Chevron did not require the use of a recognized methodology for objectively determining
the effectiveness of safeguards in place to prevent hazardous consequesiead, Chevron relied upon

the judgment and experiences of the membeits BHA team[89, pp. 3132].

Following the August 62012 fire at the Chevron refinery in Richmond, California, both Cal/OSHA and
Contra Cost County strengthened their process safety regulations by requiring certain facilities to
periodically perform a safeguardqiection analysi§SPA)[90, 91]

In its Process Safety Management for Petroleum RefingggulationsCal/OSHA now requires

companiego perform a safeguard protection analysis for each PHA scenario that identifies the potential
for a major incident. This analysis musietermine the effectivenessf@xisting individual safeguards,

the canbined effectiveness of all existing safeguards for each failure scenario in the PHA, the individual
andcombined effectiveness of safeguards recommended in the PHA, and the individual and combined
effectiveness of additional or alternative safeguardsniagtbe needeéd92, p. 8]°

The safeguargrotection analysimu st A use a (-guamitativea neethadysech asiLayer ef mi
Protection Analysi§or an equally effective method to identify the most protective safegua@hgsrisk
reduction obtainable by each safeguard shall be based @psidiic failure rate data, or in the absence

of such data, industry failure rate data for each devicegsyst or h u nf@np. 9 act or 0o

8Cal / OSHA def i nes Aaevemawitlonror afffetting adpeocess that sausesia fire, explosion or release of a
highly hazardous material and htas potential to result in death or serious physical b§@2.

b Contra Costa County strengthened its Industrial Safety Ordinance to also require companies to perform a safeguard protection
analysig91].

¢ A Layer of Protection Analysis (LOPA) is a weticognized hazard analysis methodology that is intended to determine if a
sufficient number of safeguards or layers of protection exist to protect against a particular hazard or acciderji48eriddo
p. 13]
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As discussed idectionl.1, Kur ar ay 6 s 2 @ehtfiedhrA safeguards thaduld control
high-pressure contlons inside EVAL Reactor 2ndavoidactivating the emergency pressuetief
system.These safeguards included:

1 high-pressure alarms witlinoperator opening the emergency open valve;
9 reactor abnormal conditigidigh-High-Pressure) safety interlock; and

1 ahighpressure switch that could trigger closing valves to isolate reactor feeds.

As the pressure inside EVAL Reactor 2 continued to increase, none of these safegtmeftective at
controlling the pressuraside the reactor withut activatinghe emergency pressurelief system and
discharging flammable ethylene into thie

Thefirst safeguaraequiredthe board operatdo openthe emergency open valve to lower the reactor
pressure by sending vapor frahe reactor to the flareAlthough three operations personnel looked at the
control system on the morning of the incident, the design of the alarm system, along with the startup
environment, did not result in effective actions being taken to reducecittereressure as the PHA

team had envisionedecauseKurarayrestricted the use of this safegd (SeeSection2.14.2, the board
operatordid notopen the emergey open valveuntil after the incident.

A second s af e gabreomd conditibndighrHeylaRressuresafaty interlock, which used
automatic controls to protect the reactor from kighssure conditions, was not effective because it was
disabled during the startfeeSectionl.17).

The third safeguardhe highpressure switchalso wasnot effective because the board operator had
already closethe valves to stofhe feedsrom enteringhe reactgrand the continuaflincreasing
pressurenside EVAL Reactor 2 was noausedy ethylene flowing into the reactoRather the
inventory of liquid ethylenbeing warmednside the reactor wagenerating ethylene vapor addving
theincreagng pressure inside the reactystem(SeeAppendix A at 8:46 a.nh.

The CSB concludes thah the day of the incident, none of the safegutiraiKurarayconcludedshould
control the pressure inside the reaetithout activatinghe EVAL Reactor 2emergencyressureaelief
systemwere effective.Becausehese safeguardgere ineffectivehigh-pressure conditions inside the
reactorreached the activatigoressure of the emergency presswlef systemandtheflammable
ethylene was discharged toward workers.

The CSB recommends that Kuradgvelop andmplementa systenrequiringa periodicevaluationof

the adequacy and effectivenes@&ny safeguardsed to mitigate aotherwise lower the riskf process

safety hazardsThi s saf eguard protection analysis should b
Process Safety Management for Petroleum Refineggpdations or an appropriate equivalent

methodology (SeeRecommendatio201803-I-TX-R3).
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26 PHA Recommendati ons

As discussed in Sectidn1ll, Ku r a r a yPblA teatn@etdnmended that Kuraray perform a study to
evaluate potential ethylene releases from emergency prestiefesystems and thesafetyimpact on

personnel. Kuraramanagement did not accept the PHA teamods
never performed the proposed study.

Kurarayods PHA policy did not require its manageme
recommendationsBecause Kuraray did not docuntéts decisions or plans, Wwasnot clear what
Kurarayb6s management intended to do with this PHA

The CSB concludes th&uraray did noimplement oreffectively manage the disposition of the
recommendatiomade hyits 2015 PHA team to eltmatethe potential safety impact on workers from
ethylene that could be discharged into the air from emergency presiefesystems.

OSHAOGs gomaddressing BEHA team recommendatians | ows compani es to fAjus
adoptarecommendatin , 6 but the guidance requires companies
adequate evidenceo that atwastreeast one of the follo

1. The analysis upon which the recommendation is based contains
material factual errors;

2. The recommendmn is not necessary to protect the health and
safety of the employé& own employees or the employees of
contractors;

3. An alternative measure would provide a sufficient level of
protection; or

4. The recommendation is infeasiiy, p. 106]

The CSB concludes that had Kuraray effectively ev
address the worker safety concerns related to potential ethylene reteasemergency pressurelief

systems before declining these safecommendationd is likely that the company could have

identified the safety risk to workers, corrected the design problem with the EVAL Reactor 2 emergency
pressureelief system discharge location, and prevented the May 19, 2@ident.

The CSB recommendbat Kuraraydevelopandimplementa policydetailinghow to effectively address
recommendations generated from company process safety management systems, &naiidjng
incident investigations, management of change, anckgs hazard analysis that is consistent with
existing OSHA guidancelnclude geriodic trainingrequirementor managers and other employees
involved with evaluating and managing proposed recommendations to help ensure proposed safety
improvements arefiectively evaluated and appropriately implementé8eeRecommendatio@01803-
[-TX-R4).
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27 War niSngns

fit is tragic the number of times people are harmed in
accidents whereearlier warning signs had been overlooked
[93, p. 120].0

In 2012,the CCPS publishe®ecognizing Catastrophic Incident Warning Signs in the Processimnes
a book focused on recognizing fiindicators that so
action to prevent a major incidd8i, pp. 23]. In the books Introduction CCPSstates

Warning signs arendicators that something is wrong or about to go
wrong. When we recognize and act on these indicators, a loss may be
prevented. Of course, this will only happen when we know what to look
for and are willing to take the initiative to do something abouAiteview

of significant incidents in the process industries suggests that most if not
all incidents were preceded by warning signs. Some of these signs were
clearly visible but not acted upon because their significance was not
understood. Other warrmgnsigns were less obvious, but observant
personnel may have detected tH&dh, p. 1]

In its investigation of the May 19, 2018, ethylene release and fire, the CSB fouindidest warning

signs at KurarayDangerous relases oflammable ethylene from emergency presgetief devicesat

the EVALPlanhad previ ousl y occur r ehdzardreviewearahddtautioned n, Kur &
thatethylene vapor cloud explosionsuldoccur when some of the safety systendischarged

flammable ethylene vapor into the.alfhese eventshould have served asrningsaboutthe serious

design problem with s ome -raidf syfamsHad Kuyaiaseffectivalyr gency p
recognized and acted on #eeearlier warnings, the company could have corrected its emergency

pressureelief systemdy ensuring thaeach othemwould be dischargd to a safe location, and the

incident onMay 19, 2018could have been prevented.

Warning signs available to Kurarancluded:

1 A-release of hydrocarbon vapor from an emergency pressligésystem in the 1980s formed
a flammable vapor cloud but did not ignite;

1 A-release of higipressure ethylene from an emergency presslief system on March 22,
2015, where the flammable ethylene vapor cloud did not ignite;

1 Kuraray information on ethylene hazakarnedagainstventing(dischargingkethylene into
theair beause of its flammability hazard

1 During the emergency pressurdief system validation projedhe engineering firm found
some systemthatcoulddischarge ethylene into tlaér and causea futurevapor cloud
explosion,andin 2013the firm proposedhat Kuraray collecandsendthe ethylenedischarge
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from thesesystemdo a flarefor safe disposabutKuraray did not implemerthis proposal
and

T Kuraray6s 2 fadnédthatpbtentiat ethyeme releases from some of thé site
emergency pressurelief systems couldausea flash fire or vapor cloud explosion with
worker fataities. The PHAeamrecommended that Kuraray perform a study to evaluate
potential ethylene releases fraheseemergency pressurelief systems andheir safety
impact onworkers bu thesited mianagement did not accept the recommendadiotiKuraray
did notconductthe study

Over the siteds history, Kuraray had adtelief east
systems discharged flammable ethylene intaiheln each event, the ethylene vapor was near the
ground but did not ignite. One release was in the 1988d a more recent incident occurred in 2015.
Each of these incidents revealed an emergency pressigfesystem that did not discharge to a safe
location. Kuraray also had warnings from its 2015 PHA tesmd the engineering firm it hired in 2011 to
examinethese safety system8oth groups warnethats o me o f dergeacy pressuelief
systemdad the potentigb cause great harm to people.

The CSB concludes th&uraray had earlier arningsabout the serious design problem vdtime of is
emergency pressurelief systems By acting on these earlier warning&iraray could have prevented
theMay 19,2018 incident

To reduce the risk of a catastrophic incidehg CCPSstatedthat recognizing and responding to warning
signs is an important first steghe CCPS preeneda call to actiorin advocating that companies
embrace the use of warning signs as predictors of increased dadgeludewarning signswithin their
proces safety managemesystems.Among other thingsghe CCPS recommerdithat companies

9 Perform an initiaburvey ofwarning signs

9 Build warning sign analysis intihe safetymanagement system

I Use the new system and track related action items

1 Evaluate dectiveness in the neghfety management system assessnaeiak
I Maintain vigilance against recurring warning si¢@4, pp. 175179].

The CSB recommends that Kurarayiew theCenter for Chemical ProceSafetyguidance on
recognizing catastrophic incident warning signsithendevelop andmplement gprogramfor the EVAL
Plant that incorporates warning signs into its safety management sy§&eekecommendatio@018
031-TX-R5).
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28 Equi pment Design

At 10:05 a.mon May 19, 2018, wheBupervisor Jasked Board Operator 2 to take over the startup of
EVAL Reactor 2 and perform the flush batch, none of the three wérk&upervisor 1Board Operator

1, or Board Operator® appeared tbe concerned about the high pressure in the reactor or aware of how
close the reactor pressure was to the activation pressure of its emergency-pediesgystem.

Inside the reactor, however, the pressure was high, and theHitjgtPressure alarm hdzken orfor

more than an hoysince9:01 a.m). Emergency pressuirelief equipment is manufactured to activate
within a certain acceptable tolerance. This safety equipment shoulddmsexko activate near the

design pressure babuldactivate within a few percentage poihtabove or below this pressure. As a
result of this tolerance, the maximum operating pressure inside equipment is typically designated to be
less than 90 percent tife activation pressure of the emergency presslief systen95, p. 69]

Kuraray set the normal operating pressure for EVAL Reactor 2 gi69%bout 80 percent of 7480

the activation pressure of the emergen®spurerelief system. In addition, Kuraray designed the system
to have highpressure alarms at 620 and @%@ 84 and 86 percent of the emergency preseelief

system activation pressure, respectively.

The lower design pressurelfu r a rEUAL&®esa¢ or 2 contri buted to activat
emergency pressurelief system and discharging flammable ethylene int@atheKuraray use four

different EVAL Reactors.Threeof these reactors Han emergency pressurelief system designed to

activae at a pressure of 1,188i, but the activation pressure of tB¥ AL Reactor 2was lower Kuraray
designed the EVAL Reactor 2 emergency presgelief system to activate at 748i, which was 41®si

lower than the designed activation pressure of the other three reactors. The lower activation pressure of
the emergency pressurelief systen for EVAL Reactor 2 resulted from this reactor having a lower
mechanical design pressure than the other three reactors. Durstgrthp orMay 19, 2018Kur ar ay 6 s
board operators did not rememlbieat EVAL Reactor Zhad a lower design pressuban tie other three

EVAL Reactors. Although the pressure in EVAL Reactor 2 was high during the startup, Kuraray
operations personnel were surprised when the emergency presdmfreystemwvasactivated because

they believed the pressure inside the reactorwedisbelow the emergency pressuistief systend s

activation pressure

Despite this significant differendeetweerthe EVAL Reactor 2design pressure and the design pressure

of the other three reactoitsowever, Kuraray did not design its control systemrovide its workers with

any special or unique warnings to help them recallEN&&L Reactor 2was different. In addition,
Kurarayb6s startup procedures did not discuss the
EVAL Reactor 2 had a lowetesign pressure than the other three reagtors.

The CSB previously discussed how system design affects human performance in its investigation report
on the November 2016 ExxonMobil Baton Rouge refinery isobutane release g86.fjpp. 1219].
Like the system design at the Exxoneglecteddn refinery

8As part of the companyds al ar m mEYAL&Keaetonzhightpresshré atarmisstat6Iur ar ay ¢
psi.

PKurar a yb6s operator traini aofthe EVAlL Reacior®ldesigndressure ancchighlighted thatitd i s cus s i
design pressure was lower than the design pressure of the other three EVAL Reactors.

OB
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i mportant adage that API provided in safety guida
for peopletodothingsrigt and hard for thpdtl to do things wrong

Renowned afety experflrevor Kletz iscreditedwith bringing attention to inherent safety and helping to

make it a broadly accepted fundamental process safety cg@8ept 73, 97, 98]In his efforts to

advarte inherent safefKletz also advocated for making plants moredseri endl y fAso t hat e
operators or maintenance workers or equipment failure does not have a serious effect on safety, output or

ef ficPem3dyo Among ot her attributes, Afriendly plan
hazardous materials, are simple, with few opportunities for error, easy to control and hard to assemble

i ncor 9¢ p.8}]l y O

In its 2012book, Guidelines for Engineering Design for Process Safeg/CCPS explaiadthat

inherently safer design is a design philosophy that, among other things, seeks to eliminate or reduce
hazards associated with materials or operatidie CCPS stated thahe of the major strategies of
inherently safer desige, a | | e d ,Jinvdlvesmésigning plants that do not havmecessary
complexity, which makes operating errors lessljikee more forgiving63, p. 129]

Kuraray could have taken a number of approachbslfprevent this inciderr to lower the potential
consequences from activatittge EVAL Reactor 2 emergency pressuedief system.One approach

would have been tsimplify the plant bybuilding all four reactors with the sanm@ernal design pressure
Simplifying the plant desigwould havepreventedheneed for the operators to remember that one of the
four EVAL reactor systems (in this case/Al Reactor 2) had a significantly lower design pressure than
the others. In addition, when higinessure conditions existed withhrereactor, the control system could
have automatically opened the emergency open vealgere 13) to direct vapor from the reactor to the
flare to lower the pressure inside the reactor and help prevent activation of the emergencynetesgsure
system. Furthermore, Kuraray could havediigs automatic computer control system to sounoudside
alarm(within the uni) to evacuate people in the vicinity of any equipment approaching its design limits.
Other less robust techniques could also have been amliglias displaying the EVAL Redac 2
emergency pressuree | i ef syst embs act i v a&mgraphic opnpreviigtier e on t h
safe operating limits system and using the control system to clearly dirbdaiteoperatort take
predetermined measures to lower the pressure inside the reactor.

The lower design pressure of EVAL Reactor 2 contributed¢ot i vat i ng the reactor o0s
relief system and discharging flammable ethylene int@aihelhe events that unfolded showed the

system design issues that stemmed from having a lower design pressure for just one oENalfour

reactor sy ms . When Kur ar ay 0 sprebsora comditiongiresideaElVALIRsactgrd w hi g &
they did not treat it as an emergency. They did not remember that EVAL Reactor 2 had a lower design
pressure than the other EVAL reacto&mplifying the plant degin would haveprevented the need for

the operators to remember that one offthe EVAL reactor systems (in this case, EVAL Reactor 2) had

a significantly lower design pressure than the others.

The CSB concludes that the design pressure differences netwkeu r #our BMAD Reactors
contributed to the incidenEVAL Reactor® s d e s i g n 740psewshsEhuwae4l@sidoser
than the design pressure of the otieee reactors
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The CSB recommends that Kura@dgrify the lower equipment design pressur¢hefEVAL Reactor 2
within the operator training systems, written procedures, and in the control system int(3tse.
Recommendatio@01803-I-TX-R6).

29 Operating Procedures

In its 1995 bookGuidelines for Process Safety Documentatiba CCPSstated thatip-to-date written
operating procedures that reflect current plant prasice necessary for the safe operation of a facility
[100, p. 195]

Under its PSM Standar@SHA requires employetei d evel op and i mpl ement wr it
proceduree t hat provi de c | e a ructingadivtiesungotvednreach dowered s af el y
pr oc[&0d,9.d2] Furthermore, OSHA specifically identifi¢he need to have written procedures to

address starpg following a turnaroundnd requires employers to cert{nnually)that these procedures

are current and accurdtl, pp. 1213].2

In addition tohaving writtenoperating procedures, Kuraray managenseppliednightly operating
instructions.

Thenightly operating instructions that Kuraray management provided its operators on the evening of May
17, 2018, directeds operators to perform methanol flushes to EVAL Reactor 2. Although not covered

by a written proedure, Kuraray perforad methanol flushes to remove any liquid water left in the reactor
after the maintenance turnarourduring the methanol flusfemoval,a misaligned valve (a closed
manualvalve that needed to be opgmgventedransferring the metinol and water in EVAL Reactor 2

to downstream equipment.his valve misalignment led to bypassing EMAL Reactor 2 abnormal
conditionsafety interlock.

The CSB concludes that although Kuraray perfmtanmethanol flush of its EVAL Reactors after some
maintenance activities, the compadtig not have a written procedure or train its operators to perform the
methanol flush.A misstepduring the methanol flustedl Kuraey to disabk an important safety interlogck
which remained disabled as the startup eeaed

The CSB recommends that Kurardgvelop and implement a written procedure and conduct training on
how to perform the EVAL Reactor methanol flush operati@eeRecommendatio@01803-1-TX-R?7).

Thepractice of following nightly operating instructions that deviated from written operating procedures
wasnotan isolated practiceLeading up to the incident, at least three Kuraraydoperators on two

different shifts followecdightly operating instructions that deviattedmt he companydés wr i tt e
procedures for EVAL Reactor 2.

By following K u r a mighylyéogerating instructions, the company deviated from its operating
proaedures during the EVAL Reactor 2 startup. These deviations included:

8EPA has a similar requirement for written operating procedures 4derF.R. § 68.52

SB Pagel01



https://www.ecfr.gov/cgi-bin/retrieveECFR?gp=&SID=e9e3b969dcd28b53e31420fdb30da03b&mc=true&n=pt40.17.68&r=PART&ty=HTML#se40.17.68_152

Investigation Report

1 No startup procedure covered the methanol flush used to reangliquid waterremaining
inside EVAL Reactor 2;

9 Kuraray increased the pressure inside EVAL Reactor 2 by adding ethglieme starting the
flush batch procedure; and

1 Thenightly operating instructions conflicted with the operating procedures.nighdy
operating instructions targeted higher pressure (8953nside EVAL Reactor 2 than the
operating proceduratescribed. The operating procedures limited the pressure inside EVAL
Reactor 2 to:

U 565psiwhen adding ethylene to increase the pressure inside the reaictor;

U 495psiat amaximumtemperature of 13F when heating the reactor contents while
adding ethiene to increase the pressure inside the reactor.

The CSB concludes that nightly operating instructions supplied by Kuraray management conflicted with
the company®6s wr i t,resuliingnprenaraged achangep to thecreadtar stéedsp
contributed to the May 19, 2018, incident.

The CSB recommends thatraray e vel op and i mpl ement a program to
EVAL Plant nightly operating instructions do not conflict with its written operating procediresray

also should esue that employees use the management of change system when changes to the written
operating procedures are desirédBeeRecommendatio@01803-I-TX-R7).

210 Operator Training

In its 1995 bookGuidelines for Process Safety Documentatibe CCPSstatedthat training provides
the communication of knowledge and skitbsworkers

In the chemical and hydrocarbon processing industries, the training
function includes passing on process knowledge, skills in performing
operating and emergency procedures, and many other aspects of process
operation and maintenantethose who actuallygrform the tas&[100,

p. 203]

The CCPS also stated thatthep r i mar y iggo &l t @f etnrsaiirre 0 t hakersaveper at or
aware of important process safety management concepts, including:

1 hazardgpresent in the process;

9 the significance of worker actions relative to process safety;

@Kuraray did not have a temperature limit associated with the 565 pounds perisgugm@ssure limit that applied when
pressuring the reactor with ethylene during the startup. Th¥#-18mperature limit only applied when the reactor contents
were being heated with the jacket water whileylene was simultaneously added to raigptessure inside the reactor.

5B
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1 how to operate and keep the process within safe operating limits; and
1 how to handle potential emergencj@80, p. 203]

The CSB conludes thataveral operational causefthe May 19, 2018, incident were nisted,
described, explained, ooperatdr thamingmmarsu@lheseincladece d by Kur

1 The known activities, such as bringing ethylene back into the unét apaditiondike the
r eact o-HighsPreskurgdlarnandexplainingwhennonessential personrghould be
excludedrom being in the unit;

1 Alarm setpointandactionsthatoperators shoulthke in response to specific process alarms,
such as higlpressure inside an EVAL Reactor;

9 Directions on whetperators shouldse the emergency open valaag

9 Safe operating limits, the consequence of deviating beyond the safe operating limits, or the
predetermined steps operators need to take to return thesgtoae safe condition.

The CSB recommends that Kurastyenghenthe EVAL Pland eperator traininggrogramby including

1 The known activities, such as bringing ethylene back into the unit, upset conlikigoiine
r eact o-ighsPreskurgatarnand providing guidance or otherwiskarifying when
nonessential personngtould be excludeflom being in the unit;

1 Alarm setpointandactionsthatoperators shoulthke in response to specific process alarms,
sweh as highpressure inside an EVAL Reactor;

9 Directions on whemperators shouldse the emergency open valaag

I Safe operating limits, the consequence of deviating beyond the safe operatingtidits,
predetermined steps operators need to takettiorr the process to a safe conditi8ee2018
03-1-TX-R8).

211 Abnor mal Operating Conditions

2.11.1 Liquid Ethylene Enters the Reactor

On May 18, 2018, as Kuraray operations personnel worked to achieve the operating pressurelspecified
thenightly operating instructions (593si), chilled liquid at a temperature of ab@if circulated through

the heat exchangeBecause chilled liquigvas circulating through the heat exchanger, when the EVAL

Reactor 2 pressure exceeded p6011:25 p.m), some of the ethylene condensaiad cold liquid

ethylene began flowing fromie heat exchanger into the reactdfthough itwasunnecessary to uske

chilled liquid system during the early phases of EMAAL Reactor2s t ar t u p, not hing in Kt
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operating procedures trainingdirecedoperators to verify that chilled liquidasnot circulating through
the heat exchanger or otherwise proleithiising the chilled liquid.

The CSB concludesthtu r ar ay 6 s saf ety man agteeciecaldtionofthlede ms di d
liquid through the heat exchanger during startepding toan abnormal operating conditiddiquid
ethyleneaccumulatiorinsidethe reactar When the EVAL Reactor 2 pressure exceededpédas

chilled liquid circulated through the heat exchanger at afftitethylene vapor began condensing to

liquid ethylene. This liquid ethylene began flowing into EVAL Reactor 2.

The CSB recommends that Kuraray i mprove the EVAL
when chilled liquid is circulated through the heat exchanger during st48epPart 1 @
Recommendatio801803-1-TX-R10).

2.11.2 Low Reactor Temperature

When Kuraray operations personnel began the startup of EVAL Reactor 2, commissioning activities

related to the new refrigeration system had alregunedhe chilled liquid valvesallowing chilled

liquid to circulate through the heat exchanger. Thisavaabnormal condition because Kuradaynot

normally circulate chilled liquid through the heat exchanger until much later during the startup sequence.
But Kuraraybs safety management systems did not i
concern, and the operating proceduresndidinstruct anyone to verify that this system was not cooling

the heat exchanger for EVAL Reactor 2 during startup. As a result, a low inventory of liquid ethylene

was in the reactomwhich created a lowemperature condition.

Kuraray operations persoglndid not recognize th@bnormalow-temperature condition for eight hours
whenSupervisor found it as he reviewed the status of the operation using the control system. There

were no lowtemperature alarn@ safe operating limit® alert workers ofttis abnormal conditioh.

Neither the operating procedures nor training materials suggestéothamperaturginside the reactor

presented a safety concerBupervisor Was not concerned because he had experiencetkioperature

conditions inside@ EVAL Reactor and had successfully manatheuinwithout an incident. Further,
Kurarayb6s process hazard anal ysi s-tethpedhture conditidns nd a
inside an EVAL ReactorMoreover,Kuraray lacked a procedure addragsivhat to do in this abnormal

situatoda col d reactor holding a |l ow inventory of 1igqg
management systems called for stopping the process, the startup continued.

The CSB concludes th&tu r ar ay 6 s gesnant systeyns emabladathe reactor startup to continue
despite the presence of an abnormal operating condlittomlow temperature of the liquid inside the
reactor. Kuraray lacked a procedure or other guidance explaining what actions its operators$aiteould

to correct the react@ lowtemperature condition. Although intended to hold ethylene vapor, the reactor
now contained some cold liquid ethyleri@espite the abnormally low temperatusecause nothing in
Kurarayob6s saf ety mdonstogpingiteenptocessytis stertopscontinadd] e d

8As part of the companyds al aritsEVAlaReacrdovetenperatufefalarms. BeforeK ur ar ay ¢
alarm management, EVAL Reactor 2 lmbowTemperature alarm set at°®and aLow-Low-Temperature alarm set at°’#0
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The CSB recommends that Kuraiaynpr ove t he EVAL Pl ant 0 ®nhanaifiget y man
recognition of liquid ethylene accumulatiand response to letemperature conditions inside an EVAL
Reactorthrough alarms, written procedures, and operator trainigePart2 of RecommendatioA018

031-TX-R10.

2.11.3 High Reactor Pressure

At 7:08 a.mon May 19, 2018, Kuraray began heating the reactor while simultaneously addirgethyl
to raise the r#laarm the gessurpinsals BVAL Reactor 2 feachedpts

Nightly operating instructions directddu r a rogesators to add ethylene to tieactor to reach the
target pressure of 59si.

Kurarayob6s operating procedures call ed fpsi@slonyi mi ti n
assimultaneous heating and pressuring operations were not taking @lace.Kuraray began heating
the reactorodos jacket water while adding ethyl ene

for limiting the pressure inside EVAL Reactor 2 to 48bwith a maximunreactor temperaturef
137°F. The operatingnocedure clarified that Kuraray limited the pressure inside the reactor {is495
ifito prevent psd x cevhdichg clou9%™ require venting excess

Had Kuraray followed its written operating procedures instead afitfily opeating instructions, its

operations personnel should have stopped increasing the pressure inside the reactor until after transferring
the flush batch into EVAL ReactorBe cause Kurarayod6s operators were f
instructions instead d@he written startup procedurdmweverthey were raising the pressure to 585

which was100psiabove the maximum pressure allowed by the written operating procedures under
simultaneous heating and pressuring conditions.

Thenightly operating instrutonsthatKuraray management provided its board operators called for

raising the pressure inside EVAL Reactor 2 by pibeyond the maximum pressure allowed by the

written operating procedures under simultaneous heating and pressuring con#iticaray did not

follow its written operating procedure, whielould havd i mi t ed t he r e apsivlule 6s pr es
heating the reactorbés contents and simultaneously

The CSB concludes thas operators responded to the {mmperature aadition inside EVAL Reactor 2,
Kurarayb6s saf ety ma itsanightlyogerating insyructiores to confict wito w e d
established written operating procedures, leading to another abnormal operating @rigiopressure
within the reactor.

TheCSB addressed Kur ar aightiysperstamd irstrugtiong that conflict withgshe u i n g
company6s existing opera29i ng procedures above in

The CSB recommends thétiraray évelop and implement a program to ensuretthate c o mpany 6 s
EVAL Plantnightly operating instructions do not conflict with written operating procedure&uraray

also should esure that employees use the managemeritarfge system when changes to the written
operating procedures are desiré8eeRecommendatio@01803-I-TX-R7).
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2.11.4 Response to Abnormal Conditions

In its 2011book Conduct of Operations and Operational Disciplittee CCPS descrilzba better
approacho addressing@bnormal conditionsWhen faced with an abnormal situatitime CCPS
recommends keeping (or putting) the process in a safe configuration and seeking the involvement of
wider expertise to help ensure safgt§2, p. XXV].

Less than four years before the Kuraray incident, another ma@oess safety incident occurred just a

few miles from the Kuraray site. On November 15, 2014, four employees were fatally injured at the
DuPont facility in La Porte, Texas, when the operations response to abnormal conditions during startup
culminated wih releasing and exposing these worker$ta highly toxic chemicdl103]. The CSB
investigation found common themes between the Kuraray and DuPont incidents, including:

An abnormal condition was identified as workers were si@iip the process;

The abnormal condition was viewed as an operational concern and not a safety hazard;
Written procedures did not address the abnormal condition;

Operator training did not address the abnormal condition;

No program for effectively handlingbnormalconditionsexisted;

Written procedures were not developed to help operators respond to the abnormal condition;

No hazard analysis or safety evaluation was performed; and

= =4 4 4 -4 -4 - -A

The operations response to the abnormal condition revealedt@nding egypment design
flaws?2 resulting in a major process safety incident.

If Kuraray had a program for effectively handling abnoromaiditionsthat included getting the right

people involved, performing a hazard analysis, and developing written procedures to respond to the low
temperature conditions inside EVAL Reactor 2, the company could have pretrexitéaly 19, 2018

incident. It is likelythat a formal safety review would have recognized the need to heat the reactor
contents slowly and placed tighter limits on the allowable pressure E¥llE Reactor 2 At a

minimum, such a review should have found thatriightly operating instructiosdeviated fronthe

written operating procedure&lnder simultaneous heating and pressuring conditariag startup

K u r a mwattgnogerating procedures limited the pressure inside the reactor to a maximumpsf @95
amaximumtemperature of 13F. Kuraray could have prevented the incident by followtegvritten

startup procedure

a At DuPont, the operations response revealed the hazard of trapping toxic liquid methyl mercaptan in the piping intended for
waste gaslisposal while the operations response at Kuraray revealed the hazard aalfizdischarging flammable
ethylene from emergency pressuesief systemsnto the ambient aitoward workers.

b During its investigation of the November 15, 2014, incident at DufP@n€SB also founthat someemergency pressurelief
systemdglid na discharge to a safe locatioAmong other thingshie CSB recommended tHauPont evaluatgs emergency
pressureelief system discharge locationsensurepublic and worker health and safety to the greatest extent fefsiblepp.

7-8].
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The CSB concludes th&uraray did not have a program to manage abnoopedatingconditions The
company could have preventdt May 19, 2018, incident by gettirthe right people involved,

performing a hazard analysis, and developing a written plan to guide the response to the abnormally low
temperature conditions inside the reactor.

The CSB further concludes thatamal safety review should have recognizieel heed to heat the
reactor contents slowly and placed tighter limits on the allowable pressurebkivgMdieReactor 2 At a
minimum, such a review shouldve foundhat thenightly operating instructionsad deviated from the
written operating procedure&uraray could have prevented the incidenabiieringo the operating
pressure and temperature targgtscifiedin its written startup procedure.

The CSB recommends that Kuraray i mprove the EVAL
implementing a syem to manage abnormal operating conditions effectively by, at a minimum, including
appropriate technical representation, performing a hazard analysis of temporary or troubleshooting
operations, and providimmanagement oversight of any abnormal conditi@eePart3 of
Recommendatio@01803-I-TX-R10).

212 Safety I nterl ock Disabling

In its 2007book Human Factors Methods for Improving Performance in the Process Indy#tges

CCPS explairedthat plant operators or mechanics sometimes nedidable safety systems, including

safety interlock systemdeliberately The CCPS statéthat ntentionally defeating a safety interlock

systemmay occur tofiperform maintenancéroubleshoot, tune a process, achieve higher production,

alleviate an intamittent fault, or for convenien e[£04, pp. 185187]. Once disabled, a number of things

couldresult in the safety systefunctionalitynot beingrestored. TheCCPSstated A Such di sabl em
bypasses may be intended as temporary but owing to forgetfulness, shift changes, or other reasons,
restorati on[l0Mayl87d DheCCPIpmuidediseveral gdelines to address theserhan

factors related tthe disabling of safety systems, including:

I Haveaprocedurdor safety system bypassirand ensure it is followed:;

9 Establishand enforceriteria for disabling safety systems;

1 Requirean appropriate level of technical and managempproval to bypass or disable safety
systems

I Settime limits fobypassed safety systems;
1 Provide aneans to display a list of all currently disabled safety systanus;

I Ensure safety system restoration by using a peowitork systenj104, pp. 187188].

In his 1994bodk, What Went Wrong Case Histories of Process Plant Disastdnevor Kletzstated
iMany accidents have occu[rgefde thy ciarutsesr [BRgpe288h]t oir rs 0 pe

For example, bypassing a safety interltek to the April 232004,explosion and fire at the Formosa
Plastics Corporation facility in llliopolis, lllinoighatfatally injured five workers and severely injdre
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three other workersin its investigation reporthe CSB concludetthat bypassing the safety interlofck
the bottom valve oé reactor allowed the valve to be opened wihile reactowas full, heated, and
pressurized.The opened valvimadvertentlyreleasedighly flammablevinyl chloride monomewithin
thebuilding that houseananufacturing equipment, including this react®he vinyl chloride monomer
vapor cloudgnited and exploed[105].

During the EVAL Reactor 2 startugs Kuraray a misaligned valve (a closeshnualvalve that needed to

be open) delayed transferring the methanol flush from the reactor to downstream equipment. While

Kuraray operata were troubleshooting this issue, they disabledtekea ct or 6 s abnor mal con
interlock. Among other things, thisligh-High-Pressure safety interlock ftive EVAL Reactorfully

opened the chilled liquid temperature control vakigyre 10) to reduce the reactor pressure by

circulating chilled liquid through the heat exchanger when the pressure inside the reactor reached the
High-High-Pressure alarm condition. The EVAL Reactor 2 startup continued even though Kuraray

disabled this safeguardis a result, when thgressure inside EVAL Reactor 2 reached the Htgh-

Pressure conditigrthe safety interlock did not activate daine automatiactionsto reduce the pressure

inside the reactor did notccur.

The CSB concludes th&uraray did not have an effective systemmanage the disabling of safety
interlocks and ensutbatthese critical systesnwere available before comtiing startup activities.

One of the citationsetainedunderthe settlement agreement between OSHA and Kukeasyelated to
Ku r a rdigapliagef theHigh-High-Pressure safety interlock during the staf@#y p. 5] According to
thesettlement agreeme®SHA cited Kuraray under tfeSM management of change elemést (
C.F.R. 81910.19(I)(1) because Kuraray did not use its interlock bypass procéglunanage change
when bypassing this safety interlocRs part of the settlement agreeméfuraraytold OSHA that the
company corrected theafety poblemsdescribedn the citation32, p. 6]?

213 Al arm Management

Alarm management describes the systdmscompanies use to help optimize their operator alarms. In

the context of a chemical manufacturfagility, an alarm is how the control system alerts an operator

about a condition that needs a response. The International Society of Automation (ISA)alafime
management as the fAcollection of procyEng,es and pr
operating, monitoring, [18®pl7mai ntai ning alarm syst

Poor alarm management practices have contributed to major ac¢id®Ehtp. 425] For example, The

Reportoft he Presi dent 6s Commi ssion on the 1979 Three
more than 100 alarms sounded in the first few minutes of the accident. The commission found that
because so many of these alarms were unimportant signals, taeopeould not concentrate on the

more important alarmd08, p. 11]

8The CSB is not issuing new Recommendations that overlap witt
settlement agreement between Kuraray and OSHA.
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Alarm management was also causal to the September 25,ed@8@sion and fire at the Esso Australia

Resaurces Ltd. gas plant at Longfofti09, pp. 20809]. Among other consequences, this incident

fatally injured two workers and injured eight other worH@@9, p. 11] In the 201(book, Failure to

Learn the author statedj te hccident sequence at Longford got under way because control room

operators were confronted with so many alarms that they could notréspt o t h e njll@e p.f ect i v e
115].

At a Texaco refinery in 1994, two operatbiesd to respond to 275 alarms in less than 11 minutes, leading

up to an explosiofiLll11, pp. 2728]. Il nvestigators found that during
presented to operators at the rate of one everytivdtd ee seconds o and fAat ti mes
doing nothing but [1acpp.r2228) | A:nadng détherggafatylingprovements, the

report on the Texaco refinery e xpitedacthemumbearthat o mme n d
an operator c¢ an[lld,fpf38]crheiconditioryof aveswhelmirg op&rators with alarms

has become known as atarm flood.

2.13.1 CCPS Guidance

In the 2017 edition of its booksuidelines for Safe Automation of Chemical Procegshe€CPS
explained why alarm flood is an important process safety topic. By overwhelming the operator with
alarms, alarm flooding adversely affects operp@formance and has contributed to major incidents.
The CCPS state

Alarm floodd The presentation of more alarms in a given period of time
than an operator can effectively respond to. During an alarm flood,
multiple alarms present themselves in a shoretusually initiated by a
single event (typically >10 alarms in ten minutes following an upset
event). Alarm flooding is one of the most dangerous problems with alarm
systems and potentially the most complex to solve. It has been identified
as the rootause to significant plant incidents such as Texaco Pembroke
(1994) and Three Mile Island Nuclear plant (1979). These alarm floods
overwhelm the operator, which make it difficult to process the alarms,
determine the cause and priority of the event, ameddpond to new alarms
due to the developing event or resulting cascade ejet2s107, p. 427]

2.13.2 |ISA Standard

In 2009, the ISA publishestandard ANSI/ISAL8.2-2009,Management of Alarm Systems for the
Proces Industries ThelSA updated this standard in 2016 WANSI/ISA-18.2-2016, Management of
Alarm Systems for the Process Indust(i& 18.2)[106]. A 2010 paper clarifi¢ that the connection
between industry alarm managermpractices and major accidents was a driving factor in the
development of ISA 18. 113, p. 1] Also, a technical article written by Yokogawa, the manufacturer of
Kur arayo6s condt h abllonshy this appoach[ISA 18.2] will result in an optimal alarm
management system that prevents minor alarms and upsets from escalating into seriou®ifididepts
3].
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I SA 18.2 defines an alarm as an fAaudible and/or v
mal functi on, process deviation, o0r[106p.46 r mal condi

ISA 18.2 defineslaam floodas t he fcondi tion during which the al
can effectively manage ([for exdl@d@pp.@), more t han

Among other things, ISA 18.2 providenetricsd i ndi cat e fAthe over 108, heal tt
p. 75} Figure 32shows theecommended targets tH&A 18.2 provide for the average alarm rate
handled by a single console operdid6, p. 75, 114, p. 3]

Practical limits to human capabilities

Very likely to be acceptable Maximum manageable

~150 alarms per day ~300 alarms per day
~6 alarms per hour (average) ~12 alarms per hour (average)
~1 alarm per 10 minutes (average) ~2 alarms per 10 minutes (average)

Figure32. Average Alarm Rates. (Credit: Control Engineering, Marcus T¢hbénp. 3]

These recommended targets incladerage alarmrates hat fAare based upon the a
and the time necessary to detect an alarm, diagnose the situation, respond with corrective action(s), and
monitor the condition to verif yl06 th#] Anlarticte omitzel cond
ISA website discussing the effectiveness of alarm systems suggests that an alarm rate of more than 12
alarms per hour might indicate a stressful condition on the operator and may represent a situation where
companis should not expect a successful response to an alarm coffitilttn

2.13.3 Pre-Incident Alarms

As discusgdin thetimeling, in the 3 hours and 28 minutiesding up totlie incidentK ur ar ay 6s pr oc e
control system inundated board operators with 552 alafiws. operatorsvere faced with handlinthese

552 alarms. Even if distributed equally, which was unlikely the case, the alarm load per board operator

per hourwasabaut 80. This rateof alarmsexcee@dthe maximunmanageable frequency shown in

Figure 32

The high number of alarms likely harmie ability of K ur ar ay6s board oper-ators t
pressure conditions developing inside EVAL ReactoARhoughKuraray management was

implementing an alarm management program to improve the quality and reduce the frequency of alarms

its board operators were tasked with respondinthése efforts were not completed before Khay 19,

2018 incident.

The CSB concludes th&tu r a r a yolésystern ftooded the board operators with alamgch
contributed to the incident byinderingtheoperatoré  a b ieffectively rextieavthe process
information anccontrolthe highpressure conditiorthat developed within the reactor
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The CSB recommends that Kuraragomplete the alarm management efforts at the EVAL Plant and
implement a continual program to meeberlower tharthe alarm rate performance targets established in
ISA 182 (SeeRecommendatio01803-1-TX-R9).

214 Process Al arm Response

Kurarayb6s operating procedures policy required it
i afety systems andheir functions 0 Kur ar a ywhetherds opemting prdcedurahduld

include process alarms and the expected operator response to alafpperdix Cto 81910.119

Compliance Guidelines and Recommendations for Process Safety Management (Nonma@&tiéry)

statal, op@rating procedures addressing operating parameters will contain operating instructions about
pressureiits, temperature ranges, flow rates, what to do when an upset condition occurs, what alarms

and instruments are pertinent if an upset condition occurs, and other s.dj&6}s

Figure 24 shows that when the board operator manually activated theHtgghPressure safety

interlock at7:37 a.m, the chilkd liquid circulating through the heat exchanger effectively lowered the

pressure inside EVAL Reactor 2. When the board operator closed the chilled liquid valves to stop

circulating chilled liquid through the heat exchange$:aia.m, t he r eact or 6 s pressur
increasing.

At 8:46 a.m, the pressure inside EVAL Reactor 2 was 66 andBoard Operatol closed the ethylene
pressure control valv® stop adding ethylene to EVAL ReactorRgure 6). After the ethylene supply

was isolatedthe pressure within EVALReactor Zontinued to increase becaubke jacket water system

was usedo heat the reactérs ¢ q and rtehosigh vaparas senfrom thereactor to the flareAs

the pressure inside the reactor continued increasing, the control system activeligti-taed High
High-Pressure alarmet 8:51 a.mand9:01 a.m, respectively When these alarms sounded, the board
operators acknowledged the alarms, and Board Operator 1 further opened the pressure control valve to
increase the flow of vapor from the reactor to th
adjustments that slowebe rate at which the pressursiite the reactdncreasedthe pressure inside

EVAL Reactor 2 continued increasiagd never dropped below the higfessure alarm conditions

(Figure 24). At 10:28 a.m, the emergency pressumief systemwasactivated Although the

emergency pressurelief systenprotected the reactérom highpressure conditionshe discharged

ethylene ignitedand harmed workers

The CSB concludes that Kuguidance gracionsfor the doardopepators c e d u r
to take in response to process alarms, which contributed tocident. When t he reaadct or 6 s H
High-High-Pressure alarms were activated, board operators only directed a small portion of ethylene

inside he reactor to the flare through the pressure control valve. In addition, the board operator continued
heating the jacket water, further increasing pressure inside the reactor. Despite the active process alarms,

the operat@dresponseo these higipressire alarmalid not bring the reactor pressure below the alarm

limits.

The CSB recommends that Kuraray i mpr ovugdatnge EVAL
the written startup procedures to include guidancéhneappropriate operat@ctions to take in response
to process alarmgSeePart4 of Recommendatio201803-I-TX-R10).
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2.14.1 Operator Guidance Through Alarm System Messaging

Kur ar ay 0ystenwaull pravidel guidance to its board operators. For example, when the VOCs to
the flare were highhte control system displayed/esual operating guideline message statiigHi g h

FI are VOC Emi ssi ons Ruwalay aséthis irdtewdian to eired® opergtarsitay . 0
reduce ethylene flow to the flare to prevent exceeiggnvironmental permit limit Although Kuraray

used the control system to provide operator guidance for issues related to its environmental permit,
Kuraray did not usehe control system to provide guidance when the pressure inside EVAL Reactor 2
was high or as the pressure continued climbing well beyond thephégkure alarm limits.

The CSB concludes thaffective alarm system messagicmuld have helpel u r a r arg dpseratdiso a
to better respond to thegh-pressure conditions that developed inside the reagtoch could have
prevented the activati on -raidfsysteame r eactor 6s emer gen

The CSB recommends t hat Kusafetynayagemempsystem by usifrye EV AL
control system guidance to aid operator response to abnormal or upset conditions to keep the process
within the safe operating limitSeePart5 of RecommendatioA01803-I-TX-R10).

2.14.2 Emergency Open Valve

As shown inFigure 13, in addition to a pressure control valve, Kuraray aksth én emergency open

valve that the board operators could use to direct additional vapor from the reactor to the flare to help
lower the pressure inside the reactaithough the pressure inside EVAL Reactarchtinuedrising

above the Highand HighHigh-Pressure alarm conditions, neither Kuraray board operatothesed
emergency open valve to diraetpor from the reactor into the flare systentil after the emergency
pressureelief systemhadactivated.

Using the emergency open valve wvtigétly controlled by Kuraray The operating procedustated Ddh

not open [the emergency open valve] without supervisor approval. I n addition, the e
valve was activated using a physical switch on a dawezld and was not part of the computer control

system. Kuraray management installed a protective cap over the switch and locked the cap closed with a
plastic hasp to control when its board operators used the emergency open valve. As one worker described
to CSB investigators, AThose [devices], you defin
Kuraray required its board operators to fill out
hasp to access the switch. Even with thietioually increasing pressure inside EVAL Reactor 2, neither

board operator sought permission to open the emergency open valve before the emergencygbefssure
systemwasactivated. Kuraraywasbothphysically and procedurallgontrollingwhen its bard operators

could open themergency open valvdn addition,Kuraraydid not provide its board operators with a

procedure or training directing thesn when to open the emergency open valve.

The restrictions and | ac kardoperators framausing the gmergencg nt i n g
open valve included:

1 The EVAL Reactor 2 startup procedure required the board operator to get permission from a
supervisor before using the emergency open valve;
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1 To control its use, Kuraray physically locked the skifcat board operators needed to access
to open the emergency open valve; and

9 Neither the written startup procedure nor operator training instructed the board operator when
they should use the emergency open valve.

The CSB concludes thtte physical andrmpcedural controlthatKurarayput in placeto governtheuse
of theemergency open valve contributed to the incidgntestricting the board opsors from accessing
or otherwise using the emergency open valVhe CSB also concludes that the lack of a procedure or
training directing when operators shoukk the emergency open vahisocontributed to the incident.

The CSB recommends that Kuraray i mpr ovremovitge EVAL
the physical and procedural controls used at the EVAL Plant to restrict board operators from accessing or
using the emergency open valaad updating the written procedures and operator training to provide
guidance on when to open the emergency open véBeePart6 of RecommendatioB01803-I-TX-

R10).

Kur ar ayPbAteaBatirecommended automating the emergency open valve that directs reactor
vapor to the flag to help preverthetype ofscenariadhat unfolded on May 19, 201&t a pressure above
the EVAL Reactor 2 HigtHigh-Pressure alarm, tHeHA recommendation called for having the control
system automatically take over and fully opendh®rgency open valve to reduce the pressure inside the
reactor The CSB concludes thaebause Kuraray postpontggkimplementatiorof its PHA

recommendation toontrol the opening of its emergency open valve automatjthibysafeguard was not
availabke during the EVAL Reactor 2 startup on May 19, 201

When Kuraray postponed its plan for upgrading and automating the emergency open valve to 2019, the
company continued relying on its board operators to function as a safégoaihtain control of the
pressure inside the reactor during stertup orMay 19, 2018 When theHigh- and HighHigh-Pressure
alarms soundedhowever heither board operator operig emergency open valve to lower the reactor
pressure by sending vapor from the reactor to tre fKuraray restricted the use of the emergency open
valve, andhis valve was not openenhtil after the incident.

Kuraray relied on this safeguard despite the physical and procedural controls the company imposed on its
board operators that restricted them from using the emergency open valve and despite not providing the
board operators with a procedure or trainingciting thenonwhen to open the emergency open valve.

The CSB concludes th&uraray could have lowered the pressure inside EVAL Reactor 2 and prevented
theincident onMay 19, 2018by using effective control system automation. At a predetermined high
pressure condition inside EVAL Reactor 2, Kuraray could have had its control system automatically open
the emergency open valve and directed enough ethylene vapor to the flare to prevent the emergency
pressureelief system from activating.

After the incidem, Kuraray changed its controls to open the emergency open Vadyed 13)
automatically to direct vapor sHighdligh-Presserealaegmract or t o
activates.
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The CSB also concludes th@tirarayshould haveprovidedits board operators wittiearoperating
proceduresind effective trainingvithout physically or procedurally restricting their access to the
emergency open vadvgpanel boardwitch By doing soK u r a rb@asd 0perators could have
prevented the incident by openitite emergency open valve to prevent the {pigfssure conditions from
activating the emergency pressuedief system and discharging the flammable ethylene vapor into the
air.

215 Saf e Operating Limits

The OSHAPSM Standard addresses the need to idestifg operating limitsaas part of the Process
Safety Information. OSHA identified categories of Process Safety Information that include:

1 Hazards of the Chemicals Used in the Process;
1 Technology of the Process; and

I Equipment in the Procef&7, pp. 25].

As part of the technology of the process, employers need to identify process limits that help establish

when a process has deviated from normal operating conditions into ups&boeif@7, p. 3] These

Afsafe upper and |l ower | imitso should include item
c o mp o s P In additios to identifying these process limits, employers also need to identify the

potential consequences if the process deviates beyond thes¢8imits 3]

2.15.1 CCPS Approach

The CCPS defind safe operating limitae s t he Al i mits established for cr
temperature, pressy level, flow, or concentration, based on a combination of equipment design limits
and the dynami[klg. of the processo

Although OSHA requires employers to identify safe operating limits, the agency does not explain how
employers should do this. In its 2012 bodkjidelines for Engineering Design for Process Safbty

CCPS helpdfill this gap® In its approach to identifying safe operating limites CCPS useé operating
zonesFigure 33shows the illustratiothat theCCPSused to help explain the relationship between
normal operating conditions and safe operating lif6i8s p. 136]

8See29 C.F.R. § 1910.119 (d)(2)(i)(D)

®n 2018,the Celaneseompanypublished a pagr describing a robust safe operating limits programphgtortedlycontribued
to its success in reducing loss of primary containment inci§&d&8. Companies might consider reviewing the details of the
program that Celase has shared.
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< Equipment Limit

Unacceptable / Unknown
Operating Zone [+— Instrument Range

Safe Operating Limit —»
Buffer Zone

Never Exceed Limit »

Troubleshooting Zone

Maximum Normal Operating Limit >

Normal
Operating Zone

Minimum Normal Operating Limit »

Troubleshooting Zone
Never Exceed Limit »

Buffer Z
Safe Operating Limit ——» A i

Unacceptable / Unknown

[¢— Instrument Range
Operating Zone 9

-

< Equipment Limit

Figue 33. Zones of Operatiof63, p. 136] (Credit: CCPS)

The CCPS model shathat outside the normal operating conditions is a troubleshooting zone that
provides time for operators to make adjustments and return to the normal operating zone. Beyond the
troubleshooting zone is the buffer zone to help ensure that the processtd@ezin the unacceptable /
unknown operating zonelhe CCPS statgthat the process should not be intentionally operated in the

buffer zone. The safe operating limit marks the transition between the buffer zone and the unacceptable /
unknown operatingane. The CCPS recommeraditaking immediate and predetermined actions when

the process reaches the safe operating limit to return the process back to safe conditions and prevent the
consequence of deviation from occurring. These actions are typicalyrped by operations personnel,
suchasa board operator or an outside oper§8t pp. 135137].

The CCPS also statithat companies should consider the safety and environmental consequences of
emergency pressurelief systems that discharge into éiewhen setting safe operating limf&3, p.
136].

2.15.2 EVAL Reactor 2 Safe Operating Limit

Kuraray established safe operating limits for its equipment, including EVAL Reactor 2. Kseathg

safe operating limit for EVAL Reactor 2 at 7g6iand 203Fd the reactdis mechanical design

conditions. NeverthelesKur ar ay6s operator training material s ¢
consequence of deviating beyond the safe operamits, or the predetermined stepstoperatorsnust

take to return the process to a safe conditioraddition,Kuraray did not include the safe operating

limits for EVAL Reactor 2 in its reactor startup procedures.
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2.15.3 Consequence of Deviation

Kurarayo6s table of safe operating |imits shows
consequence of exceeding EV AKurardéentfiedahat devélapings a f e
high pressure inside the reactor would reisudt discharge of flammable ethylene (reactor vapor) through
the emergency pressurelief system into thair, resulting in a fire or explosion when this vapor cloud
found an ignition source.

Although emergency pressurelief systems are designed to ftion at a specific activation pressure, this
safety equipment could activate within a few percentage @omi®ve or below the design condition.

t h
op

Kurarayb6s safe operating | i mi trdiefsystedns doadt precisetysi der

activate at their design conditions. As a result, when the emergency predmirgystem activated at
about 719si (3 percent below the designed activation pressure), the safe operating limit had not been
reached, but the consequence of deviation occurred

The CSB concludes th&uraray set the safe operating limits for EVAL Reactor 2 too togitevent
activating the EVAL Reactor 2 emergency pressafief system effectively The consequence of
deviation occurred before the safe operating limit gashed.The CSB also concludes tttae
company did not follovthe Center for Chemical Process Safatidanceo consider the atmospheric

di scharge from t he r-relefsystermvihen detemaning thensafe opgratirgdingtu r e

for EVAL Reactor 2 Such an approadatouldnecessitate a lower safe operating limit, where the

procedures and operator training instruct board operators to take action at a specific pressure and carry out

the predetermined actions to bring the process back te @aadition.

2.15.4 Required Steps to Avoid or Correct Deviations

As the pressure within EVAL Reactor 2 cteti nual

requiredsteps intended to lower tipeessure inside threactor. Board Operator 1 closed piessure

control valve that suppléeethylene to the reactor. The board operators also opened the pressure control
valve to send some reactor vapor to the flare. The board operators did not, however, increase reactor
cooling or open the emergency opeiveao lower the pressure by directing reactor vapor to the flare.
One of the Kuraray board operators explained to CSB investigators that deciding when to use the
emergency open valve was left up to each individual operator and based on their judgment and
experience

The CSB concludes th&tu r a rsafeyopesating limits progradid notensurean effectiveresponse to
the highpressure conditions that developed inside E\Rdactor 2. As a result, not all of the
predetermined actions were takércludingincreasing theooling from the chilled water system or using
theemergency open valve to lower the pressure by direetipgr from EVAL Reactor 2 to the flare
system

SB Pagell6

Iy



Investigation Report

2.15.5 Zones of Operation

For EVAL Reactor 2, the targeted operating pressure wapd9&ndKuraray configured the control

system with a HigiPressure alarm at 628iand a HighHigh-Pressure alarm at 648i. Finally,

Kuraray set the safe operating limit at 7 Although the company could have used these various

limits to replicatethe CPS model using zones of operatandn, Kur a
only referenedthe normal operating pressure and the safe operating limip&i40

Kuraray did not set a higbressure limit for EVAL Reactor 2 that included an alaon which

operators were expected to tdke predetermined actions to return the reactor to a safe Kiataray

expected its board operators to avoid reaching the safe operating limit pditd@ressure in EVAL

Reactor 2but the company did not givesibperators any guidance on exactly when they needed to open

the emergency open valve to send reactor vapor to the flare or when to open the chilled liquid temperature
control valve to cool the heat exchanger and lower the pressure inside the reactor.

Becaise Kuraray set the safe operating limits for EVAL Reactor 2 too high (at thesiesign

condition for the emergency pressuedief system), Kuraray did not provide its board operators the
opportunity to take the predetermined actions to return the reactor pressure to a safe state and avoid the
known consequence of deviatibm fire orexplosion resulting from discharging ethylene vdpom the
emergency pressure relief system and into the ambiertiad.the safe operating limit been set at the
High-High-Pressure alarm limitof 6485, f or exampl e, Kur araseftaken boar d o
actions to prevent the emergency presselief system from activating. Such actions could include fully
opening the emergency open valve, stopping the steam flow to the jacket water system, and opening the
chilled liquid flow to the reactor a¢ exchangerThe CSB concludes thaatt Kuraray included an

effective response for safe operating limits in its procedures and trained its board operators to take the
appropriate, predetermined steps at the High-Pressure alarm condition (646i), the company could

have prevented the May 19, 20i&ident.

2.15.6 Safe Operating Limits Procedure
Kurarayb6s operating procedgdure on safe operating |

Efforts to reduce pressures or temperatures should begin when normal
conditions have been exceeded &very effort should be made to avoid
reaching these upper limits.

K u r a rb@asd dperators took actions intended to lower the pressure inside EVAL Reactor 2 shortly

after reaching the target of 585i. These actions included closing the pressure alovdive that

supplied ethylene to the reactor and opening the pressure control valve that directed reactor vapor to the
flare. Ultimately, however, the adverse safety consequence was realized without the pressure inside

EVAL Reactor 2 ever reaching isafe operating limit. The pressure inside EVAL Reactsteadily

increased until it was high enough to activate the emergency presbefeystem. This safety system
dischargedlammable ethylengapor from the reactanto theair, resulting in a fie when this vapor

cloud found an ignition sourc&K ur ar ay6s safe operating | imits proc
contributed tdheproceduré meffectivenessncluded having the limits set too high, not including the
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limits within the operating procedures, and not makiregsy for the board operators to remember that
thisreactorsystem was designddr a lower internal pressure than the other EVAL Reactors.

Kurarayo6s saf e o pasoentairedcpnflictingrguitlaacelp u ro & pralogdiue first
instrucedits operators tdake actiosto reduce pressures or temperatures witemaloperating
conditions have been exceeded, but then the puoe@dformedits operators thahe safeoperating

limits couldbe exeededqwith management approydly relying on the material safety factors within the
ASME code Specifically, he Kurarayprocedure state

Most vessels at [Kuraray] are built ASME specifications which include a

3X safety factor. Most materials of construction are 304 [stainless steel] or
better. Most design temperatures are established by requirements and not by
actual limitations. 304 [stainless steel] has no significanddcof material
strength up to 300degrees Fahrenhgit Therefore in an emergency or
other unusual conditions the limits as listed in the attachmerthe safe
operating limits spreadsheetjay be exceeded with management review

and supervision Managemenwill review or calculate the allowable
conditions under such circumstances and issue specific written instructions
and approval for the situation, normally through the Management of Change
(MOC) systememphasis added)

Importantly, the CCPSrecommendthatcompanies takthe opposite positionThe CCPS recommersd
that companieshouldnotrely onthe ASME codematerialsafety factorsvhen determining appropriate
safe operating limitsin its 2012book, Guidelines for Engineering Design for Process 8atbe CCPS
state:

Often a safety factor is applied to critical design parameters to ensure that
catastrophic failure of systems or components does not occur for unknown
reasons Examples of safety factors include ASME Code requirements for
allowable stresses vs. yield stress of materiédafe operating limits
should be set to prevent system operation in this safety factor g@e

p. 127](enphasis added)

The2017bookProcess Safety: Key Conceptsd Practical Approacheadvocatd for treatingoperating
parameteexcursionghat gobeyond the normal safe operating limits as an emergency condition requiring
an urgent respoms

Emergency respwses are distinguished from the normal, routinetday

day operator or control system responses when slight, expected deviations
from the standard, safe operating conditions ogcér]Thus,an fAextr ao
response is needed to respond to processiogditions exceedinghe

normal, safe operating limits The extra responses may either be operator
actions to an alarm combined with automatic actions, such as interlocks,

that move the process into a safe state or shut the process dowre

risk of oversimplifying responses, the basic difference between a normal
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and an emergency response is the sense of u@esogrgencies require
a much quicker respongEL8, pp. 293294] (emphasis added)

Approaching or exceedlj a safe operating limit should be viewed as an emergamaijtion requiring

an urgent responserhe safety purpose afsafe operating limitprogramis to communicate the point
where troubleshooting is over, and immedjatedeerminedactions must e place to return the process
to a safe conditionThe CSB concludes thataimtaining a set of safe operating limiagh predetermined
worker actions to ensure safety is not compatiblet h K u r a r ,avfidh&lls for eomnplayeesho
arefacing emergencprocessonditions to check wittheirmanagement for a decision as to whether or
notthey should exceed the safety limits durihg particularemergencysituationby relying upon the
materialsafety factorduilt into the ASMEcode.

The CSB recommends that Kuraray modifyh e E V A LsafdPdpeaatirty bnsts program to prevent
operating under conditions that relgon equipment desigrafety factors, such as tAeerican Society
of Mechanical Engineers (ASNJIEode material safety factorSdeRecommendatio@01803--TX-
R11)

As described in Sectioh29.4 after the incidenturaray established a new set of safe operating limits

for EVAL Reactor2.Kur aray 6s new saf e oqoresistentwitmtige agpioatiiatt s app e
the CCPS reommends andsesoperating zones. In addition, the new limits also considexdtieation

pressure of the emergency presseleef system.

216 Envi r on mRemtma lt

At an Institution of Chemical Enginegii€hemE) conference iApril 2000, Trevor Kletz presented his
paper,Green Intention, Red Res{d19, 120] in which hedescribed accidents and hazards éngtiably
stemmed from welintended changes made to protect the environn€letz provided his advicen how
to implement environmental improvement changes witaduersely affecting safetgtating:

I am not, of course, opposed to attempts to reduce pollution and improve
the environment. | do, however, suggest that before changimgndes
methods of operation, for whatever reason, we try to foresee the mfsults
those changes by using hazard and operability studies or other systematic
method2 [42, pp. 288289]

We should also balance the rls to people against the risks to the
environment and should not assume that the removal of risks to the
environment must always come fif&20, p. 7]

As thepressuravithin EVAL Reactor 2steadilyincreased during theastup,K u r a rb@ayddperators

limited the flow of ethylene vapor to the flare because they were trying to avoid exceeding the
environmental permit ¥OC limits. As described irSection2.14.2 Kuraray management restrictiesl

board operators from using the emergency open valviehcould have directed even more ethylene

vapor to the flareThe company did not have predetermiaetions for its operators to take in response

to the High and HighHigh-Pressure alarms. In addition, Kuraray set the EVAL Reactor 2 safe operating
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l'imits too high, and the board operators did not
Kur arayds safety management system did not priorit
over the siteds environment al permit constraint.

Based on the available evidence, Kuraray didefilectively balance the risks to people against the

potential risks to the environmen. he CSB ¢ onc | u desise totavoid excekdiiig ar ay 6 s
environmental permiimitsc ont r i buted to the May 19, 2018, incid
management systemssulted in the desire to avoid exciegthe environmental permit limits for the
companyds udnduly nfRiensinggshtee nboar d oper at opressore gcorddéign® ns e t C
inside EVAL Reactor 2In response to the abmoal operating conditionspo much heat was added to

the rea&tor, and nd enough vapor was sent to the flafs a result, the pressure inside EVAL Reactor 2

continued to increaselVhen the emergency pressuetief systenfinally activated, is discharge injured

23 workers

As described in Sectioh29.3 after the incident, Kuraray updated the EVAL Reactor 2 operating
procedure to clarify thahe environmentgermit limits for the fare systenshould be disregarded during
an emergency because keeping the pressure within

217 Saf ety ManagemenAs SegsdmamitSeAddi t

In its 2011 bookGuidelines for Auditing Process Safety Management Systen@CPS explaiadthat

auditing is a critical element of a process safety management system because it provides insight into the
effectiveness of the existing management systentanidlitself contribute to making the system more
effective[121, p. 1]

The CCPS defind a process safety management systemfes o mpr ehensi ve sets of po
and practices designed to ensure that barriers to episodic and potential process safety incidents are in
place, inuse,anel f f e ¢121, pv & O

TheCCPSexplained thatitviewa n audit as fAa systematic, independeé
with establ i shed [B20,ip.dleThdaCCRSSurtlwer statxthabthe dystenthic deview

of these management igbilisy bfehese sysiams and their effedtivie,yconsistert s u

i mpl e me [121apt 3] m explaining how to perform an audit such that it drives improved

management system effectivengbhg,CCPS statd:

A [process safy management system] audit involves examination of
management system design, followed by evaluation of management
system implementation. The design of the management system must be
understood and then evaluated to determine if the system, when
functioning as intended, will meet the applicable criteria. Then the auditor
must evaluate the quality and degree of implementation since a well
designed system may not be backed up by consistent, thorough
implementatiori121, p. 4]
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Both the EPA RMP Rule and the OSHA PSM Standard require companies to periodicalsesH their

process safety management systems by performing compliance audits every thredényeeatuating

their management systems against the minimumysedgtirements of the PSM Standard, OSHA expects
employers to verify that their procedures and practices are both adequate and fol@%#d also

requires employers to develop a report documenting the audit findings and the corrective actions taken to
address the audit findingswhile OSHA acknowledges that there may be times when no action needs to

be taken in response to an audit finding, the age
explanation when no action is takenonafindmged t o be[8dpP29% ment edo

As discussed in Sectidn26 Kuraray completed its most recent ssdsessment audit in Nawber 2015.

Kuraray management did not document its reasons for not accepting 42 percent of the recommendations
proposed by its audit team. In addition, ilmeestigation of thencident onMay 19, 2018revealed many

weak process safety managementsystemat Kur ar ay . Adsdedsrmoentqaidit Kur ar ay 6 s
identified some i mportant i ssues, including that
industry standards, the selésessment did netfectively exploreghe level of detail needdd address the
management system failures associated with the May 19, @@iBent. For example, the self

assessment did not identify that the EVAL Reactor 2 startup procedures did not inform operators about

the lower design pressure of this reactoinolude information about the higiressure alarms and the

expected alarm response operators should take to return the process to a safe condition. The self
assessment also did not address serious issues, including alarm management problems, tbé practice
writing nightly operating instructions that might conflict with operating procedures, disabling safety
interlocks during operator troubleshooting, or important safety equipment not being used during upset
conditions because Kuraray management restritdecse.

The CSB concludes th#ieinvestigation of théncident onMay 19, 2018revealed many weak process
safety management systems at Kurabayt h e ¢ o0 mp aassessreentaudibs these systemdid not
achievethe level of detail required to address the management system ftiatresntributed to the May
19, 2018incident

In January 2017, EPA amended its RMP Rule in resporiSesicutive Order 1365(122, 123] Among

other safety improvements, EPA required some facilities to contract witld@nendent third party or

assemble an audit team led by an independent third party, to perform a compliance audit after the facility

had an RMP reportable accid¢h®2, pp. 46994700] EP A sanadepadentt thirdparty A
perspective can provide insight on the facilityds
identified during an internal compliance addit22, p. 4620] These new criterieould have applie to

Kuraray following the May 19, 201&cident, butheimplementatiorof this requirementvas delayed
andeventuallyrolled backby EPAiIn December 201p124].

Although it isnot presenthya regulatory requiremenphli ght of the findings stemmi
investigation of the May 19, 2018cident,the CSB believes thaising an independent thiparty to

8The EPA BMP Rule compliance audieéquirementstem from40 C.F.R. § 68.7%nd the OSHA PSNtandard requirement
can be found und&9 C.F.R. § 1910.119(o)While the language uedthese two federal safety regulations is nearly the same,
EPA places the requirements on the owner or operator of the facility and OSHA directs the requirements to the employer.

b See29 C.F.R. § 1910.119(0)(1)
¢See29 C.F.R. § 1910.119(0)(3)
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auditt he entirety of Kurarayods process safety manage
berefits that will help the company prevent future safety incidents that could harm workers or members of
the public, the benefits of which should substant

The CSB recommends that Kuraray acquire the services of an independent third party to perform a
comprehensive assessment of its EVAL Plantds proc
meeting the requirements outlinedAppendix B of this report this comprehensive assessment should

evaluate whether existing policies meet minimum federal process safety regulatory requirements and

apply the Center for Chemical Proc&sdety model to vefy both the suitability of these systems and

their effective, consistent implementatioffeeRecommendatio@01803-1-TX-R12).

3Concl ussi on

31 Findings

1. Among themany process safety management system failures that led to injuring the 23 workers at
Kuraray, none was more significant than the design of the EVAL Reactor 2 emergency pediesure
systemds outl et pi pi ng-reliefsyitera actiated) this pipimpdesipe ncy pr e s
directed flammable ethylene vagbrough horizontally aimed pipirtgwardan area where many
workers were performing maintenance activities, including welding operations.

2. With well-designed outlet piping, the flammable ethylene vapor could have safely discharged
vertically upward, likely limiting théncidentconsequences tctivatingthe EVAL Reactor 2
emergency pressurelief system and releasing ethylene into the envirent.

3. Had Kuraray applied the lessons provided by previous chemical disasters, including the Union
Carbide disaster in Bhopal, India, in 1984 and the BASF tragedy in Cincinnati, Ohio, in 1990 (which
involved discharging chemicals from emergency presslief systems in a manner that caused great
harm to people), the company could have prevehiellay 19, 2018, incident by ensuring the
EVAL Reactor 2 emergency pressuigtief system discharged the flammable ethylene vapor to a safe
location, with no han to people.

4. The facts, conditions, and circumstances of the May 19, 2018, insig@nthat the emergency
pressurg el i ef system for Kurarayés EVAL Reactor 2 d

5. Therearemanypublications that provide industry safefyidance making clear that emergency
pressureelief systems must discharge to a safe location to prevent harm to pAtjpteugh
Kuraraydéds corporate safety guidance recognized t
pressureelief systems toraunsafe location, the company did not address this hazard for its EVAL
Reactor 2 emergency pressuedief system.

6. API 521,PressureRelieving and Depressuring Systemises not provide users with guidance for
safely discharging flammable vapor into thefeom horizontally aimed emergency presstebef
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.Neither Kurarayds operating procedures nor

system piping. Therefore, APl 521 cannot serve as the sole safety design basis for an emergency
pressureelief system that horizontally discharges flammable vapor into the ambient air.

Kuraray couldhae prevented the May 19, 2018, incident «
proposal to direct ethylene from emergency pressueel i ef systems to a fl are.
proposal called for containing the flammable ethylene from the emergesssuperelief system

within piping that directed the vapor to a flare for safe disposal instead of discharging the flammable
ethylene vapor into the air (through horizontally aimed piping) near workers.

Kuraray did not adopt safety recommendations te&20tL5 Process Hazard Analysis (PHA) team
proposed after finding that atmospheric ethylene releases from some emergency-pksture
systemsincluding the EVAL Reactor 2 emergency presaelef systemcould harm workers by
creating a flash fire orapor cloud explosion.

Kuraray could have prevented the May 19, 2018, incident by applying one of the four safer strategies
that API 521 specified to prevent vapor cloud explogioredesigning equipment to avoid the

scenario, flaring, containing the flamnalmaterial in a lowepressure system, or applying high

integrity protective systems.

.Kur arayods use o -felietsystemgvetimhornzonially aireesl autle¢ piping may be a

systemic problem. The emergency pressalief system for EVAL Reactdl was designed to

discharge flammable ethylene vapor horizontadlyarda public road, which could place members of

the public in harmdés way. I n addition, the CSB
dangerous design in all its EVAL faciés.

. At the time of the incident, none of the contract workers located near the EVAL Reactor 2 emergency

pressureelief system were performing tasks associated with operating the reactor, responding to the
abnormal reactor conditions, wereotherwise esential to the startup.

it
conditions that should have prompted Kurarayb?b
personnel from the unit.

S
S

. Kuraray had an wmritten safety practice to exclude nonessential personnel from a unit when

reintroducing (pressuring or charging) ethylene into equipment after a turnaround, but the company
lacked a formal exclusion zone to protect nonessential workers for the duratienstdirtup.

.Kurarayod6s safety manage me n-pressuse sonditions dedelogingn ot ¢ on s

inside EVAL Reactor 2 as an upset condition that should halt the maintenance work being performed
and prompt the evacuation of nonessential personnel

. When theflammablee t hy | ene vapor was dischargedeliefrom t he

system, many nonessential workers were in har mos:s
likely supplied the ignition source that created the fire.
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16. Thesafety of workers near the EVAL Reactor 2 emergency presslieé system was routinely at
risk. Known scenarios that could generate high pressure inside the reactor could arise at any time,
including cooling failure, loss of refrigeration, power fadpor even a simple malfunction of the
control valve supplying ethylene to the reactor. With workers present, activating this safety system
created a danger to their safety.

17. Because the emergency pressuleef system did not discharge ethylene tofa &zcation, a portion
of the area adjacent to EVAL Reactor 2 was a hazardous location for workers.

18. Kuraray did not demonstrate how its EVAL Reactor 2 emergency prassigfesystem conformed
with recognized and generally accepted good engineeringqaa¢RAGAGERP) or that this safety
equipment was designed and operated in a safe manner.

19, Kuraray did not perform an evaluation, such as a dispersion analysis, to ensure that releasing ethylene
vapor from the EVAL Reactor 2 emergency pressalief systemhrough its horizontally aimed
piping would discharge the flammable ethylene to a safe location.

20. Had Kuraray evaluated the safety of horizontally dischargingbighsure ethylene into the air when
developing its Process Safety Information for the EVALdR®a2 emergency pressureief system,
the safety risk to workers could have been identified, the outlet piping design problem could have
been corrected, and the company could have prevented the May 19, 2018, incident.

21. On the day of the incident, nonetbe safeguards that Kuraray concluded should control the pressure
inside the reactor without activating the EVAL Reactor 2 emergency prastiefesystem were
effective.

22. Kuraray did noimplement oreffectively manage the disposition of the recommé&adanade by its
2015 PHA team to evaluate the potential safety impact on workers from ethylene that could be
discharged into the air from emergency presselief systems.

23, Had Kuraray effectively evaluated iheworkBr015 PHA t
safety concerns related to potential ethylene releases from emergency pedgfusgstems before
declining these safety recommendations, it is likely that the company could have identified the safety
risk to workers, corrected the design pgesb with the EVAL Reactor 2 emergency pressuleef
system discharge location, and prevented the May 19, 2018, incident.

24, Kuraray had earlier warnings about the serious design problem with some of its emergency pressure
relief systems. By acting on thesarlier warnings, Kuraray could have preveriteeMay 19, 2018,
incident.

25.The design pressure differences between Kurarayd
EVAL Reactor 206s dpsiswhighwaspli@sitowenthae thendessgn pressure of
the other three reactors.

26. Although Kuraray performed a methanol flush of its EVAL Reactors after some specific maintenance
activities, the company did not have a written procedure or train its operators to performhizreomet
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

flush. A misstep during the methanol flush led Kuraray to disable an important safety interlock,
which remained disabled as the startup proceeded.

Nightly operating instructions supplied by Kurar
written ogerating proceduresesulting in unmanaged changes to the reactor startup that contributed
to the May 19, 2018, incident.

Several operational causes that contributed to the incident on May 19, 2018, were not listed,
described, explained, or otherwise cavet by Kur arayds operator traini:i

Kurarayb6s safety management systems did not cont
heat exchanger during startup, leading to an abnormal operating cahditjord ethylene
accumulation inside the reactor.

Kurarayo6s s af etmgenabiedthegeactoe startup o yantinge despite the presence of

an abnormal operating conditidrthe low temperature of the liquid inside the reactor. Kuraray

lacked a procedure or other guidance explaining what actions its operators should taleztdheorr

r e act otemperature@omdition. Although intended to hold ethylene vapor, the reactor now

contained some cold liquid ethylene. Despite the abnormally low temperature, because nothing in
Kurarayob6s safety manag e nieprocess,yhe dtagtupsontinwged | ed f or ¢

As operators responded to the fowe mper at ur e condi tion inside EVAL
management systems allowiezinightly operating instructions to conflict with established written

operating procedures,dding to another abnormal operating condiidrigh pressure within the

reactor.

Kuraray did not have a program to manage abnormal operating conditions. The company could have
preventedheMay 19, 2018, incident by getting the right people involved, perifty a hazard

analysis, and developing a written plan to guide the response to the abnormaéynioerature

conditions inside the reactor.

A formal safety review should have recognized the need to heat the reactor contents slowly and
placed tighter lints on the allowable pressure inside EVAL Reactor 2. At a minimum, such a review
should have found that the nightly operating instructions had deviated from the written operating
procedures. Kuraray could have prevented the incident by adhering to tagngperessure and
temperature targets specified in its written startup procedure.

Kuraray did not have an effective system to manage the disabling of safety interlocks and ensure that
these critical systems were available before continuing startuptiastivi

Kuraraybés contr ol system flooded the board ope
by hindering the operators6 ability to effecti
pressure conditions that developed within #ector

I c
V €

Kurarayodés startup procedures |l acked guidance or
process alarms, which contributed to the incident.

: SB Pagel25



Investigation Report

37.Ef fective alarm system messaging coul dndhoave hel
the highpressure conditions that developed inside the reactor, which could have prevented the
activation of the r-relefcysten.6s emergency pressur e

38. The physical and procedural controls that Kuraray put in place to govern the use of treneynerg
open valve contributed to the incident by restricting the board operators from accessing or otherwise
using the emergency open valve. The lack of a procedure or training directing when operators should
use the emergency open valve also contributéldetincident.

39. Because Kuraray postpontiteimplementation ofts PHA recommendation to control the opening of
its emergency open valve automatically, this safeguard was not available during the EVAL Reactor 2
startup on May 19, 2018.

40. Kuraray could havéwered the pressure inside EVAL Reactor 2 and prevented the incident on May
19, 2018, by using effective control system automation. At a predetermineprbigure condition
inside EVAL Reactor 2, Kuraray could have had its control system automatipaltythe emergency
open valve and directed enough ethylene vapor to the flare to prevent the emergencyglesfsure
system from activating.

41, Kuraray should have provided its board operators with clear operating procedures and effective
training withoutpny si cal l'y or procedurally restricting th:¢
panel board switch. By doing so, Kurarayb6s boar
opening the emergency open valve to prevent therigbsure conditions froawctivating the
emergency pressurelief system and discharging the flammable ethylene vapor into the air

42, Kuraray set the safe operating limits for EVAL Reactor 2 too higit¢gent activating the EVAL
Reactor 2 emergency pressuedief system effectilg. The consequence of deviation occurred
before the safe operating limit was reach&tle company did not follow the Center for Chemical
Process Safety guidantec onsi der t he atmospheric discharge fr
pressureelief system whn determining the safe operating lisnior EVAL Reactor 2

43 Kurarayobds safe operating | imits progpressumne di d not
conditions that developed inside EVAL Reactor 2. As a result, not all of the predetermioesl act
were taken, including increasing the cooling from the chilled water system or using the emergency
open valve to lower the pressure by directing vapor from EVAL Reactor 2 to the flare system.

44. Had Kuraray included an effective response for safe opgriatiits in its procedures and trained its
board operators to take the appropriate, predetermined steps at thdighgPressure alarm
condition (640psi), the company could have prevented the May 19, 2018, incident.

45. Maintaining a set of safe operatinglts with predetermined worker actions to ensure safety is not
compati bl e wi t hwhiChcalla foremplogeespvhaoace ifaaing emergency process
conditions to check with their management for a decision as to whether or not they should exceed th
safety limits during this particular emergency situation by relying upon the material safety factors
built into the ASME code.
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46.Kur arayos desire to avoi dlimetxcongributed to the Map 10, 2@18,vi r onr
incident. eddve satety mandgement aystdnfs resulted in the desire to avoid exceeding
the environment al permit | imits for the companyd¢

operator so6 r epmessora®editidnoinsidenEyALIReagtbr 2

47. The investigatn of the incident on May 19, 2018, revealed many weak process safety management
systems at Kur ar a yassessment audits ef these systeans gidutvevethe | f
level of detail required to address the management system failures thidgutedtto the May 19,
2018, incident.

32 Cause

The U.S. Chemical Safety and Hazard Investigation Board (CSB) determined that the cause of the

i nci dent wa sstakding eanergency gressumiel gystem design that discharged flammable

ethylene vapothrough horizontally aimed piping into the air, near workéta d Kur ar ay 6s emer g
pressureelief system discharged vapgoom the reactoto asafe location the flammable ethylengas

should not have harmed any workers.

Kur ar a \chais of weaklygmplementetianagement system elements that made up its overall

process safety management system also contributed to the incident. In additionaodkyement
systemelementghatKuraray used to manage the EVALe act or 6 S sumeecliefsgstem,y pr es
otherelementsontributed by allowing higipressure conditions to develop inside the chemical reactor
system (EVAL Reactor 2). The combination of these ineffective management sjsteemts

culminated witht h e r e act or Gssrerdiehsystarectivatipgana discharging flammable

ethylene vapor into thair, where it ignited neamonessentialvorkers(that is, workers who were not

essential to the startup of the chemical reactor)

Ku r a rsaeyymanagement systems afssteredinconsistent practicefer keepingnonessential
personnel from being physically present within the unit during critical events and adistiel as unit
startups or when upset process conditions dedelapich contributed tdhe injuries suffered. #raray
could have preventatieseinjuries byimplementing aolicy to excludeworkers not involved in the
startup. FurthermoreKuraray could have takeprotectiveactions during upset conditions to prevent
worker injuries. For example, when the rea@itsr -presguhe alarm soundésignaling upset
conditiong, Kurarayshouldhave stopped work and evacuatkeeworkers from the area.
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4 Recommendati ons

To prevent future chemical incidents, and in the interest of driving chemical safety change to protect
people and the environment, the CSB makes the following safety recommendations:

41 Kuraray Ammec.i ca
2018-03-I-TX-R1

Develop and implement an emergency presselief system design standard to engtieg each othese
safety systems wil/l di scharge to a safe |l ocation.
emergency pressurelief systems and make @ppriate modifications to ensure tlegtch ofthese

systems discharge to a safe location such that mateataiould discharge from these safety systems will

not harm people

2018-03-I-TX-R2

Implementa sitewide system to evacuate nonessential personnel duringagueditions and exclude
nonessential workers from being near equipment during transient operating modes, such as startup

2018-03-I-TX-R3

Develop and implement a system requiring a periodic evaluation of the adequacy and effectiveness of any
safeguard used to mitigate atherwise lower the risk of process safety hazards. This safeguard
protection analysis should be based on the requir
Petroleum Refineries regulatioasan apprpriate equivalent methodology

2018-03-I-TX-R4

Develop ad implement a policy detailing how to effectively address recommendations generated from
company process safety management systems, incladditg,incident investigations, management of
change, and process hazard analysis that is consistent withge€&HA guidance. Include a periodic
training requirement for managers and other employees involved with evaluating and managing proposed
recommendations to help ensure proposed safety improvements are effectively evaluated and
appropriately implemented

2018-03-1-TX-R5

Review the Center for Chemical Process Safety guidance on recognizing catastrophic incident warning
signsandthen develop and implemenpeogramfor the EVAL Plant that incorporates warning signs into
its safety management system.
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2018-03-1-TX-R6

Clarify the lowerequipment design pressure of the EVAL Reactor 2 within the operator training systems,
written procedures, and in the control system interface.

2018-03-I-TX-R7

Devel op and i mplement a program to ensure that th
instructions do not adlict with its written operating procedure&nsurethat employees use the

management of change system when changes to the written operating procedures are desired.

Additionally, develop and implement a written procedure and conduct training on hewdmpthe

EVAL Reactor methanol flush operation

2018-03-I-TX-R8

Strengtherthe EVAL Planb eperator trainingprogramby 1) including hieknown activities, such as
bringing ethylene back into t heHigh#redsurealarmsaadt condi
providing guidance or otherwise clarifying when nonessential personnel should be excluded from being in

the unit 2) includingalarm setpoint@andactionsthatoperators shoulthke in response to specific process

alarms, such as higressure inside an EMAReactor 3) includingdirections on when operators should

use the emergency open valaead 4)including sfe operating limits, the consequence of deviating

beyond the safe operating limitg)dthe predetermined steps operators need to take to re¢tupndtess

to a safe condition.

2018-03-I-TX-R9

Complete thalarm management effords the EVAL Planand implement a continual program to meet
or belower thanthe alarm rate performance targets established in ISA 18.

2018-03-1-TX-R10

|l mprove the EVAL Plantés safety management system
through the heat exchanger during startup; 2) enhaneaagnition of liquid ethylene accwiationand
response to lovtemperature conditions inside an EVAL Reactor through alarms, written procedures, and
operator training; 3) implementing a system to manage abnormal operating conditions effectively by, at a
minimum, including appropriate teclzai representation, performing a hazard analysis of temporary or
troubleshooting operations, and providing management oversight of any abnormal cpdditpmtating
thewritten startup procedures to include guidancéhemppropriate operator actionstéke in response

to process alarm$) usingcontrol system guidance to aid operator response to abnormal or upset
conditions to keep the process within the safe operating jiamt¥) removingthe physical and

procedural controls used at the EVAL Plemtestrict board operators from accessing or using the
emergency open valyand updatinghe written procedures and operator training to provide guidance on
when to open the emergency open valve.
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2018-03-1-TX-R11

Modi fy the EVAL Pl antdos safe operating | imits pro
upon equipment desigrafety factors, such as tAenerican Society of Mechanical Engineers (ASME)
code material safety factors.

2018-03-1-TX-R12

Acquire the services of andependent third party to perform a comprehensive assessment of its EVAL

Pl antds process safety management systems. I n ad
Appendix Bof this report, this comprehensive assessment should evaluate whether existing policies meet
minimum federal process safety regulatory requirements and apply the Center for Chemical Process

Safety model to verify both #hsuitability of these systems and their effective, consistent implementation.
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Appendix A: Timeline?

A.l 1986

Kuraray completed building EVAL Units 1 and 2 in 198&8gure 34 shows the Kuraray site in 1995
after EVAL Units 1 and 2 were complete. Kuraray completed EVAL UmitI®96 and EVAL Unit 4 in
2007. When Kuraray built these units, available guidance published ByiAg€udingAPI 520,Sizing,
Selection, and Installation of PresstiRelieving Devices in Refineriasad API 521 Guide for Pressure
Relieving and Depressimg Systents called for aiming flammable hydrocarbon vapor discharges from
emergency pressurelief systems vertically upward into the air.

Image U.S. Geological Survey

Google Earth

Imagery Date: 1/14/1995  29°37'24.57¢ N 95202:29.81" W' elev. 0ft eyealt 1657 ft

Figure34. EVAL Units 1 and 2. (Credit: Google Earth)

During the design and construgtiof these EVAL Units, the emergency presseleef system standards
available to Kuraray included:

avarious sarrces of information were relied upon to construct this incident timeline. These sources included both control system
information and event logs. The estimate used for the time difference between the control system and the event logs was
generally accutte but using this adjustment for some events appeared to place the events out of sequence.
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1 API520 Part ® Recommended Practice for the Design and Installation of PreReliexing
Systems in Refinerie®art 6 Design 1976 [125];

1 API 520 Part 3 Recommended Practice for the Design and Installation of Pregelieving
Systems in RefinerieBart IB Installation 1963 (Reaffirmed in 1973126]; and

1 API 5216 Guidefor PressurdRelieving and Depressuring Systerh982[127].

Like the current version of API 521, the 1982 edition promoted directing emergency presstire
systems into the air if the discharge did not produce an unackeeptabome, such as creating a hazard
to workers. API 521 stated:

In many situations, pressure relief vapor streams may be safely discharged
directly to the atmosphere. This has been demonstrated by many years of
safe operation with atmospheric releafesn properly installed vapor
pressure relief valves. Technical work sponsored by th&! Ak also
shown that within the normal operational range of conventional safety
relief devices, wellefined flammable zones can be predicted for most
such vaporeleases. With proper recognition of the appropriate design
parameters, vapor releases to the atmosphere can provide for the highest
degree of safety. Atmospheric discharge eliminates the significant
problems associated with analysis of system loadpgpsizing of piping,
mechanical design criteria and considerations of the back pressure on
safety relief valves where closed release systems are used. Where feasible,
this arrangement offers significant advantages over the alternative
methods of disposdélecause of its inherent simplicity, dependability, and
economy. The decision to discharge hydrocarbons or other flammable or
hazardous vapors to the atmosphere requires careful attention to ensure
that disposal can be accomplished without creating anfiaténazard or
causing other problems, such as the formation of flammable mixtures at
grade level or on elevated structures, exposure of personnel to toxic vapors
or corrosive chemicals, ignition of relief streams at the point of emission,
excessive noiskevels and air pollutiofil27, p. 25]

Consistent with API 521, the design part of API 520 also acknowledged that directing emergency
pressureelief systemsnto theair was safe if the discharge did not produce an wep@eable outcome,
such as creating a hazard to workers.

If the equipment location is such that the discharge of vapor directly to the
atmosphere can be tolerated, such discharge should be limited to those
vapors which will not condense in appreciable ditias at the lowest
atmospheric temperature for that locality. Safedive discharge of
noncondensing gases directly to the atmosphere can be considered safe if

fiHoehne, V. O. , L u c &he Effect of Gelocity, aemderaMiie,qard ,GasLMolecWar Weight on
Flammability Limits in WineBlown Jets of HydrocarboGasesreport to the American Petroleum Institute, Battelle Memorial
Institute, Coll2mb4ly Ohi o, 19700
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the location is such that ignition of such discharge can be tolerated with
regard to the hazd to personnel or adjacent equipment and structures.

Quenching steam may be piped into atmospheric discharge of safety
valves to minimize the hazard of ignition. (For a discussion of vapors

discharged directly to the atmosphere, see API RP[325) p. 20]

The 1982 version of API 521 relied on discharging flammable hydrocarbon vapor vertically upward to
disperse releases from emergency pres®lief systems safely into the air. API 521 stated:

When hydrocarbon redf streams comprised entirely of vapors are
discharged into the atmosphere, mixtures in the flammable range will
unavoidably occur downstream of the outlet as the vapor mixes with air.
Under most circumstances where individual [emergency presslieg
valves dischargevertically upward through their own stacks, this
flammable zone will be confined to a rather limited definable pattern at
elevations above the level of the relefis¥’, p. 25](emphasis added)

Further denonstrating that atmospheric discharges of flammable hydrocarbon should be discharged
vertically upward, API 521 relied on the same studies it uses today to show that vertical discharge helps
prevent flammable concentrations below the discharge pointraitsl the horizontal distance of

flammable vapor clouds. API 521 stated:

Based on these data, it can be concluded that where high discharge
velocities are achieved, the hazard of flammable concentrations below the
level of the discharge point is negliggbl This confirms the many years of
experience with vapor releases from safety relief valves discharging
directly to the atmosphere without accumulation of flammable
concentration§l27, p. 26]

The studies demonstratectthdequacy of the general industry practice of
locating safety relief valve stacks to the atmosphere at least 50 feet (15
meters) horizontally from any structures or equipment running to a higher
elevation than the discharge point. This would be adeduatest cases

to prevent flammable vapors from reaching the higher structures. There
should also be no concern with these jet momentum releases, about large
clouds of flammable vapors or flammable conditions existing at levels
below the release level dig stack. These recent studies have generally
verified the longstanding experience relative to the safety of vapor
releases vertically to the atmosphere from atmospheric safety relief valve
discharge stac427, p. 27]

Where the atmospheric vent handles combustible vapors, the outlet from
the vent should be elevated approximately 10 feet (3 meters) above any
adjacent equipment, building, chimney, or other structure. Provision must
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be made for drainage of each ventgogo that liquid cannot accumulate in
the ven{127, p. 43]

Although API 521 guided users on outlet piping configuration, the industry standard also referred readers
to API 520. APl 521 setaits sheudd conforantto those ppeaified infAPIn st al | a
Recommended Pr a[d27)pcdd] Figwed35shdva that evdn ithe 1968ca1973 editions

of AP1 520 recommended aiming the outlet piping from emergency presdigfesystems vertically
upward[126, p. 5]

v CAP MAY BE REQUIRED
FOR WEATHER PROTECTION

SUPPORT TO RESIST WEIGHT
AND REACTION FORCES ————a

[F CONNECTED TO A
LONG-RADIUS ELBOW CLOSED SYSTEM, SPECIFIC

CARE SHOULD BE TAKEN TO
KEEP PIPING STRAINS AWAY
FROM THE PRESSURE

PRESSURE RELIEF VALVE UNDER ALL

REE?EF CONDITIONS OF PROCESS

VALVE ————————» OPERATloN-\L

BODY ORAN——Y  WT /7~ mETETTTTTTTT }
____________________ ¥

PRESSURE DROP

NOT MCRE THAN

3% OF SET

PRESSURE ~

CONSULT TEXT

FIG. 1—Recommended Typical Pressure Relief Valve
Installation Without Shutoff Valve.

Figure35. Emergency PressuRelief System Piping. (CredaPl)

A.2 19861 1989

Kuraray had an incident where an emergency pressiie¢ system activated and discharged flammable

ethylene vapor into the air. The incident triggered grderdl flammable gas detector alarms, but the
flammable ethylene vapor didnignite.
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A.3 2011
Kuraray began engineering work to ensure {1 hat it
relief systems. This project systemati-<cehef |l y revi

systems. Among other thingsjgiprojects objectivesncluded evaluating the adequacy of the existing
design for fAcurrent plant configuration and oper a
perform these services. Not abl ynstutdylofpoteptialo j ect 6 s s
flammable hydrocarbon vapor releag@s theair. Kur ar aydos project records do
engineering firmwas tasked with evaluatirige individual emergency presstradief systems tensure
theyweredischarged to a safedation.

A.4 2013

The engineering firm Kuraray hir ed -rdliefsygetindfound o v al
safety concerns with some existing emergency presslie¢ system designs. These concerns included

the potential for liquid ethylento be released into the air, creating a vapor cloud explosion. The

engineering firm submitted a proposal for a project to direct ethylene from emergency prelgsure

systems to a flare to address these concerhs proposal included the EVAL ReacR emergency

pressureelief system. Kuraray did not implement this proposal.

A5 2014

Following the March 23, 200%apor cloud explosion at the BP Texas City refin@fy| strengthened its
industry standartbr emergency pressurelief systemso helpprevent vapor cloud explosions resulting
from the atmospheric discharge of flammable chemicaigety guidance provided by API 521 now
called for using one of four safer strategies to prevent vapor cloudséxmd redesigning equipment to
avoidthe scenario, flaring, containing the flammaiblaterialin a lowerpressure system, or applying
high-integrity protective systenjgd0, 3712

A.6 2015

On March 22, 201Xuraray had another incident where an emergency pressigksystem discharged

flammable ethylene vapor into the air. As with the incident from the 1980s, the ethylene vapor cloud did
not 1 gnite. Kur aray6s 20 15ourd tHak poterdtia ethylene releasese d t hi
from some of t he sreliefsydtems¢nuleding E/ALCReactprr2)ecsukl vesult in a

flash fire or a vapor cloud explosion.

The PHA team recommended that Kuraray perform a study to evaluate thesalbetteylene releases
from emergency pressurelief systems and thesafetyimpact on personnel. Kuraray did not adibjs
safety recommendation, nor did the company adopt efitemmendationsiade byits PHA team

protection system is a flemnyestdfer the pupoapod s ed of
s to a safe s[B7ap®38wph&ddn predetermined condit
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despite thdinding that atmospheriethylene releases from some emergency presslie¢ systems,
including the EVAL Reactor 2 emergency pressel@ef system, could harm workers.

Kuraraybés 2015 PHA recommended upgrading and auto
reactor vapoto the flare Figure 13). At a pressure above the EVAL Reactor 2 Hitjgh-Pressure

alarm, the recommendation called for the control system to take over and fullihepanergency open

valve to reduce the pressure inside the reactor. Although the original action item Kuraray developed to
implement this recommendation called for making this change in time for thupastound startup in

the spring of 2018, the wotk complete this action item was postponed to 2019.

Kuraray completed its most recent sadisessment audit in November 20k5u r a r a-gséessmene | f

audit developed 6groposed recommendationsn 11 of the 14 PSM el ement s.
managemet review, only 37 of theecommendationwere accepted and assigned corrective actions and

due dates to track completion. Kuraray management did not accept the athesr@imendationgl2

percent).

A.7 2018

A.7.1 April 6,2018

Kuraray started its 2018 mainterarturnaround.

A.7.2 April 22,2018

During the turnaround, Kuraray replaced an existing amrramssead refrigeration system with a new
system that used a hydrofluorocarbon refrigerant. During the commissioning of this new chilled liquid
refrigeration system, Karay prepared to start flowing chilled liquid through process equipment,
including the EVAL Reactor 2 heat exchanger. To enable the circulation of chilled liquid, a Kuraray
board operator fully opened (100 percent open) the temperature control vakwédé&attexchanger

(Figure 10). Kuraray board operators did not further adjust the control valve position until the morning
of the incident, May 19, 2018. Although a path for chilled liquid circulation was set up, Kurara
personnel did not start flowing chilled liquid through this equipment.

A.7.3 May 10, 2018

Kuraray cleared and restricted the entry of nonessential personnel when operations personnel introduced
ethylene back into the facility.

A.7.4 May 14, 2018

Kuraray began circating chilled liquid through the EVAL Reactor 2 heat exchanger. After achieving a
stable circulation of chilled liquid, the chilled liquid supply temperature averfged
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A.7.5 May 15, 2018

Kuraray operations personnel started removing oxygen from EVAL Reactbo do this, Kuraray used

nitrogen to displacthe oxygenfrom the reactar Kurarayods procedure call ed
nitrogen to the reactor, increasing the pressure to a targetpsi. 68fter reaching 6(@si, Kuraray

operators directed th@trogen and oxygen into the air until the pressure inside EVAL Reactor 2 reached

the target pressure of p8i. To achieve the desired oxygen concentration in the reactor, Kuraray
operators repeated this pr oces ecalefoetd ant 10dids me s . A
the target pressures, 40 tofa8 was the range during the pressure increases, and Jfstovas the
range during the pressure decreases.

A.7.6 May 16, 2018

Kuraray operators completed the process of removing oxygen from Réakttor 2.

A.7.7 May 17, 2018

Kuraray cleared out nonessential personnel as operators worked to bring ethylene back into EVAL
Reactor 2. Kuraray operations personnel started removing nitrogen from EVAL Reactor 2. The process
was similar to Kurarai process foremoving oxygen, but this process used ethylene to replace the
nitrogen. Kuraray operators added ethylene to the reactor using the ethylene pressure control valve and
then increased the pressure inside the reactor to a targepsif 6&fter reachings0 psi, Kuraray

operators directed the ethylene and nitrogen through the pressure controFigalve 12) and the

emergency open valve to the flarégure 13) until the pressure inside EVAL Reactor 2 reached the

target pressure of 1si.

To achieve the desired nitrogen concentration in the reactor, Kuraray operators repeatedetsss p
several times. Al t hough Kupsiastleyyaf@et prgssuces, 499dgsy e c al |
was the range during the pressure increases, and I&twds the range during the pressure decreases.

At about 11:57 p.mKuraray operairs completed the process of removing nitrogen from EVAL Reactor
2 byreplacingthe nitrogen with ethyleneAt the end of this process, the pressure inside EVAL Reactor 2
was 63psi, and the temperature was’F4

During the nitrogen removal, the chilldduid circulated through the heat exchanger at atfdut As

part of t he ¢ omp awokOKsrarayldisabled itsEVALaRgaetar @ lmdmperature

alarms. Befor&uraray implemented italarm managemeseffort, EVAL Reactor 2 was equipped with a
Low-Temperature alarm set at®®and a LowLow-Temperature alarm set at®®0 The chilled liquid

lowered the temperature in the piping from the heat exchanger to the reactor enough to reach the former
Low-Temperaturelarm limit (25°F) at 2:53 a.m. and the former Ldvow-Temperature alarm (2B) at

3:15 a.m. The temperature rose above the former alarm limits at 5:13 a.m. The temperature dropped
below the former Lowlemperature alarm limit again from 7:03 ain®:29 am., 11.25 a.mi. 2:14 p.m.,

4:43 p.mi 7:09 p.m., 7:53 p.m. 10:34 p.m., and from 11:11 p.in5:02 a.m. the next morning (May

18, 2018).
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A.7.8 May 18, 2018

After using ethylene to replace the nitrogen insi
sampling the reactor vapor to ensure the nitrogen was effectively removed. The next step in this

procedure required raising the pressure inside tlotaretm 150psiand adjusting the temperature to

86°F.2 Kuraray operators raised the pressure todsi2 The reactor temperature wasF2

In addition to operating procedures, Kuraray management supplied nightly operating instructions. The
operating mstructions from the previous night (May 17, 2018) included directions for starting methanol
flushes to EVAL Reactor 2. Although not covered by a written procedure, Kuraray pedlioethanol
flushes to remove any water left in the reactor. Kuraray tgreradded methanol to EVAL Reactor 2

from 1:50 a.m. to 4:13 a.m. During this time, the liquid level in the reactor rose to about 2 percent.

Nightly operating instructions also directed operators to add ethylene to the reactor to reach the target
pressuref 595psi. At every 10(si, thenightly operating instructions required operators to check for

leaks by spraying a soap solution on piping and vessel connections. Using this technique, ethylene leaks
should appear as soap bubbles. Operators begamgadbylene to increase the pressure inside EVAL

Reactor 2 at 3:00 p.m. Increasing the pressure inside the reactor abgaat3his point in the startup

was one of several deviations from Kur aftushy 6s oper
batch before or at the same time as increasing the reactor pressure. Kuraray operations personnel did not
start working on the flush batch procedure until May 19, 2018, at 10:05 a.m., 23 minutes before the

incident. By following the normal startgqpe quence as written in Kurarayos
operators should have limited the pressure inside EVAL Reactor 2 to:

1 565psiwhen adding ethylene to increase the pressure inside the reactor; or

1  495psiat amaximumtemperature of 13F when leating the reactor contents while adding ethylene
to increase the pressure inside the reactor.

5:38 p.m.

The pressure inside EVAL Reactor 2 reached@ithe reactor liquid temperature was'Bgand the
reactor liquid level was 4 percent.

A.7.8.1 8:06 p.m.

Thepressure inside EVAL Reactor 2 reacl38@ psi, thereactor liquidtemperature wass8F, and the
reactor liquid level was 5 percent

A.7.8.2 11:25p.m.

The pressure inside EVAL Reactor 2 reachedpkihe temperature was 83 and the reactor liquid
level was @oercent. Exceeding 4Qiinside the reactor wasgnificantbecause pressure above 430

@A review of the printed copy of this procedure used during the startup showed Kuatanay board operator ever initialed or
otherwise marked this step as completed.
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with the chilled liquid circulating through the heat exchangéfftreated conditions that could

condense the ethylene vapor to a liquid. Liquid ethylene flowed from the heat exchanger into the reactor
over the next several hours, as shown by the decreasing reactor temperature and the increasing reactor
liquid level. Kuraray board operators were not aware that liquid ethylene was flowing from the heat
exchanger and accumulating inside the reactor.

A.7.9 May 19, 2018

A.7.9.1 2:47 a.m.

The pressure inside EVAL Reactor 2 reachedp(he reactor liquid temperature wasB3and the
liquid level was 9 percent.

A.7.9.2 6:41 a.m.

Board Operator bpenedhe pressure control valve that supglhylene to the reactor frodDto 41
percent open toncreasehe flow of ethylengFigure 12). The pressure inside EVAL Reactor 2 reached
470 psi, thereactor liquidtemperature was7°F, and thdiquid levelwas12 percent.

A. 793 6:47 am.

Board Operator bpenedhe pressure control valve that supglhylene to the gctor from41to 42
percent open tmcreasehe flow of ethylene.The pressure inside EVAL Reacton2s 470psi, the
liquid temperature was7°F, and thdiquid levelwas12 percent.

A.7.9.4 6:49 a.m.

Board Operator 1 switched the operating mode for the reaeesure control valv@g-igure 12) that
sends reactor vapor to the flare framanual to automatic and lowered the setpoint from 695 t@8&50

A.795 7:00 am.

While reviewing control system information on process conditiSopgvisor 1saw that the EVAL
Reactor 2 temperature was cold, aboliFl8nd he instructed Board Operator 1 to close the temperature
control valve that supplied clrigdrell®d | i quid to the

The pressure inside EVAL Reactor 2 was #gRthe reactor liquid temperature wasBEgand the liquid
level was 12 percent.

During the startup of EVAL pBwedthe bwad operatorkwith ar ay 6 s ¢
alarms. Between 7:00 a.m. and 10:28 a.m., the control system event log recorded 552 alarms.
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A.79.6 7:04a.m.

Board Operator 1 closed the temperature control valve that supplies chilled liquid to the reactor heat
exchanger from O to 1Qfercent. This temperature controller was revaxdang, meaning that O percent
indicated that the valve was fully open, and 100 percent indicated that the valve was fullyFitpsed (
10). The reactor liquid temperature wasA8and the reactor pressure was $3b

A.7.9.7 7:08a.m.

Board Operator 1 opened the control valve that injected steam into the jacket water supply from 0 to 30
percent open to increase the jacketawéemperature. The jacket water temperature wads 81

Kuraray was now heating the contents of EVAL Reactor 2 while ethylene was flowing into the reactor to
increase the pressure. Under these conditions, the operating procedure called for limitegstive p

inside the reactor to 49%i. Kuraray operators were not following this procedure. They were instead
following the conflictingnightly operating instructions that directed them to increase the pressure inside
EVAL Reactor 2 to a target of 59%&i.

A. 798 7:09 am.

Board Operator 1 opened the control valve that iagsteam into the jacket water supply fr@®to 35
percent opelto increase the jacket water temperaturbe jacket water temperature wasR1

A.79.9 7:11 am.

The pressure inside EVAL Reactor 2 reachedpi5Had Kuraray followed the operating procedures

instead of thenightly operating instructions, the pressure should have been held ps$i48il the flush

batch was transferred into EVAL Reactor 2. ‘Bperating procedure called for holding the reactor at 495

psiwith a maximunreactor temperaturef 1377Fit o pr ev e nt psd which eodld reqgire[ 59 5
venting excess pressure to the fl are. otorconterés oper a
until after transferringhe flush batch intthereactor. Kuraray operators had not yet startéep 1 of the

flush batch procedure. Tistartupprocedurdor the flush batclid not call for heating the reactor until

step 15.

A.7.9.10 7:14 a.m.

Boad Operator 1 closed the pressure control valve that sdmgihglene to the reactor frod2to 35
percent open to reduce the flow of ethyléRigure 6). The reactopressure was 5Q7si.

A.7.9.11 7:15a.m.

The pressure inside EVAL Reactor 2 was 6B the reactor liquid temperature was23and the liquid
level was 12 percent.
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A.7.9.12 7:21 a.m.

Board Operator 1 closed the pressure control valve that sdgiiglene to the reamt from 35 to 0
percent open to stop the flow of ethylefée reactor pressure was 523.

Board Operator 1 opened the control valve that iagsteam into the jacket water supply fr@mto 40
percent opeto increase the jacket water temperaturbe jacket water temperature was@8As Board
Operator 1 further increased the jacket water temperature after this time, some of the ethylene liquid
transitioned to vapor. By warming the reactor walls witltéased jacket water temperature and creating
more ethylene vapor in the reactor, the pressure inside the reactor continued to increase.

A.7.9.13 7:26 a.m.

Board Operator 1 closed the control valve that injected steam into the jacket water supply from 40 to 30
percent open to reduce the heating of the jacket water system. The jacket water temperatutie, was 62
and the reactor pressure was p3R

A.7.9.14 7:30 a.m.

The pressure inside EVAL Reactor 2 vE&9 psi, thereactor liquidtemperature wa28°F, and thdiquid
levd was12 percent.

Between 7:00 a.m. and 7:30 a.m., the control system event log recorded 27 alarms.

A.7.9.15 7:37 a.m.

Kuraray operations personnel were troubleshooting to find out why they could not get the inventory of
methanol from the methanol flush inside EVReactor 2 to flow from the reactor to downstream
equipment. During this troubleshooting, Board Operator 1 manually activated the EVAL Reactor 2 High
High-Pressure safety interlock. Although activating this interlock was not successful in gettingoliquid
flow from the reactor to downstream equipment, the interlock activation fully opened (100 percent open)
the chilled liquid temperature control valvédure 10), estdlishing chilled liquid flow through the heat
exchanger and allowing some ethylene vapor to condense to a liquid.

A.7.9.16 7:41 a.m.

Board Operator 1 opened the control valve that iafsteam into the jacket water supply fr@nio 35
percent open to increase flaeket water temperaturd.he jacket water temperature wasf4and the
reactor pressure was 5@8i.

Using a physical switch on the panel board, Board Operator 1 turned théligigRPressure safety
interl ock t o tispanelfboafdfsich afowed iKuardray operatorsTtdhput the interlock in
three positiond on, off, and manual activation of the interlock. As the startup continued, this interlock
was not turned back on. With this safety interlock off, the chilled liquid temperaturelc@itdid not
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automatically open when the pressure inside the EVAL Reactor 2 reached thdighgPressure alarm
condition of 64Qosi.

The EVAL Reactor 2 startup continued, despite this safety interlock being disabled.

A.7.9.17 7:45a.m.

The pressure inside EVAL Reactor 2 was p&#the reactor liquid temperature was26and the liquid
level was 12 percent.

A.7.9.18 7:49 a.m.

Kuraray operations personnel identified the problem that had been preventing liquid from flowing from

EVAL Reactor 2 tadownstream equipment. A valve misalignment (a closadualvalve that needed to

be open) was found. Kuraray operators opened the misaligned valve, and liquid began flowing from the
bottom of EVAL Reactor 2 to downstream equipment. After this pointesufrthe decreases in the
reactorés liquid | evel can be attributed to |iqui

A.7.9.19 7:53 a.m.

Board Operator bpenedhe pressure control valve that supglethylene to the reactor froéito 10
percent open tmcreasehe flow of ethylene.The reactor pressure was 5zl

A.7.9.20 7:54 a.m.

Board Operator 1 closed the pressure control valve that supplied ethylene to the reactor from 10 to 5
percent open to reduce the flow of ethylefiée reactor pressure was 508,

BoardOperator 1 opened the control valve that igjdsteam into the jacket water supply fr@sto 40
percent open to increase the jacket water temperaifine jacket water temperature wasB5

A.7.9.21 7:55a.m.

Board Operator 1 opened the control valve that tapesteam into the jacket water supply frd@ito 45
percent open to increase the jacket water temperafinejacket water temperature wasBend the
reactor pressure was 508i.

A.7.9.22 8:00 a.m.

The pressure inside EVAL Reactor 2 was H6il the reactoliquid temperature was 28, and the liquid
level was 12 percent.

Between 7:30 a.m. and 8:00 a.m., the control system event log recorded 56 alarms.
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A.7.9.23 8:05a.m.

Board Operator 1 opened the control valve that iagesteam into the jacket water supply frogtd 50
percent open to increase the jacket water temperafine jacket water temperature wasB8nd the
reactor pressure was 5p4i.

A.7.9.24 8:15a.m.

The pressure inside EVAL Reactor 2 was p8Bthe reactor liquid temperature wasR4and the liquid
level was 12 percent.

A.7.9.25 8:21 a.m.

Board Operator 1 opened the control valve that iagsteam into the jacket water supply fr&®ito 60
percent open to increase the jacket water temper@igiere 11). The jacket water temperature was
115°F, and the reactor pressure was p&B

A.7.9.26 8:30 a.m.

The pressure inside EVAL Reactor 2 w9 psi, thereactoriquid temperature wass2F, and thdiquid
levelwas12 percent.

Between 8:00 a.m. and 8:30 a.m., the control system event log recorded 79 alarms.

A.7.9.27 8:31a.m.

Board Operator 1 closed the chilled liquid temperature control velgerg 10).

A.7.9.28 8:39 a.m.

Board Operator tlosedthe control valve that injeetlsteam into the jacket water supply fré@to 50
percent open tdecreaseéhe jacket water temperatur&he jacket water temperature We&l°F, and the
reactor pressuneadhed569 psi.

A.7.9.29 8:44 a.m.

At 596 psi, the pressure inside EVAL Reactor 2 reached the targeted operating pressurpsopédthe
nightly operating instructionKuraray managemeigsued orMay 17, 2018.

A.7.9.30 8:45 a.m.

The pressure inside EVAL Reactor 2 viH psi, thereactor liquictemperature wad6°F, and thdiquid
levelwas 11 percent.
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A.7.9.31 8:46 a.m.

Board Operator 1 closed the pressure control valve that sdpgiglene to the reactor from 5to 0

percent open to stop the flow of ethyleRg(re 6). The jacket water temperature was °E2'and the

pressure inside the reactoasv606psi. After this point, the ethylene pressure control valve remained

closed for the duration of the incident. No more ethylene was added to the system. After Board Operator
1 closed the ethylene pressure control valve, the continually increasssye inside EVAL Reactor 2

resulted from increasing the jacket water temperature and not directing enough vapor from the reactor to
the flare.

A.7.9.32 8:48 a.m.

Board Operator 1 switched the operating mode for the reactor pressure contraFigalve 12) that
sends reactor vapor to the flare from automatic to manual. The reactor pressure pgs 613

Board Operator bpened the pressure control valve frono 20 percentopento send reactor vapor to the
flare.

A.7.9.33 8:51 a.m.

The HighPressure alarm for the ethylene pressure control valve to the resadactivated at 80 psi.

The ethylene supply pressure control valve remained closed (0 percent open), and the pressure control
valve that sends reactor vapor to the flare remained at 20 percent open. The jacket water temperature was
120°F.

A.7.9.34 8:53 a.m.

The HighPressure alarm for the ethylene pressure control valve to the reactor was acknowledged.

A.7.9.35 8:54 a.m.

Board Operatol openedhe pressure control valve fra2@to 50 percenopento sendmnorereactor
vapor to the flareThe pressure inside the reactor was pSi0

A.7.9.36 8:56 a.m.

Board Operatot opened the pressure control valve fr6@to 60 percentopento sendnorereactor
vapor to the flareThe pressure inside the reactor was p§4

Board Operator 1 closed the control valve that iegsteam into the jacket water supply fr&@to 35
percent open to decrease the jacket water temperdtbesjacket water temperatunas 119F.
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A.7.9.37 9:00 a.m.

The pressure inside EVAL Reactor 2 was $3Bthe reactor liquid temperature wasB3and the liquid
level was 11 percent.

Between 8:30 a.m. and 9:00 a.m., the control system event log recorded 156 alarms.

A.7.9.38 9:01 a.m.

The HighHigh-Pressure alarm for the ethylene pressure control system to the reastmtivated at 640
psi.

A.7.9.39 9:02 a.m.

Control system records show thiaetHighHigh-Pressure alarm for the ethylene pressure control system
to the reactor was acknowledged.

A.7.9.40 9:03 a.m.

Boad Operatorl opened the pressure control valve fré@to 80 percenopento sendmnorereactor
vapor to the flareThe pressure inside the reactor was pdipand the jacket water temperature was
116°F.

A.7.9.41 9:10 a.m.

Board Operator 1 opened tbentrol valve that injeeid steam into the jacket water supply fr@nto45
percent open to increase the jacket water temperafine jacket water temperature was IH,%nd the
pressure inside the reactor was @52

A.7.9.42 9:11 a.m.

The pressure inside EVAReactor 2 exceeded the ethylene supply pressure. Further pressure increases
inside EVAL Reactor 2 from this point forward are likely the result of vaporizing liquid ethylene and
further heating of the ethylene vapor.

A.7.9.43 9:12 a.m.

Board Operatot opened thg@ressure control valve froB0to 100 percenbpento sendnorereactor
vapor to the flareThe jacket water temperature was #23and the pressure inside the reactor was 654

pSi.
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A.7.9.44 9:13 a.m.

Board Operator 1 closed the pressure control valve 1@dto 50 percent open to reduce the flow of
reactor vapor to the flarelThe pressure control valve was fully open (100 percent open) for 45 seconds.
The pressure inside the reactor was p&idandthe jacket water temperature was 124

A.7.9.45 9:15a.m.

The control system activated the high VOC flare alarm and was acknowledged. The pressure inside
EVAL Reactor 2 was 658si, the reactor liquid temperature wasF2and the liquid level was 10
percent.

A.7.9.46 9:18 a.m.

Board Operatol opened the pressure control valve fro@to 80 percenbpento sendmorereactor
vapor to the flareThe pressure inside the reactor was p§3and the jacket water temperature was
13C°F.

A.7.9.47 9:22 a.m.

Board Operator 1 closed theegsure control valve from 80 to 60 percent open to reduce the flow of
reactor vapor to the flare.

Board Operator 1 closed the pressure control valve &@to 50 percent open to reduce the flow of
reactor vapor to the flare.

Board Operator 1 raised thetgoint for the reactor EVAL Reactor 2 pressure control valve from 650 to
700. The pressure inside EVAL Reactor 2 was|fii7and the jacket water temperature was’E31

A.7.9.48 9:27 a.m.

Board Operatot closed the pressure control valve fréfito 30 percent pento reducethe flow of
reactor vapor to the flareThe pressure inside the reactor was p3idand the jacket water temperature
was 129F.

A.7.9.49 9:29 a.m.

Board Operatot closed the pressure control valve frotit8 O percent opeto stop the flow of reaot
vapor to the flareThe pressure inside the reactor was p3i/and the jacket water temperature was
128F.
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A.7.9.50 9:30 a.m.

The pressure inside EVAL Reactor 2 was gD the reactor liquid temperature wasB2and the liquid
level was 10 percent.

Betwea 9:00 a.m. and 9:30 a.m., the control system event log recorded 137 alarms.

A.7.9.51 9:31 a.m.

Board Operator tlosedthe control valve that injeetlsteam into the jacket water supply frdto 35
percent open tdecreasé¢he jacket water temperaturéhe jacket water temperature was I27and the
pressure inside the reactor was @80

A.7.9.52 9:45 a.m.

The pressure inside EVAL Reactor 2 was f8Rthe reactor liquid temperature wasB8and the liquid
level was 10 percent.

A.7.9.53 9:55 a.m.

Board Operatotl opened the pressure control valve from 0 to 30 peagmstito sendmorereactor vapor
to the flare. The pressure inside the reactor was p&i9and the jacket water temperature was’E26

A.7.9.54 9:58 a.m.

Board Operator 1 closed tpeessure control valve from 30 to O percent open to stop the flow of reactor
vapor to the flare. The pressure inside EVAL Reactor 2 relatd@psi. The jacket water temperature
was 126F.

A.7.9.55 10:00 a.m.

The pressure inside EVAL Reactor 2 was P6il the eactor liquid temperature was°&3and the liquid
level was 10 percent.

Between 9:30 a.m. and 10:00 a.m., the control system event log recorded 48 alarms.

A.7.9.56 10:02 a.m.

The control system displayed/sualoperating guideline message stafiigHi g h  FJ EmissioonsV O
Reduce, R e d Kuwrazay #sd thiginstrugtiondo direct operators to reduce the flow of ethylene
to the flare to prevent exceediitgenvironmental permit limit. The pressure inside the reactor was 702
psi, and the jacket water tem@ture was 126
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A.7.9.57 10:03 a.m.

Board Operatotl opened the pressure control valve frono 30 percentopento sendmorereactor vapor
to the flare. The pressure inside the reactor was @éi2zand the jacket water temperature was 26

Board Operator tlosedthe control valve that injegtlsteam into the jacket water supply fr@mto 30
percent open tdecreaseéhe jacket water temperatufieigure 11). After this point, the steam flow to the
jacket water supply was not adjusted for the duration of the incident.

A.7.9.58 10:05 a.m.

Supervisor Jasked Board Operator 2 to take control of EVAL Reactor 2 from Board Operator 1. Board
Operator 1 continued focusing starting up the distillation column, and Board Operator 2 focused on
performing the flush batch for EVAL Reactor 2. Kuraray had not begun any of the flush batch startup
procedure steps. The reactor still held a 9.6 percent liquid level that likelgédctnethanol and water
from the methanol flush. The pressure inside EVAL Reactor 2 wagsi03

A.7.9.59 10:07 a.m.

Kuraray operatorstoppedlowing liquid from the bottom of EVAL Reactor 2 to downstream equipment.
The reactor liquid level in EVAL Reactor 2 wa$ percent.

A.7.9.60 10:10 a.m.

Board Operator 2 began using the control system in preparing to start the flush batch for EVAL Reactor
2. The pressure inside the reactor wasp¥)5and the jacket water temperature was’E24

A.7.9.61 10:15a.m.

Board Operator 2 openeldet pressure control valve from 30 to 35 percent open to send more reactor
vapor to the flare. The pressure inside the reactor wapsiGihd the jacket water temperature was
124°F.

Thirty-six seconds later, Board Operator 2 closed the pressure cait®lfrom 35 to 0 percent open to
stop the flow of reactor vapor to the flare.

The pressure inside EVAL Reactor 2 was peBthe reactor liquid temperature wasB7and the liquid
level was 9 percent.

A.7.9.62 10:17 a.m.

The control system displayedr/sual operating guideline message staiigHi gh FI ar e VOC E mi
Reduce, R e d Kuwasay Wsedrthis iinstrgction to direct operators to reduce the flow of ethylene
to the flare to prevent exceeding their environmental permit limit.
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The pressee inside the reactor was 708i, and the jacket water temperature was’E24

A.7.9.63 10:26 a.m.

Board Operator 2 opened the pressure control valve from O to 45 percent open to send more reactor vapor
to the flare Figure 12). The pressure inside the reactor was pdi6and the jacket water temperature
was 128F.

A.7.9.64 10:28 a.m.

The pressure inside EVAL Reactor 2 was p$P The rypture disdurstand the emergency pressure
relief valve lifted discharging ethylene into the air through horizontally aimed pipirige jacket water
temperature was 12b.

An operating welding machine sitting on the bed of a pickup treickute 16) likely ignited the ethylene
vapor.

Workers in the immediate area of the ethylene release and fire urgently tried to evacuate from the area. In
doing so, some workers were injured as theygedifrom the second or third story of the plant structure

and ran or otherwise exited the area, tripping and falling or suffering sprains along thi€uraay

reported that the incident injured a total of 23 work223.

Between 10:00 a.m. and 10:28 a.m., the control system event log recorded 49 alarms.

A.7.9.65 10:29 a.m.

Board Operator 2 fully opened (100 percent open) the pressure control valve to send more reactor vapor
to the flare. AlsoSupervisor InstrucedBoard Operair 2 to open the emergency open valve to

maximize the flow of reactor vapor directed to the fl&igre 13). The pressure inside the reactor was
686psi. Most of theethylene discharged into the air was burning.

A.7.9.66 10:30 a.m.

The pressure inside EVAL Reactor 2 was p8Bthe reactor liquid temperature wasB8and the liquid
level was 8 percent.

A.7.9.67 10:31 a.m.

Enough ethylene vapavasreleased to reduce the pressurededt VAL Reactor 2, allowing the spring
loadedemergency pressurelief valve to close and extinguish the fire
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Appendix B: Third-Party Audit®

The CSB modeled its recommendation for Kuraray to perfanmmeependenthird-party auditusing

January 13, 2017, RMP languageh e CSB modi fied the EPAG6s regul ato
improvements of using an independent tlpiagty without the legal framewoikiposed bythe

requirement®f agovernment regulatory agencBecausehis safety recommendatidocuseson

i mproving Kurarayés overall safety managpartment sys
audit evaluate t he thothtmpPSM $téndardmmdahg RMPrRRuleeg ai n s

(a) Applicability. Kuraray Ameica, Inc. shall engage a thingarty to conduct an audit that evaluates
conformancewith the provision®f the PSMStandard and the RMRule.

(b) Third-party auditors and auditing team&uraray Americalnc. shall either:

(1) Engage a thirgharty auditor meeting all of the competency and independence criteria in paragraph (c)
of this section; or

(2) Assemble an auditing team led by a thpatty auditor meeting all of the competency and
independence criteria in paragraph ¢f this section.The team may include:

(i) Other employees of the thighrty auditor firm meeting the independence criteria of paragraph (c)(2)
of this section; and

(i) Other personnel not employed by the thparty auditor firm, including facilit personnel.

(c) Third-party auditor qualifications Kuraray Americalnc. shall determine and document that the
third-party auditor(s) meet the followirgpmpetency and independeneguirements:

(1) Competency requirement$ hethird-party auditor(s) shall be:
() Knowledgeablef therequirements of this part;

(ii) Experienced with the stationaspurce type and processes being auditatlapplicable recognized
and generallyaccepted good engineering practicas]

(iif) Trained or certifi@ in properauditing techniques.
(2) Independence requirementEhethird-party auditor(s) shall:
(i) Act impartially when performingll activities under this section;

(i) Receive no financial benefit frothe outcome of the audit, apart frggayment fo auditing services.
For purposes of this paragraph, retierdployees who otherwise satisfy third-party auditor

a Seehttps://www.govinfo.gov/content/pka/FRO17-01-13/pdf/201631426.pdfat pages 4700 through 4701.
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independenceriteria in this section may qualify asdependent if their sole continuifigancial
attachments t&uraray Americalnc. are employefinanced ormanaged retirement and/or hegitans;

(i) Not have conducted pastsearch, development, desiganstruction services, or consulting for
Kuraray Americalnc. within the lastwo years.An audit firm with personnelho, befoe working for
the auditorconducted research, developmelgsign, construction, or consultisgrvices folKuraray
Americg Inc. within the last two years as an emplogeeontractor may meet the requiremesftghis
subsection by ensuring supbrsonel do not participate in theudit, or manage or advise the aueam
concerning the audit;

(iv) Not provide other business oonsulting services t§uraray Americalnc., including advice or
assistancéo implement the findings aecommendations in audit report, fol period of at least two
years followingsubmission of the final audit report;

(v) Ensure that all thirgharty personnel involved in the audit sign ahte a conflicbf-interest statement
documenting that they meet timelependence catia of this paragrapland

(vi) Ensure that all thirgbarty personnel involved in the audit do ramicept future employment with
Kuraray Americalnc. for a period of at least two yedislowing submission of the final audieport.

(3) The auditor shhhave writtenpolicies and procedures to ensure #ilhpersonnefollow the
competency and independeneguirements of this section.

(d) Third-party auditorresponsibilities Kuraray Americalnc. shall ensure that the thighrty auditor:
(1) Manages the audit and participategudit initiation, designmplementation, and reporting;

(2) Determines appropriate roles amdponsibilities for the audit teamembers based on the
gualifications ofeach team member;

(3) Prepares the audit reportcavhere there is a team, documentsfthe | | audit teambs vi
auditreport;

(4) Certifies the final audit report afitd contents as meeting the requiremeafthis section; and
(5) Provides a copy of the audit reptwrKuraray Americalnc.
(e) Audit report The audit reporshall:

(1) Identify all persons participatirgn the audit team, including namétes, employers and/or
affiliations, andsummaries of qualificationd-or thirdpartyauditors, include informatiodemonstrating
that the competenagquirements in paragraph (c)(1) of teection are met;

(2) Describe or incorporate lsgference the policies and procedukeguired under paragraph (c)(3) of
this section;
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(3) Document t h eforeaohdcoveredprocestkuramy Amarical o rtconfosnance
with thePSM Standard and RMP Rule determinavhether the procedures and practidegeloped by
Kuraray Americalnc. underthe PSM Standard and RMP Rale adequate and beifajlowed,;

(4) Document théindings of theaudit, including any identifiedonformancer performance
deficiencies;

(5) Summarize any significanevisions (if any) between draft and finedrsions of the report; and

(6) Include the following certificatiorsignedand dated by thehird-party auditor or thirdparty audit
teammember leading the audit:

| certify that this auditeport was prepared under my directiorsopervision in accordance with a system
designed to assure that qualified persopneperly gather and evaluate théormationupon which the
audit is based| further certify that the audit was conducteaohd thisreport was preparashderthe
requirements athe PSM Standard and RMP Rualed all other applicable auditingpmpetency,
independence, impartiality, adnflict of interest standards and protocdBased on my personal
knowledge an@xperiencer aninquiry of personneinvolved in the audit, the informaticgubmitted

herein is true, accurate, aodmplete.

(f) Third-party audit findings

(1) Findings response reporKuraray Americalnc. shall determine aappropriate response to each of
thefindings in the audit report and develafindings response report that includes:

(i) A copy of the final audit report;
(i) An appropriate response #&@ach ofthe audit report findings;
(iii) A schedule for prompthaddressing deficiencies; and

(iv) A certification, signed and datdxy a senior corporate officer, or afficial in an equivalent position,
of Kuraray Americalnc., stating:l certify unde penalty of law that | havengaged a thirgarty to
perform or lead aaudit team to conduct a thighrty auditunderthe requirementthe PSM standard and
the RMPRule,and that the attached audit report was received, reviewedegpahded to underym
direction orsupervision by qualified personndlfurther certify that appropriate responses tofihdings
have been identifiednddeficiencies were corrected or are betogrected, consistent with the
requirement®f the PSMStandard and RMRule. Based on my personkhowledge and experience or
aninquiry of personnel involved in evaluating the regdantlings and determining appropriatsponses
to the findings, the informatiosubmitted herein is true, accurate, andplete

(2) Schedulemplementation Kuraray Americalnc. shall implement thechedule to address deficiencies
identified in the audit findings respongoort in paragraph (f)(1)(iii) of thisection and document the
action takerto address each deficiency, along witie cate completed.
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(3) Submission ttheBoard of Directors Kuraray Americalnc. shallprovide a copy of eaatlocument
required under paragrap(f}(1) and (2) of this section, whemmpleted, tduraray Americal n caudit s
committee of the Board @irectors, or other comparabt®mmittee or individualas appropriate
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Appendix C: Accident Map
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Figure36. AcciMappart 1 of ©. (Credit: CSB)
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PHYSICAL EVENTS AND CONDITIONS

CSB Recommendation

2018-03-1-TX-R1 2018-03--TX-R1
management system did not management system
include an effective emorgency did not ensure EVAL.

pressure-rolief system design Plant emergency
requirement and periodic pressure-relief valves

1o ensure these discharge to a safe

location

safety systems discharge to
‘safe location

na evaluation to horizontal discharge of
engineering firm proposal design did not follow AP ischarge apor
to route discharge from 521 requirements to was to a safe
this system to a flare was. pravent vapor cloud location systoms may bo a systomic Reactor 2 design
not implemanted explosion validation project incident
design did not follow AP! 621 and
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Figure37. AcciMap part 2 of 9, Safey Issue #1 (Credit: CSB)
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Figure38. AcciMap part 3 of 9, Safety Issue #2(Credit: CSB)
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