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1.0 EXECUTIVE SUMMARY

1.1 Incident synopsis

On March23,2005,at 1:20p.m.,the BP TexasCity Refinerysufferedoneof theworstindustrial
disasters in recent U.S. history. Explosions and fires killed 15 people and injured another 180, alarmed the
community, and resulted in financial losses exceeding $1.5 billion. The incident occurred during the
startup of an isomerizatibiflSOM) unit when a raffinate splitter towfewas overfilled; presse relief

devices opened, resulting in a flammable liquid geyser from a blowdown stack that was not equipped with
a flare. The release of flammables led to an explosion and fire. All of the fatalities occurred in or near
office trailers located close tbeé blowdown drum. A shelteén-place order was issued that required

43,000 people to remain indoors. Houses were damaged as far away-gsidntess of a mile from the

refinery.

The BP Texas City facility is the thiidrgest oil refinery in the United States. Prior to 1999, Amoco
owned the refinery. BP merged with Amoco in 1999 and BP subsequently took over operation of the

plant.

1.2 Scope of Investigation

Due to the significancef the disaster, the U.S. Chemical Safety and Hazard Investigation Board (CSB)

investigatedchotonly B P &&ety performance dexasCity, butalsotherole playedby BP Group

! The refining isomerization process converts straight chain normal pentane and normal hexane streams to the highe
octanebranchechydrocarbonssopentan@ndisohexane thareusedfor gasolineblending.

2 The raffinate splitter is a distillation towerdt takes raffinate, a nearomatic, primarily straighthain
hydrocarbormixtureandseparates into light andheavycomponents.




managemenbased in LondorEngland® The CSBfurther examinedhe effectivenessf the
Occupational Safety and Health Administration (OSHA), which has primary U.S. federal government

oversightresponsibility for worker safety.

1.2.1 BP Group and Texas City

The Texas City disaster was caused by organizational and safety deficiencies at all levels of the BP
CorporationWarningsigns ofa possible disasteverepresenfor severalyears butcompany officials

did not intervene effectively to preventThe exent of the serious safety culture deficiencies was further
revealedvhentherefineryexperiencedwo additionalseriousncidentsjust afew monthsafterthe March
2005 disaster. In one, a pipe failure caused a reported $30 million in damage; thesotltet m a $2

million property lossln eachincident, communityshelterin-placeorders werdssued.

This investigation was conducted in a manner similar to that used by the Columbia Accident Investigation
Board(CAIB) in its probeof thelossof thespaceshuttle.Usingthe CAIB model,the CSBexamined

boththe technical and organizational causes ofribielent at Texas City.

The CAIB reportstatedthat N A S Adrganizationalculture and structurehad as muchto do with this

accident as did the immediate cafise.

3 BP Group management is the global corporate management responsible for business operations, including refining
andmarking(R&M).

4Ilmmediate causes are the events or conditions that lead directly or indirectly to an incident, such as mechanical
failure or human error (CCPS, 1992a). The immediate cause of the Columbia space shuttle disaster was striking of
the left shuttle wing by aigce of insulating foam that separated from the external tank about a minute after
launch. During reentry, superheated air melted the area damaged by the foam strike, weakening the structure,
leadingto thesubsequerfailure of the structureandbreakup of the shuttle(CAIB report,2003,vol. 1, p.9).



http://www.nasa.gov/columbia/home/CAIB_Vol1.html

The CAIB alsoobservedhat:

Many accident investigations make the same mistake in defining causes. They identify the
widget that broke or malfunctioned, then locate the person most\closnnected with the
technical failure: the engineer who miscalculated an analysis, the operator who missed signals
or pulled the wrong switches, the supervisor who failed to listen, or the manager whioatiade
decisions. When causal chains are limitetkthnical flaws and individual failures, thiesuing
responses aimed at preventing a similar event in the future are equally limiteainthieyfix

the technical problem and replace or retrain the individual responsible c8uehtions lead

to a misglided and potentially disastrous belief that the underlying probksbeen solved

(CAIB, 2003).

Simply targeting the mistakes of BP6s operators
cultural,human factor§,and organizational causes of the disaster that have a greatentative

impact® Oneunderlyingcausewas that BRised inadequate methasmeasure safety conditioas

TexasCity. Forinstanceaverylow personalnjury rateat TexasCity gaveBP a misleadingndicatorof

process safety performance. In addition, while most attention was focused on the injury rate, the overall
safetyculture and processafetymanagement (PSMprogramhad seriousleficiencies. Despite

numerougpreviousfatalitiesat theTexasCity refinery (23deathsn the30yearsprior tothe 2005

SiHuman factors refer to environmental, organi zation
influencebehaviouratwork in away which canaffecthealthands a f €HiSE, £999).

8 The Center for Chemical Process Safety (CCPS) states that identifying the underlying or root causes of an incident
has a greater preventative impact by addressing safety system deficiencies and averting the occurrence of
numerous other similar incidentshile addressing the immediate cause only prevents the identical accident from
reoccurring(CCPS,1992a).

"CCPS defines process safety as a Adiscipline that f
chemical releases at chemical process facilities. o
principles and analytical tools to prevent major accidents rather than focusing on worker occupational health and
safetyissuessuchasfall protectionand personaprotectiveequipmen{CCPS,1992a).
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disasterandmany hazardousiaterialreleasesBP did nottakeeffectivestepsto stemthe growingrisk of

acatastrophi@vent.

Costcutting and failure to invest in the 1990s by Amond then BP left the Texas City refinery

vulnerable to a catastrophe. BP targeted budget cuts of 25 percent in 1999 and another 25 percent in 2005

even though much of the refineryods infrastructu

trainingand staffing werelownsized.

1.2.2 OSHA

OSHA enforcement at the BP Texas City refinery was also examined. In the years prior to the incident
OSHA conducted several inspections, primarily in respose to fatalities at the refinery, but did not identify
the likelihood for a catastrophic incident, nor did OSHA prioritize planned inspections of the refinery to
enforce process safety regulations, despite warning signs. After this incident OSHA uncovered 301
egregiouswillful & violations for whichBP paida $21million fine, the largesever issuedy OSHA N its
35yearhistory.Priorto OSHA issuingcitations,therefinery hadtwo additionalserious incidents.

Despite the large number of major violations on the ISOM unit, and these two additional serious incidents
in 2005, OSHA did not conduct a comprehensive inspection of any of the other 29 process units at the

Texas Cityrefinery?

8A fwillfulo violation is defined as an "act done vo
indifference to, the Act's requirements.” Conie Construction, Inc. v. Reich, 73 F.3d 382, 384 (D1G9&)ir An
fegregiouso violatiowvyial abi Ganowpasahtyfivppbaéeédone,
appliedto each instancef aviolation without groupingor combining them.

% The settlement agreement between OSHA and BP from the iB8Ed&nt and other investigations did require BP
to retain a PSM expert to conduct comprehensive aud
PSM systems. 0 United States of America GOQuisNgtati onal
Americalnc. Settlement Agreemen§eptember 21, 2005.




OSHAG6Gs national focus on inspecting facilities
resulted in reduced attention to preventing less frequent, but catastrophic, process safety incidents such a
the one at Texas City. OSHAOG6Gs capability to ins
safety regulations is insufficient; verywecomprehensive process safety inspections were conducted prior
the ISOM incident and only a limited number of OSHA inspectors have the specialized training and

experiencaneeded to perforrthese complex examinations.

1.3 Incident Description

Onthemorningof March23, 2005 theraffinatesplittertowerinther e f i HS©M ynibveasrestarted

after a maintenance outage. During the startup, operations personnel pumped flammable liquid
hydrocarbons into the tower for over three hours without anidlioging removed, which was contrary

to startup procedure instructions. Critical alarms and control instrumentation provided false indications
that failed to alert the operators of the high level in the tower. Consequently, unknown to the operations
crew,the 1706foot (52m) tall tower was overfilled and liquid overflowed into the overhead pipe at the

top of the tower.

The overhead pipe ran down the side of the tower to pressure relief valves located 148 feet (45 m) below.
As the pipe filled with liquid,he pressure at the bottom rose rapidly from about 21 pounds per square

inch (psi) to about 64 psi. The three pressure relief valves opened for six minutes, discharging a large
quantity of flammable liquid to a blowdown drum with a vent stack open torntesphere. The

blowdown drum and stack overfilled with flammable liquid, which led to a gdifserelease out the

113foot (34 m) tall stack. This blowdown system was an antiquated and unsafe design; it was originally
installed in the 1950s, and had nelveen connected to a flare system to safely contain liquids and

combustlammable vapors released frdhe process.

Wi

"2

pe




The released volatile liquid evaporated as it fell to the ground and formed a flammable vapor cloud. The
most likely sourcef ignition for the vapor cloud was backfire from an idling diesel pickup truck located
about 25 feet (7.6 m) from the blowdown drum. The 15 employees killed in the explosion were
contractors working in and around temporary trailers that had been plg\dibed by BP as close as 121

feet(37 m) fromthe blowdown drum.

1.4 Conduct of the Investigation

Investigators from the CSB arrived at the facility on the morning of March 24, 2005. During the
investigation, the CSB reviewed over 30,000 documents; conducted 370 interviews; tested instruments;
and assessed damage to equipment and structures intieeyrefid surrounding community. Electronic
data from the computerized control system and process information from five years of previous startups
were also examined. The CSB investigation team was supplemented by experts in blast damage
assessmenvapor ¢oud modeling, pressure relief system design, distillation process dynamics,

instrumentcontrol and reliability, andiuman factors.

Several analytical tools were used by CSB in its investigation of the BP incident, including timeline
construction and logic tree causal analysis. See Section 2.3 for an incident timeline, Appendix A for an

organizationatimeline leadingup to theincidert, andAppendixB for thelogic tree.

Thisinvestigatiorwascoordinatedvith OSHA; the U.S. EnvironmentaProtectionAgency(EPA); the

TexasCommission oEnvironmental QualityTCEQ);a n d  iBvediigation team.

1.5 Key Technical Findings

1. ThelSOM startupproceduragequiredthatthelevel controlvalve ontheraffinatesplittertowerbe

usedto sendliquid from thetowerto storage However this valvewasclosedby anoperatorand




the tower was filled for over three hours without any liquid being removed. This led to flooding
of the tower and high pressure, which activated relief valves that discharged flammable liquid to

the blowdownsystem. Underlyindactorsinvolved inoverfilling the towerincluded:

1 The tower level indicator showed that the tower level was declining when it was
actually overfilling. The redundant high level alarm did not activate, and the tower

wasnot equippedwvith any othelevelindicationsor automaticsafey devices.

1 The control board display did not provide adequate information on the imbalance of

flows in andout of thetowerto alertthe operatorgo the dangerousligigh level.

1 Alack of supervisory oversight and technically trained personnel during the startup,
an especially hazardous period, was an omission contrary to BP safety guidelines. An
extra board operator was not assigned to assist, despite a staffing assessment that

recommendedn additionaboard operator faall ISOM startups.

1 Supervisors and operators poorly communicated critical information regarding the
startup during the shift turnover; BP did not have a shift turnover communication

requirementor its operationstaff.

1 ISOM operators were likely fatigued from working-ti8ur shifts for 29 or more

consecutivalays.

1 The operator training program was inadequate. The central training department staff
had been reduced from 28 to eight, and simulators were unavédablgerators to
practice handling abnormal situations, including infrequent and high hazard

operationsuch as startups and uafsets.

1 Outdatedandineffectiveprocedureslid notaddressecurringoperationaproblems




during startup, lading operators to believe that procedures could be altered or did not

haveto be followed duringhe startup process.

2. The process unit was started despite previously reported malfunctions of the tower level indicator,

level sight glass, and a pressure control valve.

3. The size of the blowdown drum was insufficient to contain the liquid sent to it by the pressure
relief valves. The blowdown drum overfilled and the stack vented flammable liquid to the
atmosphere, which fell to the ground and formed a vapor cloud thigdghi relief valve system

safetystudy had not been completed.

4. NeitherAmoconor BP replacedlowdowndrumsandatmospheristacks gventhougha series
of incidents warned that this equipment was unsafe. In 1992, OSHA cited a similar blowdown
drum and wack as unsafe, but the citation was withdrawn as part of a settlement agreement and
thereforethe drumwas not connected flareasrecommended Amoco, and later BP, had
safety standards requiring that blowdown stackseplaced with equipment such as a flare when
major modifications were made. In 1997, a major modification replaced the ISOM blowdown
drum and stack with similar equipment, but Amoco did not connect it to a flare. In 2002, BP
engineers proposed connectthg ISOM blowdown system to a flare, but a less expensive option

waschosen.

10 A flare system is process plant disposal equipment designed to receive and combust waste gases from emergency,
relief valve discharge or process vent. In an oil refinery, flares convert flammable vapors to less hazardous
materials. Flare system equipmemtd | udes a vessel, or fAknockout drum, @
contain any liquid discharge. After the liquid is removed, the remaining gases are safely combusted by a flare
burner. OSHA withdrew the citation after Amoco argued that the desithre atmospheric blowdown stack was
consistentvith industrystandards.




5. Occupied trailers were sited too close to a process unit handling highly hazardous materials. All
fatalitiesoccurred in or around the trailers.

6. Inthe years prior to the incident, eight serious releases of flammable material from the ISOM
blowdown stack had occurred, and most ISOM startups experienced high liquid levels in the
splittertower. Neither Amoco ndBP investigated these events.

7. BP Texas City managers did not effectively implement theirgisgtup safety review policy to
ensure that nonessential personnel were removed from areas in and around process units during
startupsan especialljhazardous time in operations.

1.6 Key Organizational Findings

1. Costcutting, failure to invest and production pressures from BP Group executive managers
impairedprocess safetgerformance atexas City.

2. The BP Board of Directors did not projri de ef
accident prevention programs. The Board did not have a member responsible for assessing and
verifyingt he per f or majanacadenbhazarfr®vénsion programs.

3. Reliance on the low personal injury rdtat Texas @y as a safety indicator failed to provide a
truepicture of processafety performance and thealth of thesafetyculture.

4., Deficiencies in BP6s mechanical integrity pi
equipmentt Texas City.

1O0SHAG6s Recordable Occupational Injury and Il Il ness |

normalized to allow for comparisons across workplaces and industries. The rate is calculated as the number of
recordable incidents for each 100 ftithe employees per year, based on 2,000 hours worked per employee per
year . BPO6s cal cwasattihoen soafme ngsur@SHAAdse, but included
same as injuries.
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5.

1.7

1.7.1

A ficheck the boxd mentality was prevalent at
and checked off on safety policy and proceduraliregnents even when those requirements had
notbeen met.

BP Texas City lacked a reporting and learning culture. Personnel were not encouraged to report
safety problems and some feared retaliation for doing so. The lessons from incidents-and near
misses, lterefore, were generally not captured or acted upon. Important relevant safety lessons

from a British governmentnvestigationof incidentsat B P &sangemouthScotlandyefinery

werealsonotincorporatedht Texa<City.

Safety campaigns, goals, and rewards focused on improving personal safety metrics and worker
behaviors rather than on process safety and management safety systems. While compliance with
many safety policies and procedures was deficient at all levels of the refinery, Texas City
managerslid not lead by example regardisgfety.

Numerous surveys,gies, and audits identified despated safety problems at Texas City, but
theresponse of Bfhanagers atalllevelsas t ypicat 69 MHatbe. di ttl e,

BP Texas City did not effectively assess changes involving people, policies, or the organization

tha could impact process safety.

Recommendations

New Recommendations

As aresultof thisinvestigationthe CSBmakesrecommendation® thefollowing recipients:

1 BP GroupExecutiveBoardof Directors

1 BP TexasCity Refinery

1 U. S.OccupationabafetyandHealthAdministration(OSHA)



http://www.hse.gov.uk/comah/bpgrange/images/bprgrangemouth.pdf

1 AmericanPetroleumnstitute (API)
1 United SteelworkerdnternationalUnion andSteelworkerd.ocal 13-1

1 Center for Chemical Process Safety (CCPS)

Sectionl3 of this reportprovidesthe detailedrecommendations.

1.7.2 Previously Issued Recommendations

The CSBissuedrecommendationgduringthe courseof theinvestigation.This sectionprovidesa brief

descriptionAppendix Cprovides the full text of each.

1.7.2.1 Safety Culture Recommendation

On August 17, 2005, the CSB issued an urgent safety recommendation to the BP Group Executive Board

of Directors that it convene an independent panel of experts tomxamiBP6s cor por ate saf e

management systems, safety culture, and oversight of the North American refineries. BP accepted the
recommendatioandcommissionedhe BP U.S. RefineriedndependenBafetyReviewPanel chairedby
former Secretary of State James Baker, Il (ABa

includedetermining the root causes of thexas City ISOM incident.

fiThe Report of the BP U.S. Reeries Independent Safety Review Panelwas i ssued Janua

The Baker Panel Report found that Asignificant
just Texas City, o0 and that BP h &tycultuwetamongis U.8.1 | e d
refineries. o The report found Ainstances of a |
from safe operating practices, and [that an] apparent complacency toward serious process safety risk

existed ateachfei nery. 06 The Panel concluded that fAmater

exista t BP¥e U. S. refineries. 0
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http://www.safetyreviewpanel.com/

The Baker Panel Report stated that BP6s corpora

measure and monitor process safety performanceo

overreliance on personal injury rates impaireditsgee pt i on of process saf et
of Directors fnhas not ensured, as a best pract
comprehensive, and effective process safety ma
remrtds 10 recommendations to BP addressed prov
process safety knowledge and expertise, strengthening management accountability, developing leading
and lagging process safety performance indicators, anitariag by the Board of Directors the

implementatorof t he Baker Panel 6s recommendati ons.

1.7.2.2  Trailer Siting Recommendations

On October 25, 2005, the CSB issued two urgent safety recommendations. The first called on the
American Petroleum Institute (APK tlevelop new guidelines to ensure that occupied trailers and similar
temporary structures are placed safely away from hazardous areas of process plants; APl agreed to
develop new guidelines. A second recommendation to API and the National Petrochemical and Refiners
Association (NPRA) called for both to issue a safety alert urging their members to take prompt action to
ensure that trailers are safely located. APl and AIp&blished information on the two recommendations,
referring to the CSBb6s call for industry to ta

trailersaway fromhazardous areas of process plants.

1.7.2.3 Blowdown Drum and Stack Recommendations

OnOctober31,2006,the CSBissuedwo recommendationsegardinghe useof blowdowndrums and
stacks that handl e fl ammabl es. The CSB recomme
Guide for Pressure Relievi ng eshazdrdsDfahsreqipnsentrtd n g

addressheneedto adequatelgizedisposaddrums,andto urgetheuseof inherentlysaferalternatives
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suchasflare systems.

The CSB issued a recommendation to OSHA to conduct a national emphasis program for oil refineries
focused on the hazards of blowdown drums and stacks that release flammables to the atmosphere and on
inadequately sized disposal drums. The CSB further reemded that states that administer their own

OSHA plan implement comparabémphasigprograms withirtheir jurisdictions.

1.7.2.4  Additional Recommendations from July 28, 2005, Incident

The CSB also made two recommendations as a result of its investigationoft2&, 2005, incident in

the Resid Hydrotreating Unit (RHU) of the BP Texas City refinery, one of two incidents after the March
23,2005, incident? The RHU hada majorfire thatresultedn a shelterin-placefor 43,000peopleand a
reported $30 million in plant property damage. In October 2006, the CSB released a Safety Bulletin on

thefindings of its investigation dhe incident, available atww.csbgov.

1.8 Organization of the Report

Section 2 describes the events in the ISOM startup that led to the explosion and fires. Section 3 analyzes
the safety system deficiencies and human factors issues that impacted unit startup. Sections 4 through 8
a s s e s systdrB for incident investigation, equipment design, pressure relief and disposal, trailer

siting, and mechanical integrity. Because the organizational and cultural causes of the disaster are central

to understanding why tthaltuie is exantinedir thesecsectionsr Seation 9B P 6
details BP6s approach to safety, organizational
safety problems at Texas City. Section 10 analy

maragemensystendeficiencies. Regulatorgnalysign Sectionl1 examines theffectivenes®f

120n August 10, 2005, the BP Texas City refinery experienced the third major mechanical inedatety incident
of that year, this one in the Cat Feed Hydrotreating Unit (CFHU); it resulted in a shgitace order and $2
million in property damage.

z
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OSHAGs enforcement of process safety regulati on
i nvestigationdés root causes and recommendations

providetechnical information igreater depth.




2.0 INCIDENT OVERVIEW

2.1 BP Corporate and Texas City Refinery Background

On March 23, 2005, an exydion and fires occurred at the BP refinery in Texas City, Texas, 30 miles
sout heast of Houston. The refinery, the company
gallons of gasoline per day (about 2.5 percent of the gasoline sold in the Uattes) ®r markets

primarily in the Southeast, Midwest, and along the East Coast. It also produces jet fuels, diesel fuels, and
chemical feed stocks; 29 oil refining units and four chemical units cover its 1,200 acre site. The refinery
employs approximatgl1,800 BP workers, and at the time of the incident, approximately 800 contractor
workerswere onsite supportintwrnaround® work. The sitehas alsdvadnumerous changes in

management at both the refinery and corporate levels. (Appendix D provides details on how the site

changedrom its commissioningo thedate of the explosion.)

The Texas City facility is one of five U.S. refineries owned by BP; its others are in Whitiliana;

Carsongalifornia; Cherry Point, Washingtoand Toledo, Ohio.

2.2 ISOM Unit Process

Theincidentoccurredwhile asectionof ther e f i IS®OM ynibvgasbeingrestartedaftera maintenance
turnaround that lasted one month. The ISOM unit, iredadlt the refinery in the miti980s to provide

higheroctane components for unleadgaioline consistsof four sections: atltrafiner** desulfurizer, a

13|n petroleum refining, a turnaround is the shutdown of a process unit after a normal run for maintenance and
repair,thenputtingthe unitback intooperation(Parker,1994).

4 Ultrafining is a licensed process developed by Standard Oil of Indianautfulize and hydrogenate refinery
feedstockdrom naphthao lubricationoils usingaregenerativdixed-bedcatalyst.




PeneX® reactor, a vapor recovery/liquidcycle unit, and eaffinate splitter. Isomerization israfining
process that alters the fundamental arrangement of atoms in the molecule without adding or removing
anything from the original material. At the BP Texas City refinery, the ISOM unit converted straight
chainnormal pentane and hexane into higher octane brarateed isopentane and isohexane for
gasoline blending and chemical feedstocks. (Appendix E provides historical information on the ISOM

unit andthe refinery.)

2.2.1 Raffinate Splitter Section

On the day oftie incident, the startup of the ISOM raffinate splitter section was initikiteds during
this startup that the tower was overfilled with liquid. This section describes the relevant equipment

involvedin the startup oMarch 23, 2005.

The raffinate splitter section took raffinatea noraromatic, primarily straighthain hydrocarbon

mixture-- from the Aromatics Recovery Unit (ARU) and separated it into light and heavy components.
About 40 percent of the raffinate feed was recovesddyht raffinate (primarily pentane/hexane). The
remaining raffinate feed was recovered as heavy raffinate, which was used as a chemicals feedstock, JP
jet fuel, or blended into unleaded gasolifke raffinate splitter section ccould process up toGb,0

barrels per day (bptf)of raffinate feed.

15 Penex is a licensed fixéded process developed by Universal Qil Products (UOP) that useadtigity
chloridepromotedcatalystso isomerizeC5/C6paraffinsto higheroctanebranched components.

% OnebarrelequalsA2 US gallonspr 159liters.




The process equipment in the raffinate splitter section (Figure 1) consisted of a feed surge drum; a
distillation tower; a furnace with two heating sections, one used as a reboiler for heating the bottoms of
the tower and the other prelieg the feed; aicooled fin fan condensers and an overhead reflux drum;
variouspumps;andheatexchangergAppendixE providesdetailsonthe historyof theraffinatesplitter

section.)

2.2.2 Raffinate Splitter Tower

Thetowerwasa verticaldistillation columnwith aninsidediameterof 12.5feet(3.8 m) andheightof 170
feet (52 m) with an approximate liqufdll volume of 154,800 gallons (586,100 liters). The tower was

fitted with 70 distillation tray¥’ thatseparated the liglitom the heavy raffinate (Figure 1).

17 A distillation tray has an opening at one end called a downcomer that allows liquid to flow down from the tray,
and a series of bubble caps that allow vapors to pass through from below. Hydrocarbon liquid enters the tray from
the downcomer of the tray ab® The liquid entering the tray is aerated with the vapor rising from the tray below
that is flowing through the bubble caps to form froth on the tray. The froth flows across the tray until it reaches an
outlet weir. The froth flows over the weir into tdewncomer, where the vapor is disengaged from the liquid
(Kister,1990,pg. 267).
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Figure 1. Raffinate section of the ISOM




Liguid raffinatefeedwaspumpednto theraffinatesplittertowernearthet o w enidomt. An automatic

flow control valve adjusted the feed rate. The feed wasigated by a heat exchanger using heavy

raffinate productandagainin the preheasectionof thereboiler furnacewhich usedrefineryfuel gas.

Heavy raffinate was pumped from the bottom of the raffinate splitter tower and circulated through the
reboiler furnace, where it was heated and then returned below the bottom tray. Heavy raffinate product
was also taken off as a side stream at the disel@rthe circulation pump and sent to storage. The flow

of this side stream was controlled by a | evel c
maintain a constant level in the tower. The splitter tower was equipped with a level tramsvhiith

provided a reading of liquid level in the tower to the control room board opétatoe. transmitter

measuredhet o w diquid Isvelin a5-foot (1.5-m) spanwithin the bottom9 feet(2.7 m) of the 170-foot

(52-m) tall tower.The splitter tower also had two separate alarms that indicated high liquid level; one was
programmed to sound when the transmitter reading reached 72 percent (a height of 7.6 feet or 2.3 meters
in the tower) The secondaredundant hardwirekigh level switch!® was designetb soundvhen the

liquid level reached 7.9 feet (2.4 m) in the tower (which corresponded to a reading of approximately 78

percenbonthetransmitter).The raffinateplitter wasalsofitted with aredundantow levelalarm.

The heavy raffinate product side stream flowed through two heat exchangers, one that exchanged heat
from the heavy raffinate with the colder incoming feed to the raffinate splitter, and a second that cooled

the heavyraffinatefeedusingwater,beforethe heavy raffinatavassentto storageor blendingtanks.

18 This reading was also used by the computerized control board system to adjust the position of the level control
valve.

19 Theredundanhardwiredhigh level switchwasanindependeninstrumeniot connectedo thelevel transmitter.

35

on



Light raffinate vapors flowed overhead and down a8 (45m) long section of pipe before they were
condensed by the abooled fin fan condensers and then deposited into a reflux drum. Liquid from the
reflux drum, <call ed 0 uvpdntolthe saffinate spliiter towven above tpay Infthee d b
top tray). The reflux drum was operated as a #f
state operation, it was kept completely fiithe reflux drum also had high and low level alarmsand

safety relief valve set at 70 psig (483 kPa). A bypass line, which discharged into the raffinate splitter
disposal header collection system, allowed release e€ondensable gas (e.g. nitrogen) and purge the
system. During startup, uncondensed vapuas built up in the drum were normally vented through a

control val ve-pound purgh ad vert §as sysdringré $. THs control valve

malfunctionedand was notisedduring the March 23005,startup.

2.2.3 Safety Relief Valves

To protect the raffinate splitter tower from overpressure, three parallel safety relief Vadpes @ were
located in the overhead vapor line 148 feet (45 m) below the top of the tower. The outlet of the relief
valves was piped to a disposal header collection system that discharged into a blowdown drum fitted with

avent stack.

The set pressures on these relief valves were 40, 41, and 42 psig (276, 283, and 290 kPa), respectively.
An 8-inch NP$° (8.625inch, 21.9 cnouter diameter)ine, fitted with a manual chainalve, bypassed
thesafetyrelief valvesandwasusedto releaseoncondensablgasesandfor systempurging.Therelief

valves were designed to open and discharge primarily vapor into the raffinate splitter disposal header

collectionsystemwhen their set pressures wesaceeded.

20NPS,or nominalpipesize,is a setof standargipe sizesused fopressurgiping in North America.
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2.2.4 Disposal Header Collection Systems

The disposal header collection system received liquid and/or vapor hydrocarbons from venting relief and
blowdown valves from equipment in the ISOM unit and discharged them to the blowdownTtheim.

header collection system included aiddh NPS (35.6 cmuder diameter) elevated pipe about 885 feet
(270m) long from theraffinatesplittertower (Figure2). Othersectionsof the ISOM unit alsodischarged

from two additional collection headers irttee blowdown drum.

Safety Relief Valves

1.5-inch F-20
Reflux By- 4 Blowdown
Pass Valve
To 3-pound / Drum
Purge and Vent and

System

Stack

Figure 2. Disposal collection header system

2.2.5 Blowdown Drum and Stack

The blowdown drum and stack were designed to accept mixed liquid and/or vapor hydrocarbons from

ventingrelief andblowdownvalvesduringunit upsetsor following a unit shutdownIn normaloperation,

37




light hydrocarbon vapors disengage from liquids, rise through a series of baffles, and disperse out the top
of the stack into the atmosphere. Any liquids or heavy hydrocarbon vapors released into the drum either
fall, or coneénse and then fall, to the bottom of the drum where they collect. Liquid would then be
discharged from the base of the blowdown drum into the ISOM unit sewer system beg#duse [dPS

(6.625 inches; 15.24 cm outer diameter) manual block valve was chained open (Figures 3 and 4). This
practice of discharging to the sewer was unsafe; industry safety guidelines recommend against

discharginglammable liquids that evaporate readityo a sever?!

The blowdown system, installed in the refinery in the 1950s, was a vertical drum with an inside diameter
of 10 feet (3 m) and is 27 feet (8 m) tall. (Appendix E provides additional information on the blowdown

s y s t lestoy. 3 The drum wais fitted with a 3dch (86 cm) diameter stack that discharged to the
atmosphere at a height of 119 feet (36 m) off the ground. The approximate liquid full volume of the
blowdown drum and stack was 22,800 gallons (86,200 L). The daghseven internal baffles; the

disposakollectionheadesystemdrom the ISOM unit dischargedhto the drumbelowthe lowestbaffle.

A liquid level, normally water, was maintained in the bottom of the blowdown drum. The height of this

levelwas controllebya A g 0 o sealiheg pipedd aclosed drainFigure3 and 4).

A level sight glass was availalite monitor the water level and a high level alarm was set to activate
when the liquid level in the drum was close to flowing over the top of the gooseneck seal leg. A second
manualblock valvewas locatedn abranch lineof the blowdowndrumdischargepipe (Figure3).

Following this valve, which was normally closed, was a manual steaw®n pump and a light slop

tank??

21 American Petroleum Institute (AP1) 199Guide for PressurdRelieving and DepressurirgystemsAPI
Recommende®racticeb21,p. 52.

22 A sloptankis atankdesignatedor collectingequipmentrainings,tankwashingsandotheroily mixtures.
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From Relief Header&— "~

Gooseneck

6-inch Manual Block Valv’e/ T

Chained-locked Open

To Sewer (
A To Light Slop Tank

Steam Driven Pump

Figure 3. Blowdown drum and gooseneck
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Figure 4. Left: Gooseneck piping and manual block valve (chained-locked open) Right:: Close-up of

2.2.6

Ea.

manual block valve

ISOM Unit Sewer System

While liquid raffinate discharged out the top of the blowdown stack, it also flowed into the process sewer

system and into the west diversion box and oil/water separator, both fitted witlahéghighhigh level

alarms.

2.3 Turnaround Activities

In early2005,two majorturnaroundsvereunderwayon unitsadjoiningthe ISOM unit.

2.3.1

Ultracracker Unit and Aromatics Recovery Unit Turnaround

Ultracracker unit (ULC) contractors were supporting a turnaround and BP sited a number of trailers for

the contractors in the area next to the ISOM Wigyre 5. (Appendix F provides further information on

thelocation,construction,anduseof thesdrailers.) TheAromaticsRecoveryUnit (ARU), which

40




providesfeedstocko theISOM unit, wasalsoundergoinga turnaroundsupportedy contractorsThese

two turnaroundgreatlyincreasedhe numbenpf contractorand BPpersonnel inhearea.

2.3.2 Partial ISOM Unit Shutdown

The raffinate splitter section of the ISOM unit was shut down on February 21, 2005, and the raffinate
splitter tower was drained, purged, and steam#do remove hydrocarbons (Table A) the time of the

incident most of the scheduled maintenance tasks had been completed on the raffinate splitter section, bu
the Penex reactor, in a separate section of the unit, was awaiting delivery of a gasket. When BP decided t¢
startup the raffine splitter section, threeontractorcrews werestill working insidethe battery limit&

of the ISOM unit: one crew was waiting to install the gasket on the Penex reactor, the second was
removingsomeasbestosandthe third waspaintingequipmeninsidethe unit. Employeedrom all three

crewswereinjured as a result of the explosion dind.

22The battery limit is an area in a refinery or chemical plant encompassing a process unit or battery of units with
their relatedutilities and services (Parker, 1994).
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Figure 5. Refinery layout of the area surrounding the ISOM unit




Table 1. Timeline of events from ISOM unit shutdown to March 23 incident

Date Time Events

21-Feb05 RaffinatsplittesectiomfthelSOMunitis shutdownthel2hourconsecutivéayshiftschedulbegins

26Feb05 Operatorsytoopen/closiepressureontro{3-poundyalveronthecontroboardyalves unresponsive
A revised work order to replace leaking isolation valves is added to the list of turnaround work s

10Mar05 transmittaranbe fixed

22Mar05 Operatoragairtrytoopen/clostae3-poundralvefronthecontroboardbutvalvas unresponsive
Supervisdktellsinstrumenéchniciart®stopcheckinthecriticahlarm$becaust¢heunitis startingipand

22Mar05 therds not enoudimetocomplete thehecks

23Mar05 2:15a.m. TheNight.eadOperatdoegindgillinghetowemvithraffinatéeedronthesatelliteontrotoom

23Mar05 3:0%.m. Thetowehighievehlarmsoundsvhertheleveinthetowereached .6ftinthetowe(72%onthetransmitter)

23Mar05 Theredundartighevehllarmswitctdoesnotsoundvherthetowefevereached . oft (78%ontransmitter)
TheNight.eadOperatdillsthetowerstoppingvherthetransmitteead99% whicrshouldhavebeer8. 95t

23Mar05 (2.7m)in thegowerputisactuallyL3.3ft (4m)

23Mar05 5:00a.m. TheNight.eadOperatdeavesherefineralittleoveranhoubeforéisscheduleshifieaveime

23Mar05 6:06a.m. TheDayBoardperatoarrivesttherefinery

23Mar05 6:23a.m. TheNighBoardperatdeavesherefinery

23Mar05 7:15a.m. Supervisdkarrivedorhisshift

23Mar05 9:27a.m. Operatorgper8-inchNP Schairvalveoremovaitrogerthepressurenthetowedropgonear0 psig(OkPa)

23Mar05 Averbamiscommunicatmcurdetweenperationgsersonnebgardinfeedroutingnstructions

23Mar05 9:40a.m. TheDayBoardDperatoopenghetowetevekontrovalveo 70%outpufor3 minutesghencloseghevalve

23Mar05 9:51a.m. StartupftheraffinateinirecommencesdthetowebeginseceivingiordeedromheARU
TheDayBoardperatasbservea 97%ransmitteeadingwhictshouldhaveneeran8.85it, or2.7m,tower

23Mar05 levelwhen hstarts circulation

23Mar05 9:55a.m. Twaoburnergrelitintheraffinatéurnace
Supervisdkleavesherefinergluetoafamilyemergencypsupervisartechnicaltyainegersonnel

23Mar05 10:47.m. | replaces him
Twoadditionddurnerénthefurnacearelit;thelevetransmitteead93%whictshouldavebeeratower

23Mar05 11:16.m. | levebf8.65 f{2.6m);but isactuallp7ft.(20m)

23Mar05 11:5G.m. | Fueltothefurnacésincreasedheactuatoweteveis98ft, butthetransmitteeads88%(8.4ft.;2.6m)
Thetower'pressureiseso33psig(228&Pa)pperatorseduceressurbyopeninghe8-inchNPSchain

23Mar05 12:4Jp.m. | valve

23Mar05 12:42.m. | Fuelgastothefurnacésreducedheactuatoweteveis 140ft (43m),buttransmitteeads80%(8ft;2.4m)
TheDayBoarddperatonpenghetowetevekontrovalvao 15%outputthentriesseveraimegoincrease

23Mar05 12:42.m. | outpubverthenextl5min.

23Mar05 12:4%.m. | Approximatedppeoplattendisafetymeetingnthemaincontrotoomunti~1:1(p.m.

23Mar05 12:5%9.m. | Heavyaffinat@owoutoftheunitfinallybegins

23Mar05 1:02p.m. Heavyaffinatéowoutofthetowematchetheflowofraffinaténtotheunit

23Mar05 1:04p.m. Theactualeveinthetoweis 158ft (48m)buttransmitteeadindpasdeclinetb 78%(alevebf7.9ft;2.4m)

23Mar05 1:11p.m. SupervisgkandLeadOperatatalk;Supervis@uggestsepenin@g bypasvalveorelievéowepressure
Hydrocarbon flows out of the tower into overhead piping; tower pressure spikes to 63 psig (434

23Mar05 1:14p.m. reliefzalves open
TheBoardDperatdoegindroubleshootititepressurspikehenoticeshedrumalarmhadnotsoundedso

23Mar05 heresumemovesoreduceressureelievintherds aresiduabuildumfnoncombustiblieghetower

23Mar05 1:15.m. Fuelgastothefurnacésreduced

23Mar05 1:16p.m. TheBoardperatdullyopengheheavyaffinatéevekontrovalve

23Mar05 1:17p.m. Theoverheatefluypumps startedyoutsid@perators

23Mar05 1:19:59.m. | TheDaylLeadOperatashutofffuelgastothefurnacdromhesatelliteontrotoom

23Mar05 1:20:04.m. | Vapocloudgnitesndexplodes
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2.4 The Hazards of Unit Startup

Process unit startup is a significantly more hazardous period compared to normal oil refinery operations.
BP6s Texas City policies and procedures acknowl
and as such, BPO6s proonmmeand eda fthtayy dissiupell iemeantraeg y
such as experienced supervisors, operating specialists, or technically trained personnel during unit
startups and shutdowr?A basis for this policy was a previous éogion at Texas City during startup.

The guidelines state that startup and shutdown are two of the most critical periods of plant oferations,
andthatthese criticaperiods experiencenexpectednd unusuasituations?® In 1996,Amocoanalyzed

data from 15 years of operations and concluded that incidents during startups were 10 times more likely
thanduring normal operation?” Despitetheseguidelinesandincreasedisks, BP did not have

supplementargssistanceqrsonnel activelynvolvedin the ISOM startup.

2.5 Incident Description

The incident occurred during the startup of the raffinate splitter section of the ISOM unit when the

raffinatesplittertowerwasoverfilled. Flammabldiquid wasreleasedyaporized andignited, resultingin

ed

“ASuper vi sodrSt aPretrusposn naenld Shut downs, 0 P I(Thiscgeidelinevaaf ety Gui

|l abeled as an Amoco Petroleum Products document ; h o
heritage policies andoroceduresfter the 1999 merger.

25 SeeSafe Ups and Downs for Process Units BP Pr ocess Safety Series (I ChemE

of the seriougrefineryfires andexplosionshaveoccurredon unitsduringstartupsands hut d @8ns , 0

26 Not only BP, but industry safety guidelines, recognize that startups are hazaie@enter for Chemical
Process Safety (CCPS), an industponsored affiliate of the American Institute of Chemical Engineers that
publishes widely reognized process safety guidelines, has determined that plant startup is when the majority of
process safety incidents occ@CPS states that even though startup represents only a small portion of the
operating life of a plant, process safety incidentuiofive times more often during startup than during normal
operationsThe 1998 Equilon Refinery accident in Anacortes, WA, with six fatalities; the United Kingdom 1994
Texaco Milford Haven explosion and fire; and the 2000 BP Grangemouth FCC unit fineaanples of major
accidents that occurred during plant startapidelines for Safe Process Operations and Maintené@c#S,
1995); p.113 citind.arge Property Damage Losses in the Hydrocad@vemical IndustriesMarsh McLennan,
14th edition, Newyork, NY, 1992.

?Memo from the Director of Refining Prod®8tatsps&df et y,
Shutdowns/ersusNormalOp er at i 0lpl996.0 May
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an explosion and fire. The following section describes the events leading up to the incident, the resulting

damageand the emergenagsponse activities.

251 Unit Staffing

When the ISOM unit was in normal operation, it and two other units were run by a board operator and
threeoutside operator$. The outside operators wesssignedo either thdSOM unit; thenaphtha
desulfurization unit (NDY} or the aromatics unit no. 2 (AU2). One board operator monitored all three
from a central control room located in the AURgure 5. Each crew also had a frontline supervisor and

aprocess techniciafPT). Table 2lists sgnificantpersons involved innit startup.

While the ISOM unit was shut down, the operators were on a turnaround schedule and split into two
crews working 1zhour shifts, which would continue for the duration of the shutdown and until the unit

was back to normal operation after the shutdown. The ISOM day shift crew consisted of one board
operator and five outside operators. The Day Shift B@grerator had six years experience operating the
control board, including four startups in the last five yetngo of the five outside operators had over 15

years ISOM experience. One of these two operators was the Day Lead Operator, and had more than nine
yearsof mostly boardperatorexperience buvas assignetb anoutsideoperatorrole forthestartup.

This operator had been elevated to a lead position for the turnaround, but was not clearly assigned
responsibilityfor leadingthe startup.The Day Lead Operatorcoordinatechis tasksfromthelISOMu ni t 6 s
satellite control roomHigure 5, which had a computer system that allowed him to monitor the ISOM

controlboard.

28 As the NDU, AU2, and ISOM normally operate continuously, a total of four crews working rotatimgut 2
shifts is needed to staff the units. The four frontline supervisors, an operations coordinator, a turnaround
coordinator, and a training coordinatopoet to the unit superintendent. The coordinators and superintendent
work the dayshift.
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Table 2. Individuals involved in the March 23, 2005, startup

JobPosition

Description

Texas City Managers

Managers above the frontline supervisor level

Shift Director

Site operations coordinator responsible for executing the daily operation plan

Process Technician
(PT)

Experienced operators who held floating positions, performing tasks as needed,
including assisting on the control board or outside operators in the process units.

Night Supervisor Frontline supervisor involved in the turnaround activities of the ARU during the
night shift prior to the incident
Day Supervisor A ISOM-experienced frontline supervisor; left the refinery for a family emergency

Day Supervisor B

Inexperienced frontline supervisor for AU2/ISOM/NDU complex and the ARU;
involved primarily in turnaround activities of the adjacent unit

Night Lead Operator

Began the startup process in the satellite control room during the early morning
hours of March 23

Day Lead Operator

ISOM-experienced board operator working as an outside operator during
turnaround; responsible for managing contractors, finding replacement equipment
for ISOM, and training two new operators

Night Board Operator

Controlled the NDU and AU2 units in the centralized control room during the shift
prior to the incident

Day Board Operator

Responsible for monitoring and controlling the AU2,NDU, and ISOM units,
including the raffinate section startup, on March 23 from a centralized control
room in the AU2 unit

Outside Operators

Operators performing manual tasks on unit equipment

Operations Personnel

Operators and frontline supervisors

The other experienced outside operator had little board operator experience. The three remaining outside
operators were inexperienced; one had worked in the ISOM for seven months, and two were unit trainees.

Theshift started withtwo supervisorsonewith 20 years ISOMexperiencethe secondavith none.

The two PTs typically assigned to the ISOM/NDU/AUZ2 unit were delegated to work in the ARU; these
experienced and knowledgeable operators did not help with the ISOM unit stdmugtartup of the
raffinatesectionof the|ISOM unit took placeovertwo shifts: the night shift on March22,2005,andthe

day shift thabegan at 6 a.m. on Mar&3.




2.5.2 Preparations for the ISOM Startup

A number of safetgritical steps were required prior to introducing hydrocarbons into the splitter tower.
These steps, as listed in the startup procedures, included completing maintenance work, performing
required safety reviews, checking equipment, aredieng that utilities, control valves, and other

equipmentvere functioning and correctly aligned.

2.5.2.1 Pre-Startup Safety Review (PSSR)

BP had used a rigorous pstartup procedure prior to the incident that required all startups after
turnarounds to go through a PS8R/hile the PSSR had been applied to unit startups after turnarounds

for two years prior tohis incident, the process safety coordinator responsible for an area of the refinery
that includes the ISOM was unfamiliar with its applicability, and therefore, no PSSR procedure was
conductedIf the PSSR, which called for a formal safety review bgchnical team led by the operations
superintendent, had been implemented, a technical team would have verified the adequacy of all ISOM
safety systems and equipment, including procedures and training, process safety information, alarms and
equipment functinality, and instrument testing and calibratibhe PSSR required sigyff that all non

essential personnel had been removed from the unit and neighboring units and that the operations crew
had reviewed the startup procedud@gher level management, suas the Texas City Operations

Manager and Process Safety Manager, were required to sign off on the PSSR checklists and authorize the

startup.However, nonef the PSSR procedural steps were undertdkethe|SOM startup.

®The BP Texas GCittaytiuposSmdletHr kevi ewo pol-1.0crequifedrear k e d
formal PSSR prior to startup following aturnaroumch e pol i cy defined a turnarour
requires feed to be pulled from the uniteosection of the unit and equipment to be prepared or opened for
mai ntenance. 0 The | SOM raffinate section maintenanc
as a turnaround under this poli&quipment, such as theI 01 splitter tower and the FLO1 feed surge drum,
was deinventoried, steamedt, and opened for maintenand&hile PSM7.0 was not formally adopted until
after the incidentif hadbeen applied tthe startupsafter turnaroundfor the twoyearsprior to the ISOM
incident.




2.5.2.2 Needed Pre-Startup Instrumentation and Equipment Repairs

During prestartup equipment checks, key splitter tower instrumentation and equipment were identified as
malfunctioning but were not repad. During the ISOM turnaround, operations personnel reported to
turnaroundsupervisors that theplitter level transmitteand level sighglass needed repaft This

equipment could not be repaired when the unit was dpgrats the block valves needed to isolate the

level transmitter and the sight glass from the process were leaking. As a result, on March 10, 2005, a
revised work order was issued that added replacement of the isolation block valves to the turnaround job
list. The level transmitter was not repaired because BP supervisors determined that there was too little
time to complete the job in the existing turnaround schedie isolation valves were replaced during

theturnaround; BRupervisors plannet repar the leveltransmitter aftethe startup.

Both during unit shutdown and the equipment checks in the days preceding raffinate splitter startup,
operationgersonnel founthata pressureontrol valvé! wasinoperable. Orrebruary 26 andvarch 22,

2005, operators tried to open and close the control valve from the control board, but the outside operators
saw that it did not movd&.he malfunctioning control valve was reported to a frontline supervisor;

however, no work order vgawritten and no repairs were made prior to staffbjs same frontline

supervisor signed off on the startup procedure that all control valves had been tested and were operationa

prior to startup.

A functionality check of all alarms and instruments wkB® required prior to startup, but these checks
were not completedn March 22, 2005, instrument technicians had begun checking the critical alarms

whenasupervisotold themthat theunit wasstartingup and theravasnotime for additionalchecks.

30 The raffinate splitter tower level transmitter was reported by operations personnel as providing inaccurate
readings and needing calibration. The tower sight glass was reported as dirty on the inside of the glass so that the
tower level couldnot bevisually determined.

31 The raffinate splitter tower pressure control valve;3002, vents pressure and roondensable gases to the 3
pound plant gas system from the reflux drum and splitter tower during startup but does mbipcessure during
normaloperation.




While some alarms were tested, most were not prior to stamgpsupervisor, however, initialed on the

startupprocedure that those checks had been completed.

Other key safety preparations listed in the startup procedures were omitted or ineffectively carried out.
BP guidelines state that unit startup requires a thorough review of startup procedures by operators a

supervisorgZhowever, this review was not performed. The procedure also called for adequate staffing

for the startupand thatanyunsafeconditions becorrected.Both ofthesesteps were initialedsbeing

completedoy a unit traineeatthe direction ofhis supervisor.

2.5.3 Initial Tower Filling and Shutdown

BP supervision decided to initiate the startup of the ISOM unit raffinate section during the night shift on
March 22, 2005This decision was consistentitivprior email communications by area supervision
directing the turnaround work, stating that the raffinate section would be started when the ARU had
returnecto operatior?® However, aftethe startup wabegun, itwas stopped artthe raffinatesection was

shut down to be rstarted during the next shift. Starting, but then stopping, the unit was unusual and not

coveredn the startugprocedures, which only addressed one continuous startup.

The Night Lead Operatooatrolled filling the raffinate section from the satellite control room because it
was close to the process equipment. The Night Board Operator controlled the other two process units
from the central control room. The Night Lead Operator did not useattegsprocedure or record
completed steps for the process of filling the raffinate section equipment, which left no record of the

startupsteps completed for the operators onrtbgtshift.

32 SafeUpsand Downsfor ProcessJnits, BP ProcessSafetySeriegIChemE,2005);p. 28.

33The ARU had just been started up from a major turnaround and some ARU operational problems were still being
addressed.




As stated earlier, the splitter tower was equipped with a level transmitterghatsnur ed t he t ow
level in a 5foot (1.5 m) span within the bottom 9 feet (2.7 m) of the-fbdd (52m) tall tower. The

splitter tower also had two separate alarms; one was programmed to sound when the transmitter reading
reached 72 percent (aipkt of 7.6 feet or 2.3 meters in the tower), and the other was a redundant high
level alarm that was designed to sound when tower level reached 7.9 feet or 2.4 meters (an approximate
transmitter reading of 78 percent). However, when the raffinate spiiter was filled beyond the set

points of both alarms to a level reading of 99 percent on the transmitter in the early morning on March 23,
200524 only one alarm was activated. The high level alarm was triggered at 3:09 hawedundant

hardwired high level alarm never sounded. Material balance calculations conductietigdest

determined that the tower had actually filled to 13 feet (4 m), four feet over the top tap of the level
transmitter. Because the failure of tiigh level switch was unnoticed, it was not reported by the Night

Lead Operator or other operations personnel; consequently, no work order was written and the
malfunction was not noted in the logbodke high level alarm associated with the level trattemi

remainedn the alarmed state throughout the incident.

Filling the bottom of the tower until the level transmitter read 99 percent was not unusual, even though
the startup procedure called for the level in the tower to be established at a 50tpmnsamtter reading.
Operations personnel explained that additional liquid level was needed in the tower because in past
startups the level would typically drop significanflyo avoid losing the liquid contents of the tower and
potentially damaging equipment, board operators typically operated the tower level well above 50

percent.

34 At 1:57 a.m., liquid hydrocarbons from the ARU were introduced into the raffinate section equipment; at 2:15
a.m.,hydrocarborfeedwasflowing to theraffinatesplittertowerandtheliquid levelbegarto riseat2:27a.m.
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Once the raffinate section equipment was filled, the startup was stopped and the splitter tower feed and
bottoms pumps shut off.he circulation was shut dawand the tower level control valve remained in the

ficl os e d dortipemexi shift torasuntbe startup®

254 Inadequate Shift Turnover

Shortly before 5:00 a.m. on March 23, 2005, the Night Lead Operator left the Texas City refinery
approximately an hour before his scheduled shift end time. He told his supervisor and the Night Board
Operator that he was leaving, and briefly describeddtiers he had taken in the satellite control room.
Thefollowing entrywasaddedo the centralizedcontrolroomlogbook:fi | S kbughtin someraff to

unit, to pfack raff with.o

Whenthe Day BoardOperatorchangedshiftsin the centralcontrolroomwith the Night Board Operator

shortly after 6:00 a.mhe received very little information on the state of the unit. The Day Board and

Night Board Operators spoke to each other, but because the Night Board Operator was not the one who
filled the tower, he provided few details about

thanwhat was written in the logbook.

The DayBoard Operator read the logbook and interpreted the entry to mean that liquid was added only to
the tower; the Day Board Operator, in pigtident testimony, said that he was unaware that the heat
exchangers, the piping, and associated equipment haldegdadilled during the previous shifthe
ISOM-experienced Day Supervisor, Supervisor A, arrived for his shift at approximately 7:15 a.m., more

thanan hour late, andid not conduct shift turnov&rwith anynight shiftpersonnel.

35 These actions were not part of the startup procedure, which instructed that, after a level was established in the
splitter tower, the tower |l evel control valve was t
heavyraffinateflow from the bottomof the tower tcstorage.

®The term fipacko is jargon used in the refinery; to
casewith liquid raffinate feedstock.

37 Shift turnover is when the operator of the outgoing shift shares information with the opetamimafoming shift
regardingthe currentstatusof the unit and anyproblems oiconcernsiotedduring thatshift.




2.5.5 Raffinate Tower Startup

On the morning of March 23, the raffinate tower startup began with a series of miscommunic¢agons.
early morning shift directorsé meeting discusse
ISOM experience, was told that startup couldproceed because the storage tanks that received raffinate
from the splitter tower were believed to be fiithe Shift Director stated in pestcident interviews that

the meeting endedith theunderstandinghat the raffinatesection woulchot bestarted.This decision

was consistent with a March 22 storage tank area logbook entry that stated the heavy raffinate tank was
filling up38 The instruction to nastart the raffinateection wasmot communicated to thiSOM

operations personnél.

Day Supervisor A told the operations crew that the raffinate section would be started. Because the startup
procedure that should have provided information on the progress of the startup by thieifbighsaot
filled out and did not provide instructions for a pomtinual startup, the Day Board Operator had no

preciseinformation ofwhat stepshe nightcrewhadcompleted andvhat theday shiftwas todo.

Day Supervisor A did not distribute or iew the applicable startup procedure with the crew, despite

beingrequired to do so ithe procedure.

Before sending additional liquid hydrocarbons to the raffinate section, outside operators opened the 8
inch NPS chairoperated valve to remove nitrogieam the splitter tower systerAt 9:27 a.m., the

pressure in the tower dropped to near 0 psig (0 kPa). The startup procedure called for lowering system
pressurg¢o aminimumto help preventoverpressuringhetowerduring startupby removingthenitrogen

thatremainedn the systeniollowing the purging of airfrom theraffinate equipment.

%The storage tank area |l og book dated March 22, 2005
storage anks] . 0

39 No BP managerstherthanfrontline supervisordhiaveacknowledgeduthorizingthe startup.
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Prior to recommencing the startup, a miscommunication occurred regarding how feed and product would
be routed into and out of the unit (Section 3.2). The Day Board Operator believed he was instructed not to
send heavy raffinate product to storage ancefoee closed the tower level control valve. However, the
outside operators believed they were instructed not to send the light raffinate product to storage and
manually changed the valve positions so that light raffinate would flow into the heavy rgffiodtet

line. Moreover, no feed or produiguting instructions were entered into the startup procedure or the unit
logbook. The CSB determined that the miscommunication likely concerned whether the light or heavy

raffinatetanks were full and unavailabie receive additional liquid.

Prior to the restart at 9:40 a.m., the Day Board Operator opened the splitter tower level control valve to 70
percent output, and for three minutes 12,000 bpd of heavy raffinate flowed out of theTiosvehe

closed the Ieel control valve, which went to 0 percent output, but the heavy raffinate flow indication
dropped only to 4,300 bpd rather than 0 bifak flow indication was erroneous, and little or no heavy
raffinate flowed from the tower. Startup resumed at 9:51 Bwen though the Day Board Operator did

not have the benefit of a written procedure with the completed steps initialed to indicate the exact stage of
the startup, raffinate circulation was restarted and feed introduced into the splitter tower, which already

hada highliquid level.

The Day Board Operator, acting on what he belie
understanding of the need to maintain a higher level in the tower to protect downstream edtlipment,
closed the level control valve. However, the startup procedure required the level control valve to be
placed in Aautomatico and set at 50 percent to
Operator said that, from his experience, when the splitter tower bottoms pumps were started and

associate@quipmenfilled, thetowerlevel dropped Operationspersonnettatedthatif thelevelwas

40 A loss of heavy raffinate flow out the bottom of tower had the potential to damage the furnace tubes in the fired
heaterThe raffinate furnace was equipped with a low flow alarm and furnace trip &cptbe tubes against
overheating.The trip shutdownthefurnaceby closing thefuel gas controlzalve.




maintained at only 50 percent, a drop in liquid level could result in losing heavy raffinate flow from the
bottom of the tower, and that |l oss of flow from
the furnace and the startup process. The Day Board Operator observed a 97 percent level when he startec
circulation and thought that this level was nokrha said he did not recall observing a startup where the

level was as low as 50 perceft.10:10 a.m., 20,000 bpd of raffinate feed was being pumped into the

tower and 4,100 bpd was erroneously indicated as leaving the tower through the level coetrohea

Day Board Operator said he was aware that the level control valve was shut. After examining control

boarddata, CSB concluddbat there waskely no flow outof the towerat this time.

2.5.6 Tower Overfills

The tower instrumentation continued to sha liquid level less than 100 percent of the range of the
transmitter.The level sight glass, used to visually verify the tower level, had been reported by operators
as unreadable because of a buildup of dark residue; the sight glass had been nonfionceveal

years Knowing the condition of the sight glass, the Day Board Operator did not ask the outside crew to
visually confirm the levelEven though the tower level control valve was not at 50 percent in

ffaut omati co mode, p@pceduredhe Day Bahrd Operatorisaid he beleved the

conditionwassafe agong ashekept thelevel withinthereading rangéspan)of thetransmitter.

As theunit wasbeingheatedthe Day SupervisoranexperiencedSOM operator]eft theplantat 10:47

a.m. due to a family emergendihe second Day Supervisor was devoting most of his attention to the

final stages of the ARU startup; he had very little ISOM experience and, therefore, did not get involved in
the ISOM startupNo experienced supervisor or ISOM technical expert was assigned to the raffinate

sectionstartupafterthe Day Supervisoteft, althoughB P &afety proceduragquiredsuchoversight.

)




The Day Board Operator continued the liquid flow to the splitter tower, but was unaware that the actual
towerlevel continued toise. At 9:55a.m., two burnersvere lit in theraffinatefurnace!* which pre-

heated the feed flowing into the splitter tower and served as a reboiler, heating the liquid in the tower
bottom Figure J. At 11:16 a.m., operators lit two additional burners in the furnatele the

transmitter indicatethat the tower level was at 93 percent (8.65 feet; 2.64 m) in the bottom 9 feet of the
tower, the CSB determined from pastident analysis that the actual level in the tower was 67 feet (20
m). The fuel to the furnace was increased at 11:50 a.m., ahwihie the actual tower level was 98 feet

(30m), althoughthetransmitterindicatedthatthelevelwas88 percent(8.4 feet; 2. 6 m) anddecreasing.

At 12:41 p.m., the towerds pressure rose nho 33
the liquid level compressing the remaining nitrogen in the raffinate sy$temoperations crew,

however, believed the high pressure to be a result of the tower bottoms overheating, which was not
unusual in previous startups. In response to the higispre, the outside operations crew opened-the 8
inch NPS chairoperated valve that vented directly to the blowdown drum, which reduced the pressure in

thetower.

The startup procedure called for heating the raffinate splitter tower reboiler returo 3B (135°C)

at no more than 50°F (10°C) per hour to avoid excessive pressure in theHowever, during this

startup the temperature of the reboiler return to the tower rose as high as 307°F (153°C), and from 10 a.m
to 1 p.m. the temperature increased at a rate of 73°F (23°C) petrhthe .previous five years, most of

the 19 startups had deviated from writpgncedures. In the majority, the reboiler return was heated above
275°F (135°C) and had temperature increase rates of over 100°F (38°C) per hour; in five, the reboiler
return was heated to over 290°F (143°C); and in six of these startups, temperateasethat rates in

exces®f 150°F (66°C) per hour.

41 The direct fired reboiler did not allow fine control of the heating fteners had to be brought-cand oftline
manuallyto adjust théneating rate.




The Day Board Operator and tbay Lead Operator agreed that the heat to the furnace should be
reduced, and at 12:42 p.m. fuel gas flow was reduced to the fuAtabes time the raffinate splitter

leveltransmitterdisplayedB0 percent(8 feet; 2.4 m) but the actualtowerlevelwas140 feef(43 m).

From10a.m.to 1 p.m.thetransmittershowedhetowerlevel decliningfrom 97 to79 percent? The

Day Board Operator thought the level indication was accurate, and believed it was normal to see the level
dropasthetowerheatedup. At thetime of thepressureipsetthe Day BoardOperatohecameoncerned

about the lack of heavy raffinate flow out of the tower, and discussed with the Day Lead Operator the
need to remove heavy raffinate from the raffinate splitter toM@ne of the ISOM operators knew the

tower was overfillingAt 12:42 p.m., the Day Boa@perator opened the splitter level control to 15

percent output, and over the next 15 minutes opened the valve five times until, at 1:02 p.m., it was 70

perceniopen. However, heavy raffinate flolwad notactuallybegununtil 12:59p.m.

The heavy raffinate flow out of the tower matched the feed into the tower (20,500 bpd) at 1:02 p.m. and
by 1:04 p.m. had increased to 27,500 dpaknown to the operators, the level of liquid in the-1G@&

(52 m) tower at this time was 158 feet (48 mit the level transmitter reading had continued to decrease
and now read 78 percent (7.9 feet; 2.4 m) (Figure 6). Although the total quantity of material in the tower
had begun to decrease, heating the column contents caused the liquid level at theetoplofin to

continue increasing until it completely filled the column and spilled over into the overhead vapor line

leadingto the column relief valves and condenser.

42 The level transmitter output was expressed as a percentage of thétfartser 6 s measur ement sp
approximatelys feet inthe bottomsectionof the column.
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Raffinate Splitter Tower at 1:04 p.m.

(170 feet)
Actual Control Board Display

158 feet

Level

Transmitter

Raffinate b
Feed Reading
o — 78 %

(7.90 ft)

Figure 6. At 1:04 p.m. the liquid level in the tower was 158 feet (48 m), but the computerized control
system indicated to operators that the level was at 78 percent of the level transmitter (7.9 feet, or 2.4 m,

of liquid in the tower).




257 Tower Overflows

At 1:14 p.m., sulzooled?® hydrocarbon liquid flowed out dhe top of the raffinate splitter tower and into

thevertical overhead vapdine, dueto overfilling andrapid heatingf the column(Figure 7.

At 7:00 a.m., day shift conditions 11:16 a.m. — Four burners lit in 1:14 p.m. — Tower full, begins to flow into
tower reboiler furnace begin heating feed overhead

Raffinate &=
Splitter
Tower

Feed Inlet

glass =
Bottom Heat exchanger
Pump

KEY

B = temperature greater than 200 °F
[ |= temperature greater than 100 °F

[ = temperature less than 100 °F

Figure 7. Heating of feed in the splitter tower

Heating from the furnace had created a temperature profile in the raffinate splitter column, such that cold
liquid wasontop andhotliquid wasin thelower section(Figure 7B). Bubblesof hotvaporrising through
the columncontacted the overlying cold liquid, rapidly condensing the vapor and heating theAiuid.

thetime of theincident, theresulting holiquid reached nearlio thelevel ofthefeed inlet. Hot liquid

43 A sub-cooled liquid is below its saturation temperature. The saturation temperature is the temperature that a
substancevill changefrom aliquid to agas,or vice versa.




raffinate leaving from the bottom of the column after 12:59 p.m. transferred additional heat to the column
feed through the heat exchanger, leading to rapid heating of the section of the raffinate splitter column
above the feed inleBy the time of the ioident, most of the column was rapidly heating, although a cold

layerof liquid remained at the tofrigure7C).

The increase in average column temperature reduced the density of the hydrocarbon liquid, significantly
increaing the liquid level As the entire column approached the boiling point of the liquid, the vapor
bubbles accumulated instead of being rapidly condefi$edresulting increase in volume from

vaporizationcausedheliquid atthecolumntop tooverflowinto thevaporline (Appendix G).

2.5.8 Safety Relief Valves Open

As the liquidfilled the overhead line, thesulting hydrostatic heé&tin the line increased.he tower

pressure (which remained relatively constanthbimed with the increased hydrostatic head and exceeded
the set pressures of the safety relief valves. The valves opened and discharged liquid raffinate into the
raffinate splitter disposal header collection system (Figure 8). Based on valve set ppessineident

valve testing, and computerized control system data, the first safety relief valve is estimated to have
opened at 1:13:56.m., followed bythesecond at 1:14:10.m.,and the thircht 1:14:14p.m. Both the

Day Board Operator in the centrairtrol room and the outside operators in the satellite control room saw
the splitter tower pressure rising rapidly to 63 psig (434 kPa); however, interviews revealed that the

outsideoperators did not hear thigree splitter tower relief valves opén.

The Day Board Operator began troubleshooting this pressure spike and announced on the unit radio that

theblowdownd r u highsevelalarmhadnot soundedThe operationsrewagainbelievedthe

44 Hydrostaticheadis the pressurgerunit area(e.g.psi) thatis exertedby a columnof liquid.

45 The operators likely did not hear the relief valves open because the sound normally comes from the vapor
escaping through the relief valves; if liquid was being released through the relief valves, the sound would be
significantly quieter.




overpressuravas aresult of buildupof noncondensiblgasesr lack ofreflux. *Computerizedaontrol
system data shows that the Day Board Operator reduced the fuel gas to the feed preheat furnace at 1:15:30
p.m., and fully opned the level control valve to heavy raffinate storage at 1:16:00 p.m. The Day Lead
Operator told two outside operators to go out and start the reflux pump on the raffinate splitter; he then
shut off the fuel gas to the furnace from the satellite cortmh. Computerized control system data
showed that the overhead reflux pump was started at 1:17:14 p.m., and that the fuel gas to the furnace was
stopped at 1:19:59 p.m.; however, the data showed that the incoming feed to the raffinate splitter was not

stopped.

22 PSIG

\

Hydrostatic Pressure
147 feet = 42 PSIG

Figure 8. Hydrostatic head of liquid in overhead piping leads to the three relief valves opening

The minimum closing (blowdown) pressure for the three safety relief valves to stop flowing was 37.2 psig
(256.5 kPa). Computerized control system data indicate that all three safety relief valves were fully open

andflowing at capacityfor slightly longerthansix minutes. An averageressuref 61 psig(421kPa)at

46 Reflux is a part of the product stream that is returned to the process to assist in giving increased conversion or
recovery(Parker,1994).




the inlet to the three safety relief valves maintained the flow. Eventually, the amount of material a
pressure in the tower overhead line decreased due to the flow through the valves, the raffinate splitter
reflux flow, and the heavy raffinate rundown. This caused the pressure to drop and the safety relief valves
to close after an estimated 51,900 gadl¢196,500 liters) of flammable liquid flowed from the valves into

thecollection header (Appendix G.3).

2.5.9 Hydrocarbon Liquid Flows Into Collection Header

The flammable liquid flowed from the overhead vapor line through the safety relief valves into the

collectionheader fo46 seconds thedischarged into thelowdowndrumt’ (Appendix G.3).

2.5.10 Flammable Liquid Flow Into ISOM Sewer System

As the blowdown drum and stack filled, some of the flammable liquid flowed into the ISOM unit process
sewer system through the chairguen 6inch NPS manual block valve (Figures 3 and 4) and the other
safety relief valve discharge pipeaders. As explained in section 2.2.5, this practice of discharging to the

sewerwas unsafe.

The liquid flow rate from the raffinate splitter to the blowdown drum was calculated to be 509,500
gallons per hour (gph) (1,929,000 Iph), resulting in 51,900rg=a(196,500 liters) being released in the

six minutes that the safety relief valves were open. The flow rate of liquid hydrocarbons to the sewer
through the @nch NPS gooseneck pipe varied with the hydrostatic head pressure in the blowdown drum
and stak as it filled, but when the blowdown system completely filled with liquid the peak rate was

calculatedo be 223,40@ph (AppendixG.3).

47 The safety relief valves on the raffinate splitter were mounted approximately 50 feet (15 m) above grdund leve
therefore, once the liquid level in the blowdown stack reached an equivalent height and above, the increasing
hydrostatic head increased the backpressure in the header, in turn decreasing the flow through the safety relief
valves.
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From the gooseneck pipe, the flammable liquid flowed into a sewer line and then into West Diversion
Box No 2.The high and higthigh level alarms for this box were recorded by the computerized control
system at 1:16 p.m. and 1:18 p.m., respectively. Highréghhigh level alarms were also recorded by
the computerized control system at the dry weather sewer, which is downstream from West Diversion

Box No. 2,at 1:17p.m. and 1:18 p.mrespectively.

Because the series of pipes from the diversion boxetsttirm sewer have flow capacities three times the

estimatediquid flow from the baseof thedrum, it is unlikely thesewershackedupin the ISOM unit.

2.5.11 Flammable Liquid Flow Out of the Blowdown Stack

Once the blowdown system filled, flammable liquid discharged to the atmosphere from its stack as a
geyser and fell to the grounBigure 9. Shortly after the ISOM operators began troubleshooting the
pressure spike, they réeed, via radio, the first notification that the blowdown drum was overflowing. In
response to the radio message, the Board Operator and Lead Operator used the computerized control
system to shut the flow of fuel to the heater, while the other operatiotselesatellite control room and

ran toward an adjacent road, Avenue F, tdirect traffic away from the blowdown drum, as required by

B P & <$ me r dResponse Procedure®@. 0
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Figure 9. Tower overfills and blowdown drum releases hydrocarbons

The ISOM operators stated they had insufficient time to sound the emergency alarm before the explosion.
Approximately 15 seconds after hearing the radio message, both the Board Operator and the Lead
Operator said they started the process of shutting effuisl to the furnace using the computerized

control system. Their testimony is substantiated by the computerized control system data, which showed
that the fuel gas flow control valve was shut five seconds before the expldsimireds of alarms

registeed in the computerized control system at 1:20:04 p.m., including the high level alarm on the
blowdown drum; the flood of alarms indicates when the explosion occurred. Consequently, ISOM
operations personnel did not have sufficient time to assess théositalatl sound the emergency warbler

alarmprior to the explosion.
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Numerouseyewitnesse!d reportedseeing the geysat thetop of theblowdown stack, whickhey
estimated to be approximately 20 feet (6.1 m) high and of a diameter equal to that of the blowdown stack

(34inches 0186 cm).

Postincident calculations showed that filling the blowdown drum and stack and additional safety relief
valve headers took threainutes and 36 seconds; thus, the hydrocarbon liquid reached the top of the
blowdown stack four minutes and 22 seconds after the safety relief valves started to flow. The
hydrocarbon liquid flow rate out of the blowdown stack to the atmosphere was aldolde 257,300
gph,meaningthat7,600gallons(28,700liters) werereleasedn the 107 second®f flow beforetherelief

valvesclosed(Appendix G.3).

2.5.12 Flammable Vapor Cloud Formation and Fire

The liquid hydrocarbon release time was calculated using computerized control system datapoints and the
flow times from DIERS modeling (Appendix H). The flammable vapor cloud reached a wide area, as is

clearlyevident by the burnedrea showiin apostexplosionphoto(Figure 10.

The burned area is estimated to be approximately 200,000 square feet (18, 581 m2). Two mechanisms
explain how the vapor cloud covered an area this size in such a short interval: thesfalseaia

dispersion from evaporation prior to ignition that was responsible for the bulk of the dispersal, and the
second was Apushingdo of flammable vapors as sub
hydrocarbon liquid cascading down thecktand blowdown drum coupled with the impact of the falling

liquid onto process equipment, structural components, and piping, promoted fragmentation into relatively
small droplets, thereby enhancing evaporation and the formation of the flammable vapdApioendix

H.15).

48 The CSB interviewed more than 25 people, a combination of BP and contractor employees, who were injured by
or observedhe vapor cloud explosion.
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Atmospheriovind alsohelpedpushthevaporsandsmalldropletsdownwind, causinghemto mix with

air. The wind direction at the time of the incident was reported to be out of the northwest traveling
southeast at 5 miles (8 km) per hour and as Figure 10 shows, the burned area is elongated in that
direction. However, portions of the vapor cloud also went upwind and cross wind (Appendix H.10.1),

which placed the trailer areaithin theflammable cloud ceered area.
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Figure 10. The darkened areas in and around the ISOM unit had the heaviest fire damage; the red arrow

points to the top of the blowdown stack
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2.5.13 Ignition Source

Although several potential ignition sources (Appendix H.16) were identified, the most likely ignition
point was an idling diesel pickup trudkigure 1). This truck was parked about 25 feet (7.6 m) from the
blowdowndrum,ad s ever al eyewitnesses reporterehwingeei ng

whenthe vapor cloud reached it.

Figure 11. Idling diesel pickup truck at north end of ISOM unit

Two eyewitnessesawthetruck catchfire, followed shortly by the vaporcloud explosion.One
eyewitness saw sparks leaving the truck after a backfire and igniting the vapor cloud. While the diesel
pickup has been positively identified by withesses as an ignition point, this does not preclude the potential

thatthe cloudwas additionallyignited by other sources.

2.5.14 Blast Pressure

Once ignited, the flame rapidly spread through the flammable vapor cloud, compressing the gas ahead of

it to create a blast pressure wakearthermore, thBame acceleratedachtime a combinatia of
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congestion/confinement and flammable mix allowed, greatly intensifying the blast pressure in certain
areasThese intense pressure regions, orexjliosions, produced heavy structural damage locally and
left a pattern of structural defoation away from the blast center in all directions. A computer
simulatiorf® and a blast overpressure méjg(re 12 weredeveloped based on sitbservations,

structuralanalysis, andblastmodeling (Appendi).
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Figure 12. Blast overpressure map depicting the areas of highest blast pressure (10+, 5+, and 2.5+ psi)

2.5.15 Post-Explosion Fires

The flamefront that burned through the vapor cloud also ignited the flammable liquid that had
accumulated on the ground near the base of the blowdown drum, resulting in a pool fire. The fire lasted

long enoughandproducedsufficiently hightemperaturesn combinationwith firefighting waterspray to

49 The computersimulationis availablefor viewing or downloadingrom the CSBwebsite www.csb.gov.
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causethe concrete athe pipe rack column® spall*® The CSB learned of severatiditional fires in and
around the ISOM unit based on eyewitness interviews and review of news footage shot from local

televisionstationhelicoptes. (AppendixH-12 providedurther detailon thepoolfire.)

2.5.16 Fatalities and Injuries

In the explosion, 15 contract employees working in or near the trailers sited between the ISOM and the
NDU unit werekilled. Autopsyreportsrevealedhatthe causeof deathfor all 15wasbluntforcetrauma,
probably resulting from being struck by struetiuicomponents of the trailers. Three occupants in the
Quiality Assurance/Quality Control (QA/QC) trailer perished, and 12 of 20 workers inside the-double

wide trailer were killed; the others weseriously injured.

A total of 180 workers at the refinewere injured, 66 seriously enough that they had days away from
work, restricted work activity, or medical treatment. The majority of these suffered multiple injuries,
typically combinations of: fractures, lacerations, punctures, strains, sprains, andfat sed third

degreeburns.Of theseriouslyinjured, 14wereBP employeestherestwere contractoemployeegrom

13 different firms. Of the 114 workers given first aid, 35 were BP employees; 79 were contract employees

from 14 different contracting firm&lone of the contract workers in the area surrounding the ISOM were

personnegéssential to the startup of thait.

2.5.17 Equipment and Facility Damage

The most severe blast damage occurred within the ISOM unit, from the trailer area to the catalyst
warehouseRigure 13, and the surrounding parking areas. The satellite control room waslgever

damagednd the catalyst warehouse vazstroyed.

50 Spalling is a breakdown in surface tensile strength of concrete when the concrete is exposed to extreme heat, such

as during a fire, and then rapidly cooled, such as by the water used to esktitigufire. (NFPA, 20045 uide for
Fire andExplosioninvestigationsNFPA 921,pg. 36).
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Many of theapproximately70 vehiclesin thevicinity of thelISOM unit weredamagedanda numberwere
destroyed. More than 40 trailers were damaged; 13 were destroyed. On June 30, 2006, the CSB released

detailed analysis of the trailer damage, which can be viewed or downloaded from the CSB website,

www.csb.gov.

Figure 13. Destroyed trailers west of the blowdown drum (red arrow in upper left of the figure)

Buildings in surrounding units also had blast damage, but of a much lower magnitude. This damage was
characterized by broken windows, cracked masonry walls, damaged doors, bent metal panels, and
dispersal ofnterior contents; 50 storage tanks sustaineging degrees of structural damage, even

though much of the tank farm was situated more than 250 feet (76 m) from the explosion. Most of the

damagesustainedy thetanksconsistef buckledtank shells,boththe shellsidesandtheroofs (for
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those tanks with domed roofs). The explosion also damaged several tanks designed to hold hazardous

substances, such as benzene, which allowed benzene vapors tdescape.

2.5.18 Offsite Damage

Windowswereshatteredn homesandbusinesselcatednorthof therefinery,up to a distanceof three

quartersof a mile awayfrom the ISOM unit.

2.5.19 Post-Incident Emergency Response

The emergency response teams made a rapid and effective effort to help the injured ancheecover t
victims. TexasCity IndustrialMutual Aid System(IMAS) membercompaniesesponded@ndassisted
with fire hose lines and searamdrescue. None of the emergency response personnel were injured

duringrescueefforts.

The blast produced a large debris field of damaged trailers and vehicles located between the NDU and
ISOM units. To recover victims from this area, the site was necessarily disturbed by the emergency
responders. Debris, vehicles, and equipment were movediate searctandrescue and recover the

fatally injured.As operators and emergency responders entered the ISOM unit to isolate the plant, some
valve positions were changed, but no records were kept to document these changes. Therefore, there was
no record of the actual state of some of the valves at the time of the incident, information that is important

when trying to reconstruct the incident and deterntmeauses?

51 After the incident, the liquid hydrodaons containing benzene were pumped from the damaged tanks. On April 1,
2005, the elevated benzene readings in the ISOM area dropped, allowing the CSB investigators to enter the site
andinspecttheincident areavhile wearingappropriatepersonaprotectiveequipment.

52The CSBwasableto reconstrucsomeof the valvepositionchangesdasedninterviewaccounts.
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3.0 SAFETY SYSTEM DEFICIENCIES IN UNIT STARTUP

Although actions or errors by operations personnel at the BP Texas Gipssitescribed in the

preceding section, were immediate causes of the March 23 accident, numerous latent conditions and
safetysystendeficiencies atherefinery influencedheir actionsandcontributedto theaccident.

Addressedhere are thuman factor® that explainvhy feed was addet the tower fothree hours

without liquid being removed. While recognizing that human errors were made in the raffinate startup,

this investigation goes beyond individual taés to gain a deeper understanding of why the incident
occurredwhichis moreusefulin major accident preventiot RenownedrocesssafetyexpertTrevor

Kl etz puts it plainly: A To Ikeasgyingfallsdreddeenagsavita ltis d u
true but it does not help us prevent them. o0 The
management safety system deficiencies that allowed the operators and supervisors to fail. The following

undelying latent conditions contributed the unsafe staup:
1 A work environmenthatencouragedperationgpersonneto deviatefrom procedure.

1 Lack of a BP policy or emphasis on effective communication for shift change and hazardous

operationgsuch as unit startup).

1 Malfunctioninginstrumentatiorthatdid not alertoperatorgo theactualconditionsof the unit.

fiHuman F a oenwirosmentad brganizational and job factors, and human and individual characteristics,
which influencebehaviour atvork in awaywhich can affechealthand a f et y 1099). HS E

“The CSB followed accepted i nv &udelinas fot lnvesegatipgr Chenical c e s
Process Accidentd 992a).Chapter 6 of the CCPS book discusses the analysis of human performance in accident
causationi The f ai | u amishadprocedure bebawior ersthie part of the employee is not a root cause,
but instead is a symptom of an underlying root <caus
system defects that can result in an employee failing to follow procédure.CCPS provides nine examples,
which include defects in training, defects in fitnéssduty management systems, task overload due to ineffective
downsizing,and a culturef rewarding speedverquality.
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1 A poorly designed computerizedrttrol system that hindered the ability of operations personnel

to determine if the tower was overfilling.
1 Ineffectivesupervisory oversiglandtechnicalassistanceuringunit startup.
1 Insufficientstaffingto handleboardoperatoworkloadduringthehigh-risk time of unit startup.
1 Lackof ahumanfatiguepreventiorpolicy.
1 Inadequat®peratottrainingfor abnormakndstartupconditions.

1 Failureto establisheffectivesafeoperatindimits.

3.1 Work Environment Encouraged Procedural Deviations

Operators deviated from the raffinate unit startup procedure on March 23, 2005. These deviations were
not unique actions committed by an incompetent crew, but were actions operators, as a result of
established work practices, frequently tooktotect unit equipment and complete the startup in a timely

andefficient manner.

Several aspects of the work environment encouraged such deviations. Management did not ensure that th
startup procedure was regularly updated, even though the startesphad evolved and changed over
time with modifications t o t°hThe pronedureddi noeagldrasp me n t
critical eventsthe unit experiencediuring previous startupsuchasdramaticswingsin towerliquid

level, which could severely damage equipment and delay startup. In addition, specific instructions for
unique startup circumstances were not included in the procedure, such as the unusual stopping and
resumption of the ISOM startup or the riagtof products to different storage tanks. Management had

alsoallowedoperatordo makeprocedurathangesvithout performingproperManagement o€hange

%5 The unit underwent several operational changes, includingthead¢ i ng of the splitter td
from 70 psig to 40, 41, and 42 psig, and the switch to flooded drum operation (as discussed in Section 2.2.2) ,
whichwerenot reflected irthe procedures.
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(MOC) hazard analysis, thereby encouraging operators to make unplanned (and potentially unsafe)
deviations during startup. All of these managerial actions (or inactions) sent a strong message to
operations personnel: the procedures were not strict instructions but were outdated documents to be used

asguidance.

Operators relied on knowledge of paktrtup experiences (passed down by the more skilled veteran
operators) and developed informal work practices to prevent future startup delays. Indeed, several
procedural deviations made by the operations crew on March 23, 2005, were common practices in 18

previousraffinate splitter tower startups (Appendix ).

3.1.1 Procedures Did Not Reflect Actual Practice

Management did not ensure that unit operational problems were corrected over time, leading operators to
deviate from established procedures. Historicahguter data from five years of ISOM startups highlight
pastcritical eventsi) in amajority of the 19 ISOM startupsetween April 200@nd March2005%° the

tower was filled above the range of the level transmitter despite procedural instruction to fill the tower to

a 50 percent reading on the transmitter; 2) operators frequently ran the valve sending liquid raffinate out
of the unit to tsead agfe fiauthonmatuiad ® d¢ orst r ol mo d e
tower experienced dramatic swings in liquid level during 18 of the 19 previous startups, making control

of the startup difficult for operators, yet the instrumentation and equipment atenreviewed nor were

methods for handling swings in liquid level addressed in the procedure; and 4) tower pressure-alarm set
points were frequently exceeded, yet the procedure did not address all the reasons this might happen and

thesteps operators shalutake in response.

56 The 19 startupsncludetheMarch 23,2005, startup.
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In fact, only oneof the 19 ISOMunit startupanaintainedooththe towerdevel within the rangeof the
level transmitter and the pressure within the alarm limits set for safe tower operation. However, none of
the 18 previous startups before March 23, 2005, were considered abnormal or investigated to correct thes

operationableficiencies or possible equipntgroblems.

Control board computer records of the last 19 raffinate unit startups show that it was common for the
liquid level in the tower to significantly rise and fall during the initial stages of startup. Indeed, in 14 of
the 19 startups, the towexperienced significant swings in level; the swings were so severe that in the 14
startupghe level alarnwent off a totabf 74 times>’ Of the past 19 ISOM startups, each startup

experienced three significant swings, on average, in tower level and heavy raffinate flow out of the tower.

The | evel control wvalve for the splitter tower
levelfluctuations subsided. (Appendiyptovides data on thed® startups.)

Introducing feed into the unit such that the range of the level transmitter was exceeded and placing the

|l evel controls in fAmanual o0 mode deviated from t
that these simgs in tower liquid level had the potential to significantly damage unit equipment,

particularly the furnace, if the level in the tower was lost. Board operators stated that they often filled the
tower above the range of the transmitter and putthe dostroi n fAmanual 6 t o i mpr oy

systemand reduce the severity thife swings that could resiift a loss of level.

Computer records from the control board confirm that overfilling the tower and putting the controls in
i ma n u aldoringrdarti@verec o mmo n  pr a c t ihigeevel dlahnsetpoiotiweas 0 s

exceeded5 timesduringthelast19 startupswith morethan50 hoursof operatingiime with thehigh

5" The level transmitter provided a reading to the Control Room Board Operator regarding how much feed was in the
tower. The transmitter could provide a feed level reading of theti@@er only when the level in the tower was
insidea 5 foot(1.5m) spanwithin thebottom9 feet ofthetower.

58 Thehighlevel alarmwassetat 72 percentof transmitteroutput.
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level alarmactivated. Ircontrast, théow levelalarn?® was triggereadine times, anthe columroperated

in low alarm for slightly more than five hours during the 19 startups. This evidence supports the
conclusion that operators biased the tower level on the high side, likely to avoid the possibility of losing
the level and damaging therfiace. This bias of running the tower on the high side occurred in nearly all
of thelast19 startupsTheo p e r adttionssko@thattheywereawareof thet o w dow fieveel risks,

butnot the high level risks.

Without awareness of the risks of high level, the operators often conducted startup without knowing the
actual amount of material in the tower. In 15 of the 19 startups, the liquid level rose beyond the range of
the transmitter, and in eight, the tower voperated out of range for more than one hour. Filling the tower
beyond the range of the level transmitter (that is, beyond an approximate height of 9 feet from the bottom
of the tower) was a departure from the startup procedure, which instructs operétottse tower to 50
percent(6.5 feet) in the towet’ Once the feed rises abothe span of the transmitteperators have no

ready means to determine how much liquid is in the tower and makes overfilling the tower much more

likely.

Pressure excursions outside the -ppintalsoecduredenild st a
of the 19 startups! Since thebeginning 0f2003, twostartups prioto theMarch 23incident had
pressures above the relief valve-geints, which likely lifted the relief valves and discharged
hydrocarbon vapor to the blowdown drum and stack. Neither of thesstdvap incidents was

investigated.

59 Thelow level alarmwassetat 35 perceniof transmitteroutput.

60 At the midpoint (a 50 percent output on the transmitter), the tower is filled to a height of approximately 6.5 feet.
According to the procedure, this level is established in the bottom of the tower by putting the level control valve
i n faut o madortral the flovo d Eottotn ower liquid to storage. After the level is established, the
raffinatefeedis tobe slowlyheatedwhich graduallyincreases towesressure.

11n nineof the 19, the splitter pressurencreasedapidly to over40 psig.
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The computer data for critical events from previous startups was available to the managers, yet engineers
and supervisors stated they were unaware of the deviations. Management did not effectively review the
available computer records of tleedeviations and intervene to prevent future deviations. The operational
problems should have been corrected and the procedures updated to emphasize the importance of

following the written instructions to the operating staff.

When procedures are not updated or do not reflect actual practice, operators and supervisors learn not to
rely on procedures for accurate instructions. Other major accident investigations reveal that worker
frequently developvork practicedo adjustto real conditionsnot addresseth theformal procedures.

Human factors expert James Reason refers to the
departing from the procedures is necessary to getbhejdone ( Hopkins, 2000). M
regularly update the procedures and correct ope
been so many process changes since the written procedures were last updated that they are no longer
carrect, workers will create their own unofficial procedures that may not adequately address safety

i s s (APIs7/00,2001).

3.1.2 Procedural Changes Without Management of Change (MOC)

Deviations from the procedure were made without performing MOC hazard analyses. Written operating
procedures are used to provide clear instructions for safely operating a process. BP guidelines state that
procedures should be reviewed as often as necdassasgure that they reflect current operating practices,

arehandled according t®lOC policy, and are certified annually aging current and accurdte.

2Amoco Petroleum Performance Sector, fARefining | mple
R MP Section D4: Operating Procedures

76

S e

an

ra

me



BP Texas City Final Investigation Report 3/20/2007

BP Texas Cityés MOC policy also asserts that th
statup proceduré or when a systeris intentionallyoperated outside the existing safe operating lifhits.

Yet BP management allowed operators and supervisors to alter, edit, add, and recexha alrsteps
without conducting MOCs to assess risk impact d

appl i @&dr &g step andontinuethe startupusing alternativenethods.

Allowing operations personnel to make changes withoutgshpassessing the risks creates a dangerous

work environment where procedures are net percejl

aroundso are accepted as being normal. APl 770
tolerated, mdividual workers have to use their own judgment to decide what tasks are necessary and/or
acceptabl e. Eventually, someoneds action or omi
serious accident. 0 | ndeed 2005 wherstheitoser wels filléed atboeephp e n e
range of the level transmitter, pressure excursions were considered normal startup events, and the control

valveswere placed n A maadeirssteanl ofthéi aut omat i co0 control positi

3.1.3 Startup Procedure Lacked Sufficient Instructions

The ISOM raffinate section startup procedure lacked sufficient instructions for the Board Operator to
safely and successfully start up the unit. The procedure instructed the Board Operator to open the valve
that would send heavy raffinate liquid out of tivét to storage, but did not explain the safety implication

of this deviation. The procedure did not instruct the Board Operator to pay close attention to the
incoming/outgoing liquid raffinate flow readings or to calculate a material b&fasfabe unit during

startup,nordid it explainhow tomakesucha calculation.Calculating materidbalanceor aunitis a

fTexas City Process Safety Gui del BmAeoch dexas Tiy Prockka n a g e
SafetyGuidelines Manuallastrevised8/4/99

54 1bid.
55 A material balance calculation relies on knowledge of the flow rates into and out of a piece of equipment, such as
a tower, and the board operator 6s atiamdféquidwithimtlei ng o f

equipmenbver time.
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method used by operations personnel during times of potential flow imbalances or level uncertainty; that
is, when the amount of material coming into the unit does not necessarily equate to the material being

removedrom the unit.Start upof a unitis atime whenmaterial balances shoub@ calculated.

Good practice guidance from Center for Chemical Process Safety (CCPS) on writing effective procedures

statesii Wh @raceduresequirecalculationsthecalculations mudbeclearandunder st andabl e ée.

Having the calculation in the procedure or readi

1996a).

The procedure also did not include instructions on halting unit operations in the middle of the startup
process, as was done during the early morning hours on March 23, 2005, nor did it provide instruction for
recommencing startup several hours later iffarent operating crew. The hazards and safety

implications of a partial startup/shutdownggrtup were not addressed and specific steps to initiate such

activitieswere not provided.

BP6s raffinate startup pr ocrswdeaeadeguate staffihgial thedstadup;st e
however, fiadequated was not defined in the proc
analysisor discussion oftaffing was performetf. Despite these deficiencies, Texaity managers

certifiedthe procedures annually as-tgqpdate andcomplete.

3.1.4 Summary
Postincident,BP emphasizedthatfollowing the proceduresvould havepreventedhe explosionsandfire
on March 23 (AFatal Acci den er, TexayvGitysnanagement didmot Re p o

emphasizeéheimportance ofollowing proceduressevidencedy its lack of enforcemenbf theMOC

5 The Trainee acknowledged that he followed orders of his trainer and signed off on numerous startup tasks without
knowing whether the tasks were completed. The CSB has not located evidence to suggest that such a discussion ¢
analysisvasconductedor theMarch23,2005,startup.
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policy, its acceptance of procedural deviations during past startups, and its failure to ensure that the

proceduresemained ugo-date and accurat?.

3.2 Ineffective and Insufficient Communication Among Operations
Personnel

Two critical miscommunications occurred among operations personnel on March 23, 2005, that led to the
delay in sending liquid raffinate to storage: 1) the instructions for routing raffinate products to storage
tanks were not communicated from Texas Citywagement and supervisors to operators; and 2) the
condition of the unit specifically, the degree to which the unit was filled with liquid raffiriateas not
clearlycommunicated from niglghift to dayshift.?® These lapsgin communication weréhe result of

BP management 6s | ack of emphasis on the importa
shift communicatiorf? nor did it enforce formakhift turnoveror require logbook/proeduralrecords to

ensurecommunication waslearlyandappropriately disseminateinong operating crews.

% ndeed, one of the opening statements of the raffin
guide for the safe and efficient startup of the Raf
OSHA PSM Standard, 29 CFRI® 119, which states that procedures are required instructions, not optional
guidance.

Mi scommunication occurred regarding startup of the
morning of the incident, the state of the ISOM unit wiasussedDay Supervisor B was told that he would not
be able to startup because the storage tanks that received raffinate from the splitter tower were believed to be full.
The Shift Director said that the meeting ended with the understanding that thateagection would not be
startedup.

®BP Texas Cityods Learning & Development Services dep

Downs for Refinery and Chemical Unitsodo which states|

between individuals must be emphasized [during startup]. Each shift must clearly understand what has been done
on prior shifts and what is expected of it. Some overlap of supervisor between shifts can improve communications
and continuity g@obdadvicewanotemfarcBddthrough plant psocedures or practice, nor was
additional(experienced¥upervision made availabdiriring startup.

“"BPO6s Grangemouth refinery in the U.K. conducted a s
and, as a result, created a policy to improve operation staff communication (Appendix J). BP Texas City
managemerdid not appeato learnfrom the lessonsf the Grangemouth study.
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Inadequate verbal instructions among Texas City supervision and operating personnel regarding critical

aspects of ISOM unit startup led to the initial closing of the valve that routes heavy raffinate to storage. A
crucial faceto-face discussion betweeretbperator who began the process of starting up the raffinate

unit, and the operator who finished the job did not occur at shift cHafge.r t her , t he ni ght
written communication irthe unitlogbook was minimal andnclear’? hinderingthe BoardOp er at or 0's
ability to accurately understand the specific procedural steps performed during the previous shift and the

procedurakteps remaining.

On the morning of thencident, feed routing instructions were not written down in either the logbook or
the startup procedures. Instead, they were given to the Board Operator over the phone and radio by a Lead
Operator who, while having the experience and knowledge to stdre wmit, was responsible for other

outside operator tasks that took his attention away from helping the Board Operator start up the raffinate
section of the ISOM. Based on interview testimony, the verbal communication between the operators was
rushed andague. The Board Operator believed he was told not to send heavy liquid raffinate to tankage
because the tanks were full; the Lead Operator believed he communicated that the light raffinate feed was
not to be sent to normal tankage, but combined with hesfigiate flow to storage because the light

raffinate tanks were full. Based on logbooks from the tank farm area, the heavy raffinate tank was filling

up’ prior toraffinate unit startupsupporting thdact that a miscommmication occurred.

Communication is most effective when it includes multiple methods (both oral and written); allows for
feedback; and is emphasized by the company as integral to the safe running of the units (Lardner, 1996).

(AppendixJ providesresearcton effective communicationpuring timesof abnormal operating

" A night outsideoperatomperformednitial boardoperatorstartupactivitiesin thesatellitecontrolroom,awayfrom
the central AU2/ISOM/NUD control room; this operator filled the tower to 99.9 percent of the range of the level
transmitter.

?The |l ogbook entry from the night shift stated: @Al SOM:

therefinery;to i p a apkiedeof equipmenis to fill it with product;in this casewith liquid raffinatefeedstock.
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conditions suchasunit startup therisk of operatordavingdissimilarunderstandingef the stateof the

processunit is even greatdt.ardner, 1996).

Effective communication is accomplished by clearly defining roles and responsibilities regarding
communication for every employee, and establishing a communication protocol among key operating

positions particularlyduring shift changes.

3.3 Malfunctioning Instrumentation

The Boar d Op emakingovasinfuentesl byiinedrrectty calibrated instrumentation on the
raffinate splitter tower (Section 7.0). Accurate instrument readings of process conditions, such as product
level, are critical during unit startup, as they provide the operator with a way to monitor the process and
help the operator detect system irregtizs. When instrumentation provides false or misleading

information, accidents are likely.

During the March 23, 2005, startup, the level transmitter indicated that the liquid level in the splitter
tower was gradually déning, although it was actually risif§ At 1:04 p.m. (approximately 16 minutes
before the explosions), the level indicator read 78 percent (a height of about 7.9 feet or 2.41 m) in the
tower); however, the tower level wastually at 158 feet (48.16 m). Operations personnel involved in the

raffinatesection startup were unawdreh at t he t r awasimaccdurater 6 s r eadi ng

®The tank farm area |l ogbook from the March 22, 2005,
specificallyto oneof theheavyraffinate storage tanks.

" The history of accidents and hazards associated with distillation tower faulty levetiondiespecially during
startup, has been well documented in technical literature. See Kister, 1990. Henry Kister is one of the most
notableauthoritieson distillation toweroperationdesign,and troubleshooting.

> Theliquid level read97 percentwhenstartupwasresumedat9:51a.m., butdroppedo 78 percentoy 1:04p.m.
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The Day Board Operator stated that he saw the declining level in the tower over three hours prior to the
incident and believed the level was accurate gasxpected that the level would decline as the tower

heatedup and the systemeturned tanormal operatingimits.

The Board Operatords belief that the tower | eve
a | a rfaitugedoactivate’® This alarmprovided aredundant high leveéhdicationshouldthe level

transmitter malfunctiof” Howeverthisa | a r raibistwasmotknown tooperationgpersonnebr

providedin the procedure, control datar training materialé® The lack ofa setpoint atwhichthe alarm

would soundmaderecognizingthefailure ofthealarmless apparenfind becauséhe separatalarmdid

not sound, the Board Operator believed this confirmed the fact that the level had actually dropped in the
tower as liquid raffinate left the tower and circulated to the other unit equipment. He did not verify his

conclusiorabout thedecline intower liquid level withany otheroperationgersonnel.

In addition, had the tower level sight glass been clean and functional, it could have provided a visual
verificationof the actuatower level. Howeverecause it was dirignd unreadabl& (Section7.1) the
tower liquid level could not be visually verified and compared against the level transmitter reading. The

BoardOperatottruly hadno functionalandaccurate measurd towerlevel onMarch23, 2005.

6 Control system alarms alert operators of abnormal process conditions via illuminated displays and audible devices
onthe computerized contrelstemworkstationmonitors.

" The splitter tower had two alarms associated with the level transmitter. Aeigihalarm set at 72 percent was
activated for the entire period of the startup. This alarm was expected to sound, as operators purposely filled the
tower above the range of the level transmitter during startup (see section 4.1). The Board Operatbhsaid th
remembered seeing this alarm acknowledged when he came on shift; it was acknowledged during the night shift
prior to his arrival.

8 postincident calculations determined that the redundant high level alarm was set at 78 percent or approximately 8
feet high in the tower; had it worked during the startup, it would have sounded during the night shift when the

operatoffilled thetower t099.9percenofthet r ansmi tt er 6s span.

7 Postincident testing confirmed that the sight glass was dirty and urbyagthe time of the incident. This
instrumenthada historyof beingdirty andnon-functional.
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3.4 Poor Computerized Control Board Display

The AU2/ISOM/NDU complexis monitoredand controlledsia acomputerizedtontrolsysteni® in a
centr al contr ol room in the AU2 unit. (Appendi x| K
The Board Operatdr far removed from the physical location of the process unit undergoing 8tartup
depended on the system to provide him with crucial process information, which requiresiesigeled
control board. On the day of the incident, however, the computerized control system display provided
neither flow data in and out dfi¢ raffinate unit on the same display screen, nor a material balance
calcul ati on, hi ndering the Board Operatoro6s abilli

storage.

To prevent flooding the tower, liquid raffinate entering the process wae to be balanced with the
productdeaving the unit? The computerized contrsiystemscreerthat providedhe reading ohow

much liquid raffinate was entering the unit was on a different screen from the one showimgitiow

raffinate product was leaving the unit (Figure 14). Having the two feed readings on separate screen pages
diminisheghevisibility andimportance ofnonitoringliquid raffinatein versusout, andfails to makethe

imbalancebetween the two flow readings obvious.

80 A computerized control system, often referred to as a DCS or distributed control system, is a dataamnakcking
control system that provides operations stafisual and auditory account of the state of the process unit(s) and
allows operatorstoaltérh e uni t 6s state by manipulating the syst|lem¢
screens).

81 Based on a process and instrumentation diagram of the West plant, the centralized control room was
approximately500feet(152.4m) from the eassideof theISOM unit.

82 A material balance calculation is used to determine how much total liquid is in a given unit; it is determined by
comparing the amount of incoming feed to the amount of outgoing product, and requires knowledge of how much
liquid the totalsystemneeds tanaintain and ruhe processmoothly.
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Figure 14. The Board Operator viewed this screen, which provides information on raffinate product

leaving the unit but not the liquid being added to the unit.

A poorly designed computerized control system display was found to be a cause in another major

incident, the 1994xplosions and fire at a Texaco plant in Milford Havierthe United Kingdom. The

control system did not calculate the material balance of the system and thiersgidanot know how to

make such calculations. The computerized control system was also configured to display only portions of
the unit in discrete detailed sections, and did not allow for a complete overview of the process, just like
the control systeracreens for the Texas City ISOM unit. The U.K. Health and Safety Exe€utive
recommended that computerized control systems include a process overview and, as appropriate, material

balancesummaries to ensufell process oversighty operators (HSEL997).

8The Health and Safety Executive is Great Britainos
for the Health and Safety Commission, a governing body that is responsible for tlagioegufl health and safety
in theworkplace.
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3.5 Ineffective Supervisory Oversight and Technical Assistance
During Unit Startup

The ISOM/AU2/NDU complex lacked effective supervisory oversight during the startup of the raffinate
unit. When Day Spervisor A left the refinery for a family medical emerger¥éyo technically trained
personnel with ISOM unit experience were assigned to assist and supervise the Board Operator. Two
significant staffing issues arose: it svanclear who was responsible for ISOM unit supervision once Day
Supervisor A left, and the one individual available to provide such supervision lacked technical
knowledgeof the unit. Hadthe secondDay Supervisopn shift (SupervisoB) left hiswork atthe ARU to

assist in the raffinate startup, his presence in the control room would likely not have been helpful, as he
hadlittle technical expertisen the unif® The two Process Technicia(®Ts) who hadSOM knowledge

and experience were not assigned to assist with the startup.

Amocobs process safety giuSitdaerltiunpes, afin&u pSehruvtidsoomnys ,
states that times of unit startup and shutdown are oftendiofaiele and much more likely than normal
operations to go awry. For this reason, the BP
beassigned to eagtrocess unias it isbeing started upnd as ifs being shutl o w# Examples ofuch
personnel who could provide supplementary assistance include supervisors and operating specialists. BP

unit managemerdlsoconcludedhatsupervisoryassistancgould be neededluringunit startupsn a

84 The Day Supervisohadto attendto afamily medicalemergency.

8 The second Day Supervisor joined the AU2/ISOM/NDU complex after 25 years at the BP Texas City chemical
plant.Accordingto BP SouthHoustonProcessSSafetyManagemenstandardi T r a ifonFArocegsS a f €3Hy 0
PSM_5),0 unit super vi s o awgarenessf startup prqcadureseand safenopeyatilgo h a v
limits. This typeof trainingis documentedbut doeshotrequire verification.

86 Thetwo PTsknowledgeablén boththeboardand outsideoperatoljob dutieswereassignedemporarypositions
atthe ARU wheretheywere paidmoreto participatein those turnaroundctivities.

%The Amoco Petroleum Products Processi Satfpsang Gui del i
Sh ut d dastregsjonl2/18/97 continuesfi F allrcritical phase®f startupsandshutdownstechnically
trainedpersonneknowledgeable itheprocessshould baeadilya v ai | abl e. o
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MOC analysis conducted in 206flHowever, on March 23, 2005, Texas City management did not ensure

thatsuch personnel were assigned to the startup.

3.6 Insufficient Staffing During Start Up

On March 23, 2005, the ISOM unit was understaffed for the task of unit startup. One board operator was
in charge of monitoring and controlling the NDU, AU2, and ISOM uymitsich under normal conditions,
would take aboufl0.5hours of al2-hour shift to rurf? if all units would be running a steady state

(normal), according to a BP assessment. On the morning of the incident, howevearth©pBerator

wasalso responsible for managitite startup of the ISOMaffinatesection®® A startupis an abnormal

unit condition that requires significantly more manual control of a process, as well as critical thirking an

decisionmakingthatgoes beyondormal unitoperation.

Human factors experts have compared operator activities during routine aratina conditions and
concluded that in an automated plant, workload increases with abnormal conditions such as startups and
upsets. For example, one study found that workload more than doubled during upset conditions (Reason,
1997 quoting Connelly, 1997). Startup and upsetlitimms significantly increased the ISOM Board
Operatorés workload on March 23, 2005, whi ch wa

B P ®@wn assessment.

The Day Board Operator had little assistance for the startup and upset conditiensoaitrol board on

March23,2005.During the mid-morninghours,the Day Supervisoifor the unit left therefineryandno

8%The MOCO6s action item stated: fAConsider revising th
requireanassesupervisobeassignedo s h i Thisactionitem hadatargetresolutiondateof 12/21/01;it
remainsopen.

89 Hours/shift of steadytate operations was calculated by the BP assessment team via direct observation: the
number of observable tasks was listed and the following equation wasigett/task)/Observation time =
percentactivity, plus0.5 (orupto 1.0) minutefor the timebetween eactask.

90 During the day shift on March 23, 2006, the NDU and the AU2 units were running fully and part of the ISOM unit
was in circulation.
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substitute personnel with ISOM experience replaced him. The Lea© who had board operator
experience but was assigned as an outside opé&nats involved in organizing contractor work and
training two new operators. The other ISOM operators with experience in control board operation during

unit startup (the PT)swere at the ARU unit finishingtartup activities.

In theyearsprecedingheincident,the concernaboutinsufficientstaffinghadbeenraisednumerous

times (Appendix L). In 2001, ®IOC analysisvas conducted when the NDU was built and its board
responsibilities were added to those of the AU2
requirement to have two board operators for any planned startup or planned shutdown activities to include
NDU. 6 Even though the MOC analysis required two
management did not implement this recommendation for ssaofughe raffinate section of the ISOM

unit. Insteada secondboardoperator wadrought inonly during specificimesduring ISOMstartup®

This was not the first time that operations personnel recognized the need burandmperators during
startupandshutdown A 1996 Amocostaffingassessmerf all units intherefinerystatedii Per sonn el
are concerned that wunder a minimum staffing sce
Then in 1999, a MOC for the consolidation of AU2 and ISOM resulted in a recommendation to revise the
ISOM planned startup and shutdown procedures torethat an additional independent/dedicated board
operatorbe presento help withcritical transitions duringimes of unitstartup and shutdowi Five

months prior to the incident, an experienced ISOM supervisor expremseern to Operations

Managementhattwo boardoperatoravereneededo safety operatall threeunits, particularlyduring

91|SOM startup procedure SOP 101.0 specifies that a second board operator shall be brought in only during certain
activities, such as when another unit in the complex is being startup up concurrently with the ISOM and when
introducingfeedinto the Penexreactors.

92 The startup of a highly hazardous process unit has a higher level of risk than normal operations because it requires
more manual operation and higHevel critical thinking by the operators, and thus the entire startup process
would beconsideed acritical transition.fi Cr i tt ri & rad werenoddefmed in theMOC.
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timesof unit upset$? In January2005,the Telossafetycultureassessment informé&P management that
atthe productionlevel, plantpersonnefelt thatonemajorcauseof accidentsatthe TexasCity facility
wasunderstaffingandthatstaffing cutswentbeyondwhatplantpersonnetonsideredafelevelsfor

plantoperation.

3.6.1 Refining and Corporate Management Decisions Affected Staffing

Despite a history of recommendations and requests for additional staffing during times of unit startup and
shutdown, Amoco and BP management cut staffing budgets in the years prior to the March 23, 2005,

incident.

In 1994, Amoco reviewed staffing to determine if operations staffing could be adjusted to Solomon
performance indices. This review concluded that reducing headcount at Texas City and at the Whiting site
in Indiana by the 18 percent necessary to matchdlmr®n first quartile average would save Amoco

between $22 and $33 million in operating expenses. If staffing could be reduced 31 percent, reaching the
iBest class Solomon manpower index, 0 the compan
resut in staffing for normal operations only, whe
no additionapersonnel omandtoguarda g a i n s tsucld gs saeks$*@absences, arglo BIn. 0

1999, BP cut fixed costs nearly 25 percent (see Section 9.4.3), resulting iwidlerstaffing

reductions’® and combined and consolidated from two to one the board operator positions for the AU2

andISOM units.

93 Email from an AU2/ISOM/NDU Supervisor to Operations personnel and Texas City management, including the
Superintendenf the AU2/ISOM/NDU, datedNovemberl1, 2004.

94 A safeoff is a procedure for emergency shutdown of a process unit in the event of a process, utility, and/or
equipmenfailure.

9 McKinseystudy,November2, 1994,commissionedor the Amoco Oil Company
% The Texas City Business Unit Strategy document, dated October 1999, stated that the budget targets could be
accomplishedin part,by reducingstaffingb y fi r a5%dgdwéreymp | oyees . 0
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Despite these cuts, in a 2004 compliance strategy docuin, Texas City manageme
of increasing expectations and costly regulations, we are choosing to rely wherever possible on more
people dependant and operational controls rather than preferentially opting for new hardware. This
strategyfwill place] greater demands on work processes and staff to operate within the shrinking margin
forer r%Tre.x0as Ci t y aostoutdng esultedn bgreater reliancenits operations

personnel, specifically the frontline operators, and less on hardware improvements. Yet the company had
been significantly reducing the number of these frontline operators since the 1996 Amoco staffing study
examined all units for potential staffing cutkacAnd, as section 3.8 discusses, training of the reduced

operationgersonnel was less than adequate.

3.7 Operator Fatigue

On the day of the incident, the Day Board Operator was likely fatigued, experiencing both acute sleep
los$® and cumulative sleep detStHe hadworked 12hour shiftsfor 29 consecutive dayandgenerally

slept five to six hours per 2dour period, although he reported feeling most rested with seven hours of
sleep per nightThe Night Lead Operator, who filled the tower from the satellite control room, worked 33
consecutive days, from Februaryi March 23, 2005. The Day Lead Operdtavho was training two

new operators, dealing with contractors, and working to get a replatpar¢to finish the ISOM
turnaroundvork i hadbeenon duty for 37 consecutivelays,from Februaryl4 until March23,2005.

Finally, another experienced outside operator, who was helping the Day Lead Operator, worked 31

consecutivalays,February21i March23,2005.All of theseindividualswereworking 12-hourshifts.

97 The ComplianceStrategydocumenivaspartof a colledion of TexasCity documentpresentedo the Global
Chief Executivefor RefiningandMarketingin July 2004asthe strategyadoptedatthe TexasCity refinery.

98 Acutesleeplossis theamountof sleeplostfromani n d i v hodmalaléepreguirementsn a24-hourperiod.

9 Cumulative sleep debt is the total amount of lost sleep over sevenal@4eriods. If a person who normally
needs 8 hours of sleep a night to feel refreshed gets only 6 hours of sleep for five straight days, this person has a
sleepdebtof 10 hours.
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Basedon ananalysisof thisinformation(seebelow),operatoifatiguelikely contributedo theincidentby

impairingoperator performance.

Fatigue can increase errors, delay responses, and cloud decadiong (Rogers et al., 1999; HSE, 2005).
Research also shows that complex task decisiaking that requires innovative, flelétthinking and

planningare sensitivéo fatigue (Rogerstal., 1999;Rosekind, eal., 1996) (Appendix\).

Based on their work schedules, many of the ISOM operators were likely fatigued; however, this analysis

focusedonthe Day Boardperatotbecause hbhad aprimaryrole on theday ofthe incident.

Theinvestigation focusedn twoquestions: 1) Werilentifiable fatigueactors® presentat the timeof

the incident?; and 2) If yes, did fatiguelated performance loss contribute to or cause the accident? The
CSB used a methodology employed by the NASA Fatigue Countermeasagesnand the National
TransportatiorafetyBoard(NTSB) toassess operatéatigue inaccidents?! Usingthis methodology

andevidence fromhe incidentthe CSBconcluded thafatigue wasa likely contributing factor.

3.7.1 Fatigue Factors

Identifiable fatigue factors were present at the time of the incident. On March 23, 2005, the Day Board
Operatohad been working tBour shifts seven daya week, fol29 consecutive day$The oper at o
commute to and from work took between 30 and 45 minutes each way, providing hifrl X6rs off

from work each day. The operator spent this time with his wife and children, and used it to take care of

family duties,householdhoresanderrands Someof this time wasalsoneededor mealsand toprepare

WFatigue factors are physiological aspects of an indi
fatigue factors are 1) acute sleep loss and cumulative sleep debt; and 2) continuous hours of wakefulness.
(Rosekindetal., 1993).

101 This metlodology has been used in NTSB investigations of pipeline board operators and in transportation
incidents. As the tasks of board operators, pilots, and drivers parallel each other in that they all deal with issues of
critical decisioamaking, attending to/omitoring partially automated systems, reacting quickly to abnormal
conditions,andrectifying deviationsfrom normalconditions the CSB usedthis methodologyin its investigation.

102 Accordingto companyrecords his lastday off from work wasFebruary21,2005,30 daysprior to theincident.
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for bed at night and work the next day. He reported that, due to these factors, he routinely got five to six
hours of sleep per night, about 1.5 hours less than he slept during his normsthestidle. Losing 1.5

hours of sleep in a 2dour period for 29 straight days, the Board Operator had accumulated a sleep debt
of 43.5 hourg® Without anydays offfrom work duringthat period, th@oard Operatohad little

opportunity to reduce that sleep debt and minimize the effects of chronic sleep loss. Research suggests
that even short breaks from work tasks can often lessen the severity of accumulated fatigue (Rosekind et
al., 1996). However, the Board Operator akyported that he rarely took official/scheduled rest breaks

duringhis shift and ate meals in front tbfe board.

The worksleep schedule of the Day Board Operator highly suggests fatigue, and the other operators of
the unit were also likely experiencing the effects of fatigue. According to the Baker Panel findings, the
average rate of overtime for operators and maintenance personnel at the Texas City refinery in the past
four years was 27 percent, with several empésyexceeding 68 percent (Baker et al., 2007). The Baker
Panel Report concluded that such overtime rates were excessive, would likely compromise safety, and

weresymptomatic of understaffing (Baker et al., 2007).

3.7.2 Operator Performance Impaired by Fatigue

Evidence suggests that the oper at esohdngskilsat i gue d

hinderingtheir abilityto determinghat the tower was overfilling.

3.7.2.1 Fatigue Impaired Judgment and Decision-Making

The Board Operator, as well as the outside operators, did not recognize that feed was entering the tower
but not being removed from the unit for three hours, that the tower was overfilling, or that the

consequenced thetowerflooding might be catastropke. Throughouthe startupon March23,2005,the

1031f hewasgetting5.5 hoursof sleeppernight, hewassufferingfrom anacutesleeplossof 1.5hours/night1.5(29
days)= sleepdebtof 43.5hours (aboua month and half of lost sleep).
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operations personnel did not make the connection between adding feed to the unit and the risk of

explosionsand fire.

It is common for a person experiencing fatigue to be more rigid in thinking, have greater difficulty
responding to changing or abnormal circumstances, and take longer to reason correctly (Rogers et al.,

1999).

3.7.2.2 Fatigue Contributed to Cognitive Fixation

In the hours preceding the incident, the tower experienced multiple pressure spikes. In each instance,
operators focused on reducing pressure: they tried to relieve pressure, but did not effectivelywjagstion
the pressure spikes were occurring. Theyaviiated on the symptom of the problem, not the underlying
cause and, therefore, did not diagnose the real problem (tower overfill). The abserexg&iénced
Supervisor A called into the unit slightly after 1 p.m. to check on the progress of thp, diattiocused

on the symptom of the problem and suggested opening a bypass valve to the blowdown drum to relieve
pressure. Tower overfill or feemuting concerns were not discussed during this troubleshooting
communication. Focused attention on an iteraaiion to the exclusion of other critical information

often referred t@s cognitiveixation or cognitivetunnel visioni is a typical performanceffect of

fatigue(Rosekind et al.1993).




3.7.3 Lack of a BP Fatigue Prevention Policy

BP haso corporate or sitepecific fatigue prevention policy or regulations. The contract between the
United Steelworkers Union and BP provides a minimum number of hours per work week requirement,

but not a maximur®*Accordingt o BP, Tfioperators wehow, 7dayspweek e d t
turnaround schedule, although they were allowed time off if they had scheduled vacation , used
personal/ vacation time, or had extenuabyicmgedi rc

basis!®®

OSHA, the API, the NPRA, or others have no regulations or industry safety guidelines on fatigue
prevention thaapplies to the chemical process industry or oil refinery workers. However, regulations do
exist for a variety of other industries, such as the nuclear sector, aviation, and motor carriers. Some

Europearcountries havelso beguno regulate employefatigue (AppendixN).

The NTSB has also recognized the effect of fati
Wanted Safety I mprovements, 0 a recommendation t
employee working hour limits in all modes acditisportation to prevent accidents and incidents caused by

human fatigué?®

Companies involved in highazard processes must establish a shift work policy to minimize the effects
of fatigue, especially because individuale poor seHassessors and are less likely to admit they are too

fatiguedto work safely. The shift work policy shouldaim to manageébothnormalshift patterns/rotations

' n March 1999, | SOM operators, including the Day Bag
Through Your Shift?06; however, BP was wunable to pro
document 8s retenti ont opeBH,odd cecxupmernetds. aArcec onrod ilnogn g e r
not fAreferenced on a regular basis, generally more
March 1999 date was the only recorded time the ISOM operators on duty on Mag€lD23took a course on
workplacefatigue.

105 Bp responseéo CSBinterrogatoryrequesfor information,Decembed 5, 2006.
106 http://www.ntsb.gov/recs/mostwanted/intermodalugésshtm.
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and temporary situations, such as turnarounds, by limiting the number of working hourshper 24

periodand the number of consecutive daysvork.

TheDay BoardOperatorandtheentireoperations crewvorking theturnaroundschedulewaslikely
experiencing significant effects of fatigue on March 23, 2005. By degrading judgment and causing

cognitivefixation, fatigue likelycontributed tdhe overfillingof theraffinatesplitter tower.

3.8 Inadequate Operator Training

Inadequate training for operations personnel, particularly for the board operator position, contributed to
causing the incident. The hazards of unit startup, including tower overfill scenarios, were not adequately

coveredn operator training.

BP BoardOperator Training consisted of néwre basic operator training; a tvaday generic
troubleshootingoursecomputerbasedutorials;andon-the-job training. (AppendixO providesa more

detaileddescriptioroftheBo ar d O praning)t or 6 s
ThelSOM unit operatottraining programdid notinclude

9 training for abnormal situation management, the importance of material balance calculations, and

howto avoidhigh liquidlevel in towers;
1 effectiveverificationmethodsf operatoknowledgeandqualificaions;and

1 aformal program for operations crews to discuss potentially hazardous conditions, such as startup

or shutdownto enhance operator knowledged define roles.

3.8.1 Training for Abnormal Situation Management

Operatottrainingfor abnormakituationswvasinsufficient. Much of thetrainingconsistef on-the-job




instruction, which covered primarily daily, routine duties. With this type of training, startup or shutdown
procedures would be reviewed only if the trainee happenieel $scheduled for training at the time the

unit was undergoing such an operation. BPO6s com
focused information, such as which alarm corresponded to which piece of equipment or instrumentation.

This type of informationdid not provideoperatorsvith knowledgeof the processr safeoperatingimits.

Whil e useful for record keep.i-bagedmamidg ottemgpuffecoey e e t r
ifrom an apparent | ack oelyigeseandaawor kabbdbki b
skill l evel 0 ( Bak ehejokettainirg Inar the ca@nfpoOtétized tutdiials effdetvely o n

provided operators with the knowledge of process safety and abnormal situation management necessary
for those responsible for controlling highly hazardous processes. Training that goes beyond fact
memori zation and answers the question AWhy?0 fo
operator understanding of the unit. This deeper understanding of the process better enables operators to
safely handl@bnormakituationgKletz, 2001).The BP TexasCity operatorslid notreceivethis more

in-depthoperatingeducatiorfor theraffinatesectionof the ISOM unit.

According to BP&s training requirements, operat
startup and shutdown procedures as part of their normal operating duties. The infrequency of unit
startups, in conjunction with the inherently higher risk for accidents during such a time, requires focused
and frequent training. Indeed, due to the higk associated with such abnormal conditions, the need for

trainingonthese infrequergventsmaybe greatethanthe trainingneeds fomormal operation.

BP did not train board operators on the hazards of overfilling towers. Thaawtoubleshooting cose
for board operators did not discuss the consequences of overfilling, and neither the training guides nor the

ISOM safeoff?” procedures provided sufficiegtiidanceon operator response tower overfilling.

107 A safeoff is a procedure for emergency shutdown of a process unit in the event of a process, utility, and/or
equipmenfailure.
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The BP training program did not include specific instruction on the importanc&ofateng material
balancesandthe startupprocedureslid not discusshow to makesuchcalculationsAs aresult,the Day

BoardOperatordid nothavea full understandingf the materiabalance fotheISOM unit.

3.8.2 Verifying Operator Knowledge and Qualifications

For several years leading up to the March 23 incident, Texas City managers did not effectively conduct
performance appraisals to determine the knowledge level and training development plans of most

AU2/ISOM/NDU operatorsTherefinery-wide 2004 OperatorCompetencyAssurancévlodel (OCAM)

audit®® results stated thamly 25percent ol SOM unit operators wergiven performance appraisals
annually*®® Theresults ofthe OCAMaudits alsaevealed thatero individualoperatordevelopment

planswere created for ISOM unitperators in 2003 and 2004.

In addition,no StandardOperatinginstructiong(SOIl) existedfor the BoardOperatormpositionat thetime
of the March 23, 2005, incident, even though a SOI had been created for the Outside Operator position.
The training materials specific to the board operator position were also vaegdlimscope and detalil

(Appendix0O.1.4).

3.8.3 Simulators Not Used to Train for Hazardous Scenarios

Simulation technology was unavailable to the AU2/ISOM/NDU board operators, despite their reported
success in improving employee knowledge at BP6s

chemicalplantadjacent tahe Texas Cityrefinery.Gundrills, or verbal discussionsf potential

108The OCAM audit was a unit assessment of its training program, materials, and appraisal methods, as well as a
review of unit records to determine if and how operator performance was being measureckedd @Ganeral
audits of the Texas City site were done in 2001 and 2002. Full audits of all refinery units were conducted in 2003
and2004.

10%Contraryto the OCAM auditfindings,the 2003and2004performanceecordsfor the persorresponsibldor
conducting/facilitatinghe operatorevaluationgeportedthat 100 percenf the appraisalsverecompleted.
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hazardous situations that operators could face while working the unit, were not formally and consistently

heldfor shift crewsto dewlop operatounderstanding ofthe SOM uni t 6s ri sks.

The need for continual training on hazardous operations was raised multiple times in the years leading up
to the incident. The 2001 MOC for adding NDU responsibilities to the AU2/ISOM board operator

position resulted in an action item to develop a simulator for the board operator position or an effective
gun drilM°program that would test operator understanding of the units. However, the OCAM audit in

both 2003 and 2004 found no evidence that a gun drill program was in effect, even though the MOC
documentation incorrectly stated that a gun drill program had beelopeg&'! Only one gun drill is

listedin theBoardO p e r atmainingi@cordsandit wasconductedn May 9, 2004;no recordshesides

list of thosewho attended have beeraintained byhe company.

Texas City managemedid not incorporate simulators in its training program, despite ISOM incident
investigatiorrecommendatiort¥’ that urged theiuse toensure thabperators develop the critical
decisionmaking skills necessary for running hazardous chemical processing units. Beginning in 2000,
BP6s Learning & Development (L&D) department ha

simulators, but was unsuccessful. After the March 2066lémt,the head of L&D department statdrht

l ack of funding was why simul ators were not bei

pushbackhasalwaysbeeninitial costandpeople/resources/castkeepcurrent.We could haveequipped

10 A gun drill is a verbal discussion by operations and supervisory staff on how to respond to abnormal or hazardous
activities and the responsibilities of each individual during such times. A gun drill prégrgualarly scheduled
and recorded gun drilishad been established at other units at the Texas City refinery but not for the
AU2/ISOM/NDU complex.

111 The actual date of action item resolution on the MOC documentation is April 25, 2003, 24 days after the 2003
auditwas conducted.

112 An incident at the FCCUS3 unit in the Texas City refinery led to the following Investigation Report

recommendation: fAconsider providing simulator traini

Investigatiorreport,datedFebruary?28,2003).

ng
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every process unit across TCR [Texas City Refinery] with several simulators for what the ISOM incident

will costu s 1130

3.84 Refinery and Corporate Management Decisions Affected Training

Corporatelevel decisionssuch as budget and staff reductions, impaired the delivery of training at the
Texas City site. Between 1998 and 2004, the budget for the Texas City refinery L&D department was cut
in half, from$2.8 to $1.4nillion, and its staff was reducéam 28 to eght* At the time of the

incident, four PSM positions, which could have assisted with training and gun drills, were also vacant in

theWest Plant of the refinery (which included the ISOM unit).

To make up for fewer L&D trainers, BP Texas City went to compodésed training for @icies,
procedures, and process unit lessons. This type of training saved the company money, according to the

i ndi vi dual wh o, at the time of ibdsedtraininglwase nt , wals

definitely a cost deweiwilpushrcanpuedbaseat@inirg sosg/outashopposed t e
to bringingyou the classroomr ai ni ngéi t dwas saohus bneHowevemi ze coslts
operators who require training for abnormal conditions would not kiérafi computetbased training

thatoften focuses on memorizirigcts, not troubleshooting unusual events.

I n 1999, responding to London executivesd call |to

managemerdgreedo implementa numberof costreductionactionsthataffectedtraining,including:

1 reducing/limitingoff-shift boardoperatottraining;

1 renegotiatingvith the Unionto eliminateonehourly trainingcoordinator;

113 Email from theheadof Learning& Developmen{L&D) departmento L&D staff, dated4/17/2006.

14 These figures are for all of BP South Houston; Texas City received approximately 60 percent of the allocated
budgetandpersonnetluring these years.

Bl nterview with the head of BPO6s Learning & Devel opmen
incident.
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{ eliminatingall nonOSHA required trainindor thefi s hor t1® t er mo ;

1 reducingthetraining planfor outsideoperatorsand maintenancerafts;and

1 eliminatingthe centraltrainingorganization otherefinery!*’

Whil e the Texas City sitebds training department

beginning in 1999, corporate BP identified a gap in training at the refiné2903 external audfound

that A[t]raining in most areas is not wup to the

turnéd&er. o

The OCAM audits also revealed similar inadequacies; in fact, thess datbtrmined that the unit

training coordinator for the ISOM/AU2/NDU spent only about 5 percent of his time actually training
personnel. Instead of training, his time was spent filling in for the superintendent, working or supporting a
turnaround or projecdoing extended work on resolving hazard and operability study (HAZOP) action
items,schedulingunit personnelandfilling in on shift for anotherfrontline supervisorThe OCAM

audits also found that the budget for both 2003 and 2004 allowed only for initial job and-@&§tired

refreshetraining;therewas nobudgetallowance for increasingne competencyf currentoperators.

18 Thedurationof i s htoea rwasnotdisclosedn thedocument.
117 The TexasCity BusinesdJnit 1999CostReductionPlanAction Items.
118 The 2003externalGHSERaudit, BP SouthHouston Septembe2, 2003.
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3.9 Failure to Establish Effective Safe Operating Limits

BP had established safe operating limits for some ISOM process parameters; however, the ISOM
operating limits did not include limits for high level in the raffinate splitter toiMee. documentation for

the operating limits established limits for procestigations like pressure, level, and flow; described the
effectsof deviatingfrom thosdimits; andlistedrecoverymethodgo avoid operatingoeyondthose

limits. Upper and lower limits for process parameters and consequences of deviation are necessary for
safe plant operation and are required by the OSHA PSM Standard [29 CFR 1910.119 (d)(2)(i)(D) and
(E)]. The only operating limit addressed in BP documentatiosdf® operation of the raffinate splitter
towerwas hightower pressure, whiclvas incorrectlylistedat 70psig (482.6 kPa)t® Thedocument did

not address a safe operating limit or consequences of deviation for hight splite level Further, none

of thethree distillatiortowersin thelISOM unit specifiedanoperating limitfor hightowerlevel.

BP had implemented an operating envelope program designed to increase oversight over process
operations and critical parametewhich addressed both safety, environmental, and economic operating
limits. Refinery management cited the program in safety assurance reports to BP Group managers as an
important way to control operational risks. The operating envelope program data, including information
indicating when unit operation occurred outside the limits, were stored electronically and were accessible
to the board operator, supervisors, and gbeesonnel on the refinery computer netwdrke program

was intended to capture the frequency and duration of operating limit deviations so that management

couldoverseehow theplant was operating anchplement needed corrective action.

Operatingbeyondt he fAnot to exceedo | imits set in the en

oraMOC procesdf the activitywas repeatedr prolonged. However, theoperatinge nvel ope 6 s

119The ISOM Safe Operating Limit document had not been updatedrectthe tower pressure limit since the
maximumallowableoperatingpressuravaslowered to40 psig in2003.




computerized reporting mechanisms to operations

reportingfeature was neveactivated.

In addition, the operating envelope for the ISOM unit did not address the upper operating limit for the
raffinate splitter tower level or other distillation towers in the ISOM; consequently, the frequency or
duration of instances of high splitter towerdéwere not recordedhe history of abnormal raffinate
section startups with high tower | evel rising b

toe x ¢ edevihtion oreportedo operationsnanagemeny theoperatingenvelope system.

BP6s | SOM process documentation did not address
take to recover from operating outside the safe operating $afié operating limit documentation,
proceduresandtrainingmustaddresshe consequencedsf deviatingfrom key procesgparametersuchas

tower level, and provide information on actions to take to return the process to normal conidiimns.

informationis critical for operatorgo safelyrespond t@bnormalkonditions (CCPS1995a).

3.10 Distraction Not a Factor

Phone calls and a safety meeting in the control room on March 23, 2005, were investigated as potential
distractiongor the BoardOperatorhowever areviewof availableevidencesuggestshatneitherissue

was a likely distraction. The phone calls into and out of the centralized control room were limited in
number and duration during the startup. And the historical control board data does not indicate that the
Boar d Oper amakingbvas affeetd by the safety meeting. (Appendix P provides a more

detaileddiscussion of botkhoncerns.)

ey



3.11 Summary

Numerous underlying latent conditions collectively influenced the decisions and actions of the operations
personnel at the AU2/ISOM/NDU cqtex. These safety system deficiencies created a workplace ripe for

humanerror to occur.




4.0 INCIDENT INVESTIGATION SYSTEM DEFICIENCIES

The CSB found evidence to document eight serious ISOM blowdown drum incidents from 1994 to 2004,
in two, fires occurred. In six, the blowdown system released flammable hydrocarbon vapors that resulted
in a vapor cloud at or near ground level that could have resulted in explosions and fires if the vapor cloud

had found a source of ignition. In acident on Februar§2, 1994 overfilling the 115foot (35meter)

tall Deisohexanizer (DIH) distillation tower resulted in hydrocarbon vapor being released to the
atmosphere from emergency relief valves that opened to the ISOM blowdown system. The incident report
noted a larg amount of vapor coming out of the blowdown stack, and high flammable atmosphere
readings were recorded. Operations personnel shut down the unit and fogged the area with fire monitors

until the release was stopped.

In August 2004, pressure relief valvigsened in the Ultracracker (ULC) unit, discharging liquid
hydrocarbons to the ULC blowdown drum. This discharge filled the blowdown drum and released
combustible liquid out the stack. While the high liquid level alarm on the blowdown drum failed to
operatethehydrocarbordetectoralarm soundedndfire monitorsweresprayedo coolthereleased

liquid and disperse the vapor, and gitecess unit was shut down.

Theseincidentswereearlywarningsof the serioushazardof theISOM andotherblowdowns y st e ms 6
design and operational problems. The incidents were not effectively reported or investigated by BP or
earlier by Amoco (Appendix Q provides a full listing of relevant incidents at the BP Texas City site.)

Only three ofthe incidents invaling theISOM blowdowndrumwereinvestigated.

BP had not implemented an effective incident investigation management system to capture appropriate
lessons learned and implement needed changes. Such a system ensures that incidents are recorded in a

centraizedrecordkeepingsystemandareavailablefor othersafetymanagemengystemactivitiessuchas
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incident trending and process hazard analysis (PHA). The lack of historical trend data on the ISOM
blowdown system incidents prevented BP frapplying the lessons learned to conclude that the design
of the blowdown system that released flammables to the atmosphere was unsafe, or to understand the

seriousnature of the problerftom the repeated release events.

BPOs problems with its incident investigation
before the incident, refinery audits and other reviews indicated larger problems with the Texas City

incidentinvestigationsystem. A2003external audif® foundthatii @oordinated, selfnonitoringand

selfassessmemirocess isiot evidenthroughout théine organizat o M .2@4audit?' gradedasii poor 0

how incidentinvestigationinformationwasanalyzedo monitortrendsanddeveloppreventionprograms.

1202003GHSERAudit Report,BP SouthHouston Septembe2,2003.
1212004GHSERAssessmenflexasCity Site, August2004.
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5.0 EQUIPMENT DESIGN

5.1 Hazards of High Tower Level

The hazards of overfilling distillation towers were not well understood by Texas City management and
operations personnel; however, overfilling incidents in the process industry have bedoaoueiented.
Distillation tower expert Henry Kister (2003) anzdyl recent trends in distillation tower malfunctions

from 900 case histories, and found that more problems initiate at the tower base than in any other section,

with half of thetower base malfunctions involvirggh liquid level.

Kister (2006a) reportseseral incidents where the high level led to liquid discharges into the tower
overhead equipment. For vessels generally, the U.K. Health and Safety Executive similarly found, in its
analysis of 718 loss of containment incidents, that overflow was thedskaating cause (Collins &

Keely, 2003). In his case history review, Kister concludes that faulty level measurement and control are

the primary cause®f towerhighlevel eventsasseen irthis ISOM incident(Kister, 2006a& 1990).

5.2 Previous Tower Overfilling Incidents

The hazards of high tower level were also known from a previous ISOM incident investigation. As
section 4.0 discussed, on February 12, 1994, another ISOM distillation tower was overfilled with liquid.
The investigation report stattdsat the level indication reached 91 percent and remained there while
operators struggled to lower the tower level over-ahd4rr period. The tower remained in operation

while an undiagnosed blockage in the bottom pumps caused the tower to fill with Qyeirfilling led

three pressure relief valves to open, and large amounts of hydrocarbon vapor were released from the
blowdown stack. Like the 1994 tower overfill, the 2005 incident involved filling the raffinate splitter

towerfor severahourswith noflow outof the bottomIn bothincidentsa malfunctionindevel




transmittemisledoperationgpersonnebboutthe actualliquid levelin thetower.

A high distillation tower level led to a fire and explosion incident reported by the le#ltiHand Safety
Executive (1997). In July 1994, at the Texaco Milford Haven refinery, a plant upset resulted in liquid
hydrocarbons being pumped into a distillation tower for several hours while liquid flow out of the bottom
was shut off. This problem wamdiagnosed by operations personnel, as the instruments indicating the
outlet valve position, level, and flow out of the tower bottom provided inaccurate information. As a result,
the tower ovepressured and caused a release of flammable hydrocarbom®uthet piping from the

flare knockout drum failed. The lessons from this incident were addressed to the U.K. refinery and
petrochemical industry, including BP (HSE, 1997). The Health and Safety Executive found that the
operators were not provided adeguaformation on process conditions and that Texaco was not

adequately monitoring instrument maintenance and equignsg#ction.

5.3 Level Indication Design

None of the instruments that indicated raffinate splitter tower level were working properly om 2&ar

2005. The tower level instrumentation consisted of a displacer type level transmitter, a level sight glass,
and two redundant level switches (high and low level), both of which failed to trigger alarms on the day
of the incident?? Thetower level transmittgprovided faulty readingand the level sighilass was dirty

and noroperational. The tower was not equipped with an additional level indication or with pressure

indicatorsthat could havevarnedthe board operataabouthigh liquid level.

122Thelow level switchfailed to alarmbutdid not play arole in causingtheincident.




Kister concluded from his review of distillation tower malfunctions that reliable level monitoring is

i mportant in preventing high | evel incidents, s
with a startup when a reliable level indicatisni absent 6 ( Ki ster, 1990) . Re
extending above the range of the primary column level instruments is valuable for detecting excessive
liquid levels (Kister, 2006a). Such instrumentation could include an upper displacement @tenra

bottom pressure transmitter, or a lower column differential pressure transmitter. However, to be effective,
safety critical instrumentation, such as column bottom level instruments, must be maintained in a

functionaland correctlycalibrated condion.

After the 2005 raffinate splitter tower incident, BP experienced another distillation tower high level
incident at its Whiting, Indiana refinery. On December 13, 2005, during unit startup, a distillation tower
overfilled, leading to the filling of #are knockout drum and liquid flow into the fuel gas system, causing
flames to shoot out of two furnace fire boxes. A newly installed level transmitter was found to have
failed, leading to overfilling the tower while the tower outlet valve was closeer @thssure indicators

on the tower that could have provided additional information on the high level condition were not
working. The BP investigation team recommendations included installing an additional level indicator

andrepairingthe two malfunctiomg pressure indicators.

5.4 Automatic Safety Controls

Even if the level instrumentation in the raffinate splitter column had operated properly, BP relied on the
correct and timely action by operators and following procedures to prevent excessive column liqui
levels. The tower was not equipped with automatic shutdowns or safety interlocks triggered by a high

level, either ofwhich couldhave provided additiong@lrotection againgbwer overfill.

dur




While procedures are essential in any process safety program, they are regarded as the least reliable

safeguardo preventprocessncidents.The CCPShasrankedsafeguardin orderof reliability (Table3).

Passive safeguards, such as reduced inventdrgzardous substances, cannot readily fail, but as in this
case, are not always feasible. Procedural safeguards, such as operating procedures, because they rely on
personnel consistently making correct and timely decisions while performing other ddtstemtially

while stressed or fatigued, are considered tthbdeast reliable.

Table 3. Safeguard reliability (CCPS, 1996b)

Reliability Type Examples

Reduced inventory of hazardous substances

Most Reliable Passive Safeguards
Use of chemistry with reduced toxicity
Emergency shutdown systems

Less Reliable Active Safeguards
Flare stacks

Least Reliable Procedural Safeguards Operating procedures

Failures with potentially severe consequences, such as overfilling a column in flammable service, may
require multiple, redundant, active safeguards. Examples of active safeguards that could reduce the

likelihood or consequencesf column overfillinginclude, but areot limitedto

9 reducing and shutting off column feed on increasing high column level to prevent further material

accumulation,

1 shutting down the reboiler on high column level to prevent damage to trays or magyioeeta

of liquid from thecolumn, or

9 directingrelief valve discharges$o a high-capacityliquid knock-out systemandflare stack.




In its report on the Milford Haven explosion, the U.K. Health and Safety Executive recommended an
automatic safety device such as the shutdown of tower feed to prevent overfilling (HSE, 1997). The
Instrument Society of America has suggested high levetidesron column feeds to reduce, and
eventually halt, the flow of material into a column if the liquid level is high (Buckley et al., 1985). For
columns where the consequences of overfilling could be severe, redundant instrumentation and a high
reliability safety instrumented system (SIS) are recommended. Such systems, which operate
independentlpf thenormaloperatingcontrols,improvethereliability of safeguardandhelpreducethe

likelihood of catastrophic failuresuch as the March3, 2005, incident.

5.5 Pressure Relief and Disposal System Design

The investigation analyzed the design of the pressure relief system on the raffinate splitter tower and the
disposal of the relief streams via the disposal collection header connectedltwitiewn drum and

stack. The analysis focused on the design basis of the relief and disposal system, calculations of relieving
rates, and placement of equipment. The design basis was compared against the definition provided by the

EPAin guidance materiafor its Risk Management Prografd0 CFR,Part 68):

Design basis means documenting how the loads and sizes of the relief system, as well
as inlet and outlet sizes were determined. This includes a description of overpressure
scenarios considered, the scém#inat creates the largest load to be relieved, the

assumptionsised andf the device meets a certatno d e é . 2003.P A,

The importance of properly documenting the design basis of relief systems is discussed in the third

editionofLees ® Loss PRroeesimdtsiriesn i n t he

The core purpose of the relief system design basis documentationfddn) to
ensure that the entirety of the process unit is adequately protected against all credible

sourceof overpressureand (2)to ensureghat thisdesign basigformation is




available to all interested parties throughout the operating life of the unit. These goals
may be satisfied if the documentation captures the analysis process of the original

designerofthemni t 6 s pr es s (Maman0®3).i ef system

Theanalysisnustalsoaddressredibleoverpressurecenario$o ensurghattherelief devicesare

equippedo safelydispose othe effluent whilenotcompromising overpressupeotection.

55.1 Safety and Engineering Standards

The Texas City refinery was owned and operated by Amoco Corporation prior to the merger with BP
(Appendix D). Hence, the refinery and its equipment were designed and operated in accordance with
Amoco and U.S. industry engineering esdand process safety standards. After the merger, former

Amaoco sites continued using the existing safety and engineering standards. Amoco and BP had developec
a number of safety standards and engineering specifications that applied to safety relie€alidotion

headersand effluent systems; thmostpertinent in use at Tex&ty were

T Process Safety Standard No. 6, dAFIl are, Bl owd

ProcesdJ n i priinally issuedSeptembeR0,1977andupdatedn 1986,1990,and1994;

1 EngineeringSpecificatiord9D-2, i | S Bguipment_ocationandS p a ¢ iOctaberi, 1992;

1 ACV-PLT-DISP-E, ACI vil Pl ant Disposal Systems Engi

and

1 f B @hemicalRelief SystemdesignG u i dDeafi 1B, June2001.

5.5.2 Pressure Relief System Design Basis

Texas City management did not identify all credible overpressure scenarios, fully document potential

overpressureventsor calculate relieflow ratesfor all the potentiabverpressurecenario®n the

oW



raffinate splitter (Appendix R). Withut this information, Texas City management could not ensure that
the blowdown disposal system was safely desighkd.lack of design basis documentation also points

to a failureof PSMsystems, such ggocessafetyinformation and PHAequirements.

5.5.3 Blowdown System Design Basis

No evidence suggests that an analysis had been conducted to determine if the ISOM blowdown drum was
safely designed. BP was unable to provide the CSB with any documents from the hiskesical fi

concerning the original design basis of the blowdown drum and stack. No documents could be found
indicating or showing that the blowdown drum could safely handle the effluent when the Heavy
Ultraformate Fractionator (HUF) was installed in 1976, orrafteras converted to a raffinate splitter in

1985 (Appendix E.1). While a contractor evaluated the other headers discharging into the blowdown
drum when the ISOM unit was converted to a Penex reactor, the header from the raffinate splitter tower
wasnothcl uded in the evaluation. A BP engineer re
1994anderroneouslhconcludedhatall therelief headerhadbeenexaminecandwereproperlysized.

His conclusion was then used as justification for closimgction item from the 1993 PHA to review the
unitdés relief valves to ensure that they were p
safety analysis action item for a review of the

wasMarch 31, 2005, eigtttaysafter the explosion.

55.4 Process Safety Standard No. 6

The Texas City refinery did not follow the requ
(adopted by BP), which did not allow new atmospheric blowdown systems and required existing
blowdown systems to be phased diite policy required stacke be converted to flare or closed system
configurations fiwhen the size of the existing f

totheexistingf a c i Thepolcy atsodid notallow quenchedlowdownsystemgsuchas the SOM)

i




to relieve to the atmosphere. Based on this policy, the following requirements or events should have

triggeredthereplacementf the ISOMblowdown system:

1 When the HUF fractionator was converted to a raffinate splitter tower in 1985, istiagex

guenchedlowdown drunshouldhave beeronverted.

1 The replacement of the blowdown drum and stack in 1997 was a major modification to the ISOM

unit.123

1 A major modification also occurred in 2003 when the original design intent of the blowdown
drum was significantly altered after the quench capabilities of the drum were impaired due to

corrosion.The blowdowrdrumremainedn disrepairuntil thetime ofthe incident.

The purpose of PSS No. 6 was to ensure, fAsafe d

which are in place to control releases of hydrocarbons or potentially toxic materials to the environment. In
general, release of these maibriinto closed systems is preferable. Containment, handling and proper
di sposal of such materials is critical to unit

requiredthattheISOM blowdown systershould havdbeen replaced faafetyreasms.

555 Amoco Engineering Specification 49D-2

The blowdown drum and stack did not meet the Amoco engineering specification for spacing and location
of refinery process unit equipment. Section 7.4 of this specification states that blowdown stacks be
il ocated remote from other equipment, preferabl
side of the unit. The clear space between blowdowntfasieind other equipment should be a minimum

of 40feet(12.2m) The blowdowndrumandstackwere locatedn the northwestcorner ofthe ISOM

22BP managers stated in interviews after the incident
Ki

trigger the conversionto a flare systettmh e pol i cy did not contain an #@in
recordexist thatshowedthatsuchan exemptionvaseverrelied upon.

es
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unit, insidethe batterylimits'?* (ISBL). The Amocoengineeringpecification states thatajor deviations

from this guideline will need approval from the Refinery Process Safety Committee, but no evidence was
found to indicate that the Texas City refinery ever sought approval to deviate from this standard. This
standard should have been reviewed during PHAligations and facility siting studies; if it had, then

theremoval of the blowdown drumnvould have beemvaluated.

5.5.6 Amoco Engineering Specification A CV-PLT-DISP-E

The blowdown drum and stack did not meet Amoco engineering specifications for planaldéygtams,
which required that blowdown systems discharge to a vapor recovery system or a flare, rather than to the

atmosphere. In 1998, Amoco Corporation Engineering Specification,-RIAOVDISP-E , ACi vil Pl

Disposal Systems Engineering Specification,was i ssued. This specificatii

requirements for design of drain, vent, pum, blowdown, and sanitary sewer systems in plant
processing facilities, 0 and defines a bl owdown
renmoving process streams from a processing facility in an emergency. The general requirements of this
standard state: Adlf deviation from this specifi
operating conditions, or existing facilities,appr al t o do so shal | be obtai
CSB found no evidence to indicate that the Texas City refinery ever sought approval to deviate. This
specification states that whether hot hydrocarbons are released to a blowdown system and gquenched, o
cold hydrocarbonaredrainedinto a blowdowndrum,thedrumwill bevented to dlare or vapor

recoverysystem, not directly to the atmosphere.

124 Thebatterylimit is anareain arefineryor chemicalplantencompassing processunit or batteryof unitswith
theuni t (s) 6 s anddewites (BParkelPM) i t i es
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5.6 Previous Attempts to Remove Blowdown Drums

During the 15 years prior to the March 2005 incident, a number of proposals were made to remove
blowdown stacks that vent directly to the atmosphere at the Texas City refinery, but none were

implemented, primarilylue to cost considerations.

5.6.1 1991 Flare/Blowdown Strategy

In mid-1991, in response to recent changes to the EPA Clean Air Act and various state requirements to
disclose nofroutine process vent sources, the Amoco Refining Planning Department (ARPD) proposed a
strategy to eliminate blowdown stadkat vented to the atmosphere. In 1992, ARPD decided not to
include separate funding for flare and blowdown work in thged capital plan because neither federal

nor stateregulationswverelikely to requirethatrelief valvesberoutedto closedsystens in theforeseeable

future. Instead, Amoco refineries were directed to identify and correct all deficiencies in equipment
protection, including installation of common flare systems and projects, to correct Amoco PSS No. 6

deficiencies.

5.6.2 1992 OSHA Citation

In 1992, OSHA issued a serious citation to the Texas City refinery alleging that nine relief valves from
vessels in the Ultraformer No. 3 (UUBd not discharge to a safe place and exposed employees to
flammable and toxic vapors. One feasible and aetépmethod of abatement OSHA listed was to

reconfigureblowdown to aclosed systerwith aflare?> Amoco contested the OSHA citation.

125 OSHA CitationNo. 107617789item 2, 3/30/1992.




In March 19940SHA andAmoco agreed ta settlemenit® regarding thet 992citation. As part ofthat

settlement, OSHA agreed to withdraw the citation, and Amoco stipulated that the conditions described in
the violation had been analyzed in accordance w
PressureRe |l i evi ng and Depr es s azardousgcon8iyosstcieedrdid,nat exstrord t h
had been corrected. The agreement also allowed OSHA or its consultants access to the workplace to
review Amocods analysis of the conditions to ve

follow-up inspectiam.

5.6.3 1993 Amoco Regulatory Cluster Project

The 1993 Amoco Regulatory Cluster Project was initiated to resolve compliance issues with all liquid
waste regulationby installing stateof-the-art, doublelined, 100 percensegregatedewersystemsat

each praess unit. All blowdown stacks would be eliminated and replaced with flares and knockout drums
for maintenanceandall liquid waste High-risk areaswvould alsohavedoublecontainedsumpsinstalled

to catch drips and drain rain water. However, due to project costs of $400 million, Amoco decided not to

fundthe project.

56.4 2002 NDU Flare line

During project development for the construction of the NDU and its flare system in early 2002, the
contracted engineers sizing the flare line asked if the line should be sized to accommodate process
streamdrom thelSOM unit aswell. Theynoted thaif the ISOM usedhesameflare lineasthe NDU, it
would save about 1,000 feet (305 m) of pipe. If not, the proposed line size to the NDU flare could be

reducedsaving$150,000Dueto uncertairfutureregulatoryrequirementgandfinancial pressureshe

126 OccupationaBafetyandHealthReviewCommission(OSHRC)DocketNo. 92-1394,92-1395.




refinery manager stated that only the original project as approved was to proceed éndto k t he s a

iN99. 999 per c e Conseduentlyhttee ISOM sriie-sn was not made.

5.6.5 2002 Clean Streams Project

As a result of compliance i ssues with the EPAOGS
EmissionsStandard for Hazardouwsi r Pol | ut ant s 02 f¢r NdazehtAvRsiend sdadlen d a r d
organiccompoundgVOC) ?° the TexasCity refineryhealth,safety,andenvironment (HSEjlepartment
initiated a capital project, called ndbeBPn Str e
process engineering group with support from outside engineering firms, and involved either removing all
liquid streams routed to blowdown stacks or installing emission controls. Theeimorgoals centered

on identifying and measuring naalief valve streams going to blowdown drums and identifying

solutions to eliminate the sources discharging to blowdown drums:teomggoals included eliminating
blowdown stacks and initiating projects to install closed systems or flares for relief valosatligp

presentation to the EPA in November 2002 included a slide on the Clean Streams project indicating that
BP intended to remove all streams, other than relief valves from blowdown systems, to achieve rapid

compliancewith benzene waste issues.

As thelSOM unit was going to be shut down for a turnaround in early 2003, it was one of the first

refinery units evaluated for benzene elimination. One option considered by the Clean Streams project
team was to reconfigure the blowdown drum as a flare knockant and route its discharge to a flare to
reduce benzene emissions. However, because the relief valve and header study wasdaituthis

option was not selected. The ISOM unit relief valve and header study should have been completed before

thefirst unit PHA wascompletedn 1993(seeSection 5.5.3)The CleanStreamsgrojectteamdiscovered

27Emailfi R kine sizefor NDU f | a from RedineryOperationsManager Januaryd, 2002.
12840 CFR61.340.
12940 CFR63.640.
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in September 200thatno study existedor the ISOM unit, andthatbudgetcutshaddelayedcompletion

of the plannedSOM unitrelief valve ancheader studfor atleast a yeauntil theend of2004.

Insteadtheteamdecidedo divert benzenecontainingstreamgo segregatewvet/dry closedystemswith
relief valves still venting to the blowdown drum. This took advantage of an exemption in the
environmental regulations for emergency releasesinsiéor the wet/dry closed systems were done

duringthe 20@ turnaround so thesgstems could be installed later.

As the Clean Streams project costs rose from $6 to $89 million, its proposed scope was discussed and
redefinedoy BP managersprojectengineersandenvironmentapersonnetiuringanApril 2003f Stang
Business Priorityd workshop. After the meeting,
drums to emergency use to only at tgeamperyaaglimt o mp | i
for benzene waste. Consequently, the wet/dry syptejact in the ISOM unit was deemed unnecessary

to meet thdimit, the projectwas cancelledandthe wet/dry systemwas neveinstalled.

The primary driver for the Clean Streams project evolved over time to focus on achieving compliance
with EPA benzengaste regulations as soon as practical; safety and engineering specifications were not
considerear addressedueto schedulingpressurefrom theupcomingturnaroundsthe CleansStreams
project did not follow safeguards that were par

consideratiorof safetyandengineeringpolicies,suchasthosediscussedh sectionss.5.4through5.5.6.

5.7 API521 Guidelines

At the time of the March 23, 2005, incident, the American Petroleum Institute (API) Recommended
Practice No. 521RelfiGuwiidneg faonrd Freepsrseusrseur i ng Sy st e
accepted industry standard for pressure relieving and dispgstems. As Amoco asserted to OSHA in

the 1994citationsettlemenagreementAmocousedanearlieradditionof this guidelineto evaluatdts

an
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blowdown drums. The CSB also evaluated this guideline to determine its effectiveness in addressing

hazardgosed by blowdowdrums with integrastacks open tthe atmosphere.

The API 521 guidelines are divided in four main sections: causes of overpressiermination of
individual relieving rates, selection of disposal systems, and disposal systems. Gaps and ambiguities were

notedin the guidelines andre discussed below.

5.7.1 Tower overfilling scenario

Although the API guidance covers 16 potential caudeoverpressure, it does not address the potential
overpressure hazard of vessel liquid overfill, or the hazard of a large liquid release to a disposal drum that

ventsdirectly to the atmosphere.

5.7.2 Selection of disposal systems

I n ASel ect ilonSyosft eam, i sSpeocstai on 4 of the guideline
disposal system operating in the ISOM unit at BP Texas City; namely, multiple relief valves venting to a
disposal collection header discharging to a blowdown drum fitted withmamspheric vent stack. In
section 4.6, AiDi sposal of Liguids and Condensahb
valves that discharge hot hydrocarbon liquids or vapors may be piped to a header that terminates in a
guench drum. Subsecti@.6.1.3.1 indicates that a type of quench drum may be connected to a vent stack
or flare. The ISOM blowdown drum had water sprays for quenching, but they were inoperable. Quench
fluid is designed to be sprayed on hot vapors and will not prevent theaeleeolatile hydrocarbon

liquids to the atmosphere if overfilled. This tparagraph subsection does not discuss the sizing of the

drumfor liquid or vapor release scenarios, does itadviseon thesafesiting ofthe vent stack.




5.7.3 Sizing the knockout drum

Section5.4.2.1/4 S i aKnodkoutD r u rof thieguideline,assertshatsizingisii g e n eafi & kahda |

errorp r o ¢ e s s . owerfilhscdnarigsinétabnsidered. In facthe guidance states:

However, it would usually ndie necessary to consider the following volumes relative to
vapor disengaging in the following situation: that in which the knockout drum is used to
contain large liquid dumps from pressure relief valves from other sources where there is no

significantflashing, andheliquid can be removed promptly

The BP incident involved liquid overfill, not liquid/vapor disengagement. Even then, the guidance says
that sizing the drum for large liquid dumps does not have to be considered if the liquid can be removed
Apromptly. o6 The guidance does not define fApromp

removedi pr omptl y. 0

5.7.4 Inherently safer approaches

The API 521 discussion of designing or selecting disposal systems does not address the concept that a
flare system is an inherently safer design than an atmospheric vent stack because it safely combusts
flammable hydrocarbons before they are vented to atmeospwhere they could become a serious fire or

explosionhazard.

A flare system with a knockout drum is both a destruct and containment system. A properly sized
knockoutdrumwould containacrediblefi w 0 ¢ & $seepariaeleaseContainments oneof themain

lines of defense against releases of hazardous materials (Kletz, 1998). The flare burner is a destruct
system, which is an inherently safer option compared to dispersing flammables to the atmosphere from

theblowdown drumvent stack.




API 521, Section 5. 4. 4, AvVvent Stacks, 0 di scusse
directly off pressure relief valves. There is no discussion of backpressure effects on relief valves and the
potential impacts on stack discharge velocity from having varying numbers of relief valves discharge to a
header system connected to an atmospheric vent stack. In the ISOM unit, 58 emergency relief valves
vented into disposal collection headers that digggdhinto the blowdown drum, many of which might

operate simultaneously. The section does discuss the issue of possible liquid accumulation from vapor
condensation, but not from a large liquid release. One alternative mentioned to avoid liquid accumulation
is the installation of fAa small di sengaging dru
blowdown or quench drum to be sized for a potential large liquid release is not discussed. Little guidance
is given for safely siting vent stacks in thegess plant. In fact, the section on design details states that

vent stacks are frequently located in a process area that contains equipment connected to the stack, and
suggests that the stack can often be more economically supported from a fractiomatimghimney,

etc. This suggestion ignores the safety implications of a potential large liquid or low discharge velocity

vaporreleasan the middle of a process unit.

5.8 Conclusion

Based on the analysis of the relief system, the blowdown drum was uedeasit the emergency relief
systemdesigndid not addresghe potentialof alargeliquid release inthe eventthe raffinatesplittertower
overfilled. After the March 23, 2005, incident, BP evaluated the 22 blowdown systems at its five U.S.
refineries andound that 17 handled flammables. BP has publicly pledged to eliminate all atmospheric

blowdownsystems in flammable servicealfive of its U.S.refineries.

In light of the ambiguities and gaps discovered in reviewing API 521, CSB issued a recotiondnda

API on October 312005, (AppendixC) to reviseits recommended r ac t i ¢ ePSMs@SIBI&KS s

13029 CFR1910.119(d)(3)())(D)ii P r o SafetgManagemenof Highly Hazardouch e mi cal s . 0
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reqguires that relief system designs comply with
practices. o0 Published PSM compliance guidelines
suchasflares,are inplacea n d o p andthdtii pnrgeds s u r e amd eupturadidcsare properlg s
designed and di schaz24l 1904). Therefere, theeCSB reammendedtal 2
OSHA implement a special emphasis program for oil refineries to focus on blowdown drums that

dischargalirectly to the atmospherand their design (Appendix C).




6.0 TRAILERS

6.1 Placement of Temporary Structures

BP6s placement of occupied trailers close to th
this disaster. All 15 who died during the March 23, 2005, incident were in or around trailers. The trailers
were sited in this area primarily for ammience: the unoccupied area between the ISOM and NDU units
was selected because it was across the road from the Ultracracker, (ULC) and would be a convenient
stagingareafor the contractorsn their turnaroundwork (Figure 15). The CCPSnotedthatthis practiceis

anincreasing trend:

Temporary, honpermanent structures may be used at processing facilities. The most common
are mobile office trailers used during construction or periodic major unit overhaul or
turnaround. A common practice is that thesepterary offices are located near processing

areas for convenience and are not removed on completion of the job; thus, they transition

from temporary to sempermanent (CCPS, 2003).

6.2 History of Trailers in the Area

BP had been using trailers as temporary office spaces for several years at the Texas City refinery. A
survey by the Texas City Facilities and Services department showed that in 2004, 122 trailers were in the
refinery with an estimated occupancy of 800. Sehtrailers were generally used to house employees and
contract workers during turnaround periods. BP policy allowed trailers to be sited near process units

basedon the results of acreening process, which includetdualding analysis.

The area betwedahe NDU and the ISOM had been viewed as an appropriate location to site trailers to be
used during turnarounds for years largely for reasons of convenience. In fact, support utilities had been

installedin thatarea in2002specifically foruseby trailersin the turnaroundashenthe NDUwas




constructed and never removed. In summer 2003, a series of emails circulated in the BP Oils Turnaround
Network®! questioned whetha&hanges weraeeded irturnaround trailer sitingractices, owhether
explosionproof turnaround trailers should be used, in light of the findings of recently completed Major
AccidentRisk (MAR) studie$®*? showingthat turnaroundrailers couldbe subjecto potentialexplosion
overpressures in certain areas of refineries. Although the BP Texas City refinery also identified this
turnaround trailer siting concern as an issue, no evidence was found to indicate that this issue was

resolvedprior to the March 232005, explosion.

6.2.1 2005 Turnaround

While planning for the 2005 ULC unit turnaround, in September 2004 BP sited a-gadbl&ailer
betweerthe NDU andISOM to houseemployeedor the MotorizationProject.Nine otherswerelocated

in the same area to support the ULC turnaround, but a MOC was not conducted for any of them despite
being required by BP policy (Figure 15). (Appendix F provides further information on the location,

constructionand use of all the trailers sited in thiga.)

6.3 BP Texas City Facility Siting Practices

The policies, procedures, and practices being used at the Texas City refinery for facility siting were
examined to determine why the trailers were placed so close to hazardous process areas. As most refinery
unitshandlelargequantitiesof flammableliquids, they aresubjectto therequirement®f the OSHAPSM

standard (Section 11.1). The PSM standard requires that facility siting be addressed as one element of a

PHA usinganappropriatanethodology{29 CFR 1910.119(e)(2and(3)(v)]. In its compliancedirective

B1This peermetwork,which includedrepresentativeom all BP refineries metperiodicallyandexchange@mails
to discussbestpracticesor improving turnarounds.

132 Thesevoluntarystudiesconductedby BP assessesocietalrisk by determiningtherisk of multiple facilities (over
three) from all potential scenarios at a particular site. The MAR study, conducted in March/April 2003 at the
TexasCity site,identified thetop 80risks, but noneincludedthe ISOM unit or blowdowndrums.
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Figure 15. Trailer area and adjacent ISOM unit

6.3.1 Amoco Facility Siting Screening Workbook

Because the Texas City refinery was owned and operated by Amoco Corporation at the time the initial
refinery-wide siting analysis was conducted in 1995, the refinery used the Amoco Petroleum Products
Sector (PPS) Refiningacility Siting Screening Workboals its methodology to analyze siting (Amoco,
1995). After the BFAmoco merger in 1999, the Texas City refinery continued to use the Amoco

workbook,eventhoughBP Oil hadbeenusinga differentrisk-benefitapproactin its refineries sincéhe

ti



mid-1990s (Fryman, 1996). In fact, the facility siting analysis was revalidated in 2002 using the Amoco
workbook, even though the BP Group had adopted and published a hew group risk criteria (Mogford
2005, pg. 98). The workbook generally follows API 752 (1995), but contains some differences (Appendix
F.1.1) that made it less protective (see additional discussion in Section 6.4 and Figure 16). The workbook
setsforth a methodologyor assessingsksinvolvedin locatingbuildingswith respecto process.

Although the limitations of this workbook (e.g.. potential for trailer damage from a vapor cloud explosion
and annualized occupancy of highly populated, stioration turnaround trailers) were pointaat in a
September 2004 email forwarded from the Whiting refinery to the Texas City PSM manager, these
limitations were dismissed because the MOC PHA checklist for temporary trailer siting called for a
distance of 350 feet (107 m) from the process, atitbatdistance the risk of a fatality was extremely low.
However, the 35@oot (107 m) distance trigged a need for an analysis, but did not prevent a trailer from

beingplacedcloser than 350 feet (10W).

6.3.2 MOC Procedures for Facility Siting

To address pettial safety and health hazards of buildings introduced into the refinery between the
refinery-wide siting studies suchastemporarymobile office trailersusedin unit turnaroundstherefinery

also required all newly sited structures to be evaluated under its MOC procedure, which also required that
a PHA be conducteds the trailers involved in the 2005 explosion near the ISOM blowdown drum and
stack were placed there after the 2002 faeikitgde siting study was completed and the next revalidation

was not scheduled until 2007, facility siting for trailers sited during the 2005 turnaround were addressed

usingt he r ef i preceduré.s MOC

6.3.3 What If/Checklist Methodology

Therefineryuseda What|f/Checklistmethodologyfor PHAsinvolving trailer siting. After ait Wh lat o

hazardanalysisatrailer siting checklist needetb becompleted. Thehecklistwasthefirst stepin the




screening process to determine if the building could be screened out based solely on its distance from the

process unit. One checklist question asked if the trailer was to be located within 350 feet (107 m) of a

process unit. If the answer to thisquestioa s fiYes, 06 t hen further scr eenli

involvedanalyzing the building sitingsing the Amoco workbook.

6.3.4 MOC Implementation Problems with Trailer Siting

On September 27, 2004, BP Texas City staff completed a MOC form, which indicatadithdtlewide

mobile office trailer would be temporarily sited in the open area between the ISOM and NDU units for

use by the Motorization Project during the upcoming ULC turnaround; the intention was to remove it
when the project was completed at the ehdpril 2005. The MOC team conducting the PHA for this
trailer did a AWhat | fo6 analysis, using questio
checklist. As the trailer was closer than 350 feet (107 m) from both the ISOM and NDU units, they
correctly answered the question on the checklist and were directed to perform a building siting analysis.
However, none of MOC team members had been trained to use the Amoco workbook and thus did not
understand how to do the building siting analysisidn bf an analysis that would have considered siting
hazards, the MOC team attached a drawing showing the proposed interior configuration of the trailer and

measureds location fronthe catalyst warehouse.

In January and February 2005, nine other traweere sited between the ISOM and NDU without
conducting a MOC. For siting purposes, the siting workbook specifically instructs users to consider
clusters of buildings, such as turnaround trailers, as one building, which the team did not do. By

conductingonly oneMOC, the occupancyoad of the othertrailerswasneverconsideredo increaseisk.

In addition, the MOC procedures clearly state that the proposed chamtjés case the siting of the first
traileri cannot be initiated until all action items identified in the PHA have been resolved. Although two

actionitems werestill pendingfrom the MOC at thetime of the March2005explosion this trailerhad

>
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been occupied by contractor personnel since November 2004, and the ISOM unit superintendent had
never approved the MOC. After the March 2005 incident, BP determined that &yradjtine mobile
office trailersweresitedwithout applyingthe MOC processandthusno PHAS or siting assessmentsere

completed.

6.4 API 752 Guidelines

One industry standard used by the chemical, petrochemical, and hydrocarbon processing industries to
evaluate facility siting in a PHA is API 752, i
Process Plant Buil di ngs .the baBiefor theiBPelexastCitydacilgywiting e | i n
studies, the CSB evaluated this guideline, which uses adtage analysis process to identify hazards
andmanageisksto building occupantgrom explosionhazardsBuildingsscreenedaut duringoneof the

stages require no further evaluation. The guideline also allows companies to develop specific criteria
pertaining to occupancy levels, evaluatiase events, consequence modeling/analysis programs, and

risk acceptance criteria (Section 2.4.1, API 19g@%nsequently, the values chosen by each company for

thesecriteria will affect how buildings are screened.

API 752 does not address whether the convenience of placing of temporary mobile structures, like
trailers, close to process units handling high hdmas chemicals outweighs the risk to occupants. Nor

does it establish a minimum safe distance among various types of buildings and hazardous process units.
The guidelines note that occupancy is normally based on an annual average and recommendsythat weekl
occupancy rates vary from 200 to 400 person hours each week (the difference between five and 10 full
time employeedeingexposedo risk). Additionally, peakoccupancy varies froffive to 40 personnel.

Yet by allowing this amount of latitude, companies applying API 752 using aolighpancy criterion
couldplaceemployeest significantrisk andstill fall within the allowancef theguidelines Also, using

anannualaverageasabasisfor occupancys inappropriatdor trailersthatwill be occupiedanly several

Ma



monthsduringaunit turnaround.

The data API uses to assess vulnerability of building occupants during building collapse is based mostly
on earthquake, bomb, and windstorm damage to buildings. However, as vapor cloud explosions tend to
generate lower overpressures with long durationd {lams relatively high impulses) (Gugan 1979), the
mechanisnby which vaporcloudexplosionsnducebuilding collapsedoesnot necessarily matcthe data

being used in API 752 to assess vulnerability. The CSB found that this data is heavily weighted on the
response of conventional buildings, not trailers, which are not typically constructed to the same standards.
Thus, when the correlations of vulnerability to overpressure from the March 23, 2005, explosion (Figure
16) are compared against the APl and Bfeiga (Section 6.3.1), they were both found to be less

protective in that both undgredict vulnerability for a given overpressure. Also, the data used by both

API and BP teestimate vulnerabilit}#® does notncludeseriaus injuries tdrailer occupants asresult of

flying projectiles, which are typically combinations of shattered window glass and failed building

componentsheat, fire, jet flames, or toxic hazards.

In light of these findings and because API 752 is comignused as a basis for facility siting, the CSB
made an urgent recommendation to API regarding trailer siting and recommended either revising APl 752

orissuing a new standard to address the issues (Appendix C).

133The Amoco workbook data used by BP Texas City was based primarily on fatalities, while the API data was
based on fatalities and liareatening injuries. However, OSHA standards are based on Section 5 of the
Occupational Safety and Health Act of 1970 athrequires employers to prevent death as well as serious
physicalharm(such adrokenbonesand severéacerations).
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Figure 16. Comparison of explosion damage based on API and BP Texas City criteria

6.5 BP Actions After the Explosion

In its internal investigation of the March 23, 2005 explosion, BP adopted new policies for trailer siting at
its facilities. Appendix 37 in the AFatal Acci dlen
speci fics of BRriler siting iwnow based ongxclpsioh Zomes for areas where
explosions are possible, and all occupied trailers should be located outside of vulnerable areas even if this
means a location outside the refinery. A large number of Texas City persomeetigeated to a

permanenbuilding awayfrom the refineryafterthe incident.




7.0 MECHANICAL INTEGRITY

The goal of a mechanical integrity program is to ensure that all refinery instrumentation, equipment, and
systems function as intended t@yent the release of dangerous materials and ensure equipment
reliability. An effective mechanical integrity program incorporates planned inspections, tests, and
preventiveandpredictivemaintenance, agpposed tioreakdowrmaintenance (fixt when itbreaks).

This sectionexamineghe aspect®f mechanicaintegrity causallyrelatedto theincident.

7.1 Instrumentation Failures

The instruments associated with the raffinate splitter tower and the blowdown drum were causal factors in
the BP Texas City incident. BP instrument technicians described the unit instrumentation as being run

downand indisrepair.

Table 4 summarizes those ISOM instruments whose failure contributed to the BP Texas City incident.
The table includes instrument descriptions and
effects of failure. Details of po$tcident instrumaet testing, inspection, and failure analysis are found in

AppendixS.
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Table 4. Instrumentation that failed to operate properly on March 23, 2005

Tag No. Instrument Function Failure Likely Failure Effect
Mode Cause
LT-5100 Raffinate Transmits a signal to Incorrect Instrument not Transmitter falsely showed
Splitter Level the control system to reading prior calibrated for the level in the tower
Transmitter indicate the level in the to the actual specific bottoms below 100 percent
tower. incident gravity of the ISOM | and falling, when in fact the
process fluid, at tower was overfilling.
operating
temperatures.
LSH-5102 Raffinate Alarms when the level Failed to Worn, misaligned Operators received no
Splitter in the tower exceeds a | signal when components bound independent warning that
Redundant maximum set value. the tower the mechanism. the maximum bottom level
(Hard-wired) bottom level had been exceeded.
High Level reached the
Alarm assigned set-
point.
LG-1002 Raffinate Visually indicates Sight glasses Sight glass not Level transmitter calibration
A/B Splitter Sight tower level (level were dirty on cleaned. could not be effectively
Glass indication split across the inside; performed without sight
two sight glasses). tower level glass verification. Operators
could not be had no backup to determine
visually tower level.
determined.
LSH-5020 ISOM Alarms when the level Failed to Damaged level No warning that the
Blowdown in the blowdown drum signal when displacer( A f | g blowdown drum level was
Drum High exceeds a set value. the tower above maximum.134
Level Alarm This was the only high bottom level
level alarm for the reached the
blowdown drum. assigned set-
point.
PCV-5002 3-lb Pressure Available for operators | Valve failed Possible actuator Unit was started up with a
Vent Valve for to manually vent to open stem binding, or known malfunction of this
the Raffinate gases from the splitter | during startup intermittent pressure control valve.'35
Splitter Reflux overhead system. testing. pneumatic failure.

Drum

134although this alarm failure did not contribute to the release, the CSB believes that if the alarm had functioned
properly, the operators may have been alerted to the rising level in the drum and able to sound the emergency
alarm,which mayhave ledsome pesonnelin the aredo evacuatereducing theeonsequencesf theblast.

135 The failure of PCV5002 did not directly contribute to the raffinate splitter overfilling; however, startup of the

unit should not have been allowed with this valve knowntodefna nc t i

procedures.
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7.2 Mechanical Integrity Management System Deficiencies

Mechanicaintegrity isoneof 12 functionalelementf O S H ARBSMrule [29 CFR1910.119(j)], which
requires employers to establish written procedures to maintain the mechanical integrity of process

equipmenthrough
i testingandinspection,
1 maintenanc@roceduregndtraining,
1 equipmentesignandselection,
9 quality assurancef purchaseequipmentindspareparts,and

1 equipmenteficiencycorrection.

The goal of mechanical integrity is to ensure that process equipment (including instrumentation) functions
as intended. Mechanical integrity programs are intended to be proactive, as opposed to relying on
fibreakdowno mai nt enan c enechaBiCPriegrityp@diadn)also refjuiresehfaitf e c t |i
other elements of the PSM program function well. For instance, if instruments are identified in a PHA as
safeguards to prevent a catastrophic incident, the PHA program should include action items toansure th
those instruments are labeled as critical, and that they are appropriately tested and maintained at

prescribedntervals.

The BP Texas City mechanical integrity program did not ensure that deficiencies, such as those found

with the ISOM instruments&ndequipmentwereidentified andrepaired prioto failure.

7.2.1 Process Safety Information

Accurate and current instrument data sheets and testing and calibration procedures are necessary for

instrumentechniciangdo ensureinstrumentreliability. Theinstrumentdatasheetdor raffinatesplitter




tower level transmitter and a number of other ISOM instruments were not keptafe or made
available to maintenance personnel, likely resulting in miscalibration of the level transmitter. A§ a resu
the transmitter provided false information to operators during the raffinate tower startup. The plant work

ordersystemalsodid not supplynecessary calibratianformationor instrumentestingprocedures.

7.2.2 Maintenance Procedures and Training

Theinstrumentechnicianstatedthatno written proceduregor testingandmaintainingthe instruments

in the ISOM unit existed. Although BP had brief descriptions for testing a few instruments in the ISOM
unit, it had no specific instructions or other vaittprocedures relating to calibration, inspection, testing,
maintenance, or repair of the five instruments cited as causally related to the March 23, 2005, incident.
For example, the instrument data sheet for blowdown high level alarm did not providmattex] to

ensure proper operation of the alarm. Technicians often used a potentially damaging method of physically
moving the float with a rod (called Aroddingo)

displacer(float) defect, which likelyprevented proper alaroperation during thacident!3®

7.2.3 Process Hazard Analysis (PHA)

The original 1993 PHA for the ISOM unit identified the level instrumentation on the raffinate splitter as a
safeguard against tower overfilling. However, the raffinate splitter instruments were not included on the

list of critical instruments.

In addition a safety review of the ISOM unit relief system and blowdown drum identified the raffinate
splitter level transmitter and alarm as justifications for concluding that tower overfill was not a credible

scenarioHowever,neitherthe PHAnNortherelief systen reviewresulted irtheraffinatesplitter level

B¥While the blowdown drum high |l evel alarm (which was
Tower Sump Low Level o) had no |listed t eferthigmeyel pr oced
al arms called for instrument technicians to manuall
used for théblowdowndrumhigh level.




instruments beingrdeéesicghavedhaesriégsafl et was a hi s
the level instruments. Further, no work history was found for the tower level transmitter for the five years

prior to the incident.

7.2.4 Deficiency Management: The SAP Maintenance Program

In October 2002, BP Texas City refinery implemented the SAP (Systems Applications and Products)
proprietary computerized maintenance management software (CMMS) system. SAP enabled automatic

generatiorand tracking bmaintenance jobandscheduled preventive maintenance.

While the SAP software program can provide high levels of maintenance management, the Texas City
refinery had not implemented its advanced features. Specifically, the SAP system, as configared at th
site,did not provideaneffectivefeedbackmechanisnior maintenancéechniciando reportproblemsor

the need for future repairs. SAP also was not configured to enable technicians to effectively report and
track details on repairs performed, futurerkvaequired, or observations of equipment conditions. SAP

did not include trending reports that would alert maintenance planners to troublesome instruments or
equipment that required frequent repair, such as the high level alarms on the raffinatesglitter

blowdowndrum.

Finally, the Texas City SAP work order process did not include verification that work had been
completed. According to interviews, BP maintenance personnel were authorized to close a job order even

if the work had nobeen completed.

7.3 Summary

Several instruments in the ISOM raffinate splitter section failed, likely due to inadequate maintenance and
testing, contributing to the incident. The mechanical integrity program did not incorporate the necessary

training,tools,andoversight.The equipmentdatasheetaverenot keptup-to-datesothatincorrectdata,




such as a wrong specific gigy value for the process hydrocarbons, resulted in miscalibration of critical
instruments. Instruments with a history of problems, such as the tower high level alarm, were not tracked
to ensure proper corrective action and avoid breakdown maintenateceresitices did not ensure that
instruments were tested and/or repaired before unit startup. Appropriate methods and procedures were no

usedfor testinginstrument functionalitgaswith the blowdowrdrumhighlevel alarm.

Mechanical integrity deficiencies resulted in the raffinate splitter tower being started up without a
properly calibrated tower level transmitter, functioning tower high level alarm, level sight glass, manual

ventvalve, and high level alaron the blowdown drum.




8.0 OTHER SAFETY SYSTEM PROBLEMS

8.1 Process Hazard Analysis (PHA)

PHAs in the ISOM unit were poor, particularly pertaining to the risks of fire and explosion. The initial
unit PHA on the ISOM unitvas completed in 1993, and revalidated in 1998 and 2003. The methodology
usedfor all three PHAsvas the hazardnd operabilitystudy,or HAZOP *” Thefollowing illustrates the

pooridentification and evaluation @irocessafetyrisk:

1 Consequences of high level and pressure in the raffinate splitter tower and high level in the
blowdown drum and stack were not adequately identified. Overfilling the tower resulting in over
pressurization of the safety relief valves anditiqpverflow to the blowdown drum and stack was

notidentified.
9 High heatupratesor blockedoutletswerenotidentifiedas potentiatause®f high pressure.

9 The sizing of the blowdown drum for containment of a potential liquid release from the ISOM
was not evaluated. The safeguards listed for the blowdown drum and stack to protect against the
hazard of overflow, such as the stedriven pumpout pump and higlevel alarm, were
insufficient to protect against the hazards. No recommendations were made by the PHA team to

provideadditional safeguards.

137 A systematic method conducted by an interdisciplinary team in which process hazards and potential operating
problems are identified using a series of guide words to investigate process deviations. If the causes and
consequences of the deviations are $icgmt and the existing safeguards are determined by the team to be
inadequatethenafollow-up action isrecommended.




1 Previoudncidents with catastrophic potential were not addressed. The 1998 HAZOP revalidation
did not address the two documented incidents involving the blowdown drum that occurred in
February 1994, nor was the January 16, 1999, incident addressed in the 200B HAZ

revalidation(see Section 5.1).

8.2 Management of Change (MOC)

Changes made to processes, equipment, procedures, buildings, and personnel at the refinery were not

systematicallyreviewed to ensuriéhat anadequate margin alafety wasnaintained.

The refnery required that a MOC be initiated for any change that involved process chemicals,
process/equipment technology, equipment piping, process control and instrumentation, operating
procedures, safe operating limits, relief/safety systems, personneifgtaifianization/outsourcing, and
occupied buildings. The program revolved around the refinery Asset Superintendents, who were
responsible for most aspects of the program. Support for the MOC program was provided by the
refinerybés PSM g hecelegronic MGG dathbase drainedRHA leaders, and tracked

resolutionof MOC action items.

Every change that required a MOC also required a PHA so that the impact of the change on safety and
health could be evaluated. Impacts of minor changes were typically assessed using the What If/Checklist
methodology; for major changes, the HAZOP methodplegs typically used. The MOC program

intended that changes be authorized by the Asset Superintendent once the PHA was complete and all
safety action items were addressed. However, this was not always done; for example, the siting of the

doublewide trailer next tathe ISOMunit was not authorized.

There were a number of misapplications of the refinery MOC policy for changes pertaining to the

blowdowndrum, the splittetower, and occupietiailers (Appendix T).




Organizational changeldt could adversely impact process safety, such as changes in the management
structure, budget cuts, etc., generally were not evaluated. The American Chemical Council (ACC)
recommends in its good practice guiationdl,ipaisennel i Ma n

andpolicy changes be evaluated in MGQgstems (CMA, 1993).

8.3 Auditing

8.3.1 Compliance Audits

A review of compliance audits at the Texas City refinery revealed that many of the process safety system
deficiencies causal to the ISOM incideaidhbeen previously identified by BP auditors. The OSHA PSM
standard, 29 CFR 1910.119(0)(1), requires compliance audits every three years to verify that procedures
and practices developed under the standard are adequate and being followed. Notewordisyfifmdin

the two previous PSM compliance audits are discussed below. A number of other audits were also
conducted at the Texas City refinery to verify compliance with corporate and business unit policies and

programgsee Section 9.4).

8.3.2 PSM Audits

Auditorswi t h process safety experience from other B
2001 and 2004, using an audit protocol developed by the BP Refining Group. These audits focused
primarily on management systems, not verification of actual peaciicthe refinery. Although all PSM
elements were evaluated during these audits, due to the time limitations of the audits (one week) and the
sampling methods used, all PSM elements were not evaluated in every process unit at the refinery. The
results othe PSM audit were given to the refinery business unit leader, process safety committee, PSM
and health, safety, security, and environment (HSSE) departments, which were then responsible for

developinga corrective actionplano addr e sfeddingsthe audi t 0s
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8.3.3 2001 PSM Audit

The 2001 PSM audit addressed PHAs and incident investigations on the ISOM unit. Although no findings
mentioned the ISOM unit specifically, the audit findings noted that 9 percent of PHA recommendations
made since OSHA mandated PHAs remained open, ansatimat of these items dated back to the initial

unit PHAs conducted in 1993. Also, 15 percent of these open items were found to be past their due dates.

Theauditalsonotedactionitemsonincidentinvestigationsverenot beingclosedoutin atimely manner

In other PSM areas, the audit team noted that a number of changes had occurred in operating units
without initiating MOCs, and recommended refresher training on types of changes that needed to be
managed under the MOC process. The audit team also disdothat a number of operating procedures
were not current and did not accurately reflect practices on particular units. The team recommended a

comprehensivaudit ofoperating procedures at eaatit.

8.3.4 2004 PSM Audit

The 2004 PSM audit for the ISOM umitldressed PHAs, operating procedures, contractors, PSSRs,
mechanical integrity, safe work permits, and incident investigations. Again, no findings specifically
mentioned the | SOM uni t, but the audit noted th
scenarios andizingcalculations, does neixist formanyrelief valves. This issubas beeidentified for

a considerable time at TCR [Texas City Refindojica 10 yrs) and efforts have been underway for some

timeto rectify this situatonbuvor k has not ®een completed. o

The audit also found that the refinery PHA documentation lacked a detailed definition of safdgutards,
noted that this would be addressed by applying layer of protection analysis (LOPA) for upcoming PHAs.

Howeverthe ISOMu n i ldst®ldA revalidationwasin 2003,andLOPA wasnotscheduledo be applied

138 ExecutiveSummaryfi P r o SafetyManagemenf u d iBP SodthHoustonMarch8-12,2004.
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unt il the unitods next PHA revalidation in 2008.

procesgor communicating lessons learned framidents.

The audit team found a lack of specific training for newly assigned managers, superintendents,
supervisors, and engineers, plus lack of a formal gun drill policy. They also found that process safety
action item resolution was still a problem for the refinery (20 percent of open action items were overdue),

andthatchangesvere still beingmadebeforeMOC sigroffs andactionitemshad beemesolved.

8.4 Controlling Vehicle Traffic and People During Startup

The likely ignition source for the vapor cloud was an idling vehicle parked close to the blowdown drum.
Most of those injured or killed from the resulting explosion did not need to be in the area surrounding the
ISOM during the hazardous period of unitrgip. Policies applicable to control of vehicle traffic and

nonessentiapersonnetluringabnormal conditionsuchasunit startup werexaminedasfollows.

8.4.1 Traffic Safety Policy

The BP Texas City Traffic Safety Policy (TSP) outlines safety requirerfaradi vehicles operating

insidetherefinery. The TSPaddressebasicvehicleoperatingrulesandprocedureshut doesnot mention
1 plantor unit turnarounds,
1 capitalwork projects,and

1 traffic safetyduringabnormalconditionssuchasunit startup.




Interviews with employeesvealed that speciaventcoordinatorsvrote supplemental omodified

traffic control plans for unispecific turnarounds. Turnaround traffic control plans point out specific
changes such as areas of plent that are restricted to parking or traffic. The West Plant 2005 turnaround
traffic control plan did not address vehicle access limitations during startup, shutdown, or other abnormal

conditions.

The turnaround traffic control plan also did not adslithe use or parking of vehicles adjacent to the

battery limits of process units. Drivers were not restricted from parking or leaving vehicles idling close to
aprocessainit outerbatterylimit, wherethevehicle engineouldintroduce gotential ignition

source However themap(AppendixU) issuedwith the turnaroundraffic controlplandoesindicatethat

no vehicles were to be parked along either side of Avenue F beside the NDU and ISOM units (the idling
vehiclethatwas thdikely ignition sourceaswell asanumber ofother vehicleswerein thisarea).

Interviews with turnaround personnel indicated this map was posted in turnaround trailers. Based on
the number of contractor vehicles found parked along Avenue F after the incident, the prohibition against

parkingoutlined on the map was not enforced.

8.4.2 Failure to Remove Non-Essential Personnel

As Setion 3.5.2.1 discusses, the site had implemented a PSSR policy applicable to the ISOM startup that
required sigroff that all noressential personnel had been removed from the unit and neighboring units.
Higher level management was required to sign otihenchecklists, which included the requirement to
remove noressential personnel prior to the startup. None of the PSSR procedural steps were undertaken

for the ISOM startup.




9.0 BP OSAFETY CULTURE

The U. K. Health and Safety Executive describes
values, attitudes, competencies and patterns of behaviour that determine the commitment to, and the style
and proficiency of, sarf edryg gpmriozga taiihs QOP$ ditsgimitai0 0a2n
definition of process safety culture as the fco
manner in which process safety i Welhkaowrasgfggdod ( CCP
culture authors James Reason and Andrew Hopkins suggest that safety culture is defined by collective
practices, arguing that this is a more useful definition because it suggests a practical way to create cultura
changeMore succinctly, safely cultureacn be defined as fAthe way we da
2007; Hopkins, 2005). An organizationbés safety
hi stori cal event s, and economic pressureygthe This
mounting problems at Texas City, and the safety culture and organizational deficiencies that led to the

catastrophidSOM incident.

9.1 BP Texas City Explosion: An Organizational Accident

In the 30 years before the ISOM incident, the Texas City gitered 23 fatalitiesln 2004 alone three

major incidents caused three fatalities. Many of the safety problems that led to the March 23, 2005,
disaster were recurring problems that had been previously identified in audits and investi§htdhs.
afterthe ISOM incident, two additional incidents occurred at the Texas City refinery in other process
units due to mechanical integrity failures. And on July 21, 2006, the Texas City refinery had a fatality in
an accident involving a motorized m#ft. This ries of safety failures prompted the CSB to examine

thesafetyculture ofBP and itdnfluence orthe eventshat led tathe ISOM incident.
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Organizational accidents have been defined adieguency, higiconsequence events with multiple
causes that result from the actions of people at various levels in organizations with complex and often
high-risk technologies (Reason, 1993afety cultureauthors have concluded that safety culture, risk

awareness, and effective organizational safety practices found in high reliability organizations$HROs)

are closely related, in tataitomdla]dul triefert hat ta

(Hopkins, 2005)These authors indicate that safety management systems are necessary for prevention,
but that much more is nheeded to prevent major accideffiéxtive organizational practices, such as
encouraing that incidents be reported and allocating adequate resources for safe operation, are required

to makesafety systemwork successfully (Hopkin€005citing Reason, 2000).

A CCPS publication explains that as the science of major accident investiymdiomatured, analysis has

gone beyond technical and system deficiencies to include an examination of organizational culture

(CCPS, 2005). One example is the U.S. governmen

Columbia, which analyzedthea¢ dent 6 s organi zati onal causes, i
constraints and scheduling pressures (CAIB, 2003). While technical causes may vary significantly from
one catastrophic accident to another, the organizational failures can be very simééoreéhan

organizationahnalysigprovidesthe bestopportunityto transfedessondoroadly(Hopkins,2000).

The disaster at Texas City had organizational causes, which extended beyond the ISOM unit, embedded
in the BP refineryés history and culture. BP Gr
process safety problems at the Texas City refinery startin@02 and through 2004 when three major

incidentsoccurred BP GroupandTexasCity managersvereworkingto makesafety changeis theyear

139 HROs are described as organizations from higher risk sectors such as nuclear power plants, air traffic control, or
nuclear aircraft carriers that have developed characteristics such as preoccupation with failure, reluctance to
simplify, and mindfulness toperations, which enables them to more successfully manage unexpected events and
sufferfewerincidents(Weick & Sutcliffe,2001).
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prior to thelSOM incident but thefocuswas largelyon personal rathethan processafety**° As
personal injury safety statistics improved, BP Group executives stated that they thought safety

performance was headed in the right direction.

At the same time, process safety performance continued to deterioraxasiCig. This decline,
combinedwith alegacy ofsafetyandmaintenancédudgetcutsfrom prior years Jed to majorproblems

with mechanical integrity, training, and safésadership.

9.2 Grangemouth Lessonsd Focus on PSM

I n 2000, three incidents at BP&s Grangemouth re
two serious upsets. The U.K. Health and Safety Executive investigated the causes of the incidents and
released anajor reportin 2003 (HSE, 2003a). Three senior BP process safety engineers, including the BP
Texas City PSM manager, published an article in 2004 summarizing the major lessons from the incidents
(Broadribb et al 2004), which were similar to those in the ISOM incident. The BP authors stated that one
key |l esson for industry was that preventing maj
management over and above cheymecanmended that commasidset y m
fdevel op key performance indicators (KPls) for
and to provide an early warning of process safe

sucha s  OGadey fyomw o r do ot provideagoodindicationof process af ety per f or manc

wWccPs defines process safety as fia discipline that f
chemical releases at chemical process facilities. o
analytical tools to prevent major accidents rather than focusing on personal safety issues such as slips, trips and
falls (CCPS, 1992a). Process safety expert Trevor K
process s af e.tThedocus &nlperdozal safetyOstatBtics can lead companies to lose sight of
deterioratingprocess safetgerformance (Hopkin£000).
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http://www.hse.gov.uk/comah/bpgrange/images/bprgrangemouth.pdf

BP alsodeterminedhatii ¢ d satr glayeda lein the Grangemoutlincident:

There wastoomuchfacs on short term cost reduction
contracts, and not enough focus on loAgem investment for the future. HSE (safety) was
unofficially sacrificed to cost reductions, and cost pressures inhibited staff from asking the
right questions; eventually staff stopped asking. Some regulatory inspections and industrial
hygiene (IH) testing were not performed. The safety culture tolerated this state of affairs, and

ddnot ©oWwael kal kdé (B04padribb et al .,

The U.K. Health an&afety Executive investigation similarly found that the overemphasis ontshaort

costsandproduction ledo unsafecompromisesvith longer termissues likeplant reliability.

TheHealthandSafetyExecutivealsofoundthatorganizationafactorsplayedarole in the Grangemouth

incident s. It reported that BPb&s decentralized
culture. o This decentralized management approac
overallst at egy for major accident prevention, 0 which
incidentsThe report also recommended in Awider messa

managednd monitored by directors of corporateards.

BP Groupdid not systematically review its refinery operations and corporate governance worldwide to
implement needed changes identified in the Health and Safety Executive report and in its own Task Force

report, even though the Group Chief Executive told stafictnt ober 2000 <abset i on of

magazinghat BPwould learnlessons fom Grangemouth andther incident$* The CSBfound thata
number of managers, including executive leadership, had little awareness or understanding of the lessons
from Grangemouth. Moreover, BP Group leadership did not ensure that necessary changes were made to

B P @mproacho safety. Theydid not effectivelyaddressthe needor greater focusn PSM, including

41Browne,J.,2000,i B r o WakeAction to putSafetyF i r KBotizomOctober2000,p.39.
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measuring PSM performance, nor did they resolve

to safety.

The Baker Panel also noted fAstrikingo similaritli

the Texas City explosion, most notaliy lack of management leadership, accountability, and resources;
poor understanding of and a lack of focus on process safety, coupled with inadequate performance

measurement indicators; and untimely completion of corrective actions from audits, pees,raqid

past incident investigations. The Panel conclud

opportunity to make and sustain compavige changes that would have resulted in safer workplaces for

tsempl oyees and con2007/fact orso (Baker et al .,

9.3 B P 6Approach to Safetyd Lack of PSM Focus

9.3.1 Changes in the Safety Organization

Sweeping changes occurred in the HSE organization of the Texas City refinery after the 1999 BP and
Amoco merger. Prior to the merger, Amoco managed safety underebgatirof a senior vice president.
Amoco had a large corporate HSE organization that included a process safety group that reported to a
senior vice president managing the oil sector. The PSM group issued a number of comprehensive
standards and guidelinessu ch as ARefining | mplementation Gui

RMP. o

In the wake of the merger, the Amoco centralized safety structure was dismantled. Many HSE functions
were decentralized and responsibility for them delegated to the businessitsedmaco engineering
specifications were no longer issued or updated, but former Amoco refineries continued to use these
Aheritageod specifications. Voluntary groups, S
the formal corporate organization. Process safety functions were largely decentralized and split into

differentpartsof thecorporation.These changds the safetyorganizatiorresulted incostsavingsput
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led to a diminished process safety management function that no longer reported to senior refinery
executive |l eadership. The Baker Paneducedcfiaded
number of weak process safety voiceso that were

USrrefineries, including Texas CifBaker et al.2007).

9.3.2 BP Gr o u Sk $Management System

BP Groupbs AGetting Health, Safety, and the Enyvji

was intended to provide abusinegs de HSE management system. The B
Right, A Guide for BP Manag atiors tobe implesmdntecdby BPL man d
BusinesdJnit Leaders*? GHSERw a s  prifhargsafety progranand was monitoredy BP Group.
Theimplementatiorof GHSER wasontrolledby business unitsuchas theTexasCity refinery.

Responsibility was placed on the Business Unit Leader to assure GHSER performance with the HSE
expectations to the Group Chief Executive. (See Table 5 for brief descriptions of various upper

managemerpositions andrigure 17 foithe line of accontability.)

Table 5. Upper management job position descriptions

Job Position/Group Description

BP Group Global business operations, including Refining and Marketing,
headquartered in London

Group Executives Corporate managers above the Business Unit Leaders

R&M Refining and Marketing

BUL,; Business Unit Leader The top manager of a BP business unit

South Houston Site Director The South Houston Site Director had full accountability for all refining and

petrochemical products within the five business units of South Houston. He
was responsible for the commercial performance of the Texas City refinery.
The Site Director became the Texas City refining Business Unit Leader in
spring 2004 when the South Houston site was dissolved.

Texas City Managers Managers above the front line supervisor level

142 A Business Unit Leader is the top manager of a business unit, which is a definetiarfidiag commercial
organizationin the BP system pusinesainitsreceivecentralizedirection,butimplementatioris decentralized.
In the BP organizationastructure arefinerysuch asrexasCity is typically a separatéusinesainit.
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Figure 17. Simplified organizational chart of BP at the time of the March 23, 2005 incident. Some

positions are not included




Although the GHSER policy required Business Unit Leaders to send annual performance assurance
reports to the Group @Gf Executive, the practice evolved to send the report only to the staff of the Group
Vice President (VP) for refining. The staff aggregated each submission with the other refinery reports and
submitted that document to the Refining and Marketing (R&M)agars, who, in turn, compiled a report

for the Group Chief Executive. Additionally, the staff of the Group VP of Refining would aggregate the
various segment reports into one graupe report for the Environment and Ethics Assurance Committee

of the Boardbf Directors.

Serious safety failures were not communicated i
Segment Risks and Opportunitese port t o t he Group Chief Executi
advancements improving Segmentvide HSSE[Health, Safety,Security& Environment]performance

in 2 0 0 Wutfailedto mention thehreemajor incidentandthree fatalitiesn Texas Citythatyear.

The GHSER expectations encompassed both personal safety and some process safety elements, howeve
GHSER reporting requirements focused on personal safety. Under GHSER, the BP R&M segment,
including oil refining, required the reporting of fatalities, daysay from work cases, recordable
injuries*® and ilinesses. Other data such as oil spilid chemical releases weilso reported** The

GHSERpolicy didnot require R&M reportin@f explicit processafetyperformance indicatorg?®

“0SHAOGs Recordable Occupational I njury and Il lness |
across workplaces and industries. The rate is calculated as the number of recordable incidents for each 100 full
ti me employees per year, based on 2,000 hours worke

doesnotinclude fatalities.

144 The reporting requirements for spills and chemical releases, while having process safety implications, were
defined wth thresholds relevant to environmental releases. For example, an oil spill was defined as greater than
one barrel and a chemical release was limited to those reportable to local agencies, which, under US regulations,
would typically be an environmentaj@ncy. Additionally, the oil spills metric was placed in the
fenvir ommamtda lolpgategaryofithegraigmetrics.

45The UK Health and Safety Executive defines process safety performance indicators as typically both leading and
laggingmetrics thatcanprovideup-to-dateassurancéhat procesgplantmajorhazardsre undecontrol.
Examples of PSM indicators include the resolution rate of PSM action items, the number of process safety near
missincidents,or thepercentagef instrumentandequipmentestedby the targetdate(HSE,2006a).
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9.3.3 Group Major Hazard Safety Standard

BP Group issued a AProcess Safety/ I ntegrity Man
BP6s mini mum requi r e me adf ®rminimizdithe cansequentes of lcaastmghic u r
releases of hazardous materials and to assure facilities are designed, constructed, operated and maintaing
in a safe fashion using appropriate codes and s
elements: hazard evaluation, MOC, mechanical integrity, protective systems, competent personnel,

incident investigation, emergency response, and performance management and assurance, and provided

guidance to meet the requirements of these elements. Thex@B Tity refinery reviewed the Group

standard and determined that the siteds existin
changesvereneeded.

9.3.4 BP Management Framework

I n 2003, BP i ssued AManage me néscdmpanngevweroande issuesa d o

brought about by rapid growth and consolidation of different management cultures due to mergers and
acquisitions in the |l ate 1990s. The framewor k d
based on three primary fowstibns: 1) BP operations are divided into business units that operate in a
decentralized manner and rely on individual business unit leaders to run them and deliver performance; 2)
BP Group (e.g., corporate) provides support for the business units ttaeagiety of functions,

networks, and peer groups; and 3) individual performance contracts are used to motivate people. The

AManagement Frameworko was revised in 2004 to gji

andto clarify BPmanagement framework, goals, girdcesses.

9.3.4.1 Delegation of Authorities and Responsibilities

BP, a public company, is owned by its shareholders. Annually, these shareholders elect a Board of

Directorsanddelegateauthorityto themfor directionandoversightof thec o mp abugmésseslhe
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Board of Directors, comprised of both Bleeeutives and outside directors, establishes goals, makes
broad policy decisions, and monitors the Group

day-to-day operations of the company.

The Group Chief Executive (Figure 17) is given the ait§hand responsibility by the Board to manage

BP6s businesses, subject to certain |imitations]|.

require the Group Chief Executive to consider the effect ontemg shareholder value of the héalt
safety, and environmental consequences of any actions taken, and prohibit any employee from

substituting his own risk preferences for those of the shareholders. The Group Chief Executive, under the

iManagement Framewor k, 0 sdodhe exgcativecofficers Whe ma@nage tes p o n s|i

Group functions, and to the chief executives of

ProductionRefining andMarketing;and GasPower and Renewables.

Assurance that delegated activities are being effectively performed is determined primarily through
monitoring, which is by direct inspection, routine and-noutine reports, or audits. Performance
contracts are also used to measure key results andandestand play an integral part in determining
annualbonusesThe BakerPanelnotedthati B fegardsperformancesontractsasanessentiatbomponent

in delegatingcommitmentgor B P @rsualplansto individuall e a d(Bakes, étl., 2007,pg. 28).

9.3.4.2 Role of HSSE in the Management Framework

The AManagement Frameworko specifies that only
underthe HSSEGroupfunction. Thesecentralizedactivitiesincludecreatingthe GHSERpolicy, auditing

HSSE matters, managing group crises, managing relationships with HSE regulators and government
agencies, supporting mergers and acquisitions, and analyzing and using HSSE data. All other HSSE
activities are delegated to the business segments: ExploratidPraduction; Refining and Marketing;

andGas, Power and Renewables.
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9.3.4.3 HSE Impacts on Business Segment Management Strategies

TheBPiA Ma n a g E ma mé valsoolklinesthe overallstrategyandsub strategiesisedto manage

B P bssiness segmen®ne substrategyhad majolimpacts orthe Texa<City refinery:

While acknowledginghatrefining segmentadgrownconsiderably irthe pastfew yearsdueto
acquisitions and that it could generate high returns, &sategy was to liththe amount of

capitalallocated in the Refining SPU due todtsy ol at i | i t yo.

This substrategy would make it more difficult for the Texas City refinery to get the capital it needed to

repairits aging infrastructure (Section 9.4.17).

9.3.5 Texas City Process Safety Group

The PSM group at the Texas City refinery, part of the HSSE department at the time of the incident, was
responsible for overseeing the implementation of process safety. The group had a manager and four
process safety coordinators. The PSugrled all unit process hazard analyses and facility siting

studies, and oversaw the MOC system for the 1,500 to 2,000 changes made annually. It also conducted
PSSRs of major capital projects following turnarounds, coordinated PSM audits, and determined which

incidentswere investigated under PSM.

The process safety group developed and tracked process safety performance, but unlike the OSHA injury
rate, the PSMnetrics did not drive site performance. The PSM key performance indicators (KPIs), which
included PSM action item closure, equipment inspections, and relief valve testing, were not incorporated
into the GHSER metrics, the plant performance contract, prperformance contracts, or bonus

programs. The PSM group planned to track safe operating limit exceedances, but this was not yet being

doneat the time of the 2005 incident.




9.3.6 Other Factors Impacting B P &Safety Management

Ot her factors, such as BP6s performance contrac

responseso industrybenchmarkingteflecteda lack offocuson PSMandmajoraccidentprevention.

9.3.6.1 Performance Contracts

BP incorporated the Refimy and Marketing GHSER performance targets in performance contracts with
business units and personal contracts with Group and business unit leadership. The performance contract
were used to evaluate personnel a acts consistechof t e d ma
weighted metrics for categories such as financial performance, plant reliability, and safety. The largest
percentage of the weighting was in financial outcome and cost reduction. The safety metrics included
fatalities, days away from work case rate, recordable injuries, and vehicle accidents; process safety
metrics were not included. HSE metrics typically accounted for less than 20 percent of the total weighting

in the performanceontracts.

9.3.6.2 Incentive Programs

BP Groupimplementedanincentiveprogram basedn performancenetrics,the VariablePayPlan

(VPP), which was in place at the Texas City refinery for several years prior to the ISOM incident. Payouts
underthe VPP wereapprovedy therefining executve managersn London.fi Colsetad er s hi p o
categories accounted for 50 percent and safety metrics for 10 percent of the total bonus. For the 2003

2004period,the single safetynetric for theVPP bonus was the OSHA Recordable InjRte®.

9.3.6.3 Behavioral Safety

A central component of the BP Texas City approach to safety was its behavioral programs, which had

beenin effectin someform since1997.The program, basedn observationsf BP workersand

146 The OSHA recordable injury rate is the annual number of injuries and illnesses per ifi@dulorkers. The
OSHAIinjury rate,which excludedatalities,is anormalizedratethatis usedfor comparisoracrossndustries.
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contractors engaged in work tasks, was designed to provide immediate feedback about observed hazards

andactivities that dichot conformto refinery safetypolicies.

I n a 2001 presentation, fiTexas City Raddthathe y Sa
site required significant improvement in performance or a worker would be killed in the next three to four
years. The presentation asserted that unsafe acts were the cause of 90 percent of the injuries at the refine

andcalled for increasediorkerparticipation in the behaviorabfety program.

A newbehaviorinitiative in 2004 significantly expandedhe programbudgetandresultedin new
behaviorsafetytrainingfor nearlyall BP TexasCity employeesln 2004,48,000safety observationsere
reported under this new program. This behab@sed program did not typically examine safety systems,

managemerdctivities, or any process safalated activities.

9.3.6.4 Industry Benchmarking

BP Group and Te x aties @dregseatlynaflneacgdby industrypbericlonarking of
Solomon Associates, a firm that provides performance analysis and benchmarking services. Solomon
benchmarkings widely usedin the US oil refiningindustry tocomparerefineryperformancen awide

variety of categories. Solomon data are presented as efficiency targets, allowing comparisons to peer

refineriesof a similar typecomplexity, or locality.

Solomon performance measures include operating cost, refinery utilization, mechanical ayailabilit
energy efficiency, personnel staffing, and specific process unit categories. The BP Texas City refinery
used the Solomon benchmarking data to analyze its competitive position and make resource allocation
decisions. BP Texas City also used the Solomon data to establish its own performance metrics, and
incorporated Solomon benchmarking data into its analytigadrts, performance contracts, and plant

goals.Solomon does ndienchmark angpecific processafetyrelated metrics.
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9.3.7 Summary

BP6s approach to safety |l argely focused on pers
Group and the Texas City officials almost exclusively focused on, measured, and rewarded reductions in
injury ratesanddaysawayfrom work ratherthantheimprovedperformancef its processafetysystems.

BP had process safety systems in place in its Group management system and at Texas City, yet in the
wake of the merger with Amoco, the resulting organizational changes to safety management led to a de

emphasi®f major accident prevention.

BP and the U.K. Health and Safety Executive concluded from their Grangemouth investigations that
preventingmajoraccidentgequiresa specificfocuson processafety. BP Groupleaderccommunicated

thelessons to thbusiness units, but ditbt ensure that needethanges wermade.

9.4 Ineffective BP Response to Reports of Serious Safety Problems
2002-2005
9.4.1 2002 Study Provides Warnings of Impending Major Site Incident

The new direct or Iumdgrat8dRsiieqcorSistingtohfivet@alBP thusinesses, including
the Texas City site) observed in 2002 that the

completed e ¢ | 4" In eonsaltatiorwith Londonmanagersthe directoiordereda studythatlookedat

7 nterview of the former Texas City Site Director, October 12, 2006. The Site Director led five BP Houston area
businesses that included the Texas City site, referred to as the South Houston Integrated Site (SHIS). The Texas
City site comprised the oil riefery and the chemical plant. The South Houston site was reorganized in spring
2004 with the sale of some chemical assets and the Site Director became the Business Unit Leader for the Texas
City site. During the period of the SHIS, the Texas City refiteny a separate Business Unit Leader who
reportedo both theSite Director andP Global Executivemanagement.
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mechanicaintegrity, training, safetyandeconomic opportunitie¥® The study, whichwasshared with

Londonexecutives, concluded thaiechanical integrity was oré the biggesproblemst*®

The study stated t hat -redchlingwith mgdartangnsplicatiens @r thé site,g e n t

includingtheintegrity oftheon-goingsiteo p e r a faridwamedaboutvulnerability inboththe process

unitsand infrastructuréX® It indicatedt h at it h e r concevres nbeut theeteniiabfarasnajor

site incident due to the large number of hydrocarbon releases (over 80 in tHe Q00QL p ®'fMheod) . o

study also foundhat manyinspectionsvereoverduet®?andt hat flkh o wh i lidcluding i ssues

instrumentationneeded to be address&y.

The study concluded that these problems werensite and that the Texas City refinery needed to focus

on improving operational basics such as reliability, integrity, and maintenance management. The study

found the refinery was in the lowest quartile e 2000 Solomon index for reliability and ranked near the

bottom among BP refineries. The | eadership cult

accompanied bg fi ¢ a n éapproéch to makihgineeded changes.

The study reapmmepndedhéaal mof the dbasicsdo incl

vulnerability and cultural chandgé! While the study recognized mechanical integrity problems with both

theinfrastructureandprocesaunits, it specifically recommendethcreasesn maintenancepending of

$235million, mostly toaddressheinfrastructurgoroblemsatthe Texa<City refinery. The studydid not

A Good Practice Sharing Assessment, o0 BP South Houstgdg
AVebaod study because it was similar to the comprehe
thatBP hadrecentlyacquired.

1978 G o Brddice SharingA s s e s sBR&outhHouaston Final Report,August2002.

' n the AVebao study, process units were referred tag

includingstorageanks,utilities, anddocks,werereferredto asii o u t tlsebadtexyl i miontOSBLO
1R G o BrdcticeSharingA s s e s s BR&outhHouaston Final Report,August2002.
152|hid.
1531bid.
154 1hid.
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propose specific funds for identified problems with process units. A study recommendation proposed

conductinga site-wide study todetermingprocessaunit requirementshut thiswasnot done.

The studyrecommendednprovingthe competencgf operatorsandsupervisors andefining process

unit operatingenvelope®® andnearmiss reporting arountthose envelope® establistan operating

fir el icawlitfMaThestudyfoundhigh levelsof overtimeandabsenteeismesultingfromB P 6 s

reduced staffing levels and called for applying MOC safety reviews to people and organizational changes.
Thestudy concludethatpersonabkafetyperformanceat TexasCity refinerywasexcellentbuttherewere

deficiencieswith processafety elementsuchas mechanicahtegrity, training,leadershipandMOC.

The serious safety problems found in the 2002 study were not adequately corrected, and many played a

rolein the 2005 disaster

9.4.2 Study Follow-up: Lack of Investment Compromised Safety

The BP Group Refining VP suggested afolowp i n q u i How has §SkuthrHgustonfigotten into

sucha poorstate®'®’ Thisfollow-up report,t h €exalCity Refinery RetrospectivAnalysis &sued
laterin 2002,hadthe objectiveof determiningwhy TexasCity refinery performancéiaddeteriorated.
Theanalysisconcludedhatil t tugrentintegrity andreliability issuesat TCR [TexasCity Refinery]are
clearlylinked tothe reductiorin maintenance spendimyer thel a st  &%Capitalspending was
reduced 84 percent from 1992 to 2000. The anal y|si

fixed costd®® attherefinery betweer1992and 1999when fixedcosts wereeducedb2 percentand the

155 Operating envelopes were similar to safe operating limits, but also addressed environmental and economic
factors. BP had implemented a computerized operating envelope program designed to increase oversight over
procesoperationsandcritical parametersThe BP operatingenvelopgorogramis discussedn Section3.9.

16 G o BracticeSharingA s s e s s BR&outhHoaston Final Report, August2002.

7Emaili SHo u s tAogustl6,2002

1587 T e City RefineryRetrospectivé n a | yOztbober28¢(2002.

159BP defined fixed cash costs as costs that did not vary with production rates such as compensation, training costs,
androutine maintenance.
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report highlighted a 25 percent budget cut targeted in-2099 in the wake of the BP and Amoco
merget®® (Appendix D). During the sanmgeriod in thel990s, totamaintenancspending®! wasreduced

41 percent.

l dentified spending increases from 2000 to 2002
fightingu n p | a n n e andneve enérggandoenvironmental project® For capital expenditures

that addressed HSE and safe operation of the plant, funds were cut 78 percent fr@®029The

analysis statedthéitr om 1992 to 2002 fAthe [Texas City] Ref

percentilegroupingfor OperationaAvailability againstSolomonb e n ¢ h ni% Th&asalysis

concludedhatthe budgetcutsdid not consider the specific maintenanceeedsof the TexasCity refinery:

iThe prevailing culture at the Texas City refin
to raise concerns when opelfational integrity wa
9.4.3 1999171 2000 Significant Budget Cuts

The 2002 study identified a 25 percent cut in fixed cash costs targeted H20@®®@9n 1999, the BP
Group Chief Executive outlined his strategies and goals for newly merged company, with the target of
Aireduc[ing] business Lnby a@atsheasst’5fpeltidet yi

alsoset out three year targdtscut $1.4billion from R&M worldwide.

07 T e City RefineryRetrospectivéA n a | yOstober2802002.

1811n the 2002 Texas @i Refinery Retrospective Analysis, total maintenance included routine maintenance fixed
cash costs, turnaround spending, HSE Capex (capital expenditure needed to meet internal and external safety
standardsandSustainingCapex(capitalexpenditureneededo safelymaintainandoperatehe plant).

%2An example of Afire fighting unplanned eventso was
repair.

1833 T e ity RefineryRetrospectivéA n a | yOstdber2802002.
164 |bid.

165 |bid.

BEmMai |l nfenSsagel edulyds1999i p, o
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In 1999, the BP Group Chief Executive of R&M told the refining executive committee about the 25
percent cut, and said that the target was a directive more than a loose target. One refinery Business Unit
Leader considered the 25 percent reduction to bdeibsaause it came on top of years of budget cuts in

the1990s; heefused to fully implement the target.

While some BP refinery leaders resisted the call for a 25 percent reduction in fixed costs, Texas City

madeserious cutgind came clos® the25 percent reductiotarget®’ Its cost reduction strategyas to

i a ggr ediwicoste dutyothe systenatanaccelerated pace relative to othee f | f&hes . 0
strategy indicated that the cuts would be aggiéshed through destaffing, outsourcing, and eliminating
unnecessary turnaround costs. Items cut included turnarounds; safety committee meetings; the central
training organization; fire drills; maintenance, engineering, supervision, and inspectioplatdff;

maintenance; and training courses. Safety and maintenance expenditures were a significant portion of the

cuts. The refineryés capital expenditures to maji

requirements were cut $33 million, or gércent, fron998 to 1999%°

9.4.4 2002 Financial Crisis Mode

The 2002 study concluded a critical need for increased expenditures to address asset mechanical integrity
problems at Texas City. Shortly after the study
warned Business Unit Leaders to curb expenditure®ctober 2002, the BP Group Refining VP sent a
communication saying that the financial condition of refining was much worse than expected, and that

from a financial perspective, refining was ifi@isis mode & The Texas CityWest Plant’* manager,

¥"A MPH TCBU Face to Face Presentation,o July 16, 2002.

adjustedYell 23.2percentfrom 1998to 1999.
168 TexasCity BusinesdJnit Strategy July 12,1999.
169 CapitalPlanTexasCity Refineryi TechnicalManagers\etworkKwinana,February29,2000.
OEmailii G F @am the Global VP for Refining,Octoberl7,2002.
1 ThelSOM unit wheretheMarch 23, 2005, incidentoccurredwasin the TexasCity WestPlant.
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while stating that safety should not be compromised, instructed supervisors to implement a number of
expenditure cuts including no new training courses. During this same period, Texas City managers

decidednot to diminate atmospheriblowdown systems.

9.4.5 2003 Maintenance Gap Assessment

I n 2003, BP Texas City managers conducted a nAGe
Assessment, 0 which concluded that maintTeaance a
City. While plant infrastructure reliability scores were among the lowest, the assessment concluded that
scores wer e if at?THewnssdssament found thabnost areas haaissufficient resources

to canduct the needed root cause failure analysis (RCFA) for equipment problems, and that most action
items were fAnot i mpl e me n tEManypnmamutaausing areas scdrad tbg ent ¢
most elements of the assessment. The Texas City West Plant scored below the minimum acceptable
performance in 22 of 24 el ements. For turnaroun
cutting measures [ have] dgsatthmgsvightnTeam feglsthadhnootee gr o
provides/communicatastionaleto cutcosts.Usually reliability improvementa r e 1% Tiwb magor

accidents in 2002005 (both in the West Plant of the refinirthe UU4 in 2004and ISOM in 2005)

occurredn partbecauseeedednaintenancevasidentified, but notperformed duringurnarounds.

9.4.6 The SHIFT Program

The BP Texas City refinery responded to the integrity problems with programs that largely addressed
infrastructure rathethan process unit vulnerability. In 2003, the site leadership implemented the South

Houstoninfrastructuregor Tomorrow(SHIFT) programin responseo the 2002studyrecommendations.

2BP South Houston fAGetting Maintenance and Reliabili
September2003.
173 bid.

174 |bid.
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A presentation by Texas City managers summed up the bodigieiy history that led to the SHIFT

programt’®

fi P2082:How did we getinto ourintolerable risksituationwith the Infrastructureassets?

M1 Culture

T Money. o

The presentation noted that the infrastructure problem took years to develop and would take significant
time to fix. Tdiyear, $i50enslienpro@osal inclndédsdetdils on the Piping Integrity
Project (PIP), which mostly addresdaftastructure needs, and would cost $50 million. The presentation
included no specific requests for addressing the process unit integrity issues identified in the 2002 study,
but did identify the critical nature of the situation, stating that the SHi&@ram must béthe last

disasterrecoverg r oj ect at® Texas City. o

9.4.7 2003 GHSER Auditon The condition of i nfrastr

poor o

The Septembe&2003 GHSER audit ound t hat fAthe units and staff

risks but the current condition of the infrastructure and assets is poor atdtlkepTs Ci ty ref i n
the most problematic gaps identified was that

the Texas City site, which Alimits HSE and gen
the budgets were notrige enough to address identified risks, and that only the money on hand would be

spentratherthanincreasinghe budgetTheauditteamwasconcerneagboutii i nsuf f i citoent r

175 Shift ProgramReview,August19, 2003.
176 |pid.
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achieve all commitments and goals. 0 The South H

findingsb e caus & hi magrsy have dhown up before. o

An overall conclusion of the audit was that a cooridaselfmonitoring process was not evident;

therefore managemenwvasleavingsomerisksunaddressed heauditfoundthati H SaEtionsitemsare

all owed to become past due and remain in that s
per sonal and behavioral safety were strong, the
Aibreak the cycle in the c¥flture that tolerates

1 BPSH (BP South Houston) must establish the standatahrtakes overdue HSE actions and/or

critical maintenancénspectionor unaddressenhajorrisksunacceptabléo the Leadershipream.
91 Acceptzerofor exceptiongo BP (Groupandlocal) HSE standards.
1 EmbedPSM Systemsat allsites.
The audit identified some additional significan

e n v e Ithatmeeded tbeaddressed?® a sitewide risk assessment procesgmt was not robustnough,

and deficient training in most are8.

7Thefollow-up actionitemsfrom the 2003GHSERauditineffectivelyaddressetheidentified TexasCity safety
deficiencies. For example, the response to the finding onothiegondition of the assets stated that measures had
been taken in the 2005 bud@etver one year after the audit. Only a small portion of the capital allocated to the
listed infrastructure projects had been spent prior to 2005. Although the Veba analysis and other reviews identified
integrity problems with both process units and infrastructure, Texas City increased spending in 2005 mostly on
infrastructureprojects(docks, utilities, tankfarm, etc.).

1781n response to the recommendation that the culture tolerated HSE exceptions, BP implemented the 2004
Compliance Delivery Process (CDP). CRfeused largelyn worker behavioand personnel safetgyen though

the audirecommendation focused primarily on the need for management to address major risks and fully implement
PSMsystems.

179 As Section 4.10 discusses, the operating envelope program was not fully functional at the time of the ISOM
incidentandmanagersverenct alertedabout envelopexceedances.

180 The 2003 GHSER recommendation concerning training improvements and the implementation of a risk
identificationprocess wanotaddressedt thetime ofthe 2009SOM incident.
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The poor condition of the refinery, inadequate training, inadequate PSM implementation, and the need for
leadership to set an example and eliminate exceptions to HSE standards were all findings of the audit anc

causally related to the ISOM incident.

9.4.8 1,000 Day Goals

In response to the financial and safety challenges facing South Houston, the site leader developed 1,000
day goals in fall 2003 that measured-sipecific performance. The 1,000 day goals addressed safety,
economic performance, reliabjlitand employee satisfaction; the consequence of failing to change in
these areas was descr i beldThe4,000 dagdoalsgor safletg incfuded c e n s
recordable injury frequency (RIF) and HSE acii@m closure (a PSM action item closure goal was not
added until early 2005 and had not been reported prior to the ISOM incident). The goals also measured
indicators such as Solomon mechanical availability, cash delivery, and environmental reportd;tthe goa
reduce maintenance spending 25 percent was added in 2004. The 1,000 day goals reflected the continuec

focusby site leadershipnpersonal safety arebstcutting rather thaon processafety.

9.4.9 The Texas City Repositioning Project

During 2003the plantwascontinuallypressuredo reduceexpendituresPlantofficials initiated theTexas

City Refinery Repositioning Project in August 2003 at the request of BP Group Refining management,
who told the refinery that it had not made a contribution of profit proportionate to its capital
consumption®Thegoalot he pr oj ect was to i mprove the refinr
period by focusing on efficiency changes to the

lookedfor significantchangeshatincludedover$30million in capitalexpenditurecutsand$140million

181{ 1, DAy Goals-- Whatisthisa b o udbc@ndent2003.

182The project team, led by BP personnel outside the refinery, found that the refinery contributed only 10 percent of
the Global refining profits while consuming 18 percent of capital expenditure needed to meet environmental and
safety compliance. The Tex@dty refinery faced additional challenges due to its uniqgue complexity and
interconnectednesMlanagemenstatedthattherefinerywasthe mostcomplexin theworld by afactor of two.
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increase in annual operating profit. The Reposition Project and the SHIFT program reflected the
persistent competing pressures on the Texas City refinery to cut capital expenditures, increase efficiency,
and spend needed funds to address asset vulngrafildse pressures would intensify with the major

accidentghatoccurred in 2004.

9.4.10 The Ultraformer #4 (UU4) Incident

Mechanical integrity problems previously identified in the 2002 study and the 2003 GHSER audit were
warnings of the likelihood of a major accident. In March 2004, a furnace outlet pipe ruptured and resulted
in fire that caused $30 million in damage. TeKity managers investigated and prepared an HRO

analysis of the accident to identify the underlying cultural is§ti@hey found that in 2003 an inspector
recommended examining the furnace outlet piping, but this was net Bdor to the 2004 incident,

thinning pipe discovered in the outlet piping toward the end of a turnaround was not repaired, and, after
the unit was started up, a hydrocarbon release from the thinning pipe caused a major fire. One key finding
oftheinvsst i gati on was that A[w]e have created an envi
tothef u t U The B® idvestigatiorteam, whichincluded theefinery maintenance manager ahd
West Plant Manufacturing®l i very Leader (MDL), also found an|fi
budget o when the discovery of the unsafe pipe clon

summarizedts conclusions:
1 ATheincentivesusedin thisworkplacemayencouragdidingmi st akes . 0
1 A Wwvork underpressureshatleadusto missor ignoreearlyindicatorsof potentialp r o b | e ms . 0

1 A Baewsisnotencour®¥ged. o

BHROL e a r nfiom |gU3 Bicidentinvestigatiori i DeRipv e . 0
184 bid.
185 |bid.




These findings are similar to the BP Group refininggraupd e HRO st udy and t he \
2003 Maintenance Gap Assessment that identified budget and scheduling pressures that impacted
reliability. In both the UU4 and ISOM incidents, required mamaince was not conducted prior to startup.

In the ISOM incident, three pieces of equipment necessary for safe opérttoraffinate splitter

tower 6s |l evel transmit tievereidestifiay bytmampdess ssmalfuactiodingp r e

prior to the startup, butere not repaired.

9.4.11 Ultraformer #3 (UU3) Incident

In September 2004, three workers in the UU3 unit were burned, two fatally, with hot water and steam
during the opening of a pipe flange. The workers believed the pump system wasl iaothwere

unaware that a check valve was concealing hazardous energy from a leaking discharge block valve. The
absence of a bleed valve between the check and block valve did not allow the workers to verify whether

the piping was isolated, depressureddaafe to open.

The investigation recommendations included revising plant lockout/tagout procedures and engineering
specifications to ensure a means to verify the safe energy state between a check and block valve, such as
installing bleeder valves. Inraview of the incident, the Texas City site leader stated that the pump was
locked out based on established procedures and that work rules had not been violated. In 2004, two of the
three major accidents were process safelgted'®® Takenas a wholethe incidents revealesiserious

declinein process safetgndmanagement systeperformancet theBP Texa<City refinery.

18 The September 2004U3 incident is process safetye | at ed. Whil e the applicati of
limited to listed highly hazardous chemicals, industry safety guidelines have a broader application of PSM that
encompasses all process hazards and hazardous materiadlh e CCPS defines PSM as fit
management principles and systems to the identification, understanding and control of process hazards to prevent
processr el at ed injuries and incidentso ( CCPdpenindglad 5b) .
lockout/tagout are a type of hazardous maintenance work that can lead to hazardous releases and are addressed &
processafetyguidelineg CCPS,1995a.).
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9.4.12 2004 BP Group GHSER Audit Reviewd i Sy s t Wénderlying
| ssueso

In 2004 the BP Internal Audit Group in London reviewed GHSER audits for 2003 and found a humber of
serious safety deficiencies common throughout the corporation. The BP auditors reviewed the 35 audits,
including South Houstor®” The audit reportreleased itMarch 2004, foungignificant common

deficiencies'®®
1 widespreadoleranceof non-compliancewith basicHSErules;

1 poor implementation of HSE management systems, reducing the effectiveness and efficiency of

activitiesto manage HSEsksand deliver sustainable performance;
1 lackof leadershicompetencandunderstandingp effectively managall aspectof HSE;

9 insufficient monitoring of key HSE processes to provide management visibility and confidence in

ma n a g e abdity to deiverasrequiredand[implement]necessarijnterventions.

Leadership and accountability wahe most common problem, which was found in 28 business units.
The report stated that there was a lack of leadership focus on closing action items from audits and other
safety reviewsaswell asabacklogof maintenancétems.Thereportalsofoundthatleadershipvasnot

Ar ei n expectationsthroughhei r own behaviors. o

The report found that risk assessment was #fAofte

address major hazards, ahdt competency irisk and hazardssessment was poor.

187 The auditswereconductedveramix of BP GlobalbusiressesncludingR&M andExploration& Production.
18 nternalaudit,i 2 0 ®HBERAuditsd Summaryof F i n d i Magh2003.
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The report found that MOC was poorly defined; in particular, a lack of clarity on what constitutes a
change in areas such as temporary modifications and organizational change. In addition, the report

concludedhatMOC systemdackedstaff competencyrigorousapplicationandmonitoring.

The report stated there were fApoor processeso t
organization distributed information on incidents, business units lacked effective processes for assessing
the implicatons or taking action to prevent a similar occurrence. This finding is significant because the
HSE Grangemouth report concluded that BPO&6s orga
to learn from incidents and prevent major accidents. Tieenial audit findings are evidence that the

conclusiongrom the 2003Grangemouth repohtad not beeeffectively addressed.

9.4.13 B P @Gelden Rules of Safety

In response to the 2004 report on GHSER audits, the BP Group Chief Executive of R&M directed
BusinesdJnit Leadergo focuson reviews otontrolof work'®® andvehicle safetyo ensure compliance
with the GolderRules ofSdety.!*° The GolderRules addresseatimarily personal safetissues related
to work activities such as working at heights, lifting operations, and entering confined spaces. Although

MOC is oneelement othe Golden Rulegrocess safetwas not specificalladdressed.

I n May 2004, the Texas City site performed a fAcC
compliance with the Golden Rules. The three primary areas of concern were risk assessment, use of
nitrogen,and lifting operations. The review found that plant personnel generally complied with policies

and procedures, but there was variability among operating units and tasks performed. The report

concluded that site leadership needed to communicate tothEworkc e fAt hat producti Vi

otherareads notacceptabldf it comes athe costof noncompliancevith HSEpoliciesandpr ocedur e s |

B9 C o ndfw o 1 dddresseworkplacehazardsaindhowto managehemsafely.
190 Email from BP Global Chief Executiveof R&M to the GroupR&M LeadershipdatedMarch 30, 2004.
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The Texas City sitebds response to the fAControl
accidents irspring 2004?* focusedon ensuring complianceith safetyrules. Theresponsetated that

the review findingsspport fAour objective to change our cul
compliance to our safety policies and procedure
noncompliance based on lack of education on the rules would emrrect the problem of nen
compliance, Texas City managers i mplemented the
policies. fACompliance Deliveryo focused on adhe

accountable. Thmkdad PLwrlipausge oofpotthecyidwuas t o ensur e

appropriate disciplinary action for rule violatli

breaches of rules, but not genuine mistakes, would be punished. The Texas City Busirlesaddnit
announced that he was implementing an educational initiative and accelerated the use of punishment to

createa ficul tur e®®of discipline.o

These initiatives failed to address process safety requirements or manegysten deficiencies

identified in the GHSER audits, mechanical integrity reviews, and the 2004 incident investigation reports.
BP Group executive leadership met with the Texas City Business Unit Leader several times in 2004 and
approved the focus on personal safety. The BP Group Chief Executive for R&M visited the Texas City
refinery in July 2004 to review progress toward the Q-@8y goals and improved safety performance. In
apresentationo the Chief Executiveduringthevisit, thesitereportedafi b e s t recerdabl@énfury

rate. The action plan for i mprovement was to fAa

therewas no actiomlan for thedeteriorating Texas City procesafetyperformance.

1 The two major incidents in spring 2004 included the March UU4 incident and in May 2004, a contractor died
from a fall inside aowerduringa turnaroundn the AU2 unit.

192 June 27, 2004, email from the Texas City Business Unit Leader to the BP GlotalNerican VP for
Refiningandthe Global Chief Executivefor R&M; Subject:Controlof Work Response.
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In the July 2004 presentation, Texas City manag
reliability and mechanical integrity issues and financial pressures. The presentation suggested that a
number of unplanned events in the process ugit$d the refinery being behind target for reliability,
citing the UU4 fire and other outages and shutd
hi storic investment and costly configuratat on yi
Texas City was not returning a profit commensurate with its needs for capital, despite record profits at the
refinery. The presentation indicated that a new td¥0goal had been added to reduce maintenance
expenditures to Acraisret amae&end prerceinig @ aipde mt i f

benchmarking®

The BP Texas Cityefinery increased totahaintenance spending in 262804by 33 percent®;

however, a significant portiorf the increase was a result of unplanned shutdowns and mechanical
failures.In the July 2004 presentation to the R&M Chief Executive, Texas City leadership said that

i nt sgediadbye e n  cspesificdllyideutifying arnncreasen turnaround costs® In 2004,BP

Texas City experienced a number of unplanned shutdowns and repairs due to mechanical integrity
failures®® the UU4 piping failure incident resulted in $30 lioih in damage, and while the Texas City
refinery West Plant | eader proposed improving r
maintenance, integrity problems persisted. In addition, the ISOM area superintendent was reporting

inumer ume nd g U ia irebulted & budlgedvenrans®’

193 According to Solomon benchmarking, the BP Texas City refinery was spending more on maintenance than other
refineriesof similar sizeandcomplexity. Thel,000Day Goalwasestablished talosethatgap.

4EMaIlfi T e City § p e nMhy 18, 2005.

195 TexasCity RefineryBusinessReview,(Global Chief Executivefor R&M) SiteVisit Preread,July 12,2004,
196 TC Site Availability, June2004.

97Emailii B u d@uttobkfor 2 0 0 #omdSOM areasuperintendent.
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At the July 2004 presentation, the Texas City leadership also presented a compliance strategy to the R&M

Chief Executive that statéé®

In theface ofincreasingexpectations andostly regulations, weare choosingo rely

wherever possible on more peoplependent and operational controls rather than

preferentially opting for new hardware. This strategy, while reducing capital consumption,
can increase risk to compliance and operating expenses through placing greates @aemand
work processes and staff to operate within the shrinking margin for human error. Therefore to
succeedthis strategywill requireusto investinouré6 h u manrf r as andimct ur e 6
compliance management processes, systems and tolls to support cagd@hent that is

unavoidable.

The document identified that ACompliance Delive
designated to deliver the referenced workforce education and compliance activities. The chosen strategy
states that this approach is less costly than relying on new hardware or engineering controls but has

greaterrisks fromlack of compliance or incidents

The aftermath of the UU3 incident resulted in additional scrutiny from Group executives and urgency for
the Texas City refinery to improve safety performance. As a result, the Texas City Business Unit Leader
met with the R&M Chief Executive and the SemExecutive Team in October 2004 to view the
presentation, ifiTexas City Site Safety Transform
of the deceased. Although two of the three major accidents in 2004 were procesekifatythe safgt
problems were described primarily in terms of casual compliance and personal risk tolerance. Again,
ACompliance Deliveryo and AJust Cultureo were t

proposedaction planglid notfocus onrmanagement systeissuesor process safetgoncerns.

198 TexasCity HSE ComplianceJuly 7, 2004.
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9.4.14 Process Safety Performance Declines Further in 2004

In August 2004, the Texas City Process Safety Manager ganes@ntation to plant managéhnat

identified serious problems with process safety performance. Thenfaése showed that Texas City

2004 yeatto-date accounted for $136 million, or over 90 percent, of the total BP Group refining process
safetylosses; and over fiwgears, accountefr 45 percent of total process safegfining losses® The
presentation noted that PSM was easy to ignore because although the incidents wameskighence,

they were infrequent. The presentation addressed the HRO concept of the importance of mindfulness and
preoccupation with failure; theonclusion was that the infrequency of PSM incidents can lead to a loss of

urgencyor lack of attention to prevention.

In September 2004, the site PSM manager told the Business Unit Leader that Texas City had received
poor scores in second quarter conaegrPSM metrics such as action item completion (63 peré&nt).

This information had been communicated in a PSM presentation at the September 2004 BP Group
refining leadershipmeeting wherghe Texa<City refinerywas categorizeds highrisk.2°* A key message

in the presentation was that process safety was just as important as personal safety. The presentation
summari zed BPb6s refinery PSM iaoddengohi esfoinye
was not always sufficient to identify root causes. In March 2005, before the ISOM incident, the Texas

City operations manager communicated to a Group refining executive that the PSM action item closure
status for fourthquat&@ 004 was a concern; as a resul t, PSM

Goals.

19 TC-PSCChairSelection Augustl, 2004.
200Emailfii P r o Safetydsscussiorat GRL meetingon14"Se pt ember . 0
201 GRL ProcessSafetySessiorPresentationSeptembe2004.
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Texas City had serious problems with unresolved PSM action items. Target closure rate was 90 percent,
but in 2004 was only 79 percent, down from 95 percent in 2002. The PSM manager indicated that the
closure ra¢ had fallen since the metric was removed from the formula in 2003 for calculating bonuses. At
the end of 2004, the Texas City site had closed only 33 percent of its PSM incident investigation action
items; the ISOM unit closed 31 percent. Only 40 peroétite PSM business plan milestones were

completedn 2004.

Additionally, thefindingsfrom the 2004PSMaudit(Section8.3.4)revealedpoorPSMperformancen a

number of areas categorized as high priority, especially in mechanical integrity, trainceggsafety
information, and MOC. Texas Citye f i ner y 6 s me Rworseneddron2082ta2004°@ b i | i t
During this same period, loss of containment incidents, a process safety metric tracked but not managed

by BP, increased 52 percent fr@®9to 607 peryear (Baker, et al2007).

9.4.15 A T e xCdyds not a Safe PlacetoWo r k 0

Fatalities, major accidents, and PSM data showed that Texas City process safety performance was
deteriorating in 2004. Plant leadership held a safety meeting in November 2004 for all site supervisors
detailingthep | a detdiy30-yearhistory. Thepresemation,iSafety Reality wasintendedasawakeup

call to site supervisors that the plant needed
City is not a safe place to work.o Also include

andfatalitiesat Texa<City, including photosof the 23 workers killed athe site sincd974.

The ASafety Realityodo presentation concluded tha

neededo getmuchbetterat controlling processafetyrisksandeliminatingrisk tolerance Eventhough

202 Mechanicalkvailability measureshetime availablefor processingninusdowntimefor maintenance.

203The 2004 Solomon metrics for mechanical availability put Texas City refinery performance at the bottom of 29
Gulf Coastrefineries an@9 of 82 refineriesnationally.
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two majoraccidentsn 2004andmanyof those inthe previous30yearswere processafetyrelated, the

actionitemsin the presentation emphasiZetiowing work rules.

9.4.16 Telos Survey

In late 2004, the Texas City site performed a safety culture assessment. The survey was initiated by the
Business Unit Leader to determine the fAbrutal f
leadership, our site cultures, and our behaviorsfarf et y and i ntegrity manage
safety culture consultant the Telos Group surveyed 1,080 employees and interviewed 112. The
interviewees included members of the leadership team and 69 supervisors. The assessment team issued

reportwith recommendationlelosReport) inJanuary2005,which wasii e mb r % byehe site

leadership team. The Telos report provided indigfiotthe organizational and cultural conditions at the

TexasCity refinery before the ISOM explosion.

The report revealed that Texas City had a severely flawed safety culture and organizational deficiencies

that preceded the ISOM incident. Tiegort findingsnclude2%

1 Productionpressuregmpactmanagersi w h & appearasthoughtheymustcompromise

safety. o

1 A Pr o d andbdudgetaompliancegetsrecognizedandrewardedeforeanythingelseat Texas

City.o

f AThe pressure for production, time pressur e,

atTexas City. o

204/ T e PeospectiveandR e ¢ 0 mme n doartofithe TelesRéport Januan?21, 2005.
2058 E x e ¢ Summavyef ReportF i n d i pargpfthe TelosReport January21,2005.
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f AThe quantity and quality of training at Texas
protectioncriticalc o mpet ence. 0

1 AMany [people] reported errors due to a | ack o
lack of supervisorstaffing,or alack of residenknowledgeof theunitinthes uper vi sory st af

T Many employees also reported Afeeling blamed w
investigationaveretoo quick to stopat operatorerrorastherootc a u Jherewasafic ul t ur e of
casuac ompl i ance. 0

1 Serious hazards in the operating units fromja
exceptionablegree of feaof catastrophi¢ nci dents at Texas City. o

91 Leadership turnover and organizational transition; the creation and disanfthe South
Houstons i t e nianagethedt f pr ot ection very difficult.d

T The strong safety commitment by the Business U
resources to address severe hazards that per|si

conditions that prove cost cutting and production are more important than protection. Poor

equipment conditions are made worse in the view of many people bl afleesources for

inspectionauditing,training,andstaffingfor anythingbeside® n o ropeaatingc ondi t i ons . |6 0

f Texas City was at a fAhigh risko for the i

check

the motions of checking boxes and inattentio the risk afterthe cheekf f . A Cr i t i c al ev

(breachesfailuresor breakdown®f a critical controlmeasure) are generally raitended o . 0

Texas City managers asked the safety culture consultants who authored the Telos report to comment on

what made safety protection particularly difficult for Texas City. The consultants noted that they had

neverseersucha history of leadershighangesndreorganizationsver sucha shortperiodthatresulted




in alack oforganizational stability® Initiativesto implement safety changes were as shoed as the

|l eader ship, and they had never seen such fAinten|si
by those fAclosest to the valve. o0 At Texlostse@i ty, w
beltso and too little about the danger of catasjr
managed becausedtc o u n t eagdnsthaoagersmiheir currenwatch (alongwvith budgets) and

that it was more acceptable to avoid costated to integrity management because the consequences
mightoccur | ater, on someone el sebdbs watch. o

The Telos consultants also noted that concern about equipment conditions was expressed not only by BP
personnel, but fAstrongsy ekprkbesednbyasenngrc mmmb
many specific hazards in the work environment tha
consultants concluded that the tolerance of #fAthles
yousee in individual behavior. o

The refinery leadership team reviewed the Telos report and accepted the findings. The Business Unit
Leadersaidthta fiseei ng the 6brutal factsbdé so clearly def

around the conflict between production and safety. The evidence was strong and clear and | accept my
responsibilityf o r t h &7 TheBssimdsg Unit Leeader summarized resaftthe report on March?7,

2005, for all plant supervisors. The summary stated that the site had gotten off to good start in 2005 with

safety performance that fAmay béd atdhditthestbesvtemp,rofa

in its historylasty e amithoover$Z1billion in profitd i m othamanyotherrefineryintheBPsy st em. 0

Despite the stark findings of safety failures reflected in site performance and the Telos assessment, BP
managemerpersisted in believing that the personal injury rates reflected total safety performance. The

BusinesdJnit LeaderstatedthatBP Grouprefinery executivdeadershipvasii v ecroymp | i m&nt ar y ¢

206 Telosmemo,ii Wh makesprotectionparticularlydifficult for BPTexasCi t y ? 0
207Emailii U p dfiorn [BusinessdUnitL e a d &ardh17¢2005.
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progress and had fAhigh praiseo for the sitebds a

The Business Unit Leader also applauded the saf
VP for refining]toraiseor VPP [ bonus program] scores and i mp
HSE VP for Refining stated that the executive leadership had considered further intervention at Texas
City, but did not act because the personal injury rates had improved. Fdojigpmnates at all levels of

BP management helped mask severe shortcomings in process safety. In this regard, the lessons of the
Grangemouthleport were not learned acted upon.

9.4.17 2005 Budget Cuts

In |l ate 2004, BP Group refining |l eadership orde

The Texas City Business Unit Leader asked for more funds based on the conditions of the Texas City
plant, but the Group refining managers did not, at,fagree to his requestitial budget documents for

2005 reflect a proposed 25 percent cutback in capital expenditures, including on compliance, HSE, and
capitalexpenditures needéd maintainsafe planbperationg® The Texas CityBusiness Unit.eader

told the Group refining executives that the 25 percent cut was too deep, and argued for restoration of the
HSE and maintenangelated capital to sustain existing assets in the 2005 budget. The Business Unit
Leader was db to negotiate a restoration of less than tfedf25 percent cut; however, he indicated that

the news of the budget cut negatively affected workforce morale and the belief that the BP Group and

TexasCity managers wersincere about culture change.

In February 2005, the BP Group VP and the North American VP for Refining visited Houston, where

refinery managers presented details about safety transformation efforts, the Telos cultural assessment, and

fSaf ety ReThe preseptationdisted thersajTelos findings, including concern about the

conditionof therefinery,budgetcuts,pressurdor productionovershadowingafety,andinadequate

28TCRUpdats 2005 HSE Capex, August 24, 2004; Email #ATexas
BusinesdJnit Leader,11-5-04.
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training. Also discussed were the three fatalities in 2004 and the poor PSM action item clostirerate.

sid edechanical availability was graded a AD, 0 w

the UUA4 fire.Also identified were the initial 25 percent capital expenditure cuts in the 2005 budget and
the amount restored. Texas City managers pethas the presentation, that the executive leaders restore

anadditional$41 million of the 2005 cuti® the 2006udget?®®

9.4.18 2005 Key Riskd i T e xCaykillss o me one 0
The 2005 Texa<ity HSSEBusiness Plai® warned thathe refinerylikely wouldit k i | | igthene o n e
next121 8 mont hs. 0 Tihtiys waesaralosfo ae xfparteaslsed i n early

believethat weare onthe vergeof somethingoiggerh a p p e #tireferging éo acatastrophic incident.
Another key safety risk in the 2005 HSSE BusineasiPl was t hat the site was
in fear of PcSdh geagpuwse ndexn.td fi ed by the plan incl
deficiency in the quality and consistency of t
includedmechanical integrity, inspection of equipment including safety critical instruments, and
competency levels for operators and supervisors. Deficiencies in all these areas contributed to the ISOM

incident.

9.4.19 Summary

Beginning in 2002, BP Group and Texas City managers received numerous warning signals about a
possible major catastrophe at Texas City. In particular, managers received warnings about serious
deficiencies regarding the mechanical integrity of aging equiprpeocess safety, and the negative

safetyimpacts of budget cuts and production pressures.

2097 T e City Site Update A Brief Updatefor Mike Hoffmani Februaryl5,2 0 0 5. 0
210HSSEG OBmsinesdlan,March 15,2005.HSSEis Health,Safety, Security,andthe Environment.
211 Email from the HSSEmanagerFebruary20, 2005.
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However, BP Group oversight and Texas City management focused on personal safety rather than on

process safety and preventing catastrophic incidents. Financial and personal safety metrics largely drove
BP Group and Texas City performance, to the point that BP managers increased performance site bonuse
even in the face of the three fatalities in 20BAcept for the 1,000 day goals, site business contracts,

manageperformanceontractsandVPP bonusmetricswereunchangedsaresult ofthe 2004fatalities.




10.0 ANALYSIS OF B P 0SAFETY CULTURE

The BP Texas City tragedy is an accident with o
The CSB investigation found that organizational causes linked the numerous safety system failures that

extendedeyondthe ISOM unit. Theorganizationatause®f the March23,2005,ISOM explosionare

1 BP Texas City lacked a reporting and learning culture. Reporting bad news was not encouraged,
and often Texas City managers did not effectively investigate incidents or take appropriate

correctiveaction.

1 BP Group lacked focus on controlling major hazard risk. BP management paid attention to,

measuredand rewarded personal safefyher than process safety.

1 BP Group and Texas City managers provided ineffective leadership and oversight. BP
management did nainplement adequate safety oversight, provide needed human and economic

resourcesor consistently model adherertcesafety rules androcedures.

1 BP Group and Texas City did not effectively evaluate the safety implications of major

organizationalpersonel, and policychanges.

10.1 Lack of Reporting, Learning Culture

Studies of major hazard accidents conclude that knowledge of safety failures leading to an incident
typically resides in the organization, but that decisitakers either were unaware of or did not act on the
warnings (Hopkins, 2000)estGC@RIaG nigGuChdeeniicmad s Pfroora
notes that almost all serious accidents are typically foreshadowed by earlier warning signs sueh as near
misses and similar events. James Reason, an authority on the organizational causes of aquligiests, ex

that an effective safety culture avoids incidents by being informed (Reason, 1997). Collecting appropriate

information,assessingital signs,andcommunicating lessorend knowledgef hazards are




characteristics of an effective safeulture. An informed culture includes two essential elements:

reporting and learning, and in such a culture, managers haeedupt € knowl edge about
technical organizationahndenvironmentafactorsthatdetermineghe safetyof thesystemasaw h o | e 0
(Reason, 1997). BP Texas City did not have effective reporting and learning cultures where previous

incidentsandnearmissescouldserveas learningpportunitieso avoidcatastrophiéncidents.

10.1.1 Reporting Culture

An informed culture must first be a reporting culture where personnel are willing to inform managers
about errors, incidents, neanisses, and other safety concerns. The key issue is not if the organization has
established a reporting mechanism, but rafitée safety information is actually reported (Hopkins,

2005). Reporting errors and naaisses requires an atmosphere of trust, where personnel are encouraged
to come forward and organizations promptly respond in a meaningful way (Reason, 1997). This
amosphere of trust requires a fijust cultured wh
reserved for reckless nanompliance or other egregious behavior (Reason, 1997). While an atmosphere

conduciveto reportingcanbe challenging taestablishijt is easyto destroy(Weikeet al.,2001).

10.1.1.1 BP Texas City Reporting

The BP Texas City site had a number of reporting programs, yet seriousiasaes and other critical

events were often unreported. In the eight previous ISOM blowdown system indidergsyere not

reportedn any BP databasefjve werereportedasenvironmentateleasesandonly two were

investigated as safety incidents. In the five years prior to the 2005 disaster, oveutntees of the
raffinate splitter tower startupsoé | evel ran ab
level was out of range for more thanedmour. These operating deviations were not reported by operations
personnebr reviewedin the computerizedistory by TexasCity managersDuring the March2005

ISOM startup the operatingdeviationsvere moreseriousin degreebutsimilarin kind to pag startups.

t
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Yet the operating envelope program designed to capture and report excursions from safe operating limits
was not fully functional and did not capture high distillation tower level events in the ISOM to alert

managers$o the deviations.

Other methods to communicate safety information also failed to provide critical data. Logbooks, incident
databases, and fire and environmental reports typically provided little detail or analysis of the events. The
maintenance work order system was primarily an accounting program that lacked crucial information
aboutwork order historythe cause ofailures,and whetheequipmentvassuccessfullyepaired.

Logbooksalsoprovidediittle detailon equipmentepairs.

BP Texas City managers did not effectively encourage the reporting of incidents; they failed to create an
atmosphere of trust and prompt respaiaseports. Among the safety key risks identified in the 2005
HSSE Business Pl an, i ssued prior to the disaste
of consequences. 0 The maintenance wmbenomiggear sai d
learningculture ancawayfrom a punitivec u | t2%d TheTelds reporfoundthatpersonnel felt blamed

wheninjuredat worka n d A i n v eesettdoquiekttoistapratsperator erroasther o ot cause. 0

Lack of meaningful response to reports discourages reporting. Texas City had a poor PSM incident
investigation action item completion rate: only 33 percent were resolved at the end of 2004. The Telos
report cited many stories of dangerousditions persisting despite being pointed out to leadership,
because fAthe wunit cannot come down now.0 A 2001

completonand communi cation of reports. o

212 Email from the TexasCity MaintenanceévlanagerJanuaryl9, 2005.
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10.1.1.2 BP Group Reporting

Responsibility for a lack of a reporting culture extended to BP Group. The three major accidents at the
Texas City refinery were not mentioned in the GHSER reports sent to Group executives and the BP Board
of Directors. A 2004 BP Group HRO survey foundithaacr oss al | business uni
against®Phored»pd2 . BP Group analysis, fALearning fro
investigation and reporting varies considerably and quality of evidgibering [is] sometimes

guestionabl e. 0

10.1.2 Learning Culture

BP Group and Texas City lacked a learning culture. A learning culture ensures that reports of incidents
and safety information are analyzed and lessons learned effectively communicated, aodnibtat pr
corrective action is taken (Hopkins, 2005). BP Group and Texas City had serious deficiencies in these

areas:

1 Management failed to adequately investigate previous incidents that revealed the serious hazards
of atmospheric blowdown systems in the ISQi¥ig other process units and failed to take

correctiveaction.

1 Managers did not act on findings from previous reports, such as more training for operators and

supervisorsyseof controlboardsimulators anduseof fully functional operatingenvelopes.

1 Reports of malfunctioning instrumentation were not acted on and instrument checks were not

completedprior to the ISOM startup.

213 AggregateHRO SurveyResults, June2004.
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1 BP did not monitor recurring instrument malfunctions, such as the high level switch on the

raffinatesplittertower andhe blowdowrdrum,for trendsor failureanalysis.

1 A BP Group 2002 report on the Group Fatal Accident Investigation Process foufidcthati t i ¢ a |
factorsandhenceroot causes [wergjoti d e n tandthatd d o r r actonsfivarejsometimes

vagueand i mpractical . 0

T The 2003 South Houston GHSER audi't found t ha

assessmenmtrocess is natvident throughoutthe r gani zati on. 0

T The 2004 GHSER assessment graded Texas City
not analyzedo monitor trends and develop prevention programs. The assessment found little use

of the GHSER audit/assessment restatdrive plantgoals.

1 The 2004 Group Internal Audit report found poor plant monitoring and lessons learned processes
at35BP Groupbsi ness unit s: A[i ] nformation on inci
entities do not have robust processes for assessing the implications of these and initiating actions

tomanage their risks of a similar occurrence.

The | ack of a |l earning and a reporting culture
important lessons from the Grangemouth report. Many of the organizational failures in the ISOM incident
involved issues that were also key lessons frorm@aouth. The U.K. Health and Safety Executive
concluded that BP |l acked fAia strong, consi stent
a barrier to learning from previous incidents. Failure to effectively act on those lessons settfa stag

the ISOM incident. BP Group lacked an effective program to ensure that lessons from internal and

externalincidents werected uportorporatewide.
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10.2 Lack of Focus on Controlling Major Hazard Risk

BP did not effectively assess and control the risks of major hazards at Texas City. In the events leading up
to the ISOM incident, managers and operators lacked an understanding of major hazard risk: 1) the
blowdown system had not been replaced, despaequrs serious incident reports and policies that

required converting it to a flare; 2) occupied trailers were placed dangerously close to running process
units because the siting analysis failed to identify the risks; 3asantial personnel were nebeuated

despite the hazards posed by ISOM unit startup; 4) the startup was authorized despite having inadequate
staffing, malfunctioninginstrumentsandequipmentandwithout a pre-startupsafetyreview (PSSR)and

5) during the startup, no qualified sipision was present and procedures were not followed as had been

thepractice for some time.

Audits and assessments concluded that Texas City had serious deficiencies in identifying and controlling

maj or risks. The 2003 GH&dErRk identification ahdahe degelopntest of A t
mitigation plans are not evident across the sit
system exists for identifying high Il evel risks.
(breaches, failures, or breakdowns of a critica

risks revealed by the 2004 fatalities and property damage, the falling PSM action item closure rate, and

poorequipment integrityvere notperceived asequiring moreserious intervention.

Similar risk awareness deficiencies were found
InternalAudit reportfoundthatbusinessinitma n a g e managememsokessedid notunderstanar
control major hazards, nor were these processes used to drive priorities or allocate resources. Moreover,

BP business unitnanagersiadpoor competencin risk andhazard management.

10.2.1 Focus on personal safety rather than process safety

BP Groupexecutivesisedpersonakafetymetricsto drive safetyperformanceA keylessorfrom the
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U.K. Health and Safety Executive Grangemouth report is that BP needed a specific focus on KPIs for
process safety because personal safety metrics are not a reliable measure of the risk for a major accident.
BP did not adequately implement these lessoits i@roup safety management or at Texas City, and, in

fact, paid most attention to, measured, and rewarded personal safety performance rather than process
safety.Personabkafety metricsverethe exclusive measures the GHSERpolicy, HSE assuranceeports,
business and personal contracts, incentive programs, and plant goals. Personal safety metrics are
important to track lowconsequence, highrobability incidents, but are not a good indicator of process

safety performance. Asprocesssafe expert Trevor Kletz notes, ATHh
process a f @*(Kietz, 2003).An emphasis opersonakafetystatisticscan leaccompaniego lose

sightof deteriorating process safgigrformancetopkins, 2000).

Process safety KPIs provide important information on the effectiveness of safety systems, and an early
warning of impending catastrophic failure (HSE, 2006a). The sole use of lagging safety indicators, such
asinjury ratesor numbersf incidents hasbeendescribedastrying to drive downtheroadlooking only

in the rear view mirrcf-it tells you where you have been but not where you are headed. Process safety
goodpracticeguidelinessrecommend usingothleading andaggingindicatorsfor processsafety.

Leading indicators provide a check of system functiohimghether needed actions have been taken, such

as equipment inspections completed by the target date or PSM action item closure. Lagging indicators,

such as neamisses, provideévdence t hat a key outcome has failc¢
monitoringo of both |l eading and | agging indicat
(HSE2006a).

2Kl etz (2001) al s dimenaccidéntm® is hohngitation that theopvocebssafety is under
control, as most accidents are simple mechanical ones, such as falls. In many of the accidents described in this book
the companies concerned had very low-tose accident rate3his introduced a feeling of complacency, a feeling
thats af ety was wel | managed?o.
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10.2.2 A Cheheb ox 0

Rather than ensuring actual control of major hazards, BP Texas City managers relied on an ineffective
compliancebasedsystenthatemphasizedompletingpaperwork The Telosassessmerfibundthat Texas

City had a fAicheck the boxo tendency of going th
had been checked off it was forgotten. The CSB
tendency in the events prior to the ISOM incident. For example, the siting analysis of trailer placement
near the ISOM blowdown drum was checked off, but no significant hazard analysis had been performed,
hazard of overfilling the raffinate splitter towaas checked off as not being a credible scenario, critical
steps in the startup procedure were checked off but not completed, and an outdated version of the ISOM

startupprocedure was checked as beingtarolate.

10.2.3 Oversimplification

In response to the safety problems at Texas City, BP Group and local managers oversimplified the risks
and failed to address serious hazards. Oversimplification means evidence of some risks is disregarded or
deemphasized while attention is given to a halnoff others'® (hazard and operability study, or HAZOP

Weak et al., 2001). The reluctance to simplify is a characteristic of HROs hmisligbperations such as

nuclear plants, aircraft carriers, and air traffic control, as HROs want to see the whole picture and address
all serious hazards (Weick et al., 2D0An example of oversimplification in the space shuttle Columbia
report was the focus on ascent risk rather than the threat of foam strikes to the shuttle (CAIB, 2003). An
example of oversimplification in the ISOM incident was that Texas City managersetbprimarily on
infrastructuré!® integrity ratherthan onthe poor conditiomf theprocess units. Foumajor incidents

wheremechanicaintegrity playedarolein 200420050ccurredn the procesaunitsd UU4, ISOM, RHU,

2’Weick and Sutcliffe further state that HROs manage
deliberatestepsto createmorecompleteandnuancedictures.Theysimplify lessandseemo r e . 0

218 Theinfrastructureéncludesrefinerystorageanks,utilities, anddocks.
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CFHU2Y As the 2003 GHSER audit notes, BP Texas City was managing the infrastructure problems;

however process unit hazards were not adequatdbjressed.

BP Graup executives oversimplified their response to the serious safety deficiencies identified in the
internal audit review of common findings in the GHSER audits of 35 business units. The R&M Chief
Executive determined that the corporate response would foocsnopliance, one of four key common
flaws found across BP6s businesses. The respons
emphasized worker behavior. Other deficiencies identified in the internal audit included lack of HSE
leadership and poor implementation of HSE management systems; however, these problems were not
addressed. This narrow compliance focus at Texas City allowed PSM performance to further deteriorate,
setting the stage for the ISOM incident. The BP focus osopal safety and worker behavior was

anotherexample of oversimplification.

10.2.4 Ineffective corporate leadership and oversight

BP Group managers failed to provide effective leadership and oversight to control major accident risk.
According to Hopkins,topmnagement 6 s actions and what they p
resources for is what drives organizational culture (Hopkins, 2005). Examples of deficient leadership at
Texas City included managers not following or ensuring enforcement ofgsodind procedures,

responding ineffectively to a series of reports detailing critical process safety problems, and focusing on

budgetcutting goals that compromised safety.

Texas City managers did not model safe practices, and in the incidents and critical events prior to the
ISOM incident, deviated from numerous safety policies and procedures. Managers did not complete the
study of the ISOM pressure relief system that hahlvequired by the OSHA process safety regulations

for manyyears.Contraryto BP policy (Section5.5.4),theISOM blowdowndrumwasnotreplacedvith a

217 CFHU is the CatFeedHydrotreatingUnit.




flare system, nor was the siting of the trailers effectively managed. A PSSR that would have required non
essential personnel to be removed from the ISOM unit and surrounding areas prior to startup was not
conducted. Numerous procedures and forms werekeleoff, but the safety critical tasks were not

performed or reviewed. Finally, the startup lacked the presence of qualified supervisory oversight or

technically trained personnel despigingrequiredby BP policy.

The 2003 GHSER audit emphasizedthdie Texas City senior managers
tolerated HSE exceptions, 0 citing overdue actio
major risks. The 2004 BP audit of 35 business units found a lack of leadership competence and
unker st anding of HSE, and that Al eadership was n¢
own behaviors.o The Telos authors concluded tha
unaddressed hazards or deviations from safety procedures,céanrcé but e t o At he t ol e

seein individual behavior. o

Budget cuts and production pressures seriously impacted safe operations at Texas City. Studies and
assessments presented to BP Group managers linked the history of budget cutd safetiidasues:

iThe current integrity and reliability issues a
maintenance spendimyer thel a st d%Bodgal @italso impairedraining,operationsstaffing

levels, and mechanical integrity. Budget pressures affected the decision not to replace the ISOM

bl owdown system on several occasions. BPO0s asse
leading to the ISOM incident, show that safety crii | repairs were not conduc

t i nhedt @ the turnaround schedule.

The 2005 Telos assessment indicated that while senior managers showed a strong safety commitment, it

wasfi ¢ 0 nt r by tthelackiofeebourcesactionor clearplansto addressevere hazardbatpersist.For

218 TexasCity RefineryRetrospectivéAnalysis,October28,2002.




most people there are many unsafe conditions that prove cost cutting and production are more important

thanpr ot ecti on. 0o

The BP Chief Executive and the BP Board of Directors did not exercise effective safety oversight.
Decisions to cut budgets were matdi¢he highest levels of the BP Group despite serious safety
deficiencies at Texas City. BP executives directed Texas City to cut capital expenditures in the 2005

budgetby anadditional25 percentdespitethree major accidenendfatalitiesattherefinery in 2004.

The CCPS, of which BP is a member, developed 12 essential process safety management elements in
1992. The first el ement is accountability. CCPS
ver sus process saf et ynéseipBaSiBeShat tolrex@va thig dilemind, procgss i d e
safety systems fAimust be adequately resourced an
management commitment to the process safety pro
structureof safety management, organizational safety and process safety management were largely
delegated to the business unit level, with no effective oversight at the executive or board level to address

majoraccident risk.

The Financial Reporting Council (FRGhe U.K.'s independent regulator for corporate reporting and
governance, has adopted Alnternal Control: Guid
referred to as tTheTufbuliguidabhce te¢comrgends that U.K. daardls =iaiat
system of internal ri sk control that includes H
annual |l y: AThe review should cover all materi al

controlsand ri sk mana(BRChR2O0BEY systemso

The UK Health and Safety Executiveds report on
addresses the importance of board safety oversighte of t he reportds dAwider

stateghati [ 0] p e r a tive ingeasedoaustd majoraccidentreventionin orderto ensureserious
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business risk is controlled and t othah3aietye ef fec
Executive specifically uses the BP Grangemouth incident to address the responsibilities of board

memberdor major accident prevention:

The Turnbull report states that directors should, at least annually, review systems of control
including lisk management, financial, operational and compliance controls that are the key to the

fulfillmentoft he company6s business objectives.

The HSE has prepared guidance for directors in order to help them ensure that the health and
safety risks arising frortheir organizations activities are properly managed. Directors should be
fully aware of their corporate responsibilities in relation to the control of major accident hazards.
Failure by a corporate body and the directors of a company to adequately meeldgarid

safetycan resulin prosecutiorof thecompanyandthe individualdirectors responsible.

As previously stated the underlying causes of major accidents (technical, managerial and human
factors) are well established from analysis of hundreds of major accidents worltivattors

havea duty to managthese knowifiactors topreventmajoraccidents (HSE2003).

The above quotation from the guidance oODirector
in the Grangemouth Report, states that #A[t] he b

to, relevant healthral safety risk management issues. The UK Health and Safety Commission (HSC)

recommends that boards appaine oftheirn u mber t o dred t haef &tHEHSChr ect or 6

2002).Additionally, the guidance recommends thaards of directors review their heath and safety
performance annually, ensure that management systems provide effective monitoring and reporting, and

ensurghat the healtland safetymplicationsof all theirdecisions are addressed.

219 This guidane is published by the Health and Safety Executive (HSE); the Health and Safety Commission is the
politically appointed governingody of theHSE.




The Baker Panel Report concluded that BP&s Boar
effective implementation of PSM. Safety culture expert James Reason emphasizes the importance of
designating corpor at e b orargadiztiooaf safety anden@ajordazadriskr e s p
control. BP has a board Ethics and Environment Assurance committee that monitors safety issues;
however, no board member has designated health and safety leadership responsibilities or a background

in refineryoperations or process safety.

10.3 Safety Implications of Organizational Change

Although the BP HSE management policy, GHSER, required that organizational changes be managed to
ensure continued safe operations, these policies and procedures were gendddiibyveck Poorly
managed corporate mergers, leadership and organizational changes, and budget cuts greatly increased th

risk of catastrophic incidents.

10.3.1 BP mergers

In 1998, BP had one refinery in North America. In early 1999, BP merged with Amoco and then acquired
ARCO in 2000. BP emerged with five refineries in North America, four of which had been just acquired
through mergers. BP replaced the centralized HSE neamagt systems of Amoco and Arco with a

decentralized HSEanagement system.

The effect of decentralizing HSE in the new organization resulted in a loss of focus on process safety. In
an article on the potential impacts of mergers on PSM, process sgietyex Jack Phil |l ey
balance point between minimum compliance and PSM optimization is dictated by corporate culture and
upper management standards. Downsizing and reorganization can result in a shift more toward the
minimum compliance approachhis shift can result in a decrease in internal PSM monitoring, auditing,

andcontinuous improvemetc t i vi tyo (Phill ey, 2002).
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10.3.2 Organizational Changes at Texas City

After the Amoco merger, Texas City underwent a complex series of leadership and organizational
changes that were only informally assessed for their impact on safety and health. In 1999, Texas City was
a separate business unit run by a business unit |éad®01, the refinery became part of the BP South
Houston complex along with four BP chemical plants (Figure 18; Appendix D). From then until 2004, the
safety, environmental, and process safety departments were combined and operated as a shared services
group servicing multiple facilities. This resulted in the process safety group not reporting directly to each

s i tbesihesainitleader;nsteadthey reportedo theStarS i t ShdrezServicesGroup(AppendixD.2).

Amoco BP-Amoco BP
Pre - 2001 2001 - April 2004 2004 — March 23, 2005
; Texas City Texas City |
T;xzs City Chemical BP South Houston Refinery
D'e "ffv Plant Star Site Director Business Unit |
s Director | Leader (BUL) |
L = - ) |
‘ Process Texas City 1 ‘ Texas City | | Chocolate | | naar park Cedar ‘ Shared k Hzalﬂ?, Safétyt&
Safety Refinery | | Chemical Bayou guL | | Bayou || Services nv(n}[iosng;en
i BUL BUL BUL BUL Grou
Committee ‘ p _ Organization
Process Safety Process Safety Process Safety
Management Management Management
(PSM) Group (PSM) Group (PSM) Group

Figure 18. Organizational changes affecting the Texas City refinery

After the BP South Houston complex was formed, a series of leadership changes occurred. First, the
refinery business unit leader became the BP South Houston director and the Texas City refinery was run
by an operationmanager. In 2002, the director was replaced and later that year the operations manager
left. He was replaced by a refinery performance unit leader, who functioned basically as the business unit

leader.The BakerPanelReportconcludedhat TexasCity refinery seniorleadershigurnoverhadbeen




high with nine plantmanagersince1997;five from 2001to 2003(Baker,etal., 2007).

Addi tional organi zational change occurred in 2003
F r a me widie@BR SoathHoustoncomplexwasdissolvedthedirectorbecameherefineryBusiness
Unit Leader, and the process safety department became part oMSISE department with a new

manager.

The impact of these ineffectively managed organizational changes on process safety was summed up by
the Telos study consultants. Weeks before the ISOM incident, when asked by the refinery leadership to

explainwhatmade safetyprotectionparticularlydifficult for BP TexasCity, the consultantsesponded:

We have never seen an organization with such a history of leadership changes over such
short period of time. Even if the rapid turnover of senior leadership wernmtire

elsewhere in the BP system, it seems to have a particularly strong effect at Texas City.
Between the BP/Amoco mergers, then the BP turnover coupled with the difficulties of
governance of an integrated sifte®ist here has

makesthe management of protection very difficg#f.

Additionally, BP6s decentralized approach to salfe
HSE policy, GSHER, while containing some management system elements, was not an effective PSM
system. The centralized Process Safety group that wasfpgertoco was disbanded and PSM functions
were largely delegated to the business unit level. Some PSM activities were placed with the loosely
organized Committee of Practice that represented all BP refineries, whose activity was largely limited to

informally sharing best practices.

220TelosGroupmemo,ii Wh makesprotectionparticularlydifficult for BPTexasCi t y ? 0




The impact of these changes on the safety and health program at the Texas City refinery was only
informally assessed. Discussions were held when leadership and organizational changes were made, but
the MOC process was generally not used. Applying JackRhy 6 s gener al observati
impact of these changes reduced the capability to effectively manage the PSM program, lessened the

motivationof employeesandtendedo reducethe accountabilityof managementPhilley, 2002).

10.3.3 Budget Cuts

BP audits, reviews, and correspondence show that badgétg and inadequate spending had impacted
process safety at the Texas City refinery. Sections 3, 6, and 9 detail the spending and resource decisions
that impaired process safety performamceperator training, board operator staffing, mechanical

integrity and the decisions not to replace the blowdown drum in the ISOM unit. Philley warns that shifts
in risk can occur during mergers: Al f cohgmany A
risk levels, it will take some time to upgrade the old plant up to the standards of the new owner. The risk
reduction investment does not always receive the funding, priority, and resources needed. The result is
that the risk exposure levels foo@pany A actually increase temporarily (or in some cases,
permanently)o (Phill ey 2 0ditfngmeaRRiesis espedialygnpartaneé i mp
where, as at Texas City, there had been a history of budget cuts at an aging facility ttehtdhadtieal
mechanical integrity problems. BP Texas City did not formally review the safety implications of policy

changesuch as costutting strategy prioto making changes.

10.34 Good Practice Guidelines

The need to manage organizational change is newadjin good practice guidelines issued by CCPS
(1992b); American Chemistry Council (CMA, 1998); the Health and Safety Executive (2003b); the
Canadian Society for Chemical Engineering (2004); and Contra Costa County in California (1999). A

recentU.S.suwvey byKeen,West,andMannan(2002)showed however thatorganizationathangewas

ac



addressed in the MOC programs of only 44 percent of chemical processing companies. Kletz notes that
companies may not be addressing the full range of organizational changes, and recommends that MOC
programs assess the impact on safety and health of caijan& changes resulting from outsourcing,

majorre-organizationgollowing mergersor downsizing,andotherhigh level changegKletz, 2003).




11.0 REGULATORY ANALYSIS

11.1 O S H A Brecess Safety Management Regulation

11.1.1 Background Information

In 1990,the U.S. Congressesponded teatastrophic accidertd in chemicalfacilities andrefineries by
including in amendments to the Clean Air Act a requirement that OSHA and EPA publish new

regulations to prevent such accidents. The new regulations addressed preventiearfuency, high
consequence accidents. OSHA @mentofddghlylHazardoosn, f Pr oc
Chemicals, 0 (29 CFR 1910.119) (PSM standard) be
broad requirements to implement management systems, identify and control hazards, and prevent

ficat asrelaasepofitignlyhazairous chemi cal s. 0

11.1.2 PSM Standard Elements

Several PSM elements are applicable to the disaster at BP Texas City. The BP Texas City ISOM unit was

acoveredprocesainderthe PSMrule, becausé¢he processontainedver10,000poundsof flammable

221The catastrophic accidents included the 1984 toxic release in Bhopalthadligsulted in several thousand
known fatalities, and the 1989 explosion at the Phillips 66 petrochemical plant in Pasadena, Texas, that killed 23
andinjured 130.
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substance¥?222® ThesePSMelementsncludePHA, processafetyinformation?* MOC, and

mechanical integrity?®

Theinitial PHA andsubsequentevalidationdor the BP TexasCity ISOM unit failed to identify the

possible scenario of raffinate splitter tower overfill, leading to a liquid release from the blowdown drum
(section 8.1). Therefore, the raffinate splitter instruments, such as the level transmitter, were not identified
as critically important to preventcatastrophic release, and were not placed on a priority schedule for

maintenance and inspection.

An effective PHA depends on accurate information as the basis for analysis. Accurate information is also
vital for inspecting, testing, and maintaining instrents. The PSM standard identifies specific
informationthatmustbe maintainedjncludingrelief systendesignandbasis,instrumentdatasheetsand

documentatiothatequipmentomplieswith recognizedand acceptedoodindustry practice.

Instrument échnicians at BP Texas City did not have a current data sheet for the raffinate splitter level
transmitter or testing procedures for the blowdown drum high level alarm. The ISOM unit pressure relief
system design review was not completed and the blowdown did not comply with recognized good

industrypractice, as it wasndersized.

222 pApplicability of the PSM rule is determined by whether the process contains in excess of the threshold quantity
of listed highlyhazardous chemicals.

223 A flammable liquid is any liquid having a flashpoint below #(37.8C). A flammable gas is a gasambient
temperature and pressure that forms a flammable mixture with air at a concentration of 13% by volume or less
[29CFR1910.120QA)].

224 processafetyinformationis documentatiomeededo identify processazardsuchasinformationrelatedto
process chemistry, safe upper and lower operating limits, technology, equipment, and design codes. The PSM
standard requires covered employers to compile process safety information in conjunction with conducting a
PHA.

225The other elements of the PSM Rule are contractor safety, PSSR, hot work permits, incident investigation,
emergency planning and response, and compliance audits. Tiieddl3 e ment ¢ i s mainly a r
maintainingtradesecrecynotinterferewith ane mp | o gorpliahaawith theotherl2 elements.
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11.1.2.1 Management of Change (MOC)

Mergersreorganizationsstaffing cutsandreassignmentfudgetcuts,andotherpolicy changesmpacted
the effectiveness of BP Texas City safety systems.téiadhid other assessments found that the MOC

programineffectivelyreviewedpolicy, organizational, angersonnel changes.

The OSHA PSM standard requires that, fiptr ox emisni m
chemicals, technology, equipment, and procedure
guidelines recommend that MOC also apply to organizationappeel, and policy changes that could

affectprocessafety. OSHA doesot requireemployers tevaluate these type$ changes.

BP Texas City required that an MOC be initiated for changes to personnel, staffing and organization
(Section 8.2). BP condwedd an MOC analysis before placing additional duties on board operators but did
not implement their findings effectively. However, BP did not formally review the safety impact of
broader organizational and policy changes that potentially impacted proegathe refinery, nor

were they required to do so by the PSM standirdTexas City did not perform MOCs on budget cuts,

staffreductions, and organizational changes ith@iaired process safety.

CCPSandthe American Chemistry CoundfACC, formerly CMA)?2¢ publishguidelinesfor MOC
programs. CCPS (1995b) recommends that MOC programs address organizational changes such as
employee reassignment. The ACC guidelines for MOC warn that changes to the following can

significantly impact processafetyperformance:
9 staffinglevels,
1 majorreorganizations,

i corporateacquisitions,

226 The AmericanChemistryCouncilis achemicalindustrytradeassociation.
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1 changesn personneland

1 policy change¢CMA, 1993).

Kletz reported on an incident that was similar to the March 23 explosion in which a distillation tower
overfilled to a flare that failed and released liquid, causing a fire. According to Kletz, the immediate
causes included failure to complete instrument repairs (the high level alarms did not activate); operator
fatigue; and inadequate process knowledgetzttributed the incident to changes in staffing levels and
schedules, cutbacks, retirements, and internal
and processes, changes to organi[s]ation shoul d

cover séappaommdt énft (Klptz200Q8). e o

The U.K. Health and Safety Executive published an information sheet in 2003 that provides guidance on
managing the impact of organizational change on major hazards (B&&h)2Among the types of

changes recommended that managers address are mergers and acquisitions, downsizing, changes to key
personnel, centralization and decentralization of functions, and changes at site and corporate levels. The
document also includesfamework and methodology for managing and assessing the risk of such

changes.

If BP had reviewed the safety implications of changes to personnel, policy, and organization, the March
23 disaster would have been less likely to occur. In addition, adoption of broader MOC requirements by

OSHAwould help companies like BP avaidtastropic events.

11.1.2.2 Mechanical Integrity

The PSM standard requires procedures to maintain the integrity of process equipment. Poor testing,

inspectionandmaintenancef ISOM instrumentatior{Section7.0) werecausafactorsin thedisaster.

227 Forthe sakeof brevity, severabtherelementsf anorganizationathangemanagemergystemn K | e tarticte s
areomitted here.




11.1.2.3 OSHA Enforcement at BP Texas City

After the March 23, 2005 incident OSHA conducted an inspection of the Texas City facility and

identifiedover 300 egregious willful violations of OSHA standanmasnyof which were related to PSM

non-compliance. BP was fined over 21 million dollars. Undersiiiiement agreemerBP agreed to
abate all violations, pay the penaltydaretain an outside PSM expert to conduct a refinédg

comprehensivaudit.

In the 20 years prior, OSHA records show at least 10 incidents at the site, resulting in 10 fatalities.
While three workers died in 2004 gite were no planned inspections conducted that year. Prior to the
March 23, 2005, incident, OSHA conducted one plaffi&BM inspection of the Texas City facility in

1998. That planned inspection was related to a local asmpprogram; all other inspections were
unplanneetthe result of an accident, complaint, referral from another agency, or an inspection of another
company (such as a BP contractor). During the 20 year period, OSHA issued citations for three willful

and82 seriousviolations,resultingin proposedenaltiesof $270,255pf which $77,860wascollected?®

11.1.2.4 OSHA Enforcement History

A deadly explosion at the Phillips 66 plant in Pasadena, Texas, killed 23 in 1989. It occurred before the
OSHA PSM standard was issued. OSHA investigated this accident and published a report to the Presiden
of the United States in 1990. In that report HASdentified several actions to prevent future incidents
that, in OSHA®6s words fioccur relatively infrequ
result can be catastrophicdo (OSHA, 196t6peof The r

inspectiorpriority systemotherthanonebaseduponindustryinjury ratesandproposedhat i O S Hvil

228 BpP internaldocumentseceivedby the CSBindicatel1 fatalitiesduringthe same20-yearperiod.

229 Planned or programmed OSHA inspections of worksites have been scheduled based on national, regional or area
plans,targetingprograms, ospecialemphasiprograms.
230 These inspections and penalties do not include the inspection following the SeptedsbiacEnt that killed
two. OSHA did notsettlethis inspectionwith BP until theconferencdollowing the March23,2005,incident.

en


http://www.csb.gov/completed_investigations/docs/bpfinalreport/21.pdf
http://www.csb.gov/completed_investigations/docs/bpfinalreport/22.pdf

revise its current system for setting agency priorities to identify and include the risk of catastrophic events

int he petrochemical industry. o

Priorto the Phillips disaste@SHA conducted a Speci@mphasiProgram(SEP¥3! usinga system

safety approach to prevent accidents in the chemical manufacturing industry. OSHA conducted 40
ChemSEP inspections in 1985 and 1986. According to the final report reviewing the program, the
valuable lesson learned by OSHA from these CBEERinspections is that an inspection process different
from the agencyb6s traditional approach of deter
needed to address the identification and correction of potentially catastrophic situationgratensive
approachwhichincludesboth physicalconditionsandmanagemergystemsis indicated(OSHA,

1987a).

11.1.2.5 Program Quality Verification (PQV) Inspections

The PSM standard is designed to prevent catastr
preventing these accidents requires planned, comprehensive compliance inspections in facilities with
accident histories or other indications of risk for a cataste. In 1992, OSHA published the compliance
directiver®? for the PSMstandard, which statéisatiit he pr i ma rnydetonthe8M e me n t
standard shall be the PQV (Progr amtdCRLIO2RYy Veri
045). Those inspections have three parts: determining if the elements of a PSM program are in place;
evaluating if the programs comply with the requirements of the standard; and verifying compliance with

thestandard through interviews, daampling,and field observations.

231 SEPs are focused inspections aimed at specific hazards or industries and usually include a detailed inspection
protocol.

232 Compliance directives are the main method OSHA uses to communicate the targeingpfmction methods
and compliance expectations to their Compliance Safety and Health Officers for enforcing a new regulation. The
PSM ComplianceDirective wasupdatedn 1994.
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11.1.2.6 PQV Inspection Targeting

In its report on the Phillips 66 explosion, OSHA concluded that the petrochemical industry had a lower
accident frequency than the rest of manufacturing, when measured in traditional ways using the Total
Reportabldncident Rate (TRIR§® and the LosTime Injury Rate(LTIR). However, thePhillips 66 and

BP TexasCity explosionsareexampleof low-frequency high-consequenceatastrophi@ccidents.

TRI'R and LTIR do not effecti v e leyentpherefdré, mdpection f ac i
targeting should not rely on traditional injury data. OSHA also stated in its report that it will include the
risk of catastrophic events in the petrochemical industry on setting agency priorities. The importance of
targetingfacilities withthe potentiafor adisaster isinderscored bthe BPTexas Cityr e f i ner y & s
potential offsite consequences from a worst case chemical release. In its Risk Management Plan (RMP)
submission to the EPA, BP defined the worst case as a release of hydrogen fluoride with a toxic endpoint
of 25 miles; 550,000peoplelive within rangeof thattoxic endpointandcouldsufferfi i r r e vorothes i b | e

serious health efWoestcasereleaséhder t he potenti al

The targeting process began with OSHA selecting industries (SIC codes) that had expericgreadictte
number of accidents. Petroleum refining and seven chemical industry segments were on the original list,

which OSHA had notipdated prior téhe incident*

Althoughthe PSMcompliancadirectiverequireseach ofthe 10 OSHA regionsto submitfive candidate

facilities for inspections eachear, OSHA hasconducted fevplannedPQV inspectionsOSHA

233 Prior to the March 23, 2005, explosion, the TRIR at BPTC washingthe industry average, even thbug
multiple fatalities hadbccurred in theearbefore thancident.

234 BP TexasCity Risk ManagemenPlan,March1, 2005.

235 within these industries, each regional office was to submit a list of five possible inspection targets within their
region(from theover2,800U. S.facilitiesin theseindustries) Candidatdacilities wereto be selecteasecn
several factors,incii ng i nci dent history, toxicity of chemical
Directorate of Compliance would determine the inspection goals and select the facilities to receive PQV
inspectioneachyear.




inspectiondat&®® reveals thatederal OSHA conductetine plannedPQV inspections imargeted
industries from 1995 to March 2005, while OSHA state plan jurisdictions conducted 48. Federal OSHA
conducted no planned PQV inspections in oil refineries from 1995 to March 2005. All six planned PQV

inspectionsn oil refinerieswereby stateplan offices (Alaska,California, NevadaUtah,andWyoming.)

During the same period, federal OSHA conducted 77 unplanned PQV inspéttiadsstate plans
conducted 29. Unplanned inspections are typically narrower in scope, shudtiémited to possible

regulatoryviolationsraisedfrom accidentscomplaints or referralsfrom anotherregulatoryagency.

OSHAG6s compliance directive states that dAi-t is
i nt e nThe directivaddescribesa PQV inspectionasfi darge andcomplexu n d e r t andstatesthat
a PQV inspetcdrimn pfiossilwing several weeks or mont

federalOSHA PQV inspections conductkasted less than omaonth.

The National Transportation Safety Board (NTSB) found deficiencies in OSHA oversight ef PSM

covered facilities. A 2001 railroad tank car unloading incident at the ATOFINA chemical plant in

Riverview, Michigan, killed three workers and forced the evacuation of 2,000 residents. The 2002 NTSB
investigation found that the number of inspectors thal®&nd the EPA have to oversee chemical

facilities with catastrophipotentialwaslimited comparedo thelargenumberof facilities (15,000).

Mi chi ganbs OSHA state plan, MI OSHA, had only tw
facilities with catastrophic chemical risks. The NTSB reported that these inspections are necessarily
complicated, resoure@tensive, and rarely conducted by OSHA. NTSB concluded that OSHA did not

provideeffective oversighof such hazardous facilities.

236\www.osha.gov/pls/imis.
27 Theseinspectionsncludedthecodeil P Q Yhdheinspectionreport.
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11.1.2.7 OSHA PQV Inspection Resources

The OSHA PSM compliance dotve includes training and experience requirements for inspectors who
conduct PQV inspections. The directive states t
are essential for compliance acttifivfiQlinelsy rterlaaitn enc
safety and health officers (CSHOSs) with experience in the chemical industry shall be assigned to lead a
PQV inspection. o6 Specific training courses at t

requirements for PQV insptxs.

An official from OSHA®6s Houston South office st
PSM inspection team in the United States is in that office and includes three to four inspectors. He added
that a limited number of other inspectoetionwide have the necessary qualifications to conduct PQV
inspections. The CSB submitted a number of requests for documents and interviews from OSHA
regarding the PQV program, including numbers, training, education, and experience of PSM inspectors,

butthe requested informati@r interviews have ndieen provided.

11.1.3 Other Models for Process Safety Inspections

A review of the process safety programs in state plan OSHA states found that only six conducted PQV
inspections (semextsection).In addition,ContraCostaCounty(2007)in Californiahasits own
IndustrialSafetyOrdinancerequiringinspection®f coveredfacilities with catastrophichemicalhazards.

The process safety inspection programs of the U.K. Health and Safety Executive were also examined in

thisinvestigation.

According to the CSB6és survey of st aéemoce3sSshfdty pr o
inspection programs. California inspects every refinery annually; Nevada inspects each\rsdd

facility annually,and conductsnore comprehensive PQityle inspectiongveryfive years.
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ContraCosta Countyequires othe accident preventiqgorograms a#8 coveredacilities?® aninspection

everythreeyears. Eaclyear a stafbf five engineerperforms an averag# 16 inspections.

The U. Kés Cont r ol dsodgulaiom (COMAHRArequiiesifacitity opdtahors o rsubmit
a safety report detailing their plan to prevent major accidents. Annually, 105 inspectors (typically
engineers and scientists) visit high hazard facilities, and all COMd@\éred facilities are spected

every five years. For the nine refineries in the United Kingdom, detailed planned inspections (ranging
from 80 to 150 days) are conducted annually for each refinery by a multidisciplinary team (regulatory
inspectors, process safety, mechanicalrgging, electrical and instrumentation, and human factors

specialists).

Contra Costa County and the U.K. Health and Safety Executive conduct frequent scheduled inspections of
PSMandmajorhazardfacilities with highly qualifiedstaff. FederalOSHA infrequentlyconducts
planned PQV inspections. The CSB concludes that OSHA lacks sufficiently trained and experienced

inspectorgo effectivelyinspect PSM facilities.

11.1.3.1 PQV Inspections by Industry Segment and Region

The PSM Compliance Directive states that OSHA plans to focus more PQV inspections in OSHA

Regions with higher concentrations of high hazard industries affected by the standard. While Region 6
(which includes Texas) contains more refineries (US Census lB#@a5) than any other region (51),

OSHA conducted two planned PQV inspections in R
was also analyzed to determine any correlation between the number of facilities within an industry sector
and the numbaeof inspections. Table 6 shows that the number of facilities in a sector (the eight industry
sectors identified as targets in the PSM compliance directive) was not reflected in the number of PQV

inspections.

238 Coveredfacilities arethoseclassifiedasTier 3 underE P A Risk ManagemenPlanRule.
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Table 6. PQV inspection?*® and facility numbers from 1995 to March 2005

Industry Sector Number of State PQVInspections Federal PQVInspections Federal PSMLocal Emphasis
Facilities Program Inspections
[U.S. Census Planned Unplanned Planned Unplanned Planned Unplanned
Bureau, 2005]
Alkalies and Chlorine (2812) 41 12 3 0 2 0 0
Industrial Inorganic 631 18 7 1 14 0 0
Chemicals, Not Elsewhere
Classified (2819)
Plastics Materials, Synthetic 846 4 2 0 7 0 2
Resins, and Nonvulcanizable
Elastomers (2821)
Cyclic Organic Crudes and 179 0 0 0 4 1 4
Intermediates, and Organic
Dyes and Pigments (2865)
Industrial organic chemicals, 685 3 1 4 19 2 1
not elsewhere classified
(2869)
Nitrogenous fertilizers (2873) 144 4 4 3 2 0 0
Explosives (2892) 87 1 1 1 8 0 1
Petroleum Refining (2911) 20324 6 11 0 21 1 0
Totals 2816 48 29 9 77 4 8
11.1.4 Summary and Discussion
OSHAG6s compliance directive for the PSM standar

planned PQV inspections. However, PQV inspections are infrequent and an insufficient number of

inspectorsare qualified to conduct them.

239 OSHA Integrated Management Information System (IMIS), inspections within industry,
http://www.osha.gov/pls/imis/industry.html

240The U.S. Energy Information Administration under its definition of an oil refinery states there are 144 refineries

in theUS.

d


http://www.osha.gov/pls/imis/industry.html

Over time OSHA has adjusted enforcement priorities to reflect new workplace data and enforcement
initiatives. For &ample, during the 1990s OSHA began collecting site specific injury data, which allowed
improved targeting of planned inspections, and likely had the effect of putting greater emphasis on injury
rates in overall inspection priorities. The incident at TéXi#g and its connection to serious process

safety deficiencies at the refinery emphasize the need for OSHA to refocus resources on preventing

catastrophi@ccidents througgreater PSM enforcement.

The EPA estimates that 15,000 facilities are coveredM#? regulations similar in coverage to the PSM
standard (Stephenson, 2004). OSHAG6s targeting o
based on traditional safety measurements is ineffective in preventing catastrophic accidents. OSHA did
not effectively inspect BP Texas City, despite its history of fatal accidents and releases. Additional factors
for identifying facilities at risk for a catastrophic accident should include process safety performance

indicatorssuch as the resolution rate”®M actionitems.

Strengthened enforcement of the PSM standard by OSHA through comprehensive, planned PQV
inspections is needed to help prevent catastrophic accidents. Additional resources and inspector training
are also needed. Finally, PQV inspection eésirgg must be based on effective metrics that help OSHA
identify which facilities are at highest risk for a catastrophic incident. BP Texas City was a facility with
very high risk for a catastrophe, but OSHA did not target the refinery for comprehesinegl

inspections.

11.2 E P A ®Risk Management Plan (RMP) Rule

The Clean Air Act of 1990 required that the EPA issue an accident prevention regulation to protect the

public andthe environmenfrom catastrophichemicalrelease$rom stationarysourcesin additionto the




OSHAPSMRUule. TheE P A 6 s ?*'RulM Became effective iAugust 19961n aseparate regulation
issued in 1997, the EPA published the list of chemicals covered by the RMP rule along with the threshold

guantitieg(TQ) that determine if a process is covered.

TheBP Texas Cityfacility included manyProgram3?*? processes covered lye RMP rule. ThdSOM
unit contained 1.5 million pounds of a mixture of flammables listed by the RMP rule (including pentane,

propaneandbutane), welabove the 10,08pound TQfor flammables.

11.2.1 Comparison to PSM

The RMP rule requires covered facilities to submit a risk mamagt plan to the EPA. The rule provides
less stringent requirements for smaller facilities or those with less likelihood of offsite injury or

environment al damage from a release (AProgram 1[C
Citygtamr 8o facilities) must fully comply with

preventiorrequirements foProgram3 facilities are similato thoseof theOSHA PSM rule.

The RMP rule requires covered facilities to submit emergency cantagnation, descriptions of

processes and hazardous chemicals onsite, accident history, andaserstlease scenarios. Facilities

must update their risk management plan every five years or whenever a major accident occurs or the
emergency contact information changes. BP submitted the first risk management plan when required in

1999,and hasupdated it aleast three times.

24140 CFR Chapter 1, Suthapter C, Part 68.
http://www.access.gpo.gov/nara/cfr/cfrhtml|_00/Title_40/40cfr68_00.html

2The EPAO6s RMP rule defines Program |levels based upag
requirements to prevent accideritevel 3 processes would affect the public in a worst case release and are
subjectto additionalrequirements to preveatcidents.



http://www.access.gpo.gov/nara/cfr/cfrhtml_00/Title_40/40cfr68_00.html

11.2.2 RMP Rule Enforcement

To date,the EPA enforcemenof the RMP rule hasfocusedprimarily a review of the submittedRMPs

and required updates by the covered facilities. In 1999, EPA established an audit program to help ensure
compliance with the RMP. The audits were intended to provide an independent verification of the
informationin the RMP andincludeon-site inspectionsEPA recordsshowthatthe BP TexasCity facility

had not received a planned RMP rule audit prior to the ISOM incident. The CSB requested documents
from the EPA about the RMP enforcement gpponsegr am
did not provide requested items such as the total number of RMP audits conducted, the audit selection

processiescription, audit reports, and thember ofRMP inspectors.

an



12.0 ROOT AND CONTRIBUTING CAUSES

12.1 Root Causes

BP Group Boarddidmt provi de effective oversight of the

preventionprograms.

Seniorexecutives:

1 inadequately addressed controlling major hazard Fiesksonal safety was measured, rewarded,
and the primary focus, but the same emphasis was not put on improving process safety

performance;

1 did not provide effective safety culture leadership and oversight to prevent catastrophic

accidents;

9 ineffectively ensured that the safety implications of major organizational, personnel, and policy

changesvereevaluated;

1 did not provide adequate resoes to prevent major accidents; budget cuts impaired process

safety performancat the Texas Cityefinery.

BP TexasCity Managerdlid not:

1 createaneffectivereportingandlearningculture;reportingbadnewswasnot encouraged.

Incidentswereoftenineffectivelyinvestigatecandappropriatecorrectiveactionsnottaken.

1 ensure that supervisors and management modeled and enforced use-dhtapplant policies

andprocedures.




1 incorporate good practice design in the operation of the ISOM unit. Examples of these failures

include:
T noflareto safely combustiammablesnteringthe blowdownsystem;

T lack of automated controls in the splitter tower triggered by-tagél, which would

haveprevented the unsafe level; and
T inadequaténstrumentatiorio warnof overfilling in the splittertower.

1 ensure that operators were supervised and supported by experienced, technically trained

personneduringunit startupanespecially hazardoyshase obperation;or that

1 effectively incorporatetiumanfactorconsiderationn its training, staffing,andwork schedule

for operationgersonnel.
12.2 Contributing Causes
BP TexasCity managers:

1 lackedaneffective mechanicahtegrity programto maintaininstrumentsandprocessquipment.

For example malfunctioninginstrumentsaandequipmentverenot repairedorior to startup.

1 did not have an effective vehicle traffic policy to control vehicle traffic into hazardous process

areasr to establish safe distances frpnocesaunit boundaries.

1 ineffectivelyimplementedheir PSSRpolicy; nonessentigbersonnelverenotremovedrom

areadn and aroungbrocessunits duringthe hazardousnit startup.

9 lackedapolicy for siting trailersthatwassufficiently protectiveof trailer occupants.




13.0 RECOMMENDATIONS?43

American Petroleum Institute (API) and United Steelworkers
International Union (USW)

Work togetherto developtwo newconsensusmericanNationalStandardsnstitute (ANSI) standards.

20054-1-TX-R6 In the first standat, create performance indicators for process safety in the refinery
and petrochemical industries. Ensure that the standard identifies leading and lagging
indicators for nationwide public reporting as well as indicators for use at individual
facilities. Include methods for the development and use of the performance

indicators.

20054-1-TX-R7 In the second standard, develop fatigue prevention guidelines for the refining and
petrochemical industries that, at a minimum, limit hours and dayswif and

addresshift work.
In thedevelopmenbf eachstandardensureghatthecommittees

a. are accredited and conform to ANSI principles of openness, balance, due process, and

consensus;

b. include representation of diverse sectors such as industry, labor, government, public interest
and environmental organizations and experts from relevanti§icienganizations and

disciplines.

243 SeeAppendixC for previouslyissuedrecommendations.




Occupational Safety and Health Administration (OSHA)

20054-1-TX-R8  Strengthen the planned comprehensive enforcement of the OSHA Process Safety

Management (PSM) standard. Atrenimum:

a. lIdentify those facilities at greatest risk of a catastrophic accident by using available indicators
of process safety performance and information gathered by the EPA under its Risk

Management Progra(RMP).

b. Conduct, or cause to be conducted, compreheirspections, such as those under your
Program Quiality Verification (PQV) program at facilities identified as presenting the greatest

risk.

c. Establish the capacity to conduct more comprehensive PSM inspections by hiring or

developinga sufficientcadre otighly trainedand experienceithspectors.
d. Expandthe PSMtrainingofferedto inspectorsatthe OSHA NationalTraining Institute.

20054-1-TX-R9 Amend the OSHA PSM standard to require that a management of change (MOC)
review be conducted for organizational changes that may impact process safety

including
a. majororganizationathangesuchas mergersacquisitionspr reorganizations;
b. personnethangesincludingchangesn staffinglevelsor staff experienceand

c. policy changesuchasbudgetcutting.




Center for Chemical Process Safety (CCPS)

20054-1-TX-R10 Issue managemeanf changeyuidelineshataddresshe safecontrol of thefollowing:
a. majororganizationathangesncludingmergersacquisitionsandreorganizations
b. changesn policiesandbudgets
c. personnethanges

d. staffingduringprocessstartupsshutdownsandotherabnormalkonditions.

BP Board of Directors

20054-1-TX-R11 Appointanadditionalnon-executive membesf the Boardof Directorswith specific
professionakxpertiseandexperience imefinery operationsand processafety.
Appointthis persorto beamemberof the BoardEthicsandEnvironmental

AssuranceCommittee.

20054-1-TX-R12 Ensure and monitor that senior executives implement an incident reporting program

throughoutyour refineryorganization that
a. encouragethereportingof incidentswithoutfear of retaliation;

b. requires prompt corrective actions based on incident reports and recommendations, and tracks
closureof actionitemsat therefinerywherethe incidentoccurredandotheraffected

facilities; and

c. requires communication of key lessons learned to management and hourly employees as well

asto the industry.




20054-1-TX-R13 Ensureandmonitorthatseniorexecutivesiseleadingandlaggingprocessafety

indicatorsto measure andtrengthersafety performancia your refineries.

BP Texas City Refinery

20054-1-TX-R14 Evaluateyour refinery procesaunitsto ensurehatcritical procesequipmenis

safelydesigned. At aninimum,

a. Ensure that distillation towers have effective instrumentation and control systems to prevent

overfilling suchasmultiple levelindicators anéppropriate automatiwontrols.
b. Configurecontrolboarddisplaysto clearlyindicatematerialbalancefor distillation towers.

20054-1-TX-R15 Ensurethatinstrumentatiormndprocessequipmennecessaryor safeoperations

properlymaintained and tested. Aminimum,

a. Establish an equipment database that captures the history of testing, inspections, repair, and

successfulvork order completion.

b. Analyzerepairtrendsandadjustmaintenancandtestingintervalsto preventbreakdowns.
c. Requirerepairof malfunctioningprocessequipmenprior to unit startups.

20054-1-TX-R16 Work with the United Steelworkers Union and Localll® establish a joint
program that promotes the reporting, investigation, and analysis of incidents, near
misses, process upsets, and major plant hazards without fear of retaliation. Ensure

that the program tracks recommendations to completion and shares lessons learned

with the workforce.

20054-1-TX-R17 Improvetheoperatoitrainingprogram.At aminimum,require




a. faceto-facetraining conducted by personnel with proespscific knowledge and experience

who can assess trainee competency, and

b. training on recognizing and handling abnormal situations including the use of simulators or

similartraining tools.

20054-1-TX-R18 Require additionalboardoperatorstaffing duringthe startupof processunits.Ensure
that hazard reviews address staffing levels during abnormal conditions such as

startupsshutdowns, and unit upsets.

20054-1-TX-R19 Requireknowledgeablesupervisor®r technicallytrainedpersonneto be present

duringespecially hazardous operatiphases such as usiartup.

20054-1-TX-R20 Ensurethat processstartupproceduresreupdatedo reflectactualprocess

conditions.

United Steelworkers International Union and Local 13-1

20054-1-TX-R21 Work with BP to establish a joint program that promotes reporting, investigating, and
analyzingincidents,nearmissesprocesaipsetsandmajor planthazardsvithout
fear of retaliation. Ensure that the program tracks recommendations to completion

andshares lessons learned with the workforce.
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Appendix A: Texas City Timeline 1950s i March 23, 2005

Date Event
1950s | ThelSOMdlowdowsystenisinstalleéhthesouthwestornepfthelSOMunit
1957 Theblowdowsystenis movedpproximated)0ft tothenorthwestorneofthel SOMunitbatteryimits
1976 TheHUHractionatés installethtowhais nowthel SOMunit
1985 TheHUHractionatds convertethtotheraffinatsplittetower
1986 Theraffinatsplittetower'sapacitisincreased
1987 Thecapacitgfthesplittetoweiisincreasedgain
The Amoco Refining Planning Department (ARPD) proposes a strategy to eliminate blowdown stacl
1991 atmosphere
ARPDIoesotincludeseparatéundindorflare/blowdowvorkinthelQyearcapitaplanbecausstateandfederal
1992 regulationsreunlikelyorequirghatreliefvalvederoutedoclosedystemstheforeseeableture
OSHAitesasimilablowdowdrumandstackasunsafattheTexaCityrefinerandrecommendtbe
1992 reconfigurédaclosedystem withflare
TheAmocdregulator@lusteProjecplangoeliminatallblowdowstack@ndreplacéhemwithknockowdrums;
1993 howeveduetotheprojectostof $400milliontheprojecis notimplemented
APHAHAZORs conductednthelSOMunitconsequenceshighlevelndhighpressurenthesplittetoweiare
1993 notaddresse@ndthesizingpftheblowdowdrunforcontainmenfliquideleasés notconsidered
AnAmocataffingeviewconcludethatthecompanwillreapsubstantiabstsaving staffingsreduceatthe
1994 TexaLityandWhitingiteso matclsolomon performanugices
Thell5ft DIHdistillatiotowelinthelSOMunitis overfilledndresultsna hydrocarborapocloudeleas@utof
12Feb94 | thereliefvalves thatpertotheblowdowdrumandstack
17Feb94 | Leakin@lHrelievalvesesulinavaporeleas®utofthelSOMblowdowstackpartoftheunitis shutdown
The ISOM stabilizer tower emergency relief valves open five or six times over four hours, releasing
27-Feb94 | neamgroundeveljtis misreportedtheeventogasa muctsmalleincidenandnosafetynvestigatigaconducted
A BP engineer reviews a contractor study of the headers that discharge into the blowdown drum ani
Mar94 relieheaderareproperlgizedunfortunatelheraffinatsplittetoweheadeis notincludeththecontractastudy
OSHAandAmocagredoa settlememegardinthel99Xitationtheblowdowdrumlikethel SOMilowdown
Mar94 drumremainspertoatmosphere
TheTexacMilfordHavemefineryntheU.K experiencesplanupsetvheradistillatiotoweis overfillednd
24Jul94 | releasebydrocarborstotheatmosphere
AtanlChemleonferenc®&Ppresentisfinding$éroma studyconductedtits Grangemoutbfinerghatexamined
shift turnover communication and resulted in several improvements in how its operations personnel
1995 therefinery
The 8nch chain vent valve of the raffinate splitter tower overhead piping is inadvertently left open fo
8May95 | duringraffinatsectiorstartupresultingna significantaporcloudeleas®utoftheblowdowstack
Astaffingissessme oftheTexaityrefinerprocessinitsrevealshatpersonnelreconcernethatstaffings too
1996 minimatio handleinitupsets
TheapproximatedyearoldlISOMlowdowdrumandstackarecompletelgplacedvithsimilabutnotidenticalty
1997 sizedequipmenyeta flareisnotconnectetbit
1997 BPGr o GgitihdlealthSafetyandtheEnvironmeRigh{ GHSER)olicysestablished
1997 BehaviorahfetyprogrambegirtogointoeffecattheTexaCitysite
1998 B P bearning Developmedepartmetiasabudgebf$2.8millioranda centrastaffof 28trainers

1998

ThelSOMiI n HAZ®Revalidatiotoesnotaddrespreviouscidentwithcatastrophpotentiabsrequiretyy
thePSMstandard




Date

Event

ThelSOMdlowdowstackcatche$ireduringtormyveatheresultingnaunitupsetmanagemedbesot

4-0ct98 | investigate
31-Dec98 | BPmergesvithAmoco
1999 TexaLCityrefinerysa separatbusinesanitrunbyadirector
1999 BPGroupManagemedirectd exa<Citytocutcosts25%
Durin@nISOMunitshutdowmydrocarbdiguidlowsrontheblowdowimtothesewesystenandhydrocarbons
16Janr99 | vaporseleas®utoftheseweboxesproducing significantaporcloud
16Feb00 | TheDayBoardDperatareceivesefreshetrainingnthelSOMunitviaa computerizedhiningourse
2000 AserieofincidentsccuatB P Grangemouthfineryn Scotland
The ISOM blowdown stack catches fire, fueled by leaking pressure relief valves on the hydrogen dri
23Jul00 | continuesvelfivel2hourshiftdbeforetis extinguishedpinvestigatidgaconducted
B P irlsousemagazinpublisheadocumentritterbytheGroupChieExecutiveshoassertshatBPwilllearrthe
Oct00 lessongromGrangemoutindotheiincidents
B P bearning Developmedepartmemtressed exaitymanagemefdrsimulator®aidintraininginit
2000 operatorgutareunsuccessfuldbtaininguchtechnologies
The Texas City refinery joins four other facilities to become part of the BP South Houston complex,
2001 directowhooverseesachf a c BusinesgnifiLsader
Thepresentatiofi, T e QitgRefinergafetyC h a | lisginegaBPndanagemeritpredictanemployedeathn
2001 thenext3-4 years
ThePSMaudifindsa substantimumbeofPHAactiontemsstillopernwellpastheirstatedluedatesandanumber
2001 ofunitoperatingrocedurethatarenotcurrent
BPGroupssuesaii P r oSafetywlstegritya n a g estanelardyhictoutlinesheminimumequirements
May01 preventatastrophincidents
2002 BPengineemsroposeonnectintpel SOMblowdowsystentoa flare butalessexpensiveptiorischosen
TheTexaCityRefinerRetrospectivenalysideterminethatcapitaspendinpasbeerreduce@4%droml 9920
2002 2000andthatmanybudgetutsdonotconsidethespecifienaintenanaeeedftherefinery
ABPGroupgeporbntheGroug-ataAcciderinvestigatigegroceséindghatrootcausesrenotbeingdentifiednd
2002 correctivactiongrenotalwaygracticabrclear
summer | Therefiner{dSEdepartmeimitiatesheClearStreamgrojectviththegoalbfidentifyingndeliminatinigquid
2002 streamsoutedoblowdowstacksthel SOMunitis scheduletb beoneofthefirsttoundergsuchchanges
Thefi V e dtudyeoncludethatTexa<ityhasseriousleficienciegithmechanicattegrityinspectionand
Aug02 instrumentaticaswellasahigh likelihoddra majoincident
AstheClearStreamgrojecbudgeincreasefom$6to$89millionitsscopéds altere@ndworkplangorthel SOM
Apr03 unitarecancelled
The fAGetting Maintenance and Reliability Rig
2003 problempersisattheTexaCityrefinery
An internal inspection of the blowdown drum reveals that most vessel shed trays have collapsed in |
drumTheremaininggayshatarestillattachedreconsideredangerou® personnesotheinternahspectiois
2003 terminatedndthedrumis closedvithoutecommenditigathedrumbetakeroutofservicerrepaired
2003 ThesecondSOMunitHAZORevalidaticmgairdoesotaddrespreviouscidentwithcatastrophotential
AprocessafetyanalysiactionitenmrequiresreviewnfthelSOMi n iretiebadvesthetargetompletiodateis
2003 Marcl81,2005severdaysafteitheexplosiorihestudyis nevecompleted
Amajomaodificatianftheblowdowdrunmoccurreth2003vherthequencleapabilitiesfthedrunfaildueto
2003 corrosioandremaineadh disrepainntithetimeoftheincident




Date

Event

The Texas City Refinery Repositioning Project is initiated at the request of BP Group Refining mane

Aug03 | therefinerjasnotmadea profitontributigoroportionateitscapitatonsumption
The 2003 GHSER audit determines that the Texas City refinery infrastructure and assets are in poo
Sep03 bothtrainin@ndincideninvestigatiaactivitieareinsufficient
2003 TheSoutiHoustoimfrastructuferTomorro@SHIFTprogransimplemented
Thel,00M@ayGoalgprograns developeth measursitespecifiperformancifocusesnpersonaafetyand
2003 costcuttingtathethanonprocessafety
TherefineryvideOperato€ompetendssurancilodeaudifindghatoindividualperatodevelopmeptans
2003 arebeingdevelopefbrAU2/ISOM/NDiditoperators
2004 BP's_earning Developmedepartmeiasa budgebf$1.4millioranda centrastafiof8trainers
TheTexaitybusinesanileader/plamianagegivesa presentatiantitiedSafetRrealityto 100supervisory
2004 personnekgardinthe23deathsntheplaninthepreviou8Oyears
2004 Anewbehavianitiativés putinplaceresultingnbehaviasafetytrainingornearhallBPTexa<ityemployees
The PSM audit notes that many relief valves are missing engineering documentation, safeguards af
definedpoofficiaprocessorcommunicatitessongearnedrompreviousmcidentsinplaceandunitmanagers
2004 andoperatorkcktraining
Aftermaninspectioaftheraffinat@nitrevealsignificartorrosionndetheinsulationntheexterioofthesplitterits
relief pressurel@vered t40 psig276 kPagnd thesafety reliefalves arlowered t40, 41and 42 psi¢276,
Mar04 283.and290kPahowevethestartugproceduredonotincorporatdispressurehange
Mar04 AfurnaceutlepiperupturestheUU4unit resultinghafirethatcause$30millionndamages
TheBPInternahuditGroupnLondomeleasegsreporonGHSERwdifindingefallitsbusinesanitspon
compliancgfHSEulespooiimplementatiofiH SEmanagemenystemdackoflearnindgrompreviouscidents,
Mar04 andlackofleadershigndmonitoringrecommoueficienciemmondhedifferengites
TheDIHtowelpressureeliefvalvesagairiftaftera shortossofelectripowetothelSOMunitresultingha
Mar04 significantaporcloudatorneargroundevel
BPSoutHoustois dissolvedndtheTexaCityrefinerysonceagaira separatbusinesgnitrunbyabusiness
Apr04 | unileadewhoreportglirectlyotheRegionaBroup/PofRefining
TheDayBoardDperatois certifiethathehasthenecessaynowledgm conduatinitstartupvhera process
Apr04 technicia(PT testshimverballpntheprocess
TheGHSERissessmegraded exaCityas"poorbecausaccidennvestigatiomsenotthoroughlgnalyzetbr
Jun04 trendsandpreventatiyerogramarenotbeingleveloped
TheTexaLitysitefi C o oftVorliRle v iregealsleficiencidacomplianceititheGolderRulesofSafety
May04 | (personaafetyssues)
In response to the findings of the fAiControl
and AJust Culturedo programs that enforce adh
Sprin@004| violations
TheBPGrougChieExecutiviorRefiningndMarketingisitsTexa<Citytoreviewprogressowardhel,00May
Goalsthesitereporta "besever'tecordabl@juryfrequencsate putthattherefineryjmeedsoreducéts
Juto4 maintenanamendingpimproverofitability
TheTexaityProcesSafetiManagegivesa presentatidn planimanagerthatidentifieseriougproblemsith
Aug04 processafetyperformance
Pressure relief valves open in the Ultracracker unit, discharging liquid hydrocarbons to the ULC bloy
Aug04 | outofthestack
Two employees are killed and another seriously injured when burned with hot water and steam duri
Sep04 pipeflangentheUU3unit
The Texas City Process Safety Manager tells the site director that Texas City receivecbpbretatedres
Sep04 metricssuchasactioritemcompletiomndthatincideninvestigatiorsenotidentifyintheunderlyingpotcauses




Date Event
BP sites the doublile trailer between the NDU and ISOM units to house contractor employees for tuy
Sep04 | inthenearbyJltracrackemit
The Texas City site leader meets with the R&M Chief Executive and Senior Executive Team to disc
incidentsnanagemediscusseBowthesdncidentaretheresulbfcasuatompliancandpersonaisktolerance
Oct04 despitéwoofthethredncidentbeinglirectlprocessafetyelated
The2004PSMaudirevealpoorPSMperformanagftheTexasCityrefineryespeciallyymechanicattegrity,
2004 trainingprocessafetynformatiomndmanagementchang€éMOC)
Plant leadership meets with all site supervisors for a "Safety Reality" presentation that declares that
Nov04 | safeplacaowork
BP Group refining leadership gives the Texas City refinery business unit leader a 25%ehgdéirc200t
the business unit leader asks for more funds due to the conditions of the refinery, but less than half
late2004 | restored
late2004 | TheTelossurveysconductetbassessafetyculturattherefinenandfindsseriousafetyssues
The refinenyide OCAM audit finds that only 25% of ISOM unit operators are given performance appl
and that no individual operator development plans are being developed for unit operators; the audit
2004 budgeallowdornotrainindgpeyondhitiahewemployeandOSHAequiredefreshenformation
JanFeb05 | NineadditiondtailerareplacedntheareabetweetheNDUandlISOMinits
TheTeloReporisissuedvithrecommendaticiesmprovéhesignificantljeficienbrganizationahdcultural
Janr05 conditionsfthe Texa€ityrefinery
TheBPGroup/PandtheNorthAmericakPforRefiningneewithrefinerynanageris Houstonyhergheyare
presentedithinformatioontheTelogeporfindingghedeterioratimgpnditionsftherefineryhudgetuts,
Feb05 inadequatieainingpressuresfproductioavershadowisgfetyandthe2004fatalityncidents
The 2005 Texas City HSSE Business Plan warns management that that refinery will likely "kill some
2005 18months."
The Texas City Process Safety Manager tells management that PSM action item closure is still a sig
Mar05 andthismetridsfinallyjaddedothesite'sl,00MayGoals
23Mar05 | ExplosioandfireattheTexa<Cityrefineryesultsn 15fatalitieand180+injuries
Dueto23deathsttheTexaCityrefineryn 30yearsQSHAutsBPontatslistof"EnhanceBnforcemeRrogram
Apr05 forEmployeré/hoarelndiffererib TheilObligations"
Jul05 AnincidenintheRHUWresulténa shelteinplaceofthecommunignd$30millionndamagattherefinery
Aug05 AreleaséntheCFHUesultsna shelteinplaceand$2millionndamagattherefinery
Sep05 | OSHAInesBP$21milliorior301egregiouwillfuliolations
13Dec05 | DuringinitstartupadistillatiotowerttheBPWhitingefineryn Indianas overfilledgsultingh fireanddamage.




15 fatalities
and
180 injuries

People
present

Explosion
and multiple
fires

Appendix B: Logic Tree
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|

“Non-essential personnel (.9

People did not
evacuate

Not enough time:
for operator to
sound alarm

: People in and : People working in People working
Essential personnel around vehicles aaNiisganosloonicacions s trail‘:ers near u%it close lo battery
(,,‘e_ operators, near unit battery assisting in Slp) working in limits of process
assisting with S/U) limits unit unit starting up
working in unit
BP PSSR policy not Trailers sited BP PSSR policy
implemented btw NDU and not implemented
1ISOM
People ; ;
TAR parkrt’ad Trailers sited for MOC implementation allowed
Activiti Roadway hicles f convenience of {railers to be sited near
clivities adjacent vehicles for People ULC TAR :
in ULC & epiae work and driving Sctiviies hazardous process units
ISOM break
purposes
BP policy allowed for
TAR traffic " trailers to be sited near
policy and Po‘:foytd'd hazardous process uni_ts
map not restrict based on siting analysis
followed vehicular
traffic
during Facility
Laqk of startup siting
aversight by analysis
BP TAR LTA
mgt. group




Blowdown drum and stack
overfilled with liquid
hydrocarbon

Open to atmosphere

|

Blowdown
drum
undersized

No worst-case
scenario
developed

Pressure relief valves
opened on raffinate
splitter

l

Design of blowdown
drum and stack LTA

l

|

Pressure at relief

BP did nol pursue multiple

proposed projects to implement

inherently safer vent

Previous releases not
adequately investigated
and/or reported

No current relief
valve or header
study

valves exceeded sel
points of 4042 psig

reasons

technology, e.g., flare, for cost

Design not evaluated
for liquid overfill or
multiple relief device
velocity effects

20 psig pressure in
tower

Hydrostalic head
pressure from liquid
accumulates in vertical

Study schedule
postponed for
cost reasons

overhead piping

BP failed to determine that
drum/stack replacement in
1997 met RAGAGEP*

*RAGAGEP = Recognized and generally accepted good engineering practice

AP! 521 (RAGAGEP)
does not address
relevant design issues




Running
vehicle at
battery limits
of unit

Running
vehicle in
unit

Lit
furnace

Switch
gear
electrical
spark

BP policy allowed
running vehicles to be
parked next to battery

limit of units

Eliminated as likely ignition sources by
explosion analysis (see Appendix H)

Site analysis req'd
building analysis if
<350' from unit

BP building
analyisis procedure
not followed

L

Occupancy
requirements
of BP siting
procedure
based on API
752

Lack of training

Ineffective
oversight of
MOC process
by PSM Dept.

Checklist did not
reference building
analyisis
procedure

J

Training Dept.
resources LTA

Vulnerability
based on non-
applicable criteria,
e.g, earthquake

Occupancy
annualized
without regard to
risk exposure







Tower overflows into overhead piping

Liquid volume in tower swells due to
Tower filled to ;
vaparization after 1 PM
~158 ft. by 1 PRl
PM I 1
Rapid heating Feed temperature rises 140 degrees
of liquid in in 10 min. to boiling point
lower column
- —— by reboiler
Tower is filled above Liquid is fed No liquid is [ T =
: eat from ho
,',f;'ff,; Ltﬁgfg}:ﬁ;’, to the tower {ﬁﬂ%‘ﬁ;;’;ﬂ Operator opens control valve to fiquid
1o overfill for 3 hrs. hrs. Procetling tiod 70% -- flow immediately goes exchanges
Filawad from zero to 30,000 barrels/ with feed
day, resulting in a high flow of
Reboiler heats hot liquid out of the tower
Decision liquid in tower,
made to feed increases level "
Hist f
liquid to tawer through thermal rapicsi gg;gng
expansion in previous
| startups
[ | l
: Unit started up despite known
Naxtdan irf malfunctioning instrumentation Procedural
startup procedure and equipment deviations
had become
I normalized
No MOC was Lack of understanding the |
performed for risks of starting up a unit nadeq_u_ate
procedural and with deficient procedures Supetvision

equipment changes

and equipment




Plant personnel did not
understand the potential
hazards of filling the tower
above the range

|

Procedures do not address a separate
filling phase or stopping startup for six
hrs. between shifts

Operating
envelope did not
address limit on
high tower level

Training LTA

Management and Operations
staff miscommunicated about
the startup of the raffinate,
tank availability, and feed
routing instructions

Procedures do not
address filling level or
consequences of
deviation

deviations were
not investigated

Previous

|

Lack of
oversight

|

Lack of
reporting of
near misses
Definition of Blame and
near miss fear of
vague repraisal




I

l

Board
operator The splitter tower No supervisor or
fapﬁgued LCV was not technically trained Operator did not Insufficient board t?e %Z&gifﬁg’s
placed in auto personnel with ISOM understand that the operator staffing instrictet] niot to
mode prior to experiance in control room actual tower level was for startup and Fefdous heai rafl
Lack of heater firing per during critical period of over 100% upset conditions 6 St v:
fatigue Startup procedure startup 9
prevention
policy
POkar el Tower level Board operator
Board operator did not dlicatar indication Redundant high believed
understand material AGVSr eI declining ievel alastn (L/gH- associated
balance calculations o during 3-hr. 4 equipment was
over 99,.9% arfod 5102) malfunction filin
P not known to 9 I _1
operators on shift
Instructions for Gerin Bhai
Raff rundown A
not written down 'n::ft:i::d
in log book,
procedures, or ODT_?;OS
elsewhere
Alarm did not
DCS system did not DCS system did not acluate [
Training provide method to provide flow in and flow .
LTA calculate material out of unit feed on the | ShiR lumaverk TA |
balance same monitor screen
BP's informal shift

turnover procedure
for operators was
inadequate




Perception that the
Adherence to Procedures seen st:gl;%t:?u:g ﬁ:ﬂ?:lre Lack of
procedures not as only guidance y] awareness of
strictly enforced by operators Level biased high to hazards
avoid reboiler shutdown
, I & damage
I 1
] I Praduction History of unstable
Changes to Procedures were prassunes level control
procedures History of Lk of Procedures stated not up dated and L
typically made allowing o that the document were perceived by Startups rc"°t
without variance to s rs% ht was a guideline operators as analyze
evaluation of procedures 9 containing |
risk inaccuracies Uperaiing envelope
program not fully
implemented
MOC
procedure not Aqtlon Items from QOut-dated
enforced splitter tower MOC procedures i I
procedural changes certified as up-to-
not implemented date
3 Previous incidents Consequences of

T

Person
Lack of responsible for
management correcting
oversight procedures also
responsible for

certification of
procedures

Inadequate PSM
resources —
person assigned
was overloaded

PSM Coordinator

positions not filled

not incorporated
Into training guides,
etc. did not address
the hazard of
putting valve in

not putting the valve
in aulo and filling
the tower were not
provided in the

Riacitial procedures
[ 3|
Incident Procedural
Investigations development
LTA LTA




Experienced ISOM supervisor left for
family emergency and other
experienced supervisor/engineers not
available or assigned

Policy requiring presence
of knowledgeable
supervisor/engineer during
startup not followed

Available
supervisor
inexperienced

Job requirements and
training program for
supervisors LTA

Other experienced
personnel were
troubleshooting another
unit

Additional staffing
not provided

Hazards of ISOM
startup
underestimated




No startup procedures
used, initialed, or made
available in the main
control room during or at
end of night shift

No effective shift turnover

communications verbally or in the
log book btw night and day board
operators who started up the unit

Board operator had no
startup experience
where tower had been
filled and pumps shut
down prior to his shift

Little information on tower
or equipment
communicated between
board operators starting
unit

Night startup activities
directed from the satellite
control room DCS

No formal shift turnover/
communication policy or
requirements

No provisions in
procedures that address
splitting startup activities

between two different
control rooms

No formal policy,
procedures, or
requirements to prevent
startup across different
control rooms

Shift turnover
LTA

BP’s informal
shift turnover
procedures
for operators
was
inadequate

Separate startup phase
of filling the tower and
shutting down the
pumps not in
procedures




Redundant high level
alarm malfunctioned

I

- Previous
nlamm npl problems with
checked prior to
y alarm not
startup of the unit N
repaired
| | |
Supervisor No Pre 2003/2004 work order Leaking block
turned away Startup Startup closed even though no valves did not allow
techs to not procedure Safety work done to repair alarm for repair on line
delay startup of not followed Review T
unit conducled g
Mechanical Integrity
LTA
. Confusion
Production over which [ I I
pressures policy/
procedure Work order closed Wark order
was in effect out without Work order software system
confirmation that not placed on not structured to
repair work was TAR list track work order
completed completion
Training LTA
System
configured fo Communication
allow automatic breakdown

closure of wark
orders

Design LTA




Malfunctioning level
transmitter

Known malfunction of
level transmitter not
repaired during TAR

Management decision
to repair the
transmitter after unit
startup

Level transmitter not

calibrated to normal operating

specific gravity

Level transmitter
adjusted at incorrect
specific gravity

Data sheets not
readily available

Production
pressures

No policy
requiring repair of
the transmitter
prior to start up

Lack of hazard
awareness of faulty
level transmitter
reading

Instrument data
sheet incorrect

No central
database or
repository for data
sheets

PSI not updated
when process
changed

No recent calibration
of transmitter

Isolation of block
valves leaked by, Sight glass
not allowing for was dirty
calibration
Preventative

maintenance LTA




2001 MOC Recommendation for
additional staffing during startups
not followed

Control room
consolidation of two
units and addition of a
third process unit
increased workload

Corporate pressure to
reduce staffing

Budget cuts and
pressures to reduce
spending




APPENDIX C: Previously Issued Recommendations

C.1 Safety Culture Recommendation

Whereas:

1. On March 23, 2005, the BP Texas City refinery experienced a severe chemical accident involving
a raffinate splitter tower and associated blowdown system that resulted in 15 deaths, about 180
injuries, and significant economic losses, and was one of thieserasus U.S. workplace

disaster®of the past two decades;

2. Key alarms and a level transmitter failed to operate properly and to warn operators of unsafe and

abnormal conditions withithetower and the blowdowdrum;

3. Thestartupof theraffinatesplitter wasauthorizedon March 23 despiteknown problemswith the
tower level transmitter and the hidgwvel alarms on both the tower and the blowdown drum; for
example, a work order dated March 10 and signed by management officials, acknowledged that
the leveltransmitter needed repairs but indicated that these repairs would be deferred until after

startup;

4. The majority of 17 startups of the raffinate splitter tower from April 2000 to March 2005
exhibited abnormally high internal pressures and liquid léveisluding several occasions
where pressureelief valves likely opened but the abnormal startups were not investigated as
nearmi sses and the adequacy of the towerds desi

notre-evaluated;

5. Written startup procedures for the raffinate splitter were incomplete and directed operators to use

theso-calledii 3 b vent systento control towermpressuregven thougtthe pressurecontrol




valve did not function in pretartup equipment checks and also failed to operate effectively

duringpostaccident testing;

6. The Texas City refinery missed opportunities before and after its acquisition by BP North
America to connect the tower pressveé ef valves to a safety fl ar

May 2005interiminvestigation report#*

7. Most of the fatalities and many of the serious injuries occurred in or around trailers that were
susceptible to blast dammagnd were located within 150 feet (46 m) of the blowdown drum and

ventstack;

8. The Texas City refinery had a facility siting policy and performed a managefehange
analysis prior to positioning the trailers, but trailers were nonetheless placedarpobximity to
the isomerization unit, which had experienced various hydrocarbon releases, fires, and other

processsafety incidents over the previous two decades;

9. The Texas City refinery experienced two fatal safety incidents in 2004 as well as a serious

furnacefire that resulted in a communityrder to shelter;

10. Subsequertb the March 23 incident,the TexasCity refinery experienceé majorprocesselated
hydrogen fire on July 28, 2005, that had the potential to cause additional deaths and injuries and

resulted in a Level 3 communigfert?*

2%4The BP interim report st etognzedadipBténtallydazavdousdot thistypesof h a v e
service, and the industry has moved more towards cl
Splitterrelief linesinto aflare systemwerenot takenwhenit couldhavebeenefficiently donein 19950r 2002
€. 0

#Level 3 is the second highest emergency classificat|i

has occurred, the situation is not under control, and protective action may be necessary forutheirsgiwo
offsitear ea. 0




11.

12.

13.

14.

15.

16.

17.

On August 10, 2005, the Texas City refinery experienced another Level 3 incident involving the

GasOil Hydrotreater that resulted incammunity order to shelter;

All three incidents in 2005 raise the issue of thega@cy of mechanical integrity programs at the

TexasCity refinery;

In April 2005 the U.S. Occupational Safety and Health Administration listed the BP Texas City
refinery as a subject facility under its Enhanced Enforcement Program for Employers Who Are

Indifferentto Their Obligations Under the OSH Act;

The U.K. Health and Safety Executive (HSE) investigated and reported on three incidents at the
BP Grangemouth refinery in Scotland in 2000,
expectations but these were not consistently achieved because ofairgaaisnd cultural

reasons; BP Group and Complex Management did not detect and intervene early enough on

deterioratingperformanced . 0

The Board believes that the foregoing circumstances and preliminary findings raise serious
concerns about (a) the effeveness of the safety management system at the BP Texas City
refinery; (b)) the effectiveness of BP North
facilities; (c) a corporate safety culture that may have tolerated serious and longstanding

deviationsfrom good safety practice;

The Board believes that corporations using large quantities of highly hazardous substances must
exercise rigorous process safety management and oversight and should instill and maintain a

safetyculture that prevents cataophic accidents;

Under 42 U.S.C. A7412(r)(6)(C)(ii), the Boar

reducethelikelihood or theconsequencesf accidentateleasesndproposingcorrectivestepso

Am



make chemical production, processi handling and storage as safe and free from risk of injury

asi s possible é.0

18. Board procedures authorize the development and issuance of an urgent safety recommendation
before a final investigation report is completed if an issue is considered tarbmrent hazard

andhas thepotential to causserious harnunlesst is rectifiedin a shortimeframe.

Accordingly:

P ursuant to its authority under 42 U.S.C. 8§ 7412(r)(6)(C)(i) and (ii), and in the interest of preventing the
serious harm that could result if the imminent hazards underlying the series of incidents at BP facilities
are not promptly rectified, the Boardakes the following urgent safety recommendation to the BP Group

ExecutiveBoard of Directors

20054-1-TX-R1

1. Commission an independent panel to assess and report on the effectiveness of BP North
Americabds corporate over s atishefineree$ andita Comdrate ma n a
safety culture?*® Provide the panel with necessary funding, resources, and authorityding
full access to relevant data, corporate records, and employee inteihiieesler to coduct a

thorough,independent, ancredible inquiry.

2. Ensure that, at a minimum, the panel report examines and recommends any needed improvements

to:

246 Appropriate reference materials for the design of the assessment may include the Final Report of the Columbia
Accident Investigation Board (2003), the Conference Board researchfieparti vi ng Towar d 606:
in Corporate Safety and Healtthe ANSI/AIHA Z10-2005 standar@®ccupational Health and Safety
Managemen$ystemgheInternational.aborOrganization(ILO) codeof practicePreventionof Major Industrial
Accidentg1991),andthelLO Guidelineson OccupationalSafetyand HealthManagemenBystem$2001).




a. Corporate safety oversight, including the safe management of refineries obtained through

mergers and acquisitions;

b. Corporatesafetyculture,ncludingthe degree tahich:

c. Corporateandsite safetymanagemergystemsspecifically:

3. Ensure that th panel has a diverse makeup, including an external chairperson; employee
representatives; and outside safety experts, such as experts in process safety; experts in corporate
culture,organizationabehaviorandhumanfactors;andexpertsfrom otherhigh-risk sectorssuch

asaviation, space exploration, nuclear enesagy the undersea navy.

4. Ensurehatthereportandrecommendationsf theindependenpanel,which shouldbe completed

Corporate officials exercise appropriate leadership to promote adherence to

safetymanagement systems;

Process safety is effectively incorporated into management deaisikimg at

all levels;

Employeesatall levelsare empoweretb promoteimprovedprocesssafety;

Process safety programs receive adequate resources and are appropriately

positionedwithin organizational structures;

Nearmissreportingandinvestigationprograms;

Mechanicalintegrity programs;

Hazard analysis programs, managenwdrthange programs, and-tpdate

operatingprocedures for processegth catastrophipotential;

Siting policiesfor occupiedstructuresnearhazardousperatingunits.




within 12 months,aremadeavailableto the BP workforceandto the public.

C.2 Trailer Siting Recommendation

Whereas:

1. On March 23, 2005, the BP Texas City refinery experienced a severe explosion and fire accident
involving a raffinate splitter tower within the isomerization (ISOM) unit and associated
blowdown system that resulted in 15 deaths, 180 injuries, and significant economic losses; the

accidentwas oneof themost serioud).S. workplacalisasters ofhe pastwo decades.

2. All of the fatalities and many of the serious injuries occurred in or around the nine contractor
trailers that were sited near process areas and as close as 121 feet (37 m) from the ISOM unit.
This unit contained large quantities of flamreabydrocarbons and had a history of releases,

fires,and other safetincidents over therevious two decades.

3. Workers in adjacent units were injured in trailers as far as 480 feet (146 m) from the ISOM
blowdowndrum.A numberof trailersasfar as600feet(103m) from the blowdowndrumwere

heavilydamaged.

4. Atthe Texas City refinery, trailers had been periodically sited in and around hazardous process
areas for reasons of convenience such as ready access to work areas. The trailers did not need to
be located as close as they were to the process areas in order for workers to perform their job

duties.

5. Trailers had been sited periodically in the sametiooarear the isomerization unit for a number
of years. On September 1, 2004, and prior to a safety assessment, BP placed the trailer where 12
workers died near the isomerization unit; a month later BP applied a siting policy to approve the

location.Theeight othertrailers placedhearbywere notanalyzedor hazardselated taheir




7.

8.

10.

location,norwastheimpactof thetotal occupancyof multiple trailersin closeproximity

considered.

Under BPO6s siting policy, trailers used for
considered as posing little or no danger to occupants. This approach conforms to the guidance
provided in American Petroleum Institute (AP
HazardsAssociatedvith Locationof Proces®lantB u i | d APh &dp2stasthateachcompany

may define its own risk and occupancy criteria.

API1 752 is a widely recognized practice for complying with facility siting requirements under the
Process Hazard Analysis el ement of OSHAOGs Pr

1910.119).

API 752 provides no minimum safe distances from hazardous areas for trailers used in refineries
andotherchemicalfacilities. Trailersarenot generallydesignedo protectthe occupantérom the

fire and explosion hazards present in refinefiegontrast, occupied buildings (e.g. control

rooms, operator shelters) located within a process unit are typically permanent and constructed to

beblast and fire resistant.

Trailers can be easily relocated to less hazardous sites. Subsequent to th23kthirtident,
BP America Inc. announced that it would move trailers at least 500 feet (152) from hazardous

processareasA number of contractor officeaseremovedto an offsitedocation.

In 1995, another serious process plant incident involved occupied trailers placed too close to
hazardous areas, resulting in significant deaths and injuries. At the Pennzoil Refinery in
Rouseville Pennsylvaniaa hydrocarborfire thatresultedirom the bursting of two storagdanks

led to five fatalities, including two contractors who were in trailers sited near the tanks. A 1998

EPAinvestigatiorreportdeterminedhatif the trailershadbeenisolatedfrom the storagetank

1)

ocC



areathe casualties may hauseenprevented.

11.Under 42 U.S.C. A7412(r)(6)(C) (ii), the

Bo a

reduce the likelihood or the consequences of accidental releases and proposing corrective steps tg

make chemical production, processing, handling and storage as safe and free from risk of injury

asi s possible é.0

12. Board procedures authorize the issuarf@nairgent safety recommendation before a final
investigatiorreportis completedvherethereis likelihood thata safetyissueis widespreadta

numberof sites.

Accordingly:

Pursuant to its authority under 42 U.S.C. 87412(r)(6)(C)(i) and (ii), atheimterest of promoting safer

operations at U.S. petrochemical facilities and protecting workers and communities from future accidents,

theBoard makes the following urgesafetyrecommendations:

American Petroleum Institute

20054-1-TX-R2 I n 1l ight of the above findings concerni

refinery, revise your Recommended Practji

Associated with Location of Process
Practice to ensure the safe placement of occupied trailers and similar temporary
structures away from hazardous areas of process plants. Ensure that the new

recommendegractice:

a. Protectooccupantsrom accidenthazardsuch aseat,blastoverpressureandprojectiles;

b. Establishesninimumsafedistancedor trailersandsimilartemporary structuresmwayfrom

Pl a

ng
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hazardousreasof procesgplants;

c. Evaluates the siting of trailers under a separate methodology from permanent structures, since
trailers are more susceptible to damage, are more readily relocated, and likely do not need to

beplaced near hazardous areas.

American Petroleum Institute & the National Petrochemical and Refiners
Association

20054-1-TX-R3 Issue a safety alert to your membership to take prompt action to ensure the safe

placemenbdf occupiedrailers away fronhazardousreas oprocesgplants.

C.3 Blowdown Drum & Stack Recommendation

Key Findings

1. On March 23, 2005, the BP Texas City refinery experienced a severe explosion and fire that
resulted in 15 deaths, 180 injuries, and significant economic losses; the accident was one of the

mostseriousd.S. workplace disasters of thast two decades.

2. During the isomerization (ISOM) unit startup, a distillation tower was overfilled with liquid,
triggering the opening of three emergency relief valves that protect the tower from high pressure;
the liquid discharged into a disposal blowdown drum with ekst@en to the atmosphere. The
drum rapidly overfilled with flammable liquid leading to a geyliez release out of the stack and

subsequergxplosionandfire.

3. The ISOM blowdown drum was connected to 58 emergency relief valves. BP had not completed
a rdief valve and disposal collection piping study for the ISOM which was necessary to
determine if the drum was adequately sized. At the time of the incident, many BP Texas City

refinery processinitsdid not haveup-to-daterelief studiesin addition, infemationonthe




original design basis and capacity of the ISOM blowdown drum was missing. CSB determined
that liquid was released out the top of the ISOM blowdown stack during the incident because the

drumwas undersized.

From1994to 2004, therewereeightserioud SOM blowdownincidents;in two of theseincidents

the blowdown stack caught fire. The other six incidents were seriousnigss where

flammable hydrocarbon vapors that were released from the blowdown system could have had
catastrophic consequences if the resulting ground level vapor clouds had found sources of

ignition.

The BP Texas City refinery safety standards, in effect since $8at@éd that new blowdown

stacks were not permitted and blowdown drums should be connected to a closed system or a flare
whenthe existingfacility wasoutgrownor major modificationsweremadeto the unit. Since

1986 the blowdown drum was replaced and megpacity changes were made but the blowdown
drum was not connected to a safe disposal system such as a flare. In 2002, BP engineers propose
connecting the discharge from the ISOM relief valves to a flare as part of an environmental

project, but this wde was not performed. A properly designed flare system would safely contain
discharged liquid in a disposal drum and burn flammable vapor preventing a hazardous release to
atmosphere. Flares are the most frequently used disposal control equipment irefivarggl

industry.

As a result of mergers and acquisitions with Amoco and Arco, BP owns five North American
refineries. Prior to the incident, the five refineries operated 22 blowdown systems with stacks
open to atmosphere; 17 handled flammables. Since the March 23, 2005 accident, BP has stated it
will eliminate all atmospheric blowdown systems in flammableiserat all five of its U.S.

refineriesincluding Texas City.




7. OSHAG6s Process Safety Management (PSM) stand

of catastrophic releases of highly hazardous chemicals such as flammables. The stgnaesd r
employers of covered processes to compile written process safety information including
information pertaining to relief system desi
and generally accepted good eSWwdompliamaei ng pr ac
Guidelines that establish procedures for the enforcement of the standard. These guidelines call for
i nspections to ensure that HAdestruct systems

A pr e selelivalesandrupture diskareproperlydesigned andischarge t@ safear e a . 0

In 1992, the Occupational Safety and Health Administration (OSH&J @nd proposed fines to
Amoco on the hazardous design of a similar blowdown drum and stack at the Texas City refinery.
OSHA determined that the drum and stack were not constructed in accordance with the American
Society of Mechani cilerlandPressuraVessal Gode. Thé\cddé Eejjuird3 o
relief valve piping to discharge to a safe location. As an abatement method OSHA suggested
connecting the blowdown drum to a closed system such as a flare. Amoco asserted that the
blowdown system was constted in accordance with industry standards citing the American
Petroleum Instituteds (APl ) RecRelevnganded Pr ac
Depressuring Systems. As part of a settlement agreement, OSHA withdrew the citation and the
fine. The refirery continued to use blowdown drums without flares at the Texas City site. As a
resul t of the March 23, 2005 incident, OSHA
violation of the same regulation. In the settlement agreement, BP agreed to pesmanente

theISOM blowdown systerfrom service.

API 521 is the generally accepted practice for the design and operation of pressure relieving and

disposakystems. CSB found that flammablesAPl 521:

a. Doesnotconsideliquid overfill of avesselsapotentialhazardwhich canresultin large

ar

toi
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liquid releaseso pressureelief anddisposakystems;

Lacksadequat@rumsizingguidancdor largereleasef liquid to disposakystems;

Doesnotaddresshehazardoosedby relief flows less thardesigncausinglammable
concentrations of vapor at ground level due to low stack exit velocity and ineffective

dispersion;

Does not recommend the use of inherently safer options such as a flare system in lieu of a

blowdowndrumand stack vented theatmosphere.

Thereforethe Boardmakeshefollowing safetyrecommendations:

American Petroleum Institute

20054-1-TX-R4 Revse APl Recommended Practice 521, Guide for Pressure Relieving and

a.

b.

C.

Depressuringystems to ensure that tipeidance:

Identifies overfilling vessels as a potential hazard for evaluation in selecting and designing

pressureelief and disposal systems;

Addressesheneedto adequatelysizedisposaldrums forcredibleworstcasdiquid relief

scenarioshbased oraccurate reliefalve anddisposakollection pipingstudies;

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

useof appropriate inherently safatternatives such asflare system.




Occupational Safety and Health Administration (OSHA)

20054-1-TX-R5
1. Implementanationalemphasigrogramfor all oil refineriesthat focusesn:

a. The hazards of blowdown drums and stacks that release flammables to the atmosphere
instead of to an inherently safer disposal system such as a flare. Particular attention should be
paid to blowdown drums attached to collection piping systems servicingpiauélief

valves;

b. The need for adequately sized disposal knockout drums to safely contain discharged

flammableliquid basedon accurateaelief valve anddisposalkollectionpiping studies.

2. Urge States that administer their own OSHA plan to implement comparable emphasis programs

within their respective jurisdictions.




APPENDIX D: BP Corporate and Texas City Refinery Background

D.1 BP- Amoco Merger

The management structure changeadecember 31, 1998, when Amoco Corporation merged with BP.

The new company, BRmoco, transferred corporate functions from Chicago to London. The process

safety group in Chicago was disbanded and the process safety function was placed under the Technology
area in the London corporate office staffed by a single advisor. About 120 new business units were
created, one of which was the Texas City refinery, headed by a Business Unit Leader who was the
Amoco refinery manager before the merger. In 2000, after reorganization, the PSM department reported
to the manager of engineering and inspection rather than the chair of the Refinery Process Safety

Committee.

D.2 BP South Houston Integrated Site

In 2001, the Staite concept’ wasintroduced at Texas Citif.he refineryandnearbychemical plants

were merged into a single business unit at Texas City, managed by a site direétom@ghd exas City

refinery Business Unit Leader), who now reported to both the refining and chemicals groups. A new
refinery manager assumed responsibilities for the Texas City refinery. As the products of the ISOM unit
were used primarily in the chemicdélgsiness, management of the ISOM unit was transferred from the
refinery to the chemicals business. A new shared services group provided EHS (Environment, Health and
Safety), process safety, human resources, information technology, and contract maifverthese

facilities. Until new corporate standards could be developed and adopted, each business in it continued to
use the corporate standards that were in effect in their respective organizations before the merger. At the
end of 2001, the site directlaft to become the Business Unit Leader of another BP refinery, and a new

sitedirectorarrivedfrom London.At the TexasCity refinery,therefinerymanageretiredand was

247This conceptadbeenpreviouslyusedby BP atits Grangemoutliacility in England.




replaced by a Performance Unit Leader, who reported to both the BP South Houston site director and the

refining group VP.

D.3 BP Texas City Refinery

In April 2004, BP moved most of its petrochemicals businesses into a separate entity, which resulted in
chemical operations being separated from the refinery and the shared services group being divided among
these entities. Management of the ISOM unit was returned to the refinery. In June 2004, the Performance
Unit Leader left to become a Business Unit Leader of another BP refinery because the position was being
eliminated. The BP South Houston site direceedme the Business Unit Leader of the Texas City

refinery, and in January 2005, began reporting solely to the Regional Group VP of Refining. The PSM

departmenbecame part of the refinery HSSE department.




APPENDIX E: ISOM Unit - History, Equipment, and Operation

ThelSOM unit beganproductionin 1985to providehigheroctanefor blendingstockof unleaded

gasoline that was lost with the government phageof tetra ethyl lead. As the ISOM unit was converted

from aprocesaunit, calledanUltraformer,its processequipmenitowers,drums,piping, etc.)ranged

from newer equipment installed when the conversion was made to older equipment that had been installec

in the 1950s.

In 1985, Ultraforming Unit No. 1 was converted into a 27,000 byy@s@aphtha isomerization unit. The
isomerization process used was thesomer process licensed by Union Carbide Corporation. The
Hysomer process converts lowmatane Gand G straight chain paraffins to higher octansa@d G

isomerson a platinurmalumina catalyst.

In mid-1986,the ISOM unit wasconvertedrom the Union CarbideHysomermrocesdo the UniversalQil
Products (UOP) lovtemperature Penex process. The new Penex unit consisted of three sections: the
Ultrafiner section, Penex Reaction system, and Stabilization section. The design basis of this unit was

27,000bpd.

E.1 Raffinate Splitter Section

This equipment was installed in 1976 and used initially as a Heavy Ultraformate Fractionator (HUF) to
increase recovery of xylenes from ARU and Ultraformers. In 1985, the HUF was converted to fractionate
light raffinate feedstock for the ISOM unit and became a raffinate splitter. In 1986, the capacity of the
raffinate splitter section was increased fron0R0 to 30,000 bpd to ensure that 27,000 bpd would be
available as feed for the Penex section of the ISOM unit. In 1987, the capacity of the raffinate splitter
section was again increased from 30,000 to 33,000 bpd to produce additional heavy raffiiadedor

fuel.




When the raffinate splitter tower was converted to a raffinate splitter in th&98(@k, its operating

pressure was changed to 75 psig (517 kPa) and the discharge pressure for the opening of one safety relie
valve was set at0 (483 kPa), while the other two relief valves were set at 74 psig each (510 kPa). In
March 2004, after an inspection revealed significant corrosion under the insulation on the exterior of the
raffinate splitter, its relief pressure was lowered to 40 (&i§ kPa), and the pressures for the opening of

thethreesafetyrelief valveswereloweredto 40,41, and42 psig(276,283,and290kPa),respectively.

E.2 Blowdown Drum and Stack

The ISOM blowdown drum and stack was originally installed in theX8BDs a part of Ultraformer No.

1 unit. A piping and instrumentation diagram (P&ID) indicates that the blowdown drum was initially
located in the southwest corner of the Ultraformer No. 1 unit. In May 1957, an inspection record noted
thatthe blowdowndrum andstackwasfi r e | cappeoxineately200feet(61 m) to theextreme

northwest corner of the battery limits. This vessel was moved to eliminate a dangerous fire hazard which
prevailed under certain wind conditions. o The i
installed on the drum to facilitate new line-ties from ultraformate splitting facilities; however, despite

this additionalload, BPhasindicatedthatno documentedapacityanalysiscouldbe found.

The operating manual for the HUF, dated June 1976, lists the blowdown connections to the Ultraformer
No. 1 blowdowndrumfor i r e ¢ eduenchimgnddisposingf hotliquid and/orvaporhy dr ocar bon
BP has not provided the CSB with any historical records from the Texas City refinery to indicate that the

blowdowndrumand stackvascapableof safelyhandling thdoadfrom thelisted connections.

In October 1986, an engineering contractor working on converting the ISOM unit to Penex evaluated the
relief system on the raffinate splitter and determined that the backpressure in the commoaalvelief v
disposal header was 113 percent of the relief valve set pressure in the event of a reflux/condenser failure,

andrecommendethat Amocotakecorrectiveaction.An undatednternal Amocomemo,with some

f
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handwritten notes, indicates thamnaco was informed of the problem and developed some proposals to

correctit, butnone were implemented.

Il n 1992, an action item from the | SOM unitoés i nji

valvesbereviewedto ensurghattheywereproperly sizedin March1994,therecommendatiomwasthat

no changes were required to the | SOM unitds pre
an Amoco engineering analysis. However, the engineering analysis did not look at the common vent
disposal header from the raffinate splitter, nor did itsider twephase discharges (vapor/liquid) to the

blowdowndrumand how effectivelghe drumcould handle them.

In 1994, P&ID drawing*® changes show thatraimberof newlines were added titve relief valve
headers; howeveBP has provided no historical records to the CSB to indicate that any of the safety and

healthimpacts of these changes weraluated under the MOC process.

In 1997, the refinery replaced the blowdown drum and stack because it was about 40 years old a

needed extensive repair due to corrosion. Part of the decision to replace the blowdown drum without
modi fications was to Amaintain profitsd so the
EPANew Source Performan&@t a n d?® Hodvever,owhilethe blowdown systemeplacementvas

|l i sted as -akindpbatctkbeamesatack on the new bl owdown

outsidediameterwhile the stack orthe original blowdown drumwas36 inches insidaliameter.

During the ISOM PHA revalidation in 1998, an action item recommended locking the valve on the
blowdown drum overflow line open to prevent excessive backpressure on the common disposal headers ir
the event of a large flow of liquig the drum. This action item was resolved by chaining the valve open;

howeverno MOC wasconducted tevaluate theafety othealth implication®f thischange.

248 DrawingsB-4450G_1278 Rev.27;B-4550G-2636;B-4550G-2746;andB-4550-G-2622,ReV.6.

249 Amoco Appropriation Request No. @%449; Reforming|SOM--Replace F20 Blowdown Drum and Stack;
July7,1997.




Section IV of thdsomerization Unit No.1 Operating Manuahd thed SOM #1, Training Guide #31,

Pumpout and Blowdown Systeexplain that originally, the drum and stack had quench water and steam
connections. The quench water would cool any hot process streams. A temyssasimg element

connected to a flow control valve would admit water to thuend Operators could also manually add

quench water. Two steam connections were also provided: one to steam out the drum, and the other, to
blanket the drum and disperse vapors that vent from the stack. This equipment had not been operational

for several gars priotto the incident, according interviews withiSOM operators.

In 2003, an internal inspection of the blowdown drum revealed that most of the vessel shed trays had
collapsed in the bottom of the drum. As the remaining shed trays that weattastitled were considered
dangerous to personnel, the internal inspection was terminated and the drum was closed without

recommendinghat the drunbe taken oubf service or repaired.

Laterin 2003,the secondPHA revalidationfor the ISOM unit containedanactionitem that
recommended a full unit relief valve study be conducted to verify that all relief valves were adequately
sized for service. The relief valve study was underway when the explosion occurred in the ISOM unit two

yearslater.




APPENDIX F: Trailers for Turnaround Activities

Contractors working on the Motorization Project were working out of a vixeoded, doublevide office

trailer sited west of the ISOM unit and north of the catalyst warehouse, about 120 feet (37 m) from the
blowdown drum. This location was selected because trailers had been sited in this area during an earlier
turnaround and it waadjacent to the ULC unit where the work would be performed. The douithie

trailer was sited in this area in September 2004, had 11 contractor offices, and was routinely used for

meetingsThis trailer wago be occupiedintil the projectvas completediJune2005.

A singlewide, woodframed office trailer, used by four QA/QC contractors, was sited south of the
doublewide and east of the catalyst warehouse, approximately 136 feet (42 m) from the blowdown drum.
This trailer was installed when the ULGnaround began and was to be occupied until the turnaround

was complete. Both trailers had electrical hopls, and the doubleide project trailer also had a potable

waterhookup.

Six additional trailers, arranged in two parallel rows of three, wezd ditectly north of the catalyst

warehousepproximately 25@eet(76 m) from the blowdowndrum.All hadelectricalhookups.

The two southernmost trailers in this group of six were being used by an instrument and electrical
contractor who had between 15 to 20 employees working on the ULC turnaround. One trailer was used
primarily by contractor job representatives while the ottes an employee break/lunchroom. Both, sited

in early January, were singigde of wood construction and were scheduled to remain until the

c o nt r warkwag cenipleted.

The middle two trailers in the group of six were being used as decontaminailiers tior a contractor
changing reactor catalysts in the ULC. One contractor employee was assigned to this trailer to issue and

washwork clothing; othercontractoremployeesisedit to changeand/orshoweratthe beginningandend




of their work shifts. These were both singlae with steel fames and siding. These trailers had been

sitedin earlyFebruaryandwould remain untithe catalystvas changeth ULC reactors.

The two trailers at the northernmost end of the group of shstoucted of steel, were sited in mid
February. These trailers, scheduled to remain for several weeks, were being used by other ULC

contractordo store equipment and tootehad an attendant.

F.1 BP Internal Guidelines Compared To Good Practice Guidelines

The CSB determined that the Amoco siting workbook used a less conservative correlation for death to
occupants than did APl 752. The Amoco workbook shows lower death rates at comparable pressures than
does API. For example, API states that apgkiQpeak sid@n pressure applied to a wooden building will
result in a 10 percent death rate to the occupants, whereas Amoco states that a 5.0 psi. reflected pressure
(approximately equivalent to a 2.5 psi peak sidgoressure) will produce the same rdtee
overpressurexperienceétthetwo trailersclosesto the blowdowndrumwas estimatetb be between

2.5and2.8psipeak sideon pressure.

The building identification step of the Amoco workbook consists of initially identifying those buildings

that can be screened out from further analysis. Buildings can be exempted from further analysis based on
their location, construction, or occupancy. The workbook notes that minimum damage will result if a
building is | ocated 0 foadexpiosiomand pravides miaimumfdistanoes a Vv a
between buildings and processing units. The workbook states that trailers can be located 350 feet (107 m)
from the center of the nearest concentration of congested equipment in the closest unit, which was
generb |l y interpreted at the refinery to mean that
battery limits. Steel frame buildings with sheet metal siding could be located 450 feet (137 m) from the
uni t 6 s b andtoaaretlanakonrm bricker cinderblock buildings coulde located 70¢et

(213m) away.Theworkbooknotesthatthe minimumdistanceor trailerswaslessthanfor othertypesof

P o



buil dings because dat atraifers tenutoaolt ih respdnse¢ovaeapdr sloud n d i

explosion,andwalls androof do not collapseon occupantstesultingin fewerserious nj ur i es/ f at a

The basis for the safe distance used in the Amoco workbook adopted by BP was documemsted in th
Amoco Petroleum Products Seciefining Facility Siting Reference ManugAmoco 1995b). A typical
volume of congested equipment was calculated to be 200 million standard cubic feet (mscf). Using this
typical congested equipment volume, the distances that resulted in a 10 percent occupant death rate for
various building types were calculated, then rdedrin the workbook. The CSB determined that these

distanceglaced trailers an increasedsk fromvapor cloud explosions.

F.1.1 Occupancy Criteria

The workbook also set occupancy limits, which would exclude further screening. A building was

excluded from further analysis if one individual occupied it for 20 hours per week or less, or if all
inhabitants occupied it less than 200 hours per week. Thdbaak instructed users to calculate

occupancies on an annualized basis. For trailers occupied only a couple of months during a unit
turnaround, this approach diluted the actual risks to the occupants by weighting them (assuming zero risk
for the months tat the trailer was not being used) over a yearly average. Consequently, nearly all trailers
at the refinery were excluded from further screening based on their annualized occupancy levels. The
Amoco workbook also noted some factors to consider when deiagpeak occupancy levels,

including meetings and gatherings, but did not provide any guidance on what to do if the peak occupancy
was exceeded. In the March 2005 explosion, a total of 22 BP and contractor workers were inside a
doublewide trailer located 20 feet (37 m) from the blowdown drum because of a weekly meeting. The
normal occupancy of the trailer was Y8hen this trailer was destroyed by the blast overpressure wave

from vaporcloudexplosion,12 werekilled in or aroundthetrailerandtheothe 10 seriously injured.
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APPENDIX G: Process Modeling

The CSB examined the mechanisms responsible for the overflow of the raffinate splitter column into its

overheadraporline andto model thecolumnconditionsleadingto the overfillingof the column.

G.1 Modeling Approach

Conventiondistillation modelsareinappropriatdor modelingthe behaviorof theraffinatesplittercolumn

during this incident because distillation was not occurring. By 1:13 p.m. on March 23, 2005, the column
was completely liquidull (flooded) with a layer of suoooled liquid at the topnd downstream

equipment filled with nitrogen. No vapor flowed out of the column, no condensation occurred in the fin
fan condenser, and no reflux flowed to the column. Laboratory tests of liquid samples recovered from the
column feed, bottoms, and ovedaeconfirmed that no separation had occurred in the column (SPL
Houston Laboratories, 2005). Furthermore, the behavior of the vapor generated in the column on the
flooded trays can not be predicted with confidence, as the conditions are outside thé stangiaod

empirical models of distillation tray behavior. Standard stesdie and dynamic distillation computer

programs cannot accuratehodel the behaviasf thecolumn under thessonditions.

Threecomplementary approachegreusedto understandhe overflow of theraffinatesplitter column:
1 modelingof columnmaterialbalance,
1 modelingof liquid thermalexpansionand

1 qualitativeevaluationof vaporaccumulation.

The materiabalancevasmodeledn a spreadsheétsed orflow data fromthe Plsysteni®’. The density

of theliquid in the columnwas modeledisingthe Rackettequatiorandtemperaturelatafrom the PI

250The PI System, or Process Information System, is a historical database of process data collected from the control
board.




system. The potential for vapor accumulation was inferred qualitatively from PI system pressure and

temperature data, ddrom experimental bubble poffttest data obtained from Fauske & Associates

(2005).

A simplified composition (Table @) was used to make property calculations tractable. This composition
gave avery good fitto Fauske Associ at es 0

based on analysis of samples taken from the raffinate splitter column overheads and was developed using

Fauske& A s s o propretam\sSB-2 test apparatus.

Table G- 1. Raffinate splitter column simplified composition model (Fisher, 2006)

exper i menl).dhisdataid bl e

Compound Weight Fraction
n-pentane 0.0383
2-methyl butane 0.0263
n-hexane 0.1519
2-methyl pentane 0.2950
n-heptane 0.3072
n-octane 0.1300
n-nonane 0.0409
Heavies as n-decane 0.0104
Total 1.0000

251 Mixtures at a given pressure boil over a range of temperatures, with the most volatile materials vaporizing first
and the least volatile last. The bubble point, or initial boiling point, of a mixture at a given pressure is the
temperaturatwhich vaporizationfirst occurs.
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Figure G- 1. Experimental boiling (bubble) point data (Fauske & Associates, 2005)

G.2 Raffinate Splitter Column Overfill

Based on material balance, at 1:13 p.m., the level of cold liquid in the raffinate splitter would have been
143 feet (44 m) above the lower tangent line on the column. Accounting for liquid thermal expansion due
to the hating of the column contents (but neglecting vapor holdup in the column) brings this to 161 feet
(49 m), less than 4 feet (1.2 m) below the upper tangent line of the column. This left only about 3.5
percentof the volumeof the columnempty; thdiquid level wasreachingthetop of thecolumn.

Sufficient vapor had accumulated lower in the column to displace the cold liquid at the top into the

overheadrapor line.

Vapor generated in the reboiler initially had a minor effect on column level. The prigsthedower

column, created by the combination of nitrogen pressure at the top of the column and the hydrostatic
pressure exerted by the liquid filling the column, raised the boiling point of the liquid enough to suppress
bubble formation. Any bubbles fmed quickly collapsed when they contacted relatively cold liquid a

shortdistance higher in theolumn.




This situation changed in the minutes preceding the incident. At 12:41 p.m., operators openedhthe 8
valve around the column relief valves to vent nitrogen from the column, reducing the pressure from 33 to
less than 22 psig (152 kPa), and coincidergtjucing the boiling point temperature of the liquid

throughout the column. Heavy raffinate flow began at 12:59 p.m., rapidly preheating the feed to the

columnto 26F (127°C),well above itdnitial boiling pointtemperature.

Between 12:59 and 1:13 p.nthe average temperature of the column increased alm$s(-23°C). As

the amount of subooled liquid below the feed tray decreased, vapor bubbles that had formed in the
reboiler no longer quickly collapsed. Consequently, the vapor volume in thercolareased, although a
ficapdo of cold Iliquid remained in the upper col u
to vaporize to displace the column contents into the overhead vapor line. The trend in the column strongly

favoredsignificantliquid swell dueto vapor holdup in the columratthe timeof the incident.

G.3 Blowdown Stack Hydrocarbon Liquid Overflow

The amounts of subooled hydrocarbon liquid lost from the raffinate splitter to the atmosphere and sewer
can only be estimated. mass balance of the raffinate splitter, ancillary equipment, blowdown drum, and
piping using calculated flows from the safegjief valves on the raffinate splitter overhead vapor line and
flow to the sewer from the gooseneck piping at the bottom of the blowdown drum was used to determine

theflow from the blowdown drunstackto the atmosphere.

G.3.1 Methodology

A digital computersimulationprogramcalculatedheflows of sub-cooledliquid throughthe safetyrelief

valves, relief header, sewer pipes, and blowdown drum. The computer program incorporates technology
from the American Institute of Chemical Engineers (AIChE); Desigiitistfor Emergency Relief

Systems (DIERS); and Center for Chemical Process Safety (CCPS) for both viscous-aisdos)

flashing,frozen,andhybrid two-phasedlows throughemergency relieflevicesandpipes.Also included




are routines to calculate inlet pipe pressure drop and discharge pipe back pressure for choked and sub
critical vapor, twephase and subooled liquid flows from safety valve§he computer program reports

choked or unchoked and turbulent or laminar ftavough each device and associated back pressures
through inlet or discharge pipes. Warning messages are provided if the emergency relief devices cannot
mai ntain the system pressure to meet American S

VesselCode and API requirements.

G.3.2 Computer Inputs and Assumptions
The three Consolidated bellows safety relief valves protecting the raffinate splitter had coefficients of

dischargeand rated capacity flows as Table2Ghows.

Table G-2: Safety relief valve characteristics

Safety Relief Valve Vapor Flow Liquid Flow
Kd 0.95 0.74
Rated Capacity 1.1 Pset 1.25 Pset

A Kp factor isappliedto asafetyrelief valve withvaportrim when flowing diquid. The flowfrom these

valves therefore increases from 0.6 to 1.0 of the rated capacity as the flowing pressure increases from 1.1
to 1.25 Pset. When the flowing and constant superimposed backpressures on the safety relief valves
exceed certain values, Kb and Kw factors are ajgiied to reduce the vapor or liquid flows,

respectively, to account for the valves going out of full Tite Kb and Kw values in API 520 are

consensus values of various manufactuteash manufacturer also publishes Kb and Kw curves for its
ownvalvss A single curve represents the performance
These values were supposedly measured, but most of the data are not now available to justify the

publishedcurves. Theublished values dhe variousmanufactues donotagree.
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Safety relief values with modified liquid trim are now required by the ASME Code to have their rated
capacity flow certified at 1.1 Psdathe manufacturers, however, have never changed the Kw curves
published for their oldemodel liquid valves with the rated capacity certified at 1.25 Pset. Due to the high
overpressure of the liquid flow from the safety relief valves, a Kw value of 1.0 was chosen to best

representhe incident information.

A certain degree of uncertaintyettefore exists with respect to the flows and backpressures calculated for
the safety relief valves protecting the raffinate spliffiéde uncertainty of the flow into the blowdown

drum affects the calculated liquid flows to the sewer through the goosgipéul and to the atmosphere
from the stack and available to form the flammable vapor clble flows reported here are therefore

best estimates that agree with the incident timeline and eyewitnesses accounts of the release from the

blowdowndrum stack.

G.3.3 Computer Simulation Results
The overall mass balance of hydrocarbon flow from the raffinate splitter from the computer simulation is
shown in Table &. As much as 6,730 gallons of hydrocarbons could have been released to the

atmospher@rior to theexplosion and aadditional855 gallonsafter theexplosion.




Table G-3: Overall mass balance of hydrocarbon flow from the raffinate splitter

Equipment Volume (Gallons) Mass (pounds) Time to Fill (minutes)
Flow from raffinate splitter tower 51,930 283,150 6.00
Raffinate splitter safety relief valve 6,975 0.625
discharge pipe header
Blowdown drum and stack (above 18,855 2.70
gooseneck nozzle)
Other safety relief valve discharge 6,300 0.900
pipe headers
Flow to fill equipment 32,130 175,200 4.225
Flow to sewer 12,210 66,575 5.375
Flow to atmosphere 7,590 41,375 1.775
Before explosion (94.5 seconds)
Flow to sewer 11,470 62,555
Flow to atmosphere 6,735 36,710
After explosion (12 seconds)
Flow to sewer 740 4,020
Flow to atmosphere 855 4,665
Total 19,800 107,950




APPENDIX H: Blast Damage Analysis, Vapor Cloud and Explosion
Modeling

The CSB conducted surveys and analyzedhod offsite blast damage resulting from the March 23,

2005, explosion at the BP Texas City refinery. The CSB engaged a contractor to padoreering
analysisandmodelingto investigatehereleaseandexplosionconsequencesf the generatedrapor

cloud. Various explosion scenarios were examined using computer simulations for comparison with
observed consequences, and blast contours were calculated. Animations were developed that depict a be
estimate of events, including dispersion of flammabtesmopagation of flame through the flammable

cloud and creating the explosion. A final report was submitted to the CSB containing the information
collected, completed analysis, and results; highlights of the report appear in the following sections of this
appendix (ABS Consulting, 2006). Animations showing the dispersion of the flammables and propagation

of flame througlthe flammable cloudan be viewedn theCSB websiteywww.csb.gov.

H.1 Surveys of Blast Damage

An extensive survey was made of the damage caused by the blast. The survey included qualitative
recording of damage with photographs, field notes, and detailed measurements of permanent
deformations. The purpose of this survey was to provide data thdthmubked t@stimate theseverity

of the explosion in terms of observed overpressure. An important part of this survey included
documentation of trailers and other portable buildings damaged by the blast. A total of 50 trailers and
other portable buildirgwere examined and information regarding structural damage and internal hazards
recorded. The survey also contained a detailed examination of structural damage to permanent buildings
located near the ISOM unit, including the catalyst warehouse, ISONteatehtrol room, the electrical
switchgear building near the blowdown drum and stack, and various buildings in surrounding process

units.



http://www.csb.gov/

A separate survey was conducted on the damaged storage tanks in the refinery tank farm south of the
ISOM unit, and offsite window breakage to residential homes and commercial buildings surrounding the
plant. As over 50 tanks sustained varying degrees of structural damage from the explosion, the storage
tank survey was undertaken to understand the natdrexdent of blast loads on these structures. Specific
analysis was conducted on a severely damaged tank to estimate the observed overpressure. Inspections
were also performed on over 20 selected properties. Tret®ffurvey was not intended to be a thorough
investigation to identify every structure with broken window glass, but a qualitative study to identify the

typeof damage ofkite andange of discaabledamage.

H.2 Blast Damage Analysis

Both dispersion modeling and the blast modeling used computational fluid dynamics (CFD) to investigate
flammable cloud formation and to generate blast overpressure contours. Structural analysis of the blast
damage meased in the field survey to objects and buildings provided an estimate of the blast load
experienced by these objects, or Aindicators. o0
damaged steel plates and lids, electrical box covers, avatedfleswitchgear buildings. Other indicators
included permanent unit structures, such as control rooms, maintenance buildings, and pump houses. The
overpressures noted in the following discussion are applied pressures, and care must be taken in
correlatingthem to published literature values, as some of the damage indicators may have been subjected
to reflected blast pressure loads, while others may be the result-ofsidast pressure loads. Even
undamaged structural elements provided clues regardingdbt loading exposure as the strength if an

objectwas greater thathe applied bladbadthen arupper bounaould be assigned.

H.3 Intense Blast Regions
The site survey identified several clear and distinct intense blast regions. These regions were

chamacterizedy locally intensestructuraldamageandeachhada surroundingpatternof directional




indicators that pointed away from these areas, indicating that they weegobion centers. At least

two of these areas were identified ie i 5OM unit: the Penex reactors and nearby heat exchangers, and
the hydrogen compressor and surrounding areas (Figje $tructural indicators showed that blast
overpressures of 10+ psi and 5+ psi occurred at the hydrogen compressor and Penex reactor areas,

respectivelyFigure H2).

Thethird intenseblastregionwasthetrailer areawherestructuralindicatorsshowedthata blast

overpressuref 2.8psi at the doublavide and QA/QC trailers.

Additional pointsof intereston the blastoverpressurenaps(FigureH-2) are

1 Areas surrounding the intense pragsregions in the ISOM unit, including the satellite control

building, experienced 5 psi and greater overpressures.

1 The catalyst warehouse and the six temporary trailers sited directly north of it experienced

approximatel\2 to 2.5 psbverpressure.

1 Theeastedge otheNDU, firstlayerof storageankssouthof Ave. G, andthesouth edgef the

ULC unit experienced alut 1 psi overpressure.

1 The west edge of the NDU, second layer of tanks south of Ave. G, the south portions of ULC and

ARU units,andthewesternedgeof the ARU unit experienced.5psiand greateoverpressures.

M Five ULC turnaroundrailerssitedwestof Sixth Streetitheremaindeof ULC andARU units,

andstorage tanks fartheouth experienced 0.2i and greatesverpressures.
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Figure H- 1. Intense blast regions in the ISOM unit

The blast overpressures presented on the map aridicbgalues and do not address blast wave

reflections. Objects facing the blast can experience applied blast wave pressure higher thafidlte free

values.
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Figure H- 2. Blast overpressure map

H.4 Trailer Damage

Trailer damage varied with distance from the ISOM unit. Distances reported in this discussion are
measured from the blowdown drum to the centers of the trailers. This is not to imply that blowdown drum
was the epicenter of the explosion event, but it Wwagbint of release and serves as a convenient, fixed

point of reference. Table-lHH summarizes damage to the various types of trailers at the BP Texas City

refinery.




Table H- 1. Trailer damage

Typeof Trailer Distance from Blowdown SummaryfDamage
Drum(feet)
Wood Framed 140 to 240 Trailers and contents destroyed; debris thrown;
occupants killed or seriously injured
240 to 620 Significant wall damage, some structural failure; flying
window glass; internal debris hazards
620 and beyond Broken window glass, internal debris hazards
Semi-Trailers and | 22071 250 Wall and roof failures; significant internal debris
5% Wheel Trailers hazards
(metal
construction) _ - -
25071 270 Deformation of walls and roof, but not to failure;
internal debris hazards
455 and beyond Broken window glass
Steel Container 340 Large deformation of walls and roof; contents
Units significantly dislodged presenting internal debris
hazards
450 and beyond No apparent damage

H.5 ISOM Satellite Control Room Building

The building windows failed and one door was blown into the building. The masonry block walls
experienced widespread heavy damage, especially the west wall that faced the ISOM. Inside, fallen
cabinets and light fixtures, objects thrown from the walls, and flying glass hazards were observed. The
structural analysis estimated that the ISOM satalbierol room experienced a sida blast

overpressurén the range of 1.5 to 2.5 psi.

The wall facing the blast experienced blowout of the external face of the masonry block at or near
midspan. One explanation of this damage pattern is that the wall experienced compression arching and th
building had inherent structural features that wdatdlitate this possibility. Masonry walls that respond

with compression arching exhibit higher -@itplane capacity than walls that do not develop arching

action.Thereforethearchingactionin the SatelliteControl Building may haveeducedhelevel of wall

[1°]




damage from that which would have otherwise been observed. Conclusions regarding the strength of
masonry walls drawn from the observed damage to the Satellite Control Building should consider the

potentialthatarching occurred.

H.6 Catalyst Warehouse

The catalyst warehouse was essentially destroyed by the explosion. Analysis determined that the damage
was constant with external overpressure and there was no evidence of an internal explosion. Structural
analysis estimated that thisra@ntional preengineered steel building was subjected to acidblast

overpressuref about2.0psi.

H.7 Storage Tanks

The structural damage sustained by the storage tanks can be broadly classified into three types: (a) minor
buckling and creasing, mostlgcalized in the top two or three courses of the shell wall, which was

observed primarily for tanks with floating roofs; (b) minor damage to the cone roof and buckling on the
uppercoursef theshellwall, observedn alargenumberof tankshavinga fixed roof; (c) majordamage

to one or both the roof and the shell wall. Large buckling of a portion or portions of the shell wall was
usually associated with this kind of damage. In general, the row of tanks immediately south of the ISOM
unit susained damaged of type (c); sida blast loads on some of these tanks would have been in excess

of 1.0psi overpressure.

The remaining tanks were damage classes (a) or (b), depending on the roof configuration. The tanks
situated to the west and northeafsthe unit had relatively minor damage (b). One possible reason for this
disparity in damage could be the shielding effect of the blast provided by the process units in the west and
northwest directions, and the lack of units to the south. The efféu dlast was evident in some tanks

situated 2,000 feet (610 m) south of the incident; however, the damage was minor and can be classified as

type (b).




H.8 Off-Site Buildings

The pattern of ofkite window breakage at Texas City was consistetht igiatively low overpressures
(on the order of 0.1 psi or less) expected at the distances observed and for the types and sizes of windows
inspected. The farthest identified glass damage was approximately 2,000 feet (610 m) from the refinery
perimeter, othreequarters of a mile from the blowdown drum and stack. Residential homes received

more damage and were affected at greater distances from the refinery than commercial properties. This is
a result of weaker construction of residential windows compgaredmmercial windows. Damage

reached farthest to the north and west sides of the plant, as the ISOM unit was located in the northwest
portion of the refinery and the predominance of homes arsiteftommercial buildings are located in

thatdirectionfrom the plant.

H.9 Vapor Cloud Dispersion Modeling

Analysis and computer models were used to recreate the formation of the flammable cloud. This allowed
key parameters to be examined, such as the likely mechanism(s) for the generation of the flammable
vapors and the effects of wind and time on the dispersion of the flammable vapors. The results of the
dispersion modeling revealed several sources of vapduption, including evaporation of liquid

droplets during their fall from the blowdown stack, evaporation of liquid droplets after impact with
elevated equipment and during fall to the ground, evaporation of the ground pool, and evaporation off
elevated quipment wetted by the liquid. A vapor production rate as high as 100 kg/sec can be justified

whenall theabovesourcesareconsideredbut arateof 60 kg/seccomparedest withfield observations.




H.10 Methodology

Dispersion modeling used tiACS (FLameACcelerationSmulator) Computational Fluid Dynamics

(CFD) code?*? The FLACS codeised source terinputs developed using the Process HazArdgysis
SoftwareTool (PHAST.¥>® A 3D geometric model dhe ISOMunit andsurrounding structuresas first
constructed in CAD (comput@ided drafting) based on measurements made during the site investigations
and supplemented with plan drawings of théss The CAD model included a majority of the buildings,
larger pieces of equipment, piping, vehicles, buildings, tanks, berms, pipe runs, and other objects in and
around the ISOM unit. Rather than attempt to recreate each item individually, locatiosgywiticant

amounts of small diameter objects (tubing, cabling, piping, etc.) were represented in the model by 3D

arraysof objectswith the approximateize and spacingf theobjectsobserved irthe field.

Large items (e.g., buildings and units) ie tpwind direction were included, or approximated as solid
blocks,asthesetemscouldinfluencedevelopmenof wind patternsThe CAD modelwasthenimported

into FLACS. The numerical model was then established by meshing the CAD model intoigifoom
hexahedral grid of cells with a fine region in the vicinity of the ISOM unit, and stretched cells near the
boundaries. Each cell in the model contains the values of the primary flow variables (such as pressure,
temperature, and density) and flow equatiaresused to solve transfers between cells for each unit time

step.

H.10.1 Wind Effects
Wind effects were included in the FLACS modeling. A stesidye wind profile throughout the model
domain was established prior to initiating dispersion of the flammableiaia®urce. The initial wind

speedspecifiedin themodelwasanaverage valubasedn BP plantmeasurementskenatthe North

252FLACS is commercially available through GexCon, a company in the CMR group; its principal offices are in
Norway.

253 PHAST softwareis commerciallyavailablefrom DNV.




Office Building weather station at or about the time of the actual explosion. As the model ran, the initial
wind speed changed over the domain as the wind interacted with objects; once-atateadss

achieveddispersion modeling of titlammablemateral was initiated.

The wind modeling allowed formation of local variation in wind patterns that resulted from the influence

of obstaclesn the FLACS domain.Wind speedwassignificantly influenceddownwindof largeobjects

or areas of congestion. A largertion of the ISOM unit was observed to be less than half of the initial

wind speed and portions were near zero wind speed. Similar reductions were seen immediately downwind

of the catalyst warehouse, ttrailer area, and othéwildings inthearea.

H.10.2 Source Term

Table H2 shows data used for the release rate of liquid hydrocarbons from the blowdown stack. The
release was determined to be liquid at the release temperature, so any vapor formation would occur as that
liquid interactedwith theenvironmentThe PHAST modelwasusedto determinethe rateof production

of flammable vapor due to interaction with the environment, as FLACS lacks the ability to determine the
rate of vapor production from a liquid release. FLACS was then used to determine the dispersion of a

gaseousource into the complex 3D domain.




Table H- 2. Source term release and material property data

Release Information

Release Duration (start till ignition) 106 seconds
Average Flow Rate 177 kgl/sec
Total Quantity Released 18,800 kg
Release Temperature 31710 320K
Release Mixture Components (Weight Fraction)

n-pentane 0.0383
i-pentane 0.0263
n-hexane 0.1519
i-hexane 0.2950
n-heptane 0.3072
n-octane 0.1300
n-nonane 0.0409
n-decane 0.0104
Mixture Properties (317 K, 1 atm)

Average Molecular Weight 93.7 kg/k-mol
Physical State Liquid
Boiling Point 347K

Liquid Density 642.8 kg/m?

H.11 PHAST Modeling
PHAST Version 6.5 was used to determine the fraction of liquid release that evaporates during the fall
andthefractionthatfi r ad untea@chinghegroundto pool. Theinput parametersisedin the modebre

listedin Table H3.

Table H- 3. PHAST input parameters

Fluid Mixture (using weight fractions from Table G.1)
Model Line Rupture Model
Temperature 317K
Pressure 200 Pa
Pipe Length 23.3 m (stack length)
Internal diameter 0.8255m
Release Elevation 35 m (top of blowdown stack)
Atmospheric Conditions 80°F
70 percent relative humidity
5 mph wind
Class A stability




Theresultsfrom the PHAST modelingareshownin TableH-4.

Table H- 4. PHAST model results

Mean Droplet Size 0.919 mm

Maximum Droplet Horizontal Trajectory Approximately 6.5 m (21 ft.)

Liquid Rainout Fraction 0.55

Droplet Evaporation Rate 78.3 kg/sec

Pool Characteristics Radius 13 m at 68 seconds, evaporation rate 1.6 kg/sec
Radius 24 m at 90 seconds, evaporation rate 5 kg/sec
Radius 27 m at 106 second, evaporation rate 6.8 kg/sec

The droplet evaporation rate of just over 78 kg/sec is significant, as it indicates significant vapor
formation during fredall of the droplets. Another mechanical breakup mechanism is the impact of the
falling liquid on elevated equipment below the blaweh drum (pipe racks, vessels, grating, decks, and
ladders). A survey was used to determine the ratio of horizontal area of elevated equipment to the area of
thegroundasa functionof radiusawayfrom the blowdowndrum.Nearthe stackof the blowdowndrum,

the ratio is 100 percent due to the configuration of blowdown drum itself; otherwise it varies between 30
to 50 percent. The PHAST results indicate a horizontal drift around 20 feet (6 m); therefore, a substantial
portion (approximately 30 percent) diet falling droplets would impact elevated equipment, resulting in
spray. The height above the ground that liquid drops would be impacting equipment varied, but typically
ranged from 15 to 30 feet (4.5 to 9 m). Liquid droplets impacting elevated equipmddtproduce

multiple smaller drops, which in turn wouldcrease evaporation.

H.12 Pool Evaporation

A portion of the I|liquid release from the bl owdo
objects near the drum. As Table8motes, the PHAST modeicluded the effects of pool evaporation due

to the rainout fraction of the liquid. For a liquid release at 317 K, PHAST determined a pool temperature

of approximatel\285K, whichis aresultof evaporativecoolingandheattransferto the dropletsasthey

wn




fall to the ground. This cooling effect strongly influences the eventual pool vapor contribution; thus, the
contribution of evaporation from the ground pool is much smaller than that predicted for evaporation
during droplet &ll to the ground. Of course, additional evaporation would have occurred from elevated
equipment items wetted by rainout. As elevated equipment is made of metal, and some of it also had hot
procesdluids or steamflowing throughit, it will likely havea significantly higherheattransferratethan

the ground. Consequently, the contribution of this equipment to liquid droplet evaporation is likely to be

muchgreatetthan simplythe ratio of thearea.

H.13 FLACS Vapor Dispersion Modeling

A large domain was chosen that exceeded the expected extent of the flammable dispersion. The domain
was also large enough to address sizeable objects around the perimeter of the ISOM unit that would affect
wind patterns and ultimately dispersion of flamteabSteadystate wind conditions, as described, were
established prior to beginning the dispersion of flammable materials. The dispersion grid was set at 1
meter in the X, Y, and Z directions for the bulk of the model. A tighter grid was chosen atVatiogle

where the heavy flammable vapor cloud was expected to settle. The CFD modeling attempted to simulate
the release conditions and source terms described previously. The CFD model included several vapor
source terms that represent vapor generated éx@poration of falling liquid, vapor generated through
evaporation when liquid interacted with elevated equipment, and vapor generated by evaporation from
liquid pooled on the ground. The numerically discrete nature of CFD allows specifications oé deéikit
locations; therefore, vapor sources were placed in the model at various locations to represent potential
sources. A total of 16 discrete fileako | ocation
including four sets, placed at varioeigvations, of four leaks located about the perimeter of blowdown

drum. A parameter study that varied the rate of vapor generation for the source terms was then conducted
and comparisons made against field data and observations. A comparison (F&jgmWws reasonable

agreement.
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Figure H- 3. Cloud extent comparing field observations (red line) to dispersion modeling

Results

The FLACS dispersiormodelingrevealedseverakey itemsregardinghe extentof the vaporcloud:

1 Significant amounts of flammable vapor spread around the dewbéeand QA/QC trailers. This

area was not downwind of the blowdown drum and stack and, therefore, migration into this area

was not intuitive. This crossind migration was probably the result of a) wind patterns predicted

by modeling indicated a relatively quiet region between blowdown drum and the ddadble
trailer where all the fatalities occurred; b) the portion of e fattempting to move upwind
(toward the northwest) is redirected, including some toward the trailers; c) the pipe run is at a

lower elevationin relationto theconcreteslabon whichthe ISOM wasbuilt, andthusgravity




attractedhe heawer thanair flammablesn thatdirection.

91 Dispersion modelinglaceslammable vaporsvera significantportionof thepiperun andis

consistentvith field observations and eyewitness statements.

91 Dispersion modeling places flammable vapors around vehicles parked between the catalyst

warehous@ndthe piperun, whichis constanwith field observationgndeyewitnesstatements.

1 Dispersion modeling places flammable vapors at the south end of the ISOM unit, which is also

consistentvith field observations and eyewitness statements.

H.14 Explosion Modeling Methodology

FLACS was also the tool used to model the explosion of flammable ehpal in the ISOM unit and
surrounding areas. The explosion modeling examined two scenarios: the global events involving
combustion of the entire flammable cloud, and the propagation of the-ftamehrough the pipe run

and under the doubleide trailer. Attempts were made to simulate burning of the dispersed, non
homogenous cloud taken directly from the dispersion euljmwvever, this could not be accomplished

with FLACS. Instead, the explosion analysis used a uniform stoichiometric vapor cloud covering similar
areas in and around the ISOM unit using a cloud volume estimated by FLACS based on cloud size and

amountof congestion irthe area.

H.15 Vapor Cloud Formation

Typical dispersion models assume that a-ftoementum, suzooled liquid release falls to the ground

with minimum vaporization. The resultant grodedel pool, formed from the low volatility liquid,
simultaneouly spreads and vaporizes by forced or free convection evaporation and forms a flammable
mixture with air. The evaporation rate depends on several factors: the area of the liquid exposed to air, the

velocity of theairstreammovingoverthe spill, thetempeatureandhumidity of theair, andthe physical




propertiesof thespilledliquid.

Much of the ground area near the blowdown drum was covered by vertical or horizontal equipment, pipe
racks with multiple pipes, concrete pads with curbs, ata there was only a limited, flat horizontal area

in which a pool of liquid could form and spread in a concentric circle; thus, correlations used to determine
the mass of the flammable vapor cloud for a fixed period due solely to evaporation from a large ground
pool would not necessarily apply. Based on the wind direction at the time of the incident and eyewitness
accounts, the CSB believes that substantialgustof the hydrocarbon liquid released from the stack
cascaded down the stack and drum or fell onto nearby process equipment. Using a 3D CAD drawing of
the blowdown drum and stack and surrounding equipment, the CSB estimates that only 40 percent of the
liquid spewing from the stack would have landed directly on the ground to create a liquid pool at the base

of the blowdown drum.

The CSB believes that the evaporation of the hydrocarbon liquid droplets and the formation and
dispersion of the flammable vapor cloud could approach that resulting from the mechanical breakup of a
high momentum subooled liquid release. The liquid castagidown the drum and stack and the

smashing impact of falling liquid onto process equipment, structural components, and piping promoted
fragmentation into relatively small droplets, thereby enhancing the evaporation and formation of a
flammable vapor cladt The CSB notes that this effect was similar to the evaporation mechanism cited in
the incident investigation analysis of a recent large gasoline spill in the United Kingdom (HSE 2006a,
2006b). Some contribution would also be made to the flammable Viapordue to forced convection
evaporation from the expanding grodiedel liquid pool. Evaporation of liquid from wetted process
equipment, structural supports, and the surfaces of-paspecially if they were above ambient
conditions-also likely contrbuted to the formation of the flammable vapor cloud. The atmospheric wind

thenpushedhevaporsandsmalldropletsdownwind,causinghemto mix with air. Thewind directionat




thetime of theincident wageportedo beout ofthenorthwestraveling southeasindthe bburnedarea is

elongatedn that direction.

The second dispersion mechanism results from the expansion of the flammable vapor cloud ahead of an
approaching subsonic frapfimnt. Such a flamdront pushes vapors aheatflit, like a piston, and causes

the flammable vapor cloud to expand from its-jgm@tion size and the flammable vapors to mix with air.

If congestion (process vessels, pipes, structural supports) is present in areas ahead offrlemflame
turbulence$ generated as vapors move through this congestion, which promotes mixing of the vapor with
air; consequently, the flarrfeont will burn faster once it reaches this area and generate greater pressure.
The CSB, which estimated that the size of the vapardcxpanded about 415 percent, developed a
computer simulation of the dispersion and expansion of the vapor cloud, which can be viewed or

downloadedromt h e a gvebsite wwiwssb.gov.

H.16 Ignition Locations

Fourignition locationswereexamined:

=

A diesel truck located at north end of the ISOM. Eyewitnesses reported that this truck, which was

idling, beganoverrevvingandignitedthe vapor cloud.

2. A switchgear buildingneartheblowdowndrumin the northwesicornerof the ISOM unit.

3. An operatingurnaceatthe southwestorner ofthe ISOM.

4. A diesel truck parked immediately north of a contractor trailer in the south end of the ISOM unit. This
vehicle was found to have the ignition key in

intakedisrupted.

t


http://www.csb.gov/

All ignition locations were relatively in the open. The model runs showed that the initial burn rate was
relatively slow for all ignition locations due to lack of congestion near the ignition points, and that the
flame-front accelerated upon encountering congestion. Whesbuthend ignition scenarios (3 and 4)

were eliminated, as the blast modeling did not predict the overpressure patterns, known to have occurred
based on the structural analysis, in the south region of the ISOM. Some of the highest overpressures
recorded were observed at the hydrogen compressor station; model runs indicate that ignitions at points 3
and 4 would be unable to generate adequate overpressure in this region to explain the observed damages.
An ignition at locations 1 or 2, and at thethoend of the ISOM unit, resulted in blast patterns consistent

with observed structural damage.

A close examination of ignition location 2, the switchgear building, showed that it did not display
significant evidence of an interior explosion, as anyriratkignition of flammable vapors that had entered

the building would have resulted in pressure buildup inside until wall and roof panels released and were
thrownoutwardin all directions.Only someof thedamageo the switchgeartbuilding is consistentvith

an internal explosion; however, all the damage is consistent with a blast wave, principally from the
southwest, reaching the building. The south wall was destroyed and pushed inward and the southernmost
cabinetsvere heavilydamagedn thesouthfaceof thebuilding. The northwall waspushedutward.

The east wall was intact and found leaning inward against the east row of electrical cabinets. The west
wall was destroyed and the bulk of the wall panels were thrown into the pipe rack running naunth,to so
between the ISOM unit and the trailer area. The roof was destroyed and the bulk of the roof panels were
recovered in the Pipe Run to the northwest. The observed damage pattern was not uniform, but was in fact
directional. Additional structural deformation patterns were identified that indicated that the damage to
this building was from a blast generated to the southwest and in the ISOM unit. Thus scenario 2 is
eliminated as an ignition point. Therefore, scemarremains the likely candidate and is consistent with

all observedstructuraldamagehowever the modelingalonecannotconfirmthis astheignition point.




H.17 Additional Explosion Modeling

By performing additional explosion modeling using RL3, the CSB was able to closely look at the
propagation of the flame front through the pipe run and around and under thewlugbleiler. The
additional modeling investigated the impacts of the pipe run and trailer on local flame speed and
associatetlastpressures. Tdothis detailedmodeling,theregionaroundthe piperunanddoublewide

trailer were specifically modeled with a smaller mesh than that used in the large domain model. Ignition
of the flammable vapor was initiated to the east of the p simulate a flame exiting the west edge of

theISOM unit.

H.17.1 Results

Modeling indicates that the explosion event (from initiation to fjaskerating flamdront passing
through the entire flammable cloud) lasted about four seconds. After the vapor cloud had ignited, a
relatively slow flame spread in an uncongested arean Wgaching a more congested area north of the
ISOM unit, flamefront speed increased and varied in intensity as the flame moved in and out of
congested and/or confined areas. After the explosion, a large rising fireball persisted, burning fuel

uninvolvedin the initial explosion.

The explosion pressures from the blast modeling are generally consistent with values calculated by
structural analysis of damaged indicators. The highest pressures recorded were in localized areas of the
ISOM unit with high leved of congestion. The most predominate was the hydrogen compressor deck,
where 10 or over psi was likely experienced. Blast modeling generally indicated that the bulk of the
ISOM unit experienced overpressures in the range of 2.0 to 5.0 psi. Pressugbsaas2i0 psi were
experienced at the catalyst warehousepsisk trailer area, and Avenues F and G. A 1.0 psi pressure
extended into the NDU and to the first layer of storage tanks south of Avenue G to the south edge of

ULC. Thewestedgeof theNDU secamd layerof tankssouthof AvenueG, southportionsof the UCU-1




andARU-1, andwesternedgeof ARU-2 reached.5 psi (FigureH-2).

The pipe run influenced flame movement across the region between the ISOM and trailer area, and
prevented any significant reduction in flame speed, as would have occurred in an open field. Further, the
congestion and confinement of the trailers, nearbycled) and nearby equipment likely supported

locally high flame speed and corresponding high overpressures (approximately 2.5+ psi). Hence, the
physical separation between the trailer area and the ISOM unit did not reduce the blast pressures, as

would be hecase in an open field.
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APPENDIX J: Ineffective and Insufficient Communication

J.1 What is Effective Communication?
Basic communication consists of a sender (the one with the information); the message (the information
itself); the receiver (the one who obtains and processes the information); and the method(s) used to

communicate the message.

Research shows that verlcaimmunication is most effective for creating a shared understanding of
information because it allows for tweay transference of data. Faiweface communication affords the
receiver the opportunity to reiterate the information, ask questions, and hageaumstdata clarified. It

also allows the sender to confirm that the information was transmitted correctly and to resubmit the
message if necessary. Written communication may be less effective because it lacks this immediate
feedback. However, because repeating information increases the likelihood of comprehension, multiple

methodsof communicatiorareessentialn ensuringhataccurate, unambiguoastahasbeentransferred.

Feedback is associated with more accurate infiomaharing, but is more tirriatensive than other

methods of communication; that is, it takes more time to verbally share information and allow for
feedback from both parties than it does to pass a message through other channels, such as written. But
written messages are especially necessary for critical unit operations, where the information

communicatedouldplay a significantrole in preventingor causing aatastrophiéncident.

CCPS (2004) produced a safety alert on ways to improve process bedeght effective

communication. Additionally, the U.K. Health and Safety Executive published a literature review of
effective shift turnover (Lardner, 1996). Both documents conclude that communication is most effective
when it includes multiple methods edmmunication (both verbal and written); allows for feedback; and

is emphasizethy the company aintegralto the saferunningof theunits(Lardner,1996;CCPS,2004).




BP6s Grangemouth refinery in the United Kingdom

communicatiorat its facility in the early 1990s.

J.2 BP Grangemouth Refinery Study on Effective Communication

The Grangemouth refinery studied safe communinadicshift handover, which was presented at an

ICHEME conference in 1995 (Adamson, 1995). The data collected resulted imédsitimitiative to

modify and enhance shift turnover activities to encourage more effective communication, particularly
duringtimesof abnormablantconditionswhererisk of amiscommunicatiomeadingto aincidentarefar
greater than during time of normal operation. T
written information should be included [during a shiftnover,] and how should this be communicated

ef f ec t(Adanesbnyl99%).

This study revealed that while operators communicated both verbally and via logbooks, the type of
information being shared was not always complete and efficient. Logbooks were unstructured (lined
notebooks) and operators did not receive guidance on thefypformation that should be passed.
(These conditions paralleled those of the BP Texas City refinery, particularly for the ISOM unit.)
Operators used different styles and formats; some wrote a lot, others hardly at all. The logbooks were
mostly historical records and little information was collected on what should be done in the future. No
data on safety issues with the unit were written in the logbooks. While shift handover was discussed
during new operator training, because no structgtédance was given, BP was unable to adequately

judget r a i abibityets effectively communicate between shifts.

From this data, BP developed training that emphasized the importance of both the sender and receiver in
effective communication and thatim eased operatorsé perwagi ved resgp
transmission of information between shifts. Structured logboaksated with the help of the actual

operators wereimplementedThese neWlogbookscontainedequired categoriesf information,

h e



including safety, maintenance and technical problems, work outstanding, comments/remarks, and
signatures of logbook authors. The study found that these new logbooks resulted in several improvements
in written communi canimaimenance And techeicaliprodiems waskeingo n
recorded, safety issues were being flagged up and timings of events were being recorded more
consistentlyFurthermore, thanformationcontainedn thelogswaseasietoaccesandr ead 6 ( Ad a ms
1995). Tle structured logs also acted as a memory aid and helped operators know what information was

importantto communicate to oncomirgjaff.

J.3  Summary

In complex and critical process systems, melitannel communication with feedback provides the best
opportunity for operators to establish and maintain a mutual understanding of the process unit and its
expected future state. During times of abnormal operating conditions, such as unit startup, the risk of
operators having dissimilar or incompatible urstiendings of the state of the process unit is even greater,

makingeffective communication vital and feedbasdsential (Lardner, 1996).




APPENDIX K: Design of the AU2/ISOM/NDU Control Board

The controlboardfor the ISOM/NDU/AU2 complex(FigureK-1) consistedf eightcomputerized
control board monitor screens, four of which could be subdivided into four smaller display windows, for a
total of 20 screen windows. Additionally, four additional monitors (two on either side of the eighbmonit

screensjlisplayed the critical unit alarms.

Figure K- 1 The computerized control system for the AU2/ISOM/NDU complex

Three of the smaller screen windows were reserved strictly for alarm data (one for each unit). Each was a
historical (chronological) record of the alarms; the alarm data displayed on these three screens could also

be sortedby alarmpriority type (low, high, emergency/critical)Additionally, theboardoperatomwas




