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The EPA Accident Invedigation Program

EPA has aresponsibilit y under section 112(r) d the Clean Air Act Amendments of 1990 ((AA)
for the prevertion ard mitigation of accdertal chemical releases.Ore o the fundamerta ways to
prevert chemcal accderts is to understand why accderts occurard to appl the lessas leaned
to prevent future incidents. Consequently, EPA has a responsihility to investigate and understand
why cettain chemical accderts have occurred. A keyobjecive o the BPA chemical accdert
investigation program is to deermine ard report to the pulbic the facts, conditions, circumstarces,
ard causes olikely causes ochemcal accderts that resuk, or could have resuked, in a fatality,
serious injury, substantial property damage, or serious off- site impacts, including a large scale
evacuaton of the gemral pulic. The utimate goal of anaccdert investigation is to deermine
the root causesn orderto reduce he likelihood of recurence, minimize he cansequerces
asseiated wih acctdertal releasesard to make chemical production, processng, handling, ard
storage sadr. Thisreport is a resuk of anEPA investigation to descibe anaccdert, deermine its
root causes ahcmtributing factors, and idertify findings arml recanmendations.

Note that under section 112(r)(1) of the CAA, industry has a general duty to design and maintain
a safe facility taking such steps as are necessar to prevert releasesard to minimize the
consequemesof accertal releagswhich do occur.  In addtion, urder secton 112r)(7), EPA
has promulgated regulations for the prepaation of risk managernent programs ard plars for the
prevertion of accdertal chenmical releases.Howewer, compliance am erforcenernt with these
provisions are not the focus of this report but will be addressed at EPA’s discretion in separate
reports or actions.

Prior to releasng anacciert investigation report, EPA must ersure that the report contains no
confidertial business nformation. The Feedan of Information Act (FOIA), the Trade ®crets
Act, ard Executive Order 12600 equire federal agemriesto protect confidertial business
information from pulic disclbsure. To meetthese povisions, EPA has essblished a ckaarce
process or accdert investigation reports in which the canpanes wio have submitted paentially
confidertial information used m the report are piovided a paotion of the diaft report. The pation
provided contains only the factual details related to the investigation (not the findings, the
conclusions ror the recanmendations). Camparies ae askedd review this factual portion to
confirm that the diaft report contains no confidertial business nformation. As pat of this
clearance process, companies often will provide to EPA additional factual information. In
prepaing the final report, EPA considers ard ewaluates ary suchaddtional factual information for
possible inclusion in the final report.

Chemical accdert investigations by EPA Headquaters are caxducied by the Cremical Accidert
Investigation Team(CAIT) located n the Chemcal Emergercy Prepaedress an Prevertion
Office CEPPO)at401 M Street SW, Washington, D.C. 20460,202260-8600. More
information alout CEPPO ard the CAIT may be found atthe CEBPPO Homepage o the Internet
at http://www.epagov/ceppo Copiesof this report canbe obtained fom the CEHPPO Homepage
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or from the Natonal Center for Environmental Pubicatons ard Information (NCEPI) at 800
4909198.

Chemical Sakty and Hazard Invegigation Board (CSB)

Inthe 1990 GdanAir Act Amerdmerts, Congress creaed he Clremical Safety ard Hazad
Investigation Board (CSB). Modekd ater the Natonal Trarspatation Safety Board (NTSB),
the C®B was diected ty Congress b conductinvestigations ard report to the pulbbic the findings
regarding the causs of chemicalaccderts. Congress autorized finding in November 1997 ad
the CSB beganoperations in January 1998. Se\eral investigations by the CSB are urdemway.
More information altout CSB may be found attheir Homepage o the Internet at
http://www.chemsafety.gov or http://www.csh.gov.

EPA plans to complete its work and issue public reports on investigations initiated prior to
funding of the CSB. Under its existing authorities, EPA will continue to have roles and
responsibilit ies in responding to, and investigating, chemical accderts. The C3B, EPA ard other
agencies will be coordinating their efforts to determine the causes of accderts aml to appy
lessans leaned to prevert future everts.

Basis d Decision to Investigate the TascoAccident

On January 21,1997,anexplosion ard fire occured atthe HydrocrackerUnit of the Tosco
Refinery at Martinez, Calfornia, resuking in one deal, 46 waker injuries anl precautonary
sheltering-in-place br the surounding community. The acadlert involved he release ath
aubignition of a mxture of flammable hydrocartbons ard hydrogenunder high temperature ard
pressue. EPA undertook aninvestigation into the causes ahurderying circumstarces
asseiated wih this acctert because bits serous caisequeres (atality, injuries anl offsite
concem), the pdential for greater impacts, and the goportunity to lean from this accdert how
similar accderts caild be preveried.

Other Invegigating Agencieslinvolved in the Tosco Invegigation

This investigation wascoordinated anong investigators working for USEPA Headquaers,
USEPA Regon 9, Calfornia Dvision of Occupaibnal Safety ard Heath (CAL OSHA), US
Depatment of Labor (DOL) Occupaional Safety ard Heath Administration (OSHA) Regon 9,
Contra Costa Caunty Heath Services Dvision (CCCHD) ard the Caifornia BayArea Ar
Quality Management District (BAAQMD). CAL OSHA, with assstarce d Regon 9 Federal
OSHA, concurrently conducted aninvestigation for violations of heath ard saéty orders as well
as a pocess saty managenent (PSM) audt. The Bureau @ Investigation of CA Depatment of
Occupational Safety and Health concurrently conducted a criminal investigation. CCCHI
concurrently conducted aninvestigation into the root causes bthe acadlert. BAAQMD
concurrently conducted an investigation into possible violations of air quality control regulations

vi
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Executive Summary of the Tosco AccidentInvegigation

At appioximately 7:41 pm. on January 21,1997 atthe Tosco Avon Refinery in Martinez, CA, a
secton of effluert piping ruptured an the HydrocrackerStage 2 Reactr 3. A mixture of light
gases sirting with methare through butane; light gasdine; heaw gasdine; gas @ ard hydrogen
was eleasedriom the ppe aml instartly ignited upan contact with air, causng anexplosion ard
fire. A ToscoHydrocrackeroperator checking a feld temperature pamrl atthe kese d the reacor
was killed; 46 Tosco and contractor personnel were injured. Thirteen injured personnel were
takento local hosptals, treaed anl released. There weke no reported njuries o the pubic.

The immediate cause of the hydrocarbon and hydrogen release and subsequent fire was a failure
ard rupture o a Sage 2 React 3 efluert pipe due ¢ excessiely high temperature, likely in
exces of 1400F. This high operating temperature was fitiated by a reacbr temperature
excursion that beganin Bed 4 ¢ Reacbr 3 ard spead hroughthe rext catlyst bed, Bed 5. The
excessve heatgererated in Bed 5 aised he temperature in the reactbr effluert pipe. The
excursion was ot brought under control becausehie Sage 2 eacors weke not depessued ard
shut down as equired whenthe reacbr temperatures exeededlie 800F temperature limit
speciied n the witten operating procedues.

The temperature excursion beganwith a ot spd in Bed 4 Readar 3. The Iot spd was nost
likely caused Y poor flow ard heatdistribution within the catlyst bed. Investigators caild not
determine the spedic cause bthe neldistribution. Opertors dd not acivate anenergercy
depessumng of the reacbrs whensame internal reacor temperature readngs reacled 800F
becauseltey were confused abut whether a emperature excursion was aaaly occuring. Their
confusion was dued a \ariety of factors including: fluctuating temperature readngs, a
discantinuation of makeup lydrogenflow to Stage 2,a mseadng recycle hydrogen puiity
aralysis and the alserce d addtional audble high temperature abms after the first high
temperature cccurrence. Theywere attempting to verify temperatures n the reacbr by having an
operator obtain temperature readngs fom the field parels underthe reacbrs. Poor radio
communications hampered relaying these eadngs b the caitrol room. Evenatter operators in
the caitrol room noticed hat the Reaabr 3 inlet temperature hed increased &yond 80CF, they
did not depessue but beganto take seps b cool the reacor by increasng querch hydrogenflow
ard reducing heatinput from the trim furnace.

Investigators idertified the following root causes ahcantributing factors o the acailen:

. Conditions to Suppat ard Encourage Enployeesto Opeate Reaabrs in a Safe Manner
Were Inadequate. The energercy depessumng systemwas ot used asequired to
control prevous emperature excursions. Maregenent did not take efecive carective
action to ersure that these erargercy procedues wee followed. An operating
ernvironmen exsted that caused perators to take risks whle operating ard to continue
producion despie serous hazarous qoerating canditions. Temperature limits for the
reacbrs wee inconsistently stated aml operators did not alvays maintain temperature

vii
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within these limits. Management did not recognize or address the conflict between
accepéble peformance gals am risks. Negaive consequeres fom the pastinstarces d
use d the depessumng systemmay have contributed to operators’ reluctarce o
implement depessuring whenrequired.

Human Faciors Were Poorly Considered n the Desgn ard Opeation of the Reaabr
Temperature Monitoring System Opeators weke usig three diferent instrumentation
systems to obtain temperature data. Not dl the temperature data were immediately
accesdile, which did not alow operators o make ciitical decsions quckly. Althoughnot
plamed by desgn, accessd the nost critical monitoring paints (those eadng the highest
temperatures)happered to be located urdemeath the reacors arl could not be accessed
from the control room. No Management of Change (MOC) process was implemented for
the installation of the autside temperature pamls. The ahmim systemon the daa logger
only alowed ane ahim to be receved ata ime ard did not distinguish between
emergercy alarms ard other operating abmms.  The temperature cantrol systemcausedhe
operators to make many manual adjustments to control temperatures, which made the
Hydrocrackerreacbr more difficult to operate. Hydrogen puiity aralysis dat available to
operators lagged segn minutes kehind the actialtime of the aralysis ard provided
misleadng information to the qoerators.

Supewnisory Managenent waslnadequag. Several appaent serous deiciercies wee
evidert. For exanple, unit process perators failed to follow posted energercy
procedues o this as well as pevious emperature excursion inciderts. Problem inciderts
were not always properly communicaied b managenent ard inconsistent applcation of
emergercy procedues wasdlerated by managenment. No comprehensive gperator
training, including refrester training, had beenimplemented © addess dlhazads
asseiated wih HydrocrackerUnit operations. No managenent of charge piogram was
implemented b addess necharical charges @ operational charges suclas hose reeded
for the charge n catlyst.

Root causencidert investigations were inadequag in that they did not investigate al
temperature excursions. Alsotheydid not idertify the root cause dthe excursion nor did
they deermine wty operators wee reluctart to follow posted energercy procedues.

Operational Readness ad Maintenance Were Inadequag. The temperature nonitor (data
logge)) in the cantrol room that had most of the reacbr temperature readngs was
unreliable ard out of sewvice sanetimes. In the pastreacbr operation would cantinue
despie the dat loggerbeing out of sewvice. Underthe canditions of a emperature pant
rising more than 50°F alove rormal, the dat loggercould not be resetin orderto receve
addtional high temperature ahms. Rado communications needed @ relay temperature
data from outside parmis to the cantrol room were urreliable ard did not function during
the incidert. Opeators hed to run the unt with leakng querth valves ad sbp-gap

viii
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measues wee used b dealwith leaking heatexchargerflarges. The energercy
depressuring system was not tested to ensure its reliabilit y when needed.

Operator Training amd Suppot Were Inadequag. Training materials were out of date and
unit spediic training was nostly on the job ard not wel docunmented. Unit spediic
refresher training had not beendeveloped. Opeators receved inadequag training on
temperature instrumentation. They did not understand that zero default values o the daa
loggerpatentialy meart exrenely high temperatures. Opeators dd not understand that
the deceasen makeup lydrogenflow was anndication of anexreme temperature
excursion. Training for abnormal operating Stuations and drills for emergency procedures
were not adequate.

Procedues Were Outdated aml Incomplete. Procedueswere scatered throughout
various docurrents ard had not beenupdaed aschargeswere made D operating
equpmert ard the piocess. Recanmendations from several inciderts weee not
incorporated nto procedues. Procedues wee not dewveloped br many operations,
including obtaining temperature daa from outside field parels undemeat the reacors.
Procedures had conflicting differential temperatures limits for catalyst bed operation.

Process Hazal Analysis Was Hawed. The piocess hzad aralysis did not addess dl
existing known hazads anl operating abhormalities. It did not reflectthe actal
equpmert ard instrumentation used n the proces. It did not adequatly addess previous
inciderts that had paential catastophic consequerces,suchas pevious eacor
temperature excursions. No hazad aralysis was peformed for the installation ard use
the temperature field parels.

Investigators from EPA, CAL OSHA and BAAQMD developed recommendations (summaized
below) to address the root causes and contributing factors to prevent arecurrence or Smilar event
at Tosco and other facilities. Hydroprocessing facilit ies should consider eachrecanmendation in
the catext of their own circumstarces,ard implement themas appopriate.

Maragenernt must ersure that operating decsions ae rot based pimarily on cost ard
producion. Performance gals am operating risks nust be effectively communicated o
all employees. Facilit y management must set safe, achievable operating limits and not
tolerate deviations from these limits. Risks of deviation from operating limits must be
fully understood by operators. Also, managenent must provide anoperating ervironment
conducive for operators to follow energercy shutdown procedueswhenrequired.

Process mstrumentation ard cantrols should be desgned © consider human factors
consistent with good industy pracice. Hydroprocessing reacor temperature caitrols
should be consolidated wih al necessar data available in the caitrol room. Some
backup gstemof temperature indicairs should be used ® that the reacbrs canbe
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operated safly in case dinstrument malfunction. Eachalam system should be desgnred
to alow critical emergercy alamms to be distinguished fom other operating abmms.

Adequat supevision is needed dr operators, espeally to addess citical or amormal
situations. Supewisors reed b ersure that al required procedues ae followed.
Supevwisors stould idertify ard addess dloperating hazards aml canduct thorough
investigation of devations to deermine root causes ahto take carective acton.
Equipment ard job performance ssuesdated to operating inciderts stould be correcied
by management.

Facilit ies should maintain equipment integrity and discontinue operation if integrity is
compromised. Hydroprocessng operations espeally need b have reliable temperature
monitoring systens ard energercy shutdown equpmert. Equipmert should be tested
regularly and practice emergency drills should be held on aregular basis. Maintenance
ard instrumentation suppat should be available duing gart up ater equpment
installation or mgor mantenance.

Maragenent must ersure that operators receve regular training on the unt process
operations ard chemistry. For hydrocrackes, this should include taining on reacton
kinetics aml the causes ahcantrol of temperature excursions. Opeators reed b be
trained on the limitations of process instruments and how to handle instrument
mdfunctions. Facilit ies need to ensure that operators receve regular training on the use
of the energercy stutdown systens ard the reed b acivate these sgtens.

Tosco managernrent must dewelop written operating proceduesfor al phasesof
Hydrocracker operations. The procedures should include operating limits and
conseguences of deviation from the limits. The procedures should be reviewed regularly
ard updaéd to reflect chargesin equpment, proces chemistry, ard gperation. As
appopriate, the proceduesshould be updaed to include ecanmendations from proces
hazad aralysis ard incidert investigations.

Process hzad aralyses reed b be based @ acual equpment ard gperating canditions
that exist atthe time of the aralysis. The aralysis should include te failure of critical
operating systens, suchas emperature nonitors or energercy operating systens. A
Managenent of Charge eview $ould be conducted for al chargesto equpmert or the
process.as recessar, ard should include a saty hazad review o the charge.
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10 Background
1.1 Facility Degription

The Tosco Avon Refinery isa 2300 ace fadlity located in Eastern Contra Costa County near
Martinez, California in the SanFrarcisco Bay Area. The Refinery wasoriginally built in 1913 asa
Standard Qil of Califo rnia facility; in 1976 Tosco purchased the Avon Refinery from Phllip s
Petroleum The Refinery proceses 140000 karrels perdayof crude al, producng gasline, jet
fuel, ard dieselfuel. Other products gererated ale cdke, sufur, anmmonia, ard sufuric acd.
Crude oil is delivered to the Refinery ether through pipeline or through two marine terminals,
primarily from producton fieldsin Alaka ard Cdlifornia.

Figure 1 is a 9te mgp showing the Refinery and the immediate surrounding area. Light industrial
areas, residential areas and Suisun Bay are located approximately one mile from the Refinery.
Figure 2 is afacility plot plan showing the location of the Hydrocracker Unit within the Refinery.

This investigation report descibes the canditions ard circunmstarces surounding the Jamary 21,
1997 acdler, the e\ertsleadng up D the e)plosion, existing proces safety managenent
practices,the causesfahe acailert ard cantributing factors, ard recanmendations. The accilert
occurred in the Sage 2 Reacr area d the HydrocrackerUnit ard thus, desciption of processes
and events are focused on this area of the Refinery. For readers not familiar with technical terms
assaiated wih refineries o chemcal processessame of these &rms ae explained in a gbssay

in Appendix J.

1.2  Process [@scription

This secton descibes the chemistry, process perations, control system ard operating
paameters in the Sage 2 6 the HydrocrackerUnit. A history of mgjor process chrges b Stage
2 of the HydrocrackerUnit are sunmarized n Apperdix B.

1.2.1 Hydrocracking Chemistry

Hydrocracking involves caalytic cracking of hydrocartbon oil in the preserce d excess fidrogen
at high temperature ard pressue. The piocess beaks &rger molecuks into snmaller ones while
reactng themwith hydrogento create nore of the nolecuks usedn commercial fuels, suchas
gasdine ard diesel Sulfur ard ritrogen compounds nust first be removed from the al to prevent
fouling of the hydrocracking catlyst ard to meetfina product spediicatons. This is done by
reactng the sufur and nitrogencompounds with hydrogento form hydrogen sufide aru
anmmonia, which are thenextracted fom the process seam

The gereral mechanism in hydrocracking includes Ibeaking cabon-carbon single bonds (cracking)
followed by hydrogenation (addition of hydrogen to a carbon-carbon double bond).
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Typical Cracking Readion

CiHy, + heat = GCHy +  GHy
hydrocarbon oil pentene (olefin) hexane

Hydrogeration Reacton

CsHuo + H, = GHp +heat
pentene peaitane

Cracking forms olefins (compounds with double-bonded cabons), which could join together to
form normal paaffins (compoundswith single-bonded cabons). Howewer, hydrogeration rapidly
fills out al the double bonds, often forming isoparaffins, preventing reversion to less desirable
molecules, such as sraight chain paraffins which have alower octane rating.

The cracking reacton is erdothemic (requires heal ard the hydrogeration reacton is exothermic
(produces ka)). Heatliberated duing hydrogeration is greatr than heatconsumed duing
cracking sothe overall process $ exothermic.

The piimary variales involved n hydrocracking ae reacbr temperature ard pressue, feed ete,
hydrogen consumption, cailyst condition, nitrogenard sufur contert of the dl feed,ard
hydrogen sufide catert of the gases.Bestes sering as a eactrt, excess jidrogenis addedn
orderto suppress coke formation on the catlyst and to actasa cmlart to keep he temperature
rise under control.

The hHgher the temperature, the faster the hydrocracking reacton rate. At normal reacbr
pressue ard flowrate conditions, a 20F increasen temperature amost doubles the reacton rate.
The heatgererated from the hydrocracking reacton causeshe reacbr temperature to increase
ard accetrates he reacton rate. To control the reacton rate, eachreacbr has seera catalyst
beds ketweenwhich cool hydrogenis injected as quesh gas br temperature catrol.

The actvity of the catlyst gererally declnes orer time due b anaccunulation of coke ardl other
depasits, urtil the cablyst requires regereration. Regerration is accanplished by stutting the
unit down ard burning off the cabon depaits, or by removing the catlyst ard replacing it with
regererated or new cailyst.
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Reference: Tosco Avon Refinery Evacuation Map, Tosco, January 1996
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1.2.2 Hydrocracker Operations

The HydrocrackerUnit includes dur sectons, a HydrogenPlart, Stage 1 Uit, Stage 2 Uit, ard
Gas Rart. The Hydrogen Plart produces ldrogenfor use n the HydrocrackerUnit ard other
process uits. Stage 1 Kdrotreas the refinery gas dls in Reacors A, B ard C o remove sufur,
nitrogen compounds, ard other impurities, to prevert fouling of the Sage 2 catlyst. Cracking
ard hydrogeration occurin the Sage 2 Reactrs 1,2 ard 3. The Gas Rart fractionates the
hydrocracked poduct from Stage 2 mto propare, butane, light ard heaw hydrocrackaes,ard
diesl. Hgure 3 5a smplified flow block diagram of the HydrocrackerUnit showing how
process geans ketweenthe four sectons are canected.

123 Stage 2 Opeations

Stage 2 $ descibed in detil here becausetiwas he processm which the acadert occured. The
hydrocracking technology used m Stage 2 wasi¢ersed as a Uarackerby Union Oil of Calfornia
in 1986. The aiginal Hydrocrackerwassarted up n 1963 umler a icerse from Chewon
Research Corporation and was known as an Isocracker, aterm which was il used in many of
Toscds documents.

The hydrocracking reacton occurs in the high pressue systemof Stage 2 witch operates n the
range d 1350 b 1735 painds persquae inch gauge fsig). FHgure 4 5a smplified proces flow
diagram of the Sage 2 HyrocrackerHigh Pressue Systerm Apperdix C cantains a nore detiled
process fiow diagram of the Sage 2 Hgh Pressue System

A charge punp provides feshfeed fom Stage 1 equél to the three $age 2 Reacrs 1,2, ard 3.
Preheakd tydrogenis added o the iquid freshfeed affer the Sage 2 chrge punp. The
temperature o this two-phase steamis thenraised fom atout 350F to over 55CF by heat
excharge wih the reacbr effluert in the Sage 2 éedéffluert exchargers. This provides nost of
the heatfor Stage 2.

Additional hydrogenis preheated n Trim Furnaces 12 ard 3 ar canbined wih the feed steam
from the feed/efluert exchargers, to obtain a degred inlet temperature, ranging from 600-650°F.
The heaed mixture of oil ard hydrogenerters the top of eachreacor where it is hydrocracked
to produce a nixture of desrable, lighter hydrocarbon componerts. These ange from as ight as
methare to as leaw as @phtha (up t 10-12 cabons).

Within eachreacbr, the dl/hydrogenfeed passes sequiatly throughfive beds d caialyst. The
catalyst used ly Toscois a zeditic (molecubr siewe) catalyst. Eachbed is desgned © acheve
albout 60% reacton conversion. Cool recycled tydrogengas $ added as queh betweenthe
catalyst beds i the reacors, limiting the temperature rise created by the exothermic reacton. The
guerch hydrogenis injected alove Beds 2, 3,4 ard 5 anl distributed uriformly througha
perforated ppe dstributor known as a quech ring. The hydrocarons ard hydrogenare
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Figure 4 - Stage 2 System -Simplified Flow Diagram
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callecied an querch trays alwve Bed 23,4 ard 5 al mixed n a quech box in the cerer of each
tray. The mixture is passed wer ard throughdistribution trays in orderto mix ard ewerly
distribute flow to the rext catlyst bed below. Beds2, 3 ard 5 have two distribution trays alove
themwhile Bed 4 las anly one. See Appertdix D for skethes d the reacbr interbed dstribution
system

The reacor effluert streamis cooled n the feedéffluert exchargers by excharging heatwith the
incoming feed steam The coled efluert sreamfrom eachreacbr is combined aml cooled
further in heat exchangers before entering the High Pressure Separator (HPS).

In the HPS, hydrogenard ol are sepagted. Hydrogenard light hydrocamon gases & recycled
back © the Sage 2 ecycle canpressa (caled the IR compressa). Makeup lydrogenis added
to the recycle gas danstreamof the canpressa to maintain pressue in the recycle gas sgtem
The recycle gass used as queh hydrogenor heated am cambined wth oil feed b the reacbrs.
The hydrogen pattia pressure of the recycle gass keptata mnimum of 1100 painds persquae
inch alsolute (psia) to minimize petoleumcoke huildup an the catlyst ard subsequen catlyst
deactivation. The purty of the recycle gas cate raised ty bleedng off a pation of the recycle
gasin orderto purge ight hydrocambon gass.

The liquid prae (oil) from the HPS $ pressured down to the Low Pressure Sepaator (LPS) to
flashthe remaining light gases werhead b the Sage 1 gipper The steamfrom the lottom of
the LPS is heated n the shllizer preheaker ard fed to the Gas Rt System The Gas Rt
fractonates the productfrom Stage 2 mto propare, butane, light ard heaw hydrocrackaes,ard
diesel

124 Stage 2 Reaatr Monitoring and Contol

Stage 2 Reacors wee monitored ard controlled from the cantrol room using board nounted
instruments ard a pesonal computer (PC)-based dat loggerdisply. Temperature dsphly parels
located udemeah the reacbrs weke also used ® monitor temperatures; howewver this data could
not be accessed®m the cantrol room. The internal reacbr temperatures wee electronicaly
monitored by 96 thermocouples which were connected © the various temperature dsply
instruments.

1.24.1 Thermocouples

Themocouples used Y Toscowere type ‘T, iron-constartan, shreahed thermocouples,desgned
to be flexible to alow routing to various locations in the reacbr catlyst beds In January 1996
anarray of 96 themrmocouples wee installed inside eachreacbr to indicate the inlet, middle ard
outlet temperature o eachcatlyst bed (exceptBed 1 nlet). Theywere alsoused b deermine
the axal temperature gradient (tenperature difference ketweenpaints alove ard below each
other in catalyst bed) ard the radial temperature gradient (difference n temperature anong pants
at the same level in the catlyst bed). Twelve themrmocouples wee located n Bed 1,twerty-four
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were locaied n eachBed 2 hrough4, ard twelve were located n Bed 5. Hgure 5 slows the
locaion of the internal Stage 2 eacbr thermocouples. Additional thermocouples ot shown)
monitor the feed,reacbr inlet, reacor outletard reacbr skin temperatures (hree skin
temperatures pemeacbr).

Fifty-six of the thermocouple autputs wee sert to a field instrument parel atthe kase d the
reacor ard the rest (40) were routed © the catrol room. The cantrol room thermocouple
signals weee routed © board mounted instruments ard a FC-based dat logger (see rext secton).
Apperdix E shows, for eachbed, how many inlet, middle ard outlet temperatures wee monitored
by eachtype d instrument.

1.24.2 Control Board Instruments

The cantrol board instruments dsplyed the Sage 2 lfowrates ard temperatures n digital, LED
light bar, ard stip chart format. FHgure C-1 in Apperdix C stows the instrument controllers used
for process geans in Stage 2 Hyh Pressue System The al feed ste to the reactr, ard
hydrogenflow to the trim furnace wee regulated by flow controllers. The hydrogenflow to the
feedéffluert heatexchargers was fow controlled sothat a suficiert hydrogento ail ratio was
maintained. Recycle gaspressure waspressure controlled by hydrogenadded ifom the mekeup
compressas. Reactr inlet temperature was mput to a caitroller to regulate the trim furnace
temperature whch was heninput to a controller that regulated he fuel gas pessue to the trim
furnace. Alternatively, the trim furnace caild ako be operated ata spedied uel gas pessue.
The cetter inlet temperature from eachof the four lower beds wasmput to a catroller which
charged he flow of querth hydrogento eachbed to maintain a settemperature.

Other temperatures wee displyed in the cantrol room but were not aubmaticaly regulated Ly
instrument controllers. These wee Bed 1 hrough4 autlet temperatures,the reacor outlet
temperature', ard the diferential betweenreacor inlet ard outlet temperature. Strip charts
recaded he temperature o the cerer thermocouple in the inlet of Beds 2 hrough5 ard the
certer thermocouple in the autlet of Beds 1 through4. These samtwo bed pants were also
monitored by the daa logger.

1.2.4.3 Data Logger

The dat loggermonitor displyed temperatures anl locaions of 40 d the 96 nternal reacor
themmocouples. Sgnals from the remaining 56 temmocouples wee displyed ata local parel at
the bese d the reacbr (see rext secton). Opeators accessede various dsply screers usng a
small, cusbmized keypoard ard on-screenmenus. The dat loggeralso displayed aweraged
values d catlyst bed temperatures. If the goerators saw arerroneous reading on a emperature

This samepoint was displayed on grip chart for Bed 5, but was referred to asBed 5 outlet even though it
was the reador outlet temperature. Bed 5 outlet temperatures were shown on the data I@gger ard field pandl.

9
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point, that paint could be accessed andesgnated as bad” from the keyboard. This desgnation
excluded he “bad” pant from bed-average emperature catulation.

The dat loggerdisplyed temperatures fom five paints at the autlet of the first catalyst bed, five
points at both the inlet ard outlet of the rext three caalyst beds, ard one pant at the inlet ard
four paints at the autlet of the fifth bed. It also displyed three skin (extema wall) temperatures
perreacbr ard the inlet ard outlet temperatures d eachreacor. The thermocouples wee
connected D a feld multiplexer that ser a dpital signal over a shgle par of wires to the daa
logger. The sgnal coming into the data logger from afield mutiplexer ranged from O°F to
1400F. If a themocouple failed or indicated a emperature that was abve range, the nrultiplexer
would snd a 0 sgnal to the datlogger. The dat loggerdisplayed updaéd temperaturesat 15
to 40 secaod intervals.

The dat loggerwas aso programmed to retain a recad of temperature indicaions, known as he
data loggerhistorian. Data from the historian was awilable to the acailert investigators kut did
not duplicate exacty what operators saw @ the dat loggerthe right of the accailert becausette
historian recads anly same of the information displayed. Every hour, the historian recaded the
curent value d al ponts. Betweenthese pdodic readngs, the hHstorian recaded aml time
stanped emperature readngs anly if they charged nore thana predetmined anount
(deadland). For al the pants, the deadbnd was 05%, or 7°F for the O b 1400F range. The
historian creatd a dad file every eight hours. If the historian had not recaded a emperature for
a tme interval (becausetihad not charged sgnificartly from the previous \alue), the hHstorian
used he value from the last previous lecaded value. The dag files wee stored an the canputer
hard drive for one nonth. The dat loggercould print from the hstorian file a velue for each
temperature atrequesed ime intervals.

1244 Field Panelsfor Temperature Monitoring

Field parels were installed urder the reacbrs during the 1996 anuary-February turnaround in
orderto provide addiional temperature readngs n the catlyst beds. Hgure 6 5a pbt planof
the Hydrocrackeroperation that stows the locaion of the pam under Reacor 3 relative to the
control room. Seven paints from eachthermocouple aray were displyed on the pamis.
Individualtemperaturescould be displayed by the gperators atthe pam usng multipoint rotary
switches;one swich to sekctthe ked desied ard five other switches br sekcing the pant
within eachbed. The field parel could disply temperatures letween-10°F ard 1200F. If the
temperature was outside this range, the display would show al dashes (----).

1245 Alarms
Eachinput paint to the dat loggerhad a hgh ard low temperature abm.  High temperature

alamms for the catlyst bed pants were setat 780F. It is not known what aarm points were set
for the reactr inlet ard outlets. The reacbr skin temperature low alarm was 300F, while the

11
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high alarm was1500F. Whena pant alammed, the temperature readng appeagd © “blink” and
the backgiound cdor behind the readhg charged fom black © red. The goerator could
ackrowledge he ahm, after which the reading would be steadyard the backgiound would sty
in the abm cador urtil the candition cleaed.

The datloggerhad one dgital output for high temperature that was canected © the board
amunciator. The temperature pants signaled this alarm wherever they were in “new” alam
status. The board amunciator alarm consists of a fashng light ard audble born on the Sage 2
alamm parel. The gperator would have to ackrowledge bhe oard amunciator to sience he torn
ard sop the amunciator flash If the ahmrm was ackowledged o the dat loggerkeyboard, it
was o longer a “new” alarm ard sothe dpital output turned df. This resetthe systemfor the
next “new” alam that care in.

The data logger aso had darms, with outputs to the annunciator, for points more than 50°F aove
or below the average emperature, ard low skin temperature ahmrms. Onthe cantrol board, a
flashng signal alarm would occur for the quesh controllers if querch valve was rmore than50%
openon Beds 2, 3, or 5 o more than 75% openon Bed 4.

1.2.5 Operating Parameters

The maximum oil feed ete to Stage 2 wasout 53000 larrels perday(BPD). This
corresponded b alout 35000 BPD of oil feed b Stage 1. Volume exparsion ard 40%aoil
recycle rate made up be diference ketweenthese wo feed etes. Sage 2 eacbr normally
operated at650-69C°F ard 1560 pry (pounds persquae inch gauge) Typical operating
pressues ard temperatures br various piocess seans in Stage 2 ag stown in Figure C-1 in
Apperdix C. The minimum hydrogen patial presure in Stage 2 wasnaintained at1100 p&.
The recycle gas kdrogen puiity was naintained etween75-84% The hydrogento oil ratio was
maintained at5500 6000 nnimum) stardard culic feet(SCF) hydrogento barrel (bbl) of ail
feed. The nitrogenlevel for feed b Stage 2 was ot to exceed 14 pas permillio n (ppm).

Critical operating limits were defined by Tosco to establish the safe operating range for the unit.

Some of these ag listed below in Table 1 br Stage 2 wih the reported caoxsequertes @
deviation.

13
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Table 1
Critical Operating Limits for Stage 2 Readairs

Operating Parameter Limit Consequences of Deviation

Maximum reacbr 80CF Posshble temperature runaway. Possble vesselfailure ard
temperature fire due b temperature runaway.

Maximum temperature | 69C°F Possble davnstreamfeed£ffluert exchargerfire.

for reacor outlet Possble fire, explosion if ignition saurce peser.
Maximum reacor bed | 40°F Possble temperature runaway. Possble vesselfailure ard
average diferential fire due b temperature runaway.

temperature

Maximum reacbr 75°F Posshble temperature runaway. Possble vesselfailure ard
differential fire due b temperature runaway.

temperature

126 Emergency Depressuing

A 100 ps perminute (psi/min) ard 300 pgmin depesuring systens were installed in 1986.
These sgtens wee desgned © rapidly depessue the reacbrs t reduce he reacton rate ard
high temperatures n energercy situations. Both energercy depessuing valves wee located at
the gas atlet line d the HPFS ard discharged © the flare system

The 100 pgmin syssemwasacivated aubmaticaly if the recycle canpressor shutdown. The
systemcould ako be manually acivated ky anoperator in the caitrol room. Orce the 100
psimin systemwas adtvated, the following would aubmaticaly occur.

Stage 2 chrge punp is shut down;

Fuel to the trim furnace & shut off;

Makeup gado Stage 2 $ shut off;

Hydrogento recycle canpressa sucton ard discherge steans ae sbpped;ard

The Hydrocrackerreacbr systemis depessured atthe rate of 100 pgmin to refinery flare
system

In addtion, the al feed fom Stage 1 walld be manually diverted © storage anks. If the 100
psimin systemwas adtvated nanually, the recycle canpressa would cantinue © operate. The
100 p¥/min systemalowed he unt to be restarted quickly if the stuation could be corrected
before the unt was tilly depessued. If reacor temperatures catinued b increase whe the unt
washbeing depessured, the gperators were instructed © acivate the 300 pgmin depessuring
system immediately.

14
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The 300 pgmin syssemwasacivated ally manually usng a svitch in the cantrol room. It
depesured the Stage 2 Igh pressure systemto the refinery flare, diverted nake-up hydrogen
shut down the Sage 2 chrge punps am the recycle canpressa, ard sopped tiel to the rim
furnace. If the 300 pgmin systemwasacivated, the unt had to be depessured to less than 10
psg before the unt could be restarted. This is becausehe reacbrs ae required to be under
pressue after the vesse$ wals have cooled kecause bthe risk o ca@astrophic failure due b
temper entrittlenment.

1.2.7 Operating Personnd

The Hydrocrackeroperated caitinuously for 24 tours a daystaffed by three eght-hour operating
shfts. There wee normally five operators on duty at the Hydrocrackerduring eachshift. Ore
operator was krown as he Na 1 Opeator who oversaw te slift, asssted wih board duies if
necessar and made aitside rounds atleastonce pershift. The aher operators wee known as
No. 2 Opeators. Ore was e HydrogenBoard Opentor who operated the caitrol systemfor
the HydrogenPlart ard Sage 1. Another was he Sage 2 Board Opentor who operated he
control systemfor Stage 2,including the high ard low pressue systens. The aher two operators
were East Pad ard West Pad Opeators who were respansible for making rounds o check
equpmert, taking outside readngs am obtaining sanples as recessayr for the East Pad
(HydrogenPlart) ard West Pad Gtage 1 ad Stage 2)high ard low pressure systers,
respecively. FHgure 6 slows the location of the Hydrocrackercontrol room ard Sage 2 Reacr
3 onaPlot Aan.

20 Description of the Accident

This section de<ribes the eerts that occurred on January 21, 1997 eadng up b the explosion
ard fire at the HydrocrackerUnit.

21  Eventsof January 21,1997
2.1.1 Night Shift (10 pmto 6 am)

At alout 4:50 amon Jaruary 21, a chnp on the large d the Sage 1 Reaor A effluert
excharger beganto leak. The pressue ard feed etes to Reacbr A were reduced o stop the leak,
but this acion was neffecive. The feed b Reacbr A was dverted b Reacors B am C at alout
5:20 amto stop the leak. The exra feed b these eacbrs lowered their temperatures aw limited
the hydrotreaing reacton. This causedhe ritrogencontert in the Sage 1 dfuert to rise albve
the specified limit of 14 ppm.
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2.1.2 Day Shift (6 amto 2 pm)

At 8:10 am the nitrogencontert of Stage 1 dfuert was196 ppm alove the Peciiedlimit of 14
ppm Accarding to the swing shft Stage 2 Bard Opeator, the Hgh nitrogencontert meterial
from Stage 1 lad to continue © Stage 2 ad cauld not be sert to the df-test tanks becausetiey
were full. Because fothe high nitrogenlevels in the feed b the Sage 2 eacbrs, the Sage 2
catalyst becane “poisoned” causng the Sage 2 cacking reacton to decine. By 9:30 am the
guerch flows to Stage 2 catlyst beds had begunto drop off, indicating a leduced eacton. At 10
am the ritrogencontert from Stage 1 wa852 ppm At appoximately 11:30 amthe drip charts
showed ro temperature diferential acloss Readar 3. During the dayshift, the diferential
temperatures aeraged éss han 10°F percatlyst bed for al Stage 2 eacbrs ar the unt was rot
producing ary light product

Feed ete to Stage 1,Reactr B was educed m orderto eralde bed temperatures o be increased.
A contractor repared he leak o the Reaabr A exchargerflarge chnp by injecting seadurt into
it. The leak was sipped it Reacor A remained davn to alow time for the seart to cure.
Mearwhile, operators cattinued b adpst rates ard temperatures n Reacbrs B am C in orderto
increase he reacton ard reduce he nritrogencontert in the efluert. At 12:13 pm the Sage 1
stripperbottom nitrogenaralysis was66 ppm At 1:10 pm it was40 ppm

Sametime duiing the dayof January 21, anoperating planwaswritten in the shift logbook for the
ewvering of Jauary 21, to prepae for the introducion of oil to Reacbr A the rext morning at8
am The pbandirected he goerators o continue © raise temperature in Reacbrs B ar C ata
reduced rate, in order to get the nitrogen down to 5ppm or less, and then to increase the rate to
these wo reacbrs as mch as he ritrogenconstraint alowed. In addtion, the gperators wee
direcied b gradualy increase émperatures n Stage 2 m orderto drive the ntrogen off the
catlyst.

2.1.3 Swing Shift (2 pmto 10 pm)

Onthe swig shft, two extra goerators weke added ¢ help with Stage 1 poblems. Ore was ke
No. 1 Opeator on the dayshft who stayed over on the swing shft to help out ard monitor
repars an the Reaatr A exchargerclanp. The aher was a No2 Opeator (worked nght of
Jaruary 20-21) who was lough in to getStage 1 React A up o temperature before plamed
introduction of oil a 8 am the next morning (January 22). At the gart of the swing shift, there
were no light products in the low pressue secton of Stage 2,indicaing little a no reacton
occuring. Orly a few querch flows Beds 2 ad 3 n Reacotr 1, Bed 2 h Reacbr 2 ard Bed 3 n
Reacor 3) were alove 10%of full-scaé low which is also anindicaion of low reacbr acivity.
Stage 2 led inlet temperaturesvaried fom alout 612 b 640F. At 5:38 pm the ritrogenaralysis
for the Stge 1 &ipperbottoms was47 ppm
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At 7:34:00 pm(corrected daf loggertime?) , the Reaadr 3 Bed 4,Point 2 outlet temperature
increasedriom 628F to 823F in 40 secads. See Table 2 br temperature dat. The dat logger
alarm sounded dgplaying a Bed 4 autlet high temperature ard ako a hgh Bed 5 nlet temperature.
The Sage 2 Bard Opentor head the alimrms ard saw emperatures d atout 69CF on Bed 4
outlet ard 89C0F on the Bed 5nlet. Accarding to dat loggerrecads, Reacor 3, Bed 5 nlet
temperature had risen from 637°F to 86(°F within one minute. The stip recader on the cantrol
parel for Bed 5 nlet temperature wert from alout 64CF to full scaé 80C°F). The stip chart
recading the Bed 4 Bint 3 (certer) outlet temperature appead rormal.

About 7:34:20 baed m the datloggerreadng for Bed 5 nlet high temperature), the hydrogen
guerch flow to Bed 5 feganto openfurther to reduce be temperature, as was seeon the stip
chart recader. It continued b opento 100%o0n the grip chart recader. At alout the same
time, the mekeup tydrogento Stage 2 lkganto decease.

The Sage 2 Bard Opentor expressed cocem over a pdential excursion ard within a mnute
the wo No. 1 Opeators joined hm in evaluaing the cantrol board ard dat loggerreadngs.
They reported seeaig the dat loggertemperatures sart to bounce up ad down, from normal
range temperatures b O ard back agar. The Sage 2 Bard Opeantor stated hat the Bed 4 ad 5
temperatureswere swinging from 0 to 1200F, thenback b 65CF. The No. 1 Opeator stated
that they could not trug the figures At some time prior to 7:37 pm a Na 2 Opeator wert to
check the temperatures atthe field parel under Reacor 3.

The suddenincrea® in querch flow to Bed 5 causd the hydrogenflow to the trim furnaceg) to
fluctuate. This in turn causedhe hydrogenflow control valve t the trim furnace b openfurther.
Since te trim furnace lydrogenis temperature cantrolled, this caused amcreasen fuel gas fow
(to heatup addiional hydrogenin the trim furnace)ard dropped he fuel gas pessue. At 7:36:20
pm (alarm log history time), a high flow alarm occurred for the hydrogenflow to Reacor 1 trim
furnace.

By 7:35 pmthe Bed 4 Pont 2 outlet temperature hed decea®d b 637F ard the queh flow to
Bed 5 was ill full open. The other four Bed 4 outlet temperatures remaned normal during this
time, which included Bint 3 (certer outlet) which was ato recaded a the caitrol parel strip
charts. Accarding to the dat logger, by 7:35 pm the four Bed 5 autlet temperatureshad
deceased p 15-3C°F eachin respanse b the Bed 5 queth valve gpening.

By 7:36 pm the quewh flow to Bed 5 hed risen to full scake, ard the Bed 5 nlet temperature red
deceasedd 633F on the dat loggerard had ako deceased acadingly on the stip chart
recader. At 7:36:00,the Reaabr 3 autlet temperature hed increased 9 deges n 20 secads,

2 The data lgger recorded time that was 52 minutes ahead of adual time this report uses the adual time
The data Igger temperatures cited in this report are from the historian file created by the data l@ger computer.
Because the historian file saves temperature data acording to a $ecified program Gee Section 1.2.4.3), it maynot
duplicatethe exad sametemperature that the operatas saw on the data l@ger.
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from 641 b 65C°F, but thiswas appaently not noticed ly the gperators. Opeators sail that they
did not hearary other high temperature abhrms. Throughout this time, the goerators reported hat
the temperatures o the dat loggercontinued b “bounce up ad dowvn”, fluctuating between
high, normal ard O iemperature readngs.

Between7:36 amd 7:37 pm the fuel gas pessue atthe Reaadr 1 trim furnace lad increasedd
30 psi which was over the maximum limit of 28 psi. The extra No. 1 Operator reduced firing in
the furnace b prevert overfiring. He ok the trim furnace df temperature caitrol ard putit on
fuel gas pessue control. He henswitched the Bed 5 queth flow controller from aubmatic to
manual control ard closed he queh valve to Bed 5 lecause édwas camcemed alout losing
temperature in the reacbr. The Sage 2 Bard Opeator stated hat he saw hgh recycle lows
throughthe Trim Furnace 1 ad 2. The exra Na 1 Opeator was tocking his iew o the Trim
Furnace 3 mstruments.

By 7:37 pm the Bed 5 otlet temperatures tad al started to increasen temperature, the highest
being Bed 5 autlet Pant 1 at681°F. See kgures 78 depcting grapls of the relevant Reacor 3
temperature crargesduring this period of time. At 7:37 pm the hydrogen makeup dopped ©
zero accading to the Rerformance Manitoring System (PMS) computer. The Hydrogen Board
Opemator alerted the aher operators o this charge. He sail the hydrogenplant was kecaming
over pressued. Excess fidrogenwas diected D the headefflare systemto prevert over
pressue. At 7:39:02 pm(accading to alaim log history), a high flow alamm for the hydrogen
blowdown to the flare cccurred.

Between7:37 amd 7:39 pm the exra No. 1 Opeator controlled the goeration of the trim furnace
while the Sage 2 Bard ard No. 1 Opeators caitinued b monitor temperatures aunl the daa
loggerwhich continued o fluctuate. The Sage 2 Bard Opentor noticed o the cantrol board
that the querch flow to Bed 5 hed beenmanually closed, ard at7:38 pm he re-opered it.

Between7:38 aml 7:39 pmal four Bed 5 autlet temperaturesrose alove 780F, with Point 1
readng a naximum of 1255F at 7:38:20 pm All four Bed 5 autlet temperaturescontinued o
rise urtil they defulted to zeo at 7:39:20 éee Table 2)

From 7:36:20 to 7:39:20 pm the Reaadr 3 autlet temperature rose fom 65CF to a maximum of
1220F. The reacbr inlet temperature increasedrom 649F at 7:38:00 pnto 693F at 7:39:00.
The cantrol board drip charts also recaded he siddenrise in reacbr inlet ard outlet
temperatures.

At appoximately 7:39 pm operators head a adio message fom the No. 2 Opeator that was
gambled ard urclear The Stge 2 Bard Opentor thought he head “1250" on the radio, but was
not sure. Two ursuccessfl atempts were made b contacthim. Two operators (EastPad ard
extra Na 2 Opeator) wert outside to check an him. The reacbr outlet temperature readng on
the dat loggerdefulted to 0 at7:39:40 pm
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Table 2
Some Reacbr 3 Temperatures Bed 4, Bed 5, Reacor Inlet/Outlet

Bed 4 Bed5 Bed5 Bed5 Bed5 Bed5 Rx 3 Rx 3
Outlet Inlet Temp |Outlet Outlet Outlet Outlet Outlet Inlet
Temp Temp Temp Temp Temp Temp Temp
Time (pm) [Pt-133C2 |Pt-140C3 |Pt-134C1 |Pt-134C2 |[Pt-134C4 |Pt-134C5 |[Pt-141C  |Pt-125C
7:33:00 6283 6369 6486 64623 6563 6459 6413 6322
7:33:20 6283 6369 6486 6463 6563 6459 6413 6322
7:3340 6365 6580 6486 64623 6563 6459 6413 6322
7:34:.00 8232 7207 6486 6463 65638 6459 6413 6322
7:34:20 7320 8595 6486 64623 65638 6459 6413 6322
7:34:40 7320 8595 6486 64623 65638 6459 6413 6322
7:35:.00 6373 7924 6242 6277 6334 6459 6413 6322
h 7:35:20 6373 7157 6242 6277 6334 6154 6413 6322
7:3540 6373 6644 6242 6403 6334 6154 6413 6322
z 7:36:00 6373 6334 6503 6479 6236 6154 6499 6322
m 7:36:20 6373 6334 6639 667.7 6236 6154 6499 6322
z 7:36:40 6373 660.7 6729 667.7 6236 6256 6589 6322
7:37:.00 6373 660.7 6811 6763 6560 6458 6589 6322
: 7:37:20 6373 660.7 6811 6763 6720 6735 760.7 6322
u 7:37:40 6373 660.7 6973 7075 690.7 6735 760.7 6402
7:38:00 6373 660.7 7172 8760 690.7 6735 6846 6402
o 7:38:20 6373 660.7 12557 0.0 7830 7058 7018 64838
a 7:38:40 6373 660.7 0.0 0.0 0.0 7440 78838 6600
7:39:00 6373 6480 0.0 0.0 0.0 8890 9831 6930
m 7:39:20 6373 6480 0.0 0.0 0.0 0.0 12196 7547
7:39:40 6373 6556 0.0 0.0 0.0 0.0 0.0 8265
> 7:40:00 6373 6556 0.0 0.0 0.0 0.0 0.0 8891
=l 7:40:20 6373 6556 0.0 0.0 0.0 0.0 0.0 960.7
: 7:40:40 6373 6457 0.0 0.0 13971 8799 0.0 12335
U 7:41:00 6373 6457 0.0 0.0 13984 6949 0.0 0.0
7:41:20 0.07???P 0.07?2?P 0.07??P 007?27 0.0???7 0.07???p 0.07??p 0.0?2??¢
“ 7:41:40 0.07???P 0.07?2?P 0.07??P 0.07??P 0.07??P 0.07???p 0.07??P 0.0??7?
< Source : Data Logger Historian
{ The timelisted in the talle aboveis the actual time; the timein the data Igger historian report was 52 minutes
n ahead of adual time High_&st temperatures recorded per point arebolded. A readng of 0.0 mears temperature
was abovel400F. A reading of 0.0 ???7? reans loss of power to data l@ger computer. Bed 4 inlet temperatures
m did not vary during the incident. Only the Bed 4 outlet temperature that experienced anamormal rise in
temperatueis included in the tade. Unchanged temperature readngs mean that tanperatue did not change mae
m. than 7°F from lag readng, therefore data lager historian retains lag previous recorded value.
=
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After 7:40 pm the stip chart readngs or the reacbr inlet ard outlet temperatures catinued D
read df scake high. The reacbr inlet temperature reacted a naximum of 1234F onthe data
loggerat 7:40:40 prbefore defaulting to 0. About the same time, the exra Na 1 Opeator
caled the shift supervisor by phone, who immediately returned the call. The operator requested
the asstarce d aninstrument tecmicianto work on the temperature loggeron Stage 2. Also at
this time, the Sage 2 Bard Opeator noticed hat the reacbr inlet temperature hed increaseda
over 80CF . Inrespase,he reduced iring on the trim furnace ad lowered the temperature set
points to the top two beds, as a rears d increasng querh flow.

At 7:41 pmthe highed recaded emperature an the dat loggerwasthe Bed 5 Pant 2 outlet
temperature, which registered 1398F. At thistime, the two outside gperators hed reacted he
northwestcorner of the caitrol room ard the Sage 2 Bard Opeator was bwering the
temperature st paint on Bed 3. At appioximately 7:41:20,anexplosion occurred, followed ty a
fire. Secands kefore the explosion, one dosewer driving by the HydrocrackerUnit reported
seeng a gbwing red-hot pipe ebow in front of the Sage 2 eacbrs.

Several Toscoard cantracior enployees eported heaing a pg or crack sand, followed ky two
explosions, one snall ard one kgger. A horizontal straight secton of 12" dameter Reacbr 3
effluert piping had ruptured st upsreamof a 12% 10" diameter reducet Beyond the reducer
the 10" daneter pipe enered the top of the 40foot high feed£&ffluert excharger structure for
Reacor 3. The hydrocaon ard hydrogen mixture releasedrom the ppe upture appaently
aubignited very shortly after the initial relea®, causng a freball over 100 £ethigh.

Immediately following the explosion, the 300 pgmin depessuring syssemwasacivated aml
operators keganto shutdown the unt. After the explosion, there was a pwer failure ard the unt
operated an backup paver ard betteriesfor several hours. Emergercy response proceduesard
notificaions were started.

2.2  Emergency Reponse Actions

The news media reported that reverberations from the blast were felt 20 miles away, and smoke
ard flammes wee visible rom neaby freewag. Within minutes of the exploson, Tosco responded
by acivating the Emergercy Command Certer ard enployee \olunteerfire brigade. The Incidert
Commander was on dte at the time of the explosion and immediately set up an Incident Command
Post.

Tosconoetified various agenies,including Contra Costa Caunty Heath Services Depament
(CCCH), Calfornia Ofice d Emergency Services,Bay Area Ar Quality Management District
(BAAQMD), Cdifornia Department of Fish and Game, National Response Center, EPA Region
IX, CAL OSHA and Santa Fe Railroad. Some problems occurred with communications and
notificatons becauselte plone ines wee overwhelmed with incoming cals. Contra Costa
County fire fighters were depbyed aitside the refinery ard wete available in case addional
asistarce wasrequired. Tosco had its own fire brigade ad did not reques outside help during
the incidert.
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Toscorequested at 8:26 pm that CCCH acivate the Canmunity Alert Network ard sirens for
a Lewd 3incident. CCCHD acivatedthe Canmunity Action Network, anauomated
emergercy telephone rotification system which notified residerts alout anhour after the
acctdert. The motificaton systemreacted 1440 d 1,851 touseloldsin the Clyde ard North
Concord aras b wam themto stay inside as a mrcauton. The caunty tried to acivate a rew
siren warning system for the first time, but it failed to work completely.

The unt wasisolated, depesured, ard shut down while cooling water wasappled to the fire ard
surrounding structures  Approximately 50 Tosco fire fighters paticipated n the response usng
portade fire monitors ard al of the sationary fire monitors in the aea. Additional fire punps
were garted throughout the refinery as required to maintain fire water pressure. The firefighters
spen most of the nght battling the fire. The fire was catained to the HydrocrackerStage 2
Reacor 3 autlet, control valves anl assciated pping, ard eertually burned ait.

Nitrogenwas puged troughthe reacbr and danaged pping to remove hydrocaron vapors ard
to prevert ary further flare-ups. Some snoke was entted from the turst pipe, after the ritrogen
purge wasiitiated. Several flare-ups d the fire occurred the rext day, due b seepagesfo
hydrocarbons

2.3  Consquences of Explogon and Fre
23.1 Death and Injuries

A ToscoHydrocrackeroperator, who was n the process 6 checking the temperature parml
locaied atthe kase d Reacbr 3, was kled. He was severely burned as aresult of being in close
proximity to the fire from the ruptured pipe. According to the coroner, he died d third-degee
burns on 100 pecert of his body ard anoke inhalation. A total of 46 pesonnel were injured,;
eight were Toscoenployees ad 38 wee contracior personnel. Injuries casisted of a fractured
foot, enotional traung, headachs,ringing eas, cuts ard scepes,ard twisted knees.Thirteen
injured pesonnel were taken by anmbulance b local hosptals, treaed aml released. There wee
no reported injuries to the public or other offsite personnel.

As many as500 Tosco enployeesard cantract workers were at the plrt at the ime of the
explosion, working to complete mantenance turn-around projects. Some of the injured were
inside a nearcontractor trailers close o the HydrocrackerUnit. The Hastfrom the explosion
blew aut the windows o one trailer ard the lames peverted workers from exting the trailer
door. The workers climbed out of the trailer window facing away from the fire. Many personnel
in the surounding areas wee knocked davn by the force d the e)plosion resuking in same of
the injuries. Some workers who were knocked davn were in a tent receving a saéty orientation.
Other personnel fell or tripped asheytried to run awayfrom the explosion ard fireball. A few
were knocked down by other running personnd.
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2.3.2 Equipment Damage

The pture creaed alout an18 inch long tearin the Reaadr 3 efluert piping. The plotographs
in Fgures 9-13 show some of the resulting damage. The fire mdted alight pole on the road next
to the reacbrs. The lower pat of a netal ladderon Reacor 3 was daraged ly the heat
Scaffolding around the Sage 1 ad 2 reacbrs was nmsskapenfrom the heatof the fire, but there
did not appearto be much blastdanage. The fire fighting equpmert next to Reacor Road (ee
Figure 6)was daraged. Wooden platforms rearthe unt were chared. The sk reacbrs wee
covered with aslestos insuktion overdaid with aluminum, which was tbackered ty the fire. A large
valve o the fire water piping nearthe road was dam@ged.

2.3.3 Environmental Impact

The wind during initial stages 6 the incidert was ait of the sauth-southwest snoke, vapors ard
particulates released were blown by 5-7 mph wind towards uninhabited areas and Suisun Bay north
of the Refinery. Tosco egimated that 13 paunds of friable adestos insulation from the danaged
piping ard equpmert wasreleagd. Air sampling for asestos wasconducted by Tosco in the
immediate area of the accdert. All resuks weke below the deecion limit of the test and below
the OSHA stardard of 0.1 fibers perculic cernimeter averaged @er aneight-hour peliod.

The BayArea Ar Qualty Managenent District (BAAQMD) receved one pullic complaint during
the incidert. Air monitoring wasconducted by BAAQMD which showed bw (< 2.4 pats per
billio n) but detectable amounts of sx organic chemicals (toluene, methyl tert-butyl ether, benzene,
methyl choride, caton tetracHoride aml perchloroethylere). None of the cacertrations deected
were alove levels of concem.
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Figure 12 Back Sideof Reactor 3 EffluentPiping Rupture

Figure 13 Ruptured Efluent Piping after Removal
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24  Summary
24.1 Key EvensPrecedng the Day ofthe Accdent

Table 3 Ists same everts that occurred in the 11 dag before the acailert. Some of these eerts
are discussed in more detail in Section 3 of this report.

Table 3
Time Line of Key Events
Precedng the Dayof the Accident

January 10 | Stage 1 ad 2 wee in operation. Temperature nonitoring for Stage 2 was
Day shift switched fom data loggerto new I/A computer system (See Sfcion
3.3.3.1 of thisreport for further discussion)

January 11 | Aninternal leak was detcied n a Sage 1 katexcharger, the stipperfeed
prereatr.

January 12-15 | Stage 1 ad 2 d the Hydrocrackerwere shutdown ard internal heat
exchargerleaks m Stage 1 wee repared. Various caitrol valves wee
replaced m Stage 2.

January 16 | Stage 1 was punto operation. Reacbr A feedéffluert excharger began
to leak exernally from a farge hut then stopped eakng on its own.

January 17 | Reacbr A exchargerbeganto leak agai. Leak was&pared ty appling
seadrt to clanp on excharger.

January 18 | Feed wasntroduced 6 Stage 2.

January 19 Stage 2 was perating. Campressa B relief valve was eplaced.
Day shift

10:20 pm A temperature excursion occurred in Bed 4 ¢ Reacor 1. Some
temperatures exeeded 90F. Opentors did not depessure Stage 2 ot
controlled temperature by other mears. Opeators reported poblems with
[/A temperature nonitoring system

January 20 | The use 61/A systemwas dscaitinued aml the dat loggerwas putback
Day shift into service.

Swing shit Feed ete to Stage 1 wasncreased.
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242 Key Evertsthe Day ofthe Accident

Table 4
Time Line of Key Events
the Dayof the Accident

January 21
4:50 am

Reacor A effluert/feed exharger clanp beganto leak agai ard the leak
could not be controlled. Feed b Reacbr A was dverted b Reacor B ard C,
causig reacbr cooling ard high nitrogencontert in effluert.

8:10 am

Nitrogencontert of Stage 1 dtuert was196 ppm alove the gecficaton of
14 ppm

10 am

Stage 2 calyst beds wee poisoned fom high nitrogenlevels in the feed ad
cracking wasgreaty reduced.Nitrogen contert from Stage 1 wa$852 ppm
Seahrt was njected nto clanp on Reacor A heatexcharger.

2 pm

Two extra gperators were added a swing shift to help with Stage 1 poblems.
During swing shift, operators gadualy increaseddmperatures n Stage 2 ¢
drive ritrogenoff the caalyst.

7:34 pm

A temperature excursion occurred in Reacor 3, Bed 4. Inlet temperature ©
Bed 5 ncreasedapidly as a esul.

7:35 pm

The querh valve almve Bed 5 qpered wide. Data loggertemperatures
bounced fom zeio to normal or high ard back. Makeup lydrogento Stage 2
beganto decease.Bed 4 atlet temperature pant deceasedd 637F.

7:36 pm

Bed 5 nlet temperature decea®d © 633F. Reactr 3 autlet temperature
increasedd 65CF. A No. 2 Opeator wert outside o check emperatures m
the exernal parel sometime before 7:37 pm.

7:37 pm

Bed 5 aitlet temperatures wee increasng. Opertor manually closed quech
valve to Bed 5. Hydrogen makeup b Stage 2 dopped b zeo.

7:38 pm

Querchvalve o Bed 5 waseopered. Bed 5 attlet, reacbr inlet ard outlet
temperaturescontinued b rise; some of these exceeded 120F.

7:39 pm

Opemators head a gabled radio message fom No. 2 Opeator. Two
operators wert outside to check an No. 2 Opeator.

7:40 pm

Bed 5 emperatures anl the reacor outlet temperature read df scaé an strip
charts ard detulted to zeo on datalogger Opentors requesed asstarce d
instrument techmician

7:41 pm

Onre d the Bed 5 autlet paints read 1398 on the dat logger. A secion of
the Reaatr 3 efluert piping ruptured causig anexplosion ard large fire.
The No. 2 Operator was killed.
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3.0 Investigation

USEPA Regon 9 wasnotified d the acailert at 9:03 pmon January 21,1997 ad an
investigation to deermine the root caue of the acatlert wasbegun January 23,1997 ly Regon 9
ard Headquders investigators. The nvestigation wasconducted urder auhorities contained in
CERCLA, Secton 104,42 US.C. 9604 ad the CAA, Secton 114,42 USC. 7414,Secton
112r. The sope d the investigation waslimited to determining the causes and contributing
factors assoiated wih the explosion ard fire in Stage 2,Reacor 3 o the HydrocrackerUnit.
The pupose d idertifying these causes dractors was 6 understand why the acailert occurred
so that the lessons learned could be gpplied by Tosco and other hydroprocessing facilit ies in order
to prevent reoccurrence of smilar accderts.

3.1 Approach
The investigation teamsaught to deermine wty the reacor effluert pipe filed, triggeiing the
explosion ard fire. The teamcoordinated its eforts with other agerties b deermine the causes
of this ewert.

3.1.1 Coordination with Other Agencies

This investigation was coordinated among investigators working for:

USHPA Headquaters, Chemical Emergercy Prepaedress ard Prewvertion Office (CEPPO)
Washington, DC

USHEPA Region 9, SanFrarcisco, CA

Caifornia Dwision of Occupaibnal Safety ard Heath (CAL OSHA), Concord, CA

US Depatment of Labor (DOL) Occupaibnal Safety ard Heath Administration (OSHA)
Region 9, SanFrarcisco, CA

Contra Costa Caunty Heath Services Dvision (CCCHD), Martinez, CA

California BayArea Ar Qualty Maragenent District (BAAQMD), Matrtinez, CA

The coordination consisted of consultation on agermy information requess to awid duplcation of
effort, sharing documents ard interview resuls, ard jointly exploring the pcssble causesfahe
accdert. CAL OSHA, with assstarce d Regon 9 Federal OSHA, concurrently conducted an
investigation for violations of heath ard saéty orders as well as a pocess saty managenent
(PSM) audt. The Bureau d Investigation of CA Depatment of Occupaitbnal Safety ard Heath
concurrently conducted a criminal investigation. Contra Costa County Health Services
Depatment concurrently conducted aninvestigation into the root causes bthe acatlert.
BAAQMD concurrently conducted an investigation into possible violations of ar quality control
regulations. The pesonnel from eachagery involved in the acailert investigation are listed in
Apperdix G.
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OnMay 29,1997,CCCH ard Tosco issued ®parate investigation reports discussing the
ewerts leadng up D the acailert, the causes ahcantributing factors, ard recanmendations. A
presemation discussng the findings in both reports was rnade by Toscoard CCCHD
investigators to the Cantra Costa Caunty Board of Supewisors ata pultic meeing on Jure 3,
1997.

3.1.2 Physical Evidence Colection

Pieces 6 equpment ard evderce weke cdlected, stored aml idertified ky usihg a potocol
appoved ty Toscoard the investigating agewies. Testing of the ruptured ppe aml reacbr
themmocouples was coducted ushg a pescribed piotocol. Physical eviderce cdlected ncluded a
bull plug from a nipple an the 12" daneter effluert line, the thermmowell ard herdware, blind
flange fom bottom of reacbr #3 efluert line, danmaged seabn of effluert pipe, five hydrogen
guerch valves {nlet querth ard 4 g querh valves) themmocouple kundles from Reacor 3, ard
caialyst sanples rom Reacor 3 (three sarples perbed).

3.1.3 Information SourcesReviewed

Interviews with Tosco operators ard managenent personnel were conducted by CAL OSHA
inspecors with interview quesions developed wth the assstarce d al the agenies nvestigating.
CAL OSHA thenbriefed the aher investigators an discussons from the interviews. Investigators
reviewed daunments suppied by Tosco including procedues proces ard instrumentation
diagrams (P&1Ds), reacor temperature dag, strip charts, process low dat, alarm logs,
maintenance records, management of change documents, shift logs, shift superintendent logs,
work pemits, written witness satenerts, reacbr internal drawings, caialyst dat, incidert
reports, process hzad aralysis, ergineeing memos ard reports, pipe nspecton da, equpment
ard piping desgn spediicatons, training materials, heath ard saéty pracices,test dat (ruptured
pipe, thermocouple, ard cablyst tests), videdapes 6 reacor internals, ard CCCH® ard Tosco
Refining Compary accdert investigation reports.

3.14 Methodology

An Everts and CausaFactors (E&CF) chart was de@loped b estblish a sequete d everts for
the acailert. A workshop washeld duiing the week & July 21-25, 1997 n Concord, Calfornia
with investigators paticipating in reviewing the E& CF chart ard idertifying contributing factors
to the acatlert. See Apperdix H for a st of paticiparts in this root cause aalysis workshop.

The investigators paticipating in the root cause wikshop used sesral methods t idertify causes
ard contributing factors to the acatlert. A consultant in root cause rethodology asssted he
investigators in using the methodologies, and facilit ated discussion of the analysis. Investigators
used he following methods t amalyze he information calecied duing the investigation:
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Hazad-Barrier-Target Analysis- used ¢ aralyze he fire/explosion hazad to the fatality (No. 2
Operator) and injured parties.

Fault Tree Analysis- used o idertify possble causesfoipe wpture, control systemfailures, ard

temperature excursion.,

Managenent ard Risk Owersight Tree MORT)- used ¢ assesse adequacyf various
management systens sich as:

Pasonnel Errors

Control room operator errors

Desgn

Temperature amd pressue indicating system control room, field
temperature pam, effluert piping system reacor

Human Faciors

Despn of the catrol room information devces -charts, loggers

Management Policy and
Implenmenrtation

Including sewrices ad managenent expecations

Maintenance

Maintenance plan and implementation

Readness

Monitoring systemreadyto operate

Hazad Analysis Process

Evaluating the installation ard desgn of the rew temperature
logging system

Procedues

Routine am energercy operating procedues appopriaterness ad
completeness

Information System

Information available to the gperators regarding process ronitoring
system

Supewision

Detecing ard carecing hazads, erforcing saéty ard energercy
pracices.

The investigators waked n teans ushg different methods an various aeas 6 idertified
problems. Facts cdlected duing the investigation were orgarized anl documented b explain the
adequacyr inadequacyf sakty managenent. Root causes weridertified aml
recanmendations de\eloped b addess the oot caugs. A draft report with a desription of the
accdert, facts am aralysis, root causes ahrecanmendations was deeloped anl reviewed ly the
investigators. Petroleumrefining consultants wele caled upan where reeded ¢ provide an
assessert of information used m the report.
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3.2 Teding Resllts

This secton descibed tests canducted on the failed pipe, catalyst, reacbr thermocouples,ard the
datalogger The pupose of this testing wasto focuson the caus of the ppe &ilure ard the
temperature excursion in Reacbr 3 ard the canditions presen that led to their occurence.

3.21 Ruptured Pipe Testing & | nspection

The anly inspecion history available for the paticular portion of the Reaabr 3 efluert piping line
wasanultrasonic wal thicknes measirement of 0.94 inchesfrom a 1991 mspecton. There was
no recad of original gage hickness for the efluert piping, which wasasumed to be original
piping installed in 1963. There weke no recads showing that it had ever beenrepared a
replaced.

The Reaadr 3 autlet piping was aiginally spediied b be 124inch diameter piping of 1Y%
Chromium ard ¥%6 Molybderum aloy seelASTM A335 Grde P11 wh a wal thickness of
0.746" minimum or schedule 100. Schedule 100 12inch diameter pipe tes a rominal wal
thickness of 0.843 nches The curent ASTM specfication for gardard A335 deesnot speciy
minimum pipe hickness but referencesstardard A 530 br gereral requirements which includes
pipe wal thickness. The curent ASTM gsardard A530 gatesthat minimum wal thickness at ary
point shall not be more than 12.5% under the nominal wall thickness specified. For a nominal
wall thickness of 0.843 inches the minimum wal thickness would be 0.738 nches

Downstreamfrom the pant of rupture, the pping waswelded © a 12 10" reducerto match the
10-4nch diameter pipe hat ertered the feedéffluert heatexchargers. The pping spediicaions
caled for schedule 120 6r 10-inch dianeter pipe. Nominal thickness of this pipe 5 0.843 nches

The past-accdert testing of the sedion of ruptured efluert pipe casisted of visualinspecion,
thickness neasuenerts, ultrasaic measuenerts, liquid peretrart examnation, magnetic paticle
examination, metal chemical analysis, tensile strength tests, hardness tests, microphotographic
aralysis, ard metalographc aralysis. The pant of faillure on the sedion of pipe was ot a wed,
elbow or reducer Neaty al (21 d 24) of the measuenerts of pipe hickness jist upsteamard
downstreamof the uptured sedbn were greaer thanthe nminimum pipe hickness speticaion of
0.746inch. Testing results indicated hat the ppe filed due b excesively high temperature. The
temperature in the uptured ppe reacted 1700-F at the pant of failure, based o visual
microscopic inspection by the lab. The pipe had been stretched resulting in athickness of 0.3-0.4
inches atits thinnest point. At the pant of failure, the ppe had exparded n circumference ty
appioximately 5 inches,which creaed a tcalzed lulge in the ppe pior to rupture. Other
sectons of the Reaabr 3 efluert piping had ako exparded.

Chemical analysis for the base maa samples were found to conform to the requirements for

ASTM A33594, Grade P11 amthe wet metal wasfound to be of the 144 %Cr, ¥ Mo type
and was compatible with the base meal. The minimum tensile strength of the metal should be 60
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ks accading to ASTM A335. This carrespondsto a Rakwel Hardness number (HR) of 69
using the Rackwel B Scak. Testing stowed that the hardness d base netal sanples varied fom
76 to 81 HRB (Rockwell Hardness number using Rockwell B Scale) while the hardness of the
weld meta samples varied from 70 to 91 HRB.

322 Catalyst Testing

Catalyst sanples from al three $age 2 eacbrs wee cdlected aml aralyzed. Inspecion of the
catalyst bed ater the acailert reveakd a tised lardered pllar of catalyst in Bed 4 of eachStage 2
reacor. The catlyst sanples from the gllars had 2.5 to 3 times higher carbon content than
samples of loose catlyst from the ssme beds  This high cabon contert wasdue b the huildup o
petoleumcoke. Catlyst sanples from the mddle of Bed 5 n Reacor 3 slfowed an80%)loss d
suiface aea,consistent with exposure to extreme temperatures. The catlyst had beenin use or
one year, snce t wasingtalled in the Jnuary 1996 tirnaround.

3.2.3 Thermocouple Testing

All thetrmocouples fom the Reaatr 3 arays were tested D see fi they would give temperature
readngs. All but three dd; these lad loose junctions in the slver sddered pint from the
themmocouple t the lead wie, where anepoy sealwas bcatd. Accarding to the thermocouple
vendor, the slver solder joint was likely to have been damaged by exposure to fire. Moving the
lead wies aound to make cantactalowed readngs D be taken

Bed 4 aitlet ard Bed arays were tested usng a popare torch to deermine if the lead wres wee
shorted. The anly problems deecied wee loose junctions as desdboed alove.

The Reaadr 3 thermocouples wee also tested or temperature accuacy, using a cantrolled heat
saurce. The largestdeviation was 16F ard al devations were readngs kelow the catrolled
source emperature. The thermocouple vendor indicated hat moisture in the insuktion on these
themmocouples was pbally leaking woltage aonss he insuktion resuking in a bw readng.
Based on the test results, it is believed that the thermocouples were working properly prior to the
accdert.

3.24 Data LoggerTesting

Since the gperators had reported poblems with the datlogger, tests were conducted on the daa
loggerard themmocouple arays ushg a smulator connected © the datlogger.  Varous
operating conditions and failures were smulated to determine the response of the data logger and
to determine if it was mdfunctioning. Results of the thermocouple and the data logger testing
showed that they were likely to have functioned piopery on the nght of the incidert, with the
excepion of one o the Hgh temperature ahms, which is discussedurther in a bter secton.
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The autcome d these &sts slowed hat for a 5F charge @ow or fast), the hstorian dat did not
change. For dow or fast 50°F ard 500F charges the sreenupdatng time ranged fom 13 © 62
secands, depewling on the rumber of input points stowing. For temperature increases ©0.1°F
ewvery 20 £cands for 5 mnutes the sreenupdae time wasalout 2040 cads. A loss of Sgnal
to the multiplexer caused the temperature display to default to 0.0. Data logger response to a
short in a themrmocouple wire was tat the temperature pants defulted to the antiert
temperature atthe locaion of the stort. Loss d power to the nultiplexer or the nterface uit
resulted in screen and historian holding the last good value, even after 10 minutes. Removal of an
input cad to test the dat loggerresponse of failure of aninput cad resulted n readngs of 0.0
for al themmocouples assoiated wih that input cad. If power was shkitdown to the dag logger
computer, temperatures were displayed as “0.0????"on the data logger.

High thermocouple readings were smulated followed by disconnection of the smulation. This
tested hghinput to the dag loggerfollowed ty thermocouple failure. The dat loggerpaints
triggered analamm at 78CF. Howewer, the abhm status ckaed wrenthe temperature wer atove
1400F; dat loggerreadings defulted to 0.0.

Using a catrolled heatsaurce, several thermocouples wee heakd, triggeting a high temperature
alam on the dat loggerat 78C°F. The abm status ckaed whenthe thermocouples wee cooled
below 78CF.

Rapid full-scake charges(0 to 1400 ard back) were simulated on se\eral temperature pants. No
unusual readngs were produced ad the historian data showed he rapid charges Heatng the
lead wies in the themrmocouple steah had no effect on the readngs.

Testing slowed hat points charging by +/- 50°F would akmm but would not charge sate
(readng on monitor charging from blinking to steady whenackrowledged o the dag logger
keyboard. The ++ 5C°F alarm would ot be triggeled agan if arother point were to exceed be
limit. (See Section 1.2.4.5 discussing Alarms). This could explain why operators in the control
room did not receve addtional high temperature abmims during the Jamary 21 ncidert. A point
tested or low skin temperature (< 300F) would charge sate whenit was ackowledged o the
data logger.

Tosco managenent sated hey did not know how often the temperatureswere being updaéd on
the dat loggerdisplay during the Jnuary 21,1997 exurson. Tosco wasnot alde to reproduce
the gperators’ reports d temperatures dopping to zeio becauselie dat loggerstored daa
differently thanwhat wasdisplayed in the caitrol room. Howewer, printouts from data logger
showed zeo readngs or same thermocouples,sane of which later indicated hgh temperatures.
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3.3 Information Analysis
3.3.1 Effluent Pipe Rupture

The resuks o the ppe tsting show that the ppe filed because bextrenely high temperatures.
Tests indicated the dat loggertemperatures wee correct exceptwhenthey defulted to zeo
becauseley exceededle range o the datlogger Resuls d the caalyst testing sfowed hat
extremely high temperatures tad occurred in Bed 5 ¢ Reacbr 3. Based a the daa logger
historian temperatures (Tale 2), the high temperatures wee initiated by a temperature excursion
which originated fom the autlet of Bed 4 ¢ Reacbr 3. The heatfrom this excursion caused an
elevated nlet temperature to Bed 5,which sutsequetly increasedte reacton rate ard
temperature rise acoss Bed 5.This causedhe extrenely high temperatures n the Bed 5 aotlet
ard the Reaatr 3 efluert piping.

3.3.2 Reacr Temperature Excursion

Temperature excursions are rot unusualoccurences n hydrocracking, espeally during startup.
The hydrocracking reacton gererates heatwhich increaseseamperature am causeste reacton
rate to accetrate. Since the hydrocracking process $ exothermic (gererating heaj, once a
reacton isinitiated, reacton rate ard temperature will continue to rise unless properly controlled.
The canmon causes btemperature excursions in hydroprocessig include:

Urevenflow ard heatdistribution in caialyst bed, causing hot spds

Internal reacor failures, leadng to catalyst migration ard dead zoes
Incomplete sulfiding of catalyst

Rasing reacbr temperatures bo quickly whenusing freshhighly reactve
canlyst

Feed emperature too high

Loss d recycle gas

Low recycle gas ooil flow rate

Inadequag reseve queh gas capaty

Improper control, overreacton to same process chrge a operator inattention

3.3.2.1 Flow and HeatDistribution

Proper flow distribution is important to minimize lisk of temperature excursions. Therefore, the
conditions in the reacbr that might have interfered wth urniform flow or heatdistribution were
reviewed. Some of the canditions discussed dow could be causes Pbflow or heat
maldistribution ard same are evderce that urevenflow or heatdistribution had probally
occurred. Techical Sewices(Tosco's Engineeiing Suppaot group) noted in April 1996 tat Bed
5 appeaed D have the wast temperature diferentials in the reacor. This was ndicative o flow
distribution problems ard may have aggavated the gemration of exrenely high temperatures n
Bed 5,but it was ot the sde cause sice he excursion was hitiated by a high Bed 4 aitlet
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temperature. Apperdix D stows the locaion ard desciption of inter-bed dstribution system
used m Stage 2.

Digtribution Tray Pluggage

A videoinspecion of the inside d the reacbr internals showed $me catlyst pelets ard suppat
balls on the dstribution trays, but not in ary significart anounts ard not from every catlyst bed.
Migration of catlyst from the ked down to the dstribution trays cancau pluggagewhich can
cau® flow distribution problems. The catlyst canmigrate if the cablyst suppat screers are
danmaged o have holesin them Ore wayto determine if distribution trays were plugged o
whether there was sme other impediment to flow is to look at the pressue drop across each
catalyst bed duiing operation. Howewer, Toscodid not measue the pressue drop acioss each
bed, only the total pressue drop acioss te reacbr. The cablyst migration obsewved nside he
reacor atter the acadlert did not appeato be significart eroughto interfere with distribution of
flow.

Catyst Coking

Coke depaitsin caflyst beds ae indicative d internal reacbr problems, suchas uevenliquid
distribution. The videdape d internal inspecton of al three eacbrs ater the acadert strowed
that fused coked catalyst pillars had formed in Bed 4 of al three Stage 2 reacbrs. The aher beds
in al three eacbrs dd not have coke pllars. Reacbr 1 had a caalyst pillar on the bottom of Bed
4 atleastseera feethigh with a crcumference d 110" atthe ottom ard 17" atthe top of the
pillar. Reacbr 2 ako had a caalyst pillar on the bottom of Bed 4 which was approximately 5 feet
high, 26" in circumference a the bottom and 1'6" in circumference at the top of the pillar. In
Reacor 3, a pllar of fused catalyst was found in the center of Bed 4, extending 8 foot upward
from the catlyst bottom suppat grid ard measiring in diameter about 2 feetat the base ard 8
inches atthe top.

Coke depaitsin Bed 4 ¢ Stage 2 eacbrs have beenfound in previous urnarounds. Coke
pillars or balls forming in the catalyst are usually due to low flow or poor mixing. Coke can form
at temperaturesaslow as800 b 1000F. Large coke pillars are usually formed over along time
ard are rot likely to be the resuk of one excursion. Large formations of coke in a caalyst bed is
not a fully understood process. High temperatures carcause chking, but coking on the caalyst
necesgetes higher operating temperature o acheve desred reacton conversion. Also, coking
caninterfere with flow distribution which in turn cancausedcaized ot spds in the ked.
Therefore, the presence of coke pillars in Bed 4 only of Stage 2 indicates some flow distribution
ard excessve temperature problems were occuring.

Bed 4 Opeating Poblems

Temperature instability in Bed 4 of the Stage 2 reacbrs have beennoted on prior occasons,
which may have been evidence of flow madistribution. More operational problems had been
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expelierced wth Bed 4 n Stage 2 bhanwith other beds For exanple, in June/July of 1995,
Techical Services mted that optimization was espeally difficult to acheve in the fourth beds d
Stage 2. In particular, controlling the Bed 4 inlet temperature gppeared to be more diffic ult
compared wih other beds.

Inciderts involving Sage 2 Bed 4emperature excursions had beendocumented n Reacor 1, on
three pror occasons. Ore d these mciderts cccurred two days before the Jamiary 21 acailert.
These ae dscussedn more detil in Secion 3.3.3.2 of thisreport. Inspecion of Reacor 1 ater
January 21,1997 siowed that one thermocouple located n the cener of Bed 4 wasdightly
bowed, passhly indicating exremely high operating temperatures.

As a result of a emperature excursions(s) that occured on July 23,1992, special operating
guideineswere drafted in Augug, 1992 br Reacor 3, Bed 4. The temperature diferential acioss
Bed 4 was to be limited to 25°F ard the temperature increases werto be made athalf the
recommended rate given for other beds. However, these draft procedures were never
incorporated nto the Sardard Operting Procedues.

Bed 4 Pase Chme

Onre facior that may have contributed to the temperature excursion was a chrge d phases ljquid
to gas ad vice \ersa) in Bed 4. It is common to have al gas plase in the lower beds d the
reacor. Evenatthe top of the reacbr, the piocess luid is gererally alout 95%gas ly volume.
Beds4 ard 5 tend to have al vapor during normal operations. Tosco pefformed flash catulations
that indicated hat the reactrts trarsitioned fom wet to dry catalyst within Bed 4 ¢ Reacor 3.
Beds n which same of the catlyst iswet ard same of the catlyst is dry are paticulady
suscepble o hot spds sihce the reacton rate ard mechansm of heatgereration ard removal are
different for wet, patialy wetard dry catlyst. Temperature gradents ae nore sersitive 0
liquid distribution in the trarsition zone thanin flow regimes where the catlyst is either
completely wet or dry. Therefore, liquid distribution to the nlet of the caglyst bed is critical to
temperature gabilit y, especialy in beds where atransition between phases occurs. The flow
regime in Bed 4 pasibly contributed to the formation of a “hot spot.”

Bed 4 Dstribution Desgn

The dstribution trays alove Bed 4m eachStage 2 eacor were of a diferent desgn from the
distribution trays almve aher catlyst beds n Stage 2. This could have beena factor explaining
why Bed 4 hed more flow distribution ard operational problems. Bed 4 hed no downcomer tray
ard the chmneys an the dstribution tray were of a diferent desgn. (See Apperdix D for detils).
The aiginal Isocrackerhad four catlyst beds Beds1, 2, 3, ard 5 weke the same desgn asthey
were in the aiginal Isocracker When Tosco upgraded fom the Chewon Isocrackerto the
Unocal Unicrackerdesgnin 1986,arother bed of different desgn wasadded ad caled Bed 4.
The nodified reacbr internals abng with the ather charges nade atthe time was tenlicersed ly
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Unocalas a Uitracker Toscostated hat they were not alde to determine if the desgn of
distribution to Bed 4 wasthe caus of the cding problems.

Levelness & Distribution Trays

To achieve uniformity of flow, distribution trays must be fairly level. Several problemswith
Reacor 3 dstribution trays were idertified n aninspection in February 1992. The Bed 5 queth
panhad thinned, Bed 4 aml Bed 5 querh pars were bowed davnward, ard some of the
distributor hanger suppat bolts for Bed 4 wee missing. Thes itens appeaged m the
maintenance wak list for the Jnuary 1996 trnaround. Howewer, no docurentation was
available t indicate whether this maintenance had beencompleted. Therefore, it is uncertain
whether these problems still existed at the time of the accdert ard whether they could have been
a factor in causng the temperature excursion.

Some distortions o the dstribution trays welke seenfrom the internal inspecion of al three $age
2 reacbrs conducted ater January 21,1997. In Reacor 3 alwve Bed 4 alout ¥4 of the queh
tray wasbent downward. The tray had dipped devn alout 12 nchesbelow the tray suppat ring,
ard the manway was ifted 12 nches alove the adacen tray sectons. The quech panalove Bed
4 appeaed b be bowed davnward. The upperaurface d the Bed 4 catlyst had alout a wo foot
deep deprsson in the cerer.

The inspecton atter Jaruary 21 n Reacbr 3 stowed that the queish tray manway alove Bed 5
was waped alout 3 inches alove adacen tray sectons. The Bed 5 querh panhad dropped
down in one phce ad was buching the top of the sawboth downcomers on the rext tray. This
seems gmilar to damage described from the internal inspection report in 1992 d “5th ard 4th bed
guerch pars bowed davn in certer. 5th more severely, acualy resting on distributor tray.” The
downcomer tray in Bed 5 appe&d D be waw in same sectons as houghit had beenpressed
down betweenthe tops d the chmneys o the dstributor tray below.

The past-accdert inspecton reveakd hat the quewh tray alove Bed 4 m eachof the reacbrs
appeaed © have beendisturbed. The ppe upture wauld have caugd a \ery large pressure drop
in the lower patt of the reacbr becaus the pressure in the reacbr wasappioximately 1560 pgy
as canpared D the anbiert pressue of O psg. Therefore, danmage © distribution trays may have
beena resuk of the diamatic pressue decease dung the ppe upture. Because fothis, it was
not posshle o deermine with cettainty whether urlevel distribution trays wee a causave factor
in the acailert.

Investigators weke alle to rule out a rumber of passble causesfahe temperature excursion:
3.3.2.2 Catalyst Condition

The catlyst had beenin use or a yearard it had afreadybeensufided. Therefore freshreactve
catalyst was ot a ikely cause.
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As mentioned ealier, the Sage 2 eacbrs wek operating with patially deacivated caslyst,
which reduced be ciacking/sauration reacton. Investigators cansidered he passhility that
reactvation of the catlyst combined wih raising feed emperatures night have contributed to the
temperature excursion.,

At appioximately 7:00 pm same cracking was @curing in Stage 2 ot the temperature
differentials acioss eaclhbed wete siill le ss than normal. Under the direction of management,
operators wee gradualy increasng temperatures n Stage 2 o restore catlyst acivity. The stip
chart indicated hat the reacbr inlet temperature wasincreasng gradualy asplamed, no sudden
control charges @ temperature increases wernoted. A slow, steadyrise n inlet temperature
from 625F to 64CF occured over a time petiod of 4 hours. At 7:36 pm the reacor inlet
temperature was6402°F on the dat logger.

Opemators wee also working on reducing the ritrogencontert in Stage 1 dtuert in orderto run
cleanfeed hroughthe Sage 2reacors. The gerators expeced hat the Sage 2 catlyst would
eventually clean itself up, if it was atemporary poisoning.

Accarding to county investigators, the caalyst manufacturer deacivated wth nitrogen
compounds same of the sane type d callyst used wih Stage 2 ad canducted same tests o see
if they could induce a apid temperature rise. They could not produce a émperature excursion.
Based o consultation with ergineers with hydroprocessig expelierce, EPA investigators donot
believe that the piocess 6 reactvating catlyst in Stage 2 catributed to the temperature
excursion.

3.3.2.3 Feed Temperature

There wee no suddenincreagsin reacbr inlet temperature that would have caugd the feed ©
becane too hot. The stip chart shows a sbw steadyrise n reacbr inlet temperature, which
never rose above 640°F. Also, the rapid temperature rise first occurred in Bed 4 aml not in the
three keds alove it.

3.3.24 Oil and Recyceé GasFlowrate

The recycle hydrogencompressa did not fail ard flow data from strip chart ard camputer
printouts stowed ro interruption in recycle gastiow. Thus bck d recycle gas iow was uled out
as a causefdhe excursion.

The rate of recycle gas ad ail feed dil not appearo be a poblem. The al feed fowrate was
appioximately 6,000 BFD in eachof the Sage 2 eacbrs ard wasalove the ninimum required
flowrate as speéied n the goerating procedues. The nlet recycle gas ate appeaged © be
sufficiert for the anount of oil being feed b the reacbr. The ratio of inlet (excluding querch) gas
to oil flow wasalout 11,000 SCF/bbl ard exceededhie deggn minimum of 6,000 SCF/bbl. If the
gas rate is too low, the tendency for channeling and mddistribution of gas and ail flow within the
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catalyst bed, ard thus bcal hot spds, increases Although a catalyst pillar was found in Bed 4,
investigators lelieve its closssectonal area s too small to have much adwerse efecton flow
distribution.

3.3.25 Quench How to Bed 5

Because Bed fetnperatures weim out of control, investigators focused a the role of querch flow
to Bed 5. The quench flow is controlled by the single Bed 5 inlet temperature, which is recorded
both on the datloggerard the stip chart. The queh valve alove Bed 5 dilly opered an
automatic cantrol in respanse b Bed 5 nlet temperature exceedng its cantroller setpoint. On
the grip chart, the st point temperature appeard D be between640 anl 65CF. By 7:36 pmon
January 21, the Bed 5 nlet temperature hed dropped lack © alout 625°F on the stip chart
(below the setpaint), sothe queh valve aubmaticaly closed.

At appoximately 7:37 pm the extra No. 1 Opeator switched the Bed 5 quech flow controller
from auobmatic to manual control and closed the queh valve. He dd this because éwas
concemed alout paossbly losing temperature in the reacbr systemas a esulk of the deceased
Bed 5 nlet temperature. EPA investigators esimated that the queh valve o Bed 5 was dsed
at leastone minute, pethaps o minutes,before it was dter opered ty the Sage 2 Bard
Opemator. Thiswas edimated by correlating temperatures anl times from the dat loggerto
temperature peaks o the stip chart (also accainting for time offset in strip chart pers) for Bed 5.
This strip chart alsorecaded quenh flow to Bed 5. Because queh was cbsed nanually, the
Bed 5 inlet temperature rose above its set point to about a maximum of 670°F on the stip chart.
The dat loggerhistorian recaded he Bed 5nlet temperature as 66€F between7:36:40 ad
7:38:40,for alout 2 mnutes

Also by 7:37 pm al four Bed 5 autlet temperatures(as recaded ly the dat loggel were rising.
By 7:38 pm one o the Bed 5 otlet temperatures tad reacted 717F ard arother had reacled
876F. At appoximately 7:39, the quewh valve was pered nanually by the Sage 2 Bard
Opeiator, who was ot awake that it had beenclosed. Querch flow rose anl reacked aimost full
scalke on the grip chart atappoximately 7:41 pm Temperaturescontinued b rise in Bed 5 urtil
the explosion.

If querch had beenleft on aubmatic cantrol, it would heve lowered the Bed 5 nlet temperature
but it would not have responded b rising Bed 5 autlet temperatures In orderto deermine if the
temporary lack d querth was anaggavating factor in the acailert, EPA performed a simplified
heatbalance kased am a Bed 5nlet temperature o 860F, the maximum temperature reacted at
7:34:20pm The pupose of these catulations wasto see f the heatgererated within Bed 5
could have been cooled by maximum flow of quench gas, if the quench vave had been left fully
opered ly the gperators whenthe Bed 5nlet first alruptly increased. The resuls indicate that
maximum querch flow to Bed 5 wauld have beeninsufficiert to cool Bed 5 kack © a rormal
operating temperature o 65C0F. At least three times the maximum design quench flow would
have beenrequired to cool Bed 5 fack © normal operating temperature.
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The catulations take into accaint only the anount of cooling capadly available ard do not
factor in acual heattrarsfer rates, which mears that acual heattrarsfer rate would have been
slower thanassured in the catulations. Therefore, with the kest heattrarsfer rate, the maximum
guerching would not have beensuficiert. Howewer, the catulations assurathat the ertire bed
conterts would have undergone anaccegrated reacton. Orly one Bed 5mlet temperature
reading was available, so it is assumed that this temperature was fairly uniform across the inlet of
Bed 5. The calculations used the maximum design quench capacity of 32 million standard cubic
feetperday(MMSCPD), as eferenced n the Unicrackermanual provided ly the licersor.

The resuks o the heatbalance catulations ae rot unexpeced. Querth capadi is typicaly
desgred b handle minor temperature excursions. The sgnificart increasen Bed 5 nlet
temperature accedrated he reacton rate, which in turn, acceérated he gemration of heatfrom
the reacton. The hydrocracking reacton rate doubles for appoximately every 20°F increasen
temperature. Therefore, anincrease ©223F would have increasedlte reacton rate by
appioximately 4000 tmes. The ekvated emperaturesin Bed 5 wert beyond the pant where they
could ke effectively controlled by querth. The reacton rate could only be slowed davn by
lowering the hydrogen pattial pressure, which requires depessuring.

3.3.3 Control of Temperature Excursion

If addtional querch gas $ unalde to control a emperature excursion in a hydrocracking reacbr,
then lowering the partial pressure of the hydrogen will slow the reacton; this is normally
accanplished by depessuing. Depessuing not only reduces e hydrogen pattial pressue, but
reduces e stess m the reacbr skell ard cannected pping. In same situations, stopping the al
feed s eroughto slow down the reacton. In other casesfeed nay be continued b senve as a
heatsink.

Opeimators atthe HydrocrackerUnit had awailable written energercy operating procedues whch
were dated Ocbber 1991. The pioceduescovered 23 diferent enmergerties, ard how operators
should handle eachpatt of the HydrocrackerUnit (HydrogenPart, Stage 1 ad Sage 2)duiing
anenergercy. Ore d the energercy procedues coered how to handle temperature excursions.
This procedue was ao posted an the cantrol board. For a temperature excursion on Stage 2,
the piocedue required the Sage 2 Bard Opeator to take the following acions:

(1) For ary reacbr temperature pant 5°F alove rormal, charge reacor controls to return the
temperature pant to normal. This may include educing trim furnace atlet temperature,
increasng querh to hot beds, speed uplR compressa or add queoh to reacbr inlet via HC-
729.

2 For ary reacbr temperature pant 25°F alove rormal, do the following: Hit the “six
shorts’ unit alam, close appopriate dl feed catrol valve, reduce tim furnace firing, circulate
maximum hydrogen through hot reacbr, ard maintain normal unit pressue. Reducedmperature
in hot reacbr to 5C°F below normal operating level as qutkly as pesble. Add queh to reacbr
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inlet asneeded ia HC-729. Continue b cool reactr ata rate of 100 perhour to 500F or
10C°F below operating temperature prior to shutdown, whichever is lower.

3 For ary reacbr temperature 50F alove rormal or if ary reacbr temperature exceeds
80CF, immediately activate the 300 p#minute depessuring systemwhich caugs the following:

@ [IR compressor shuts down.

(b) Stage 2 clarge punp shuts down.

(©) Makeup lydrogento Stage 2 stps.

(d) Trim furnaces tip.

(e Recycle gas fom HPS Separator Overhead sbps.

)] Recycle gas® HDS No. 1&2 Unit stops.

The wiitten energercy procedues aso contained spedic instructions for eachof the aher
HydrocrackerUnit operators for asssting the Sage 2 Bard Opeator during ary of the alove
three casesfdemperature exursions.

Although same of the temperatures dsewned ty operators an the dat logger monitor exceeded
80C°F during the Jnuary 21 incidert, the gperators did not depessure the urit asrequired by the
emergercy procedues.

3.3.3.1 Awareness of Emergency Siuation
The gperators initially did not take the spedied seps b control the temperature excursion
becauseltey did not comprehend that the temperature excursion was eal There wee se\eral
reasms why they were unsure of the stuation that was @curing the evening of Jauary 21:

Confusng Temperature Readigs

The dat loggertemperatures o the cantrol room monitor were fluctuating betweenhigh, low,
ard zeo readngs, ard thenback b normal, causing the goerators to believe the readngs wee in
error. Justprior to the eyplosion, one goerator reported hat at leasthalf of the thermocouples m
the dat loggerfor Stage 2 wee not working properly. Based a post-accdert testing, it was
determined that the dat loggerdisplays "0" whenthe temperature readng is over 1400° F.
Opeiators dd not understand the sgnificarce d these 0" readngs.

Problems with Temperature Monitoring

Opeiators though temperature dat might be erroneous kecausehte dat loggerhad expelierced
mdfunctions at times. The data logger had been mdfunctioning only one day earlier on January
20. OnJanuary 10,1997,the dat loggerwastakenout of service aml a rew temperature
monitoring system, known as a Foxboro Intelligent Automation (I/A) distributed digital control
system was nstalled to disply reacor temperatures n the caitrol room. During the time that
the Sage 2 IA systemwas @erational, operators reported hat over half of the temperature
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points were peliodicaly dropping to 0. The Sage 2 émperature nonitoring systemwas swiched
from the /A systemback b dat loggeron Jamary 20 kecausehe /A was ncorrecty cakulating
the weghted caalyst awerages. It was aeragng in zeios for seen of the twelve paints per
thermocouple kundle becausehte addiional seven paints were not wired into the /A systemyet.
In addtion, operators had expelierced canputer problems with Stage 1 IA systemin the past
and gated that the problemsthey saw on the Stage 2 data logger looked smilar to those
problems

During Septenber 1996,the Sage 2 dad loggerfailed to perform propery on two occasons.
Once,the dat loggersopped updang twice aml had to be reset by instrument techiciars to
restore sevice. Onarpther occason, it was eported that the dat loggerhad sbpped waking
and repairs were made to restore it to service. Operators relied on board mounted instruments to
continue oerating the unt. In July 1996,the Sage 2 Reaor 3 autlet temperature sgnal to the
control board aswel asthe dat loggerdisplay waslost, appaently due b a failed themmocouple.

In the pas, operators had ssenthe Stge 1 dat loggerdisplay “lock up”, meanng the
temperature readngs dd not charge. Accarding to the gperators, it was dificult to determine
that there was a prblem with the dsply urtil it was oticed hat the temperatures tad not
charged n respase b a caitrol charge.

Strip Chart vs. Data Logger Data

The Sage 2 Bard Opeantor head the dat loggeralam for the high Bed 4 aitlet ard Bed 5 mlet
temperature ard stated hat he ackrowledged lhe abim on the dat logger. Howewer, the cantrol
board stip chart for Bed 4 boked rormal becauselie Bed 4 aotlet paint that causedhe abm is
not the same point that is linked to the control board display. The Bed 5 inlet temperature
increase was dphyed on the cantrol room strip chart, but dropped lack © normal atter the
guerch valve to Bed 5 ully opered.

Audible Temperature Alams

A Bed 4 attlet (point 2) temperature ard the Bed 5nlet temperature exceeded bth the high
temperature ahim seting of 78CF ard the +50F over normal alarm seting on the dat logger.
The qperators staited hat they head one high temperature akm on the dat loggerfor Bed 4
outlet ard Bed 5 mlet high temperatures. From operator staterrerts, it appeas that there was 0
dely betweenthe accurence d the Bed 4 otlet ard Bed 5 mlet high temperatures anl the
alamms receved because bthem Opeators did not receve addtional audble Hgh temperature
alamms from the dat logger, despie Bed 5 atlet ard reacbr inlet ard outlet temperatures bter
exceedng high temperature abmm setpaints. Opeators dd not immediately notice the Bed 5
outlet, reactr inlet ard outlet temperatures ising alove citical limits.

There was a dferent alarm systemfor the temperature pants on the stip charts thanfor those
points on the dat logger The akm for temperature pants (certer inlet ard outlet of bed) on the
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control board was alashng light on the catrol board. Alams for data loggertemperatures
produced araudble abm ard flashing light on the catrol board. The rumbers an the daga
loggerscreenwould turn from black © red ard Hink on the sceen Whenthe ackmwledge
button waspused on the dat loggerkeyboard, the readng gopped linking but the backgiound
color remained red. Whenthe temperature cane back nto normal range, the red backgiound
reverted o black.

The dat loggermust be resetto receve new audble high temperature amms. In post-acctert
tests for +50°F alove rormal temperatures, the dat loggerwould not re-aarm while it was n the
alnormal condition whenthe ackmwledge litton was pessed o the keyboard. It alsotook 2.5
minutes br the alm to clearwhenthe temperature diopped o non-alarm levels. During the
January 21 ncidert, the Bed 4 autlet (point 2) ard Bed 5 nlet temperaturesrose ard returned ©
normal, accading to the dat loggerhistorian file (see ®cton 1.2.4.3 ard Table 2), which should
have cleaed the ahm status a the datlogger The Sage 2 Bard Opeator stated hat he
ackrowledged he ahmm on the daa logger.

It seers ckarfrom the dat loggertests that for the +50F alove rormal condition, the data
loggeralamm camot be resetin a reasmaly sthort time. This situation would prevert operators
from receving high temperature alhmms from other paints in the reacor.

Makeup Hylrogen How ard Recyle Hydrogen Purity

Opeimators weke confused ly makeup tydrogenflow dropping to zero. Typicaly, anincreasen
reactvity consumes nore hydrogenard causes amcreasen denand for hydrogen This was
what operators rormally expeced b see dung a emperature excursion.

Increased pssue in the recycle gas causedhé mekeup tydrogenflow to decease bcauselte
makeup tydrogento Stage 2 was @ssue controlled. The increasen pressue was dued
formation ard buildup d methare in the recycle gaswhich increagd is dersity ard pressure.
Whenthe temperature excursion began the nmethare was geerated from a high temperature
reacton caled hydrogerolysis. Hydrogerolysis creaed geatanounts o methare amd heat This
reacton normally occurs at temperatures over 80CF.

The increasen methare caitert caused a @p in the hydrogen purity of the recycle gas.
Opeiators dd not know that the recycle gas lydrogen) purity had dropped lecause ba time lag
in receving aralysis from the hydrogen puiity aralyzer. The hydrogen puiity readings appead
normal to the goerators prior to the explosion (92.7% at 7:36:18 pn. A post-incidert sudy by
Toscoof the aralyzerard sanpling systemdetermined hat the ime required for the aralyzerto
indicate a clarge n the process was appkrimately 7 nminutes. This meart that the rormal reading
at 7:36:18 pmwasacualy the hydrogen puiity of the recycle gas7 mnutesbefore, due b the
aralysis lag time. A low hydrogen purity alaim occured at7:41:26 pm very close o the ime of
the explosion, confirming that purity had dropped lecause banincreasen the nmethare catert.
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This 7:41 pmalamm was causedylthe methare pioduced seen minutes edier whenthe
temperature excursion beganat 7:34 pm

Accesshility of Temperature Data

Opemators did not have accessd al the Sage 2 eacor temperature dat in the caitrol room
because soe of the readihgs cauld only be obtained atthe field parels outside urdemeath the
reacors. The goerators typicaly used he field parels to verify questonable caitrol room
readngs a temperature excursions. For exanple, duling a emperature excursion that occurred
on Jaruary 19 (see Rction 3.3.3.2), operators dotained \erificaton of temperatures fom the field
parel before taking any acion. OnJamary 21, anoperator wert outside to the field parel to
obtain temperature dat as fad beendone in pastpractce. Opeators inside he cantrol room did
not take ary acion to depessue the unt becauseliey did not believe the datlogger. The
control room operators weee not alde to understand the gabled radio trarsmssons from the No.
2 Opentor outside. If the catrol room operators had receved a ieport of high temperatures, this
might have causedhliemto acivate the depessumng system Two more operators wert to check
on the No. 2 Opeator outside. The explosion occurred just after the two operators kft the
control room.

Whenthe field parels were installed in January 1996,operators aked nmanagenent to bring this
temperature dat into the caitrol room. They expressed cocems to managenent alout having to
obtain temperature dat from the pamls outside. Opeators weee told by managenent that the
readngs fom the addiional thermocouples aailable from the field parels could not be made
available in the cantrol room due b caost ard that they stould "just live with it".

The Sage 2 Bard Opeator stated hat it was \ery time-consumning to read ad recad
temperaturesfrom the field parels. To take readngsfrom a field parel required alout 45 mnutes
Opeimtors stated hat they took readings fom the field parels once perday, caled themin by
radio ard logged hemonto anertry log.

Tosco management personnel provided conflicting information about the purpose of the panels,
ard why they were installed urderthe reacbr. The Roduction Area Sipewisor sad that he did
not know why the pamls were instaled urderthe reacor as @paosed b in the catrol room,
although he did say their function was to gve additional data points with which to nonitor the
reacor temperatures. The Roduction Techical Services Maiager stated hat the thermocouples
were added as aargineeiing projectto better detect hot spds in the keds aml to deermine
weighted caallyst averages. A contract ergineerhad recaded he readngs r this pumpose. The
Production Technical Services Manager’s understanding was that the pands were never intended
to be used ly the gperators to operate the unt, but to cdlectdat to deermine if installation of a
new I/A temperature nonitoring systemwas pstified. The Cantrol Engineerdid not know why
the parls were installed urderthe reacbr, but though that the pamrls had beenused ¢ help
Techical Services nonitor catlyst acivity rather thanused as anperating tool.
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No Managenent of Charge MOC) wasdeweloped anl /or implemented fr the field parel
installation ard use. No written operating procedues wee incorporated nto SOPs for obtaining
data from the field parels during normal or alnormal conditions. Based o the daa cdlecied fom
the pamls, Techical Servicesconcluded n June of 1996 hat the pants in the Sage 2 eacbrs
with the highesttemperatures wee those which could only be read atthe field parels.

On January 20,1997 he u® d the /A systemwasdiscontinued kecaus the I/A wasincorrecty
cakulating the weghted caalyst average emperature (WCAT). If the I/A systemhad been
properly connected © al 96 thermocouples anl accuately catulating WCATS, the operators
would have had immediate accessd al Stage 2 eacbr temperature datin one phce n the
control room. This might have given them more time to respond to increasing temperatures,
espeally those temperatures fom thermocouples whch tended © read Igher than other
monitoring points.

Testing of the /A equpment ard oftware should have occurred before they were putinto acual
use. MOC# 150108 dad Februaty 5, 1996 coered “Planned Chargesto Existing Hydrocracker
Control System” This docuent included wak on the trarsfer of temperature information from
the exsting PC-based ronitoring systemto Plart Information (Pl) computer systemard I/A
systens ater unt startup. Althoughit is not cleaty stated b which pat of the Hydrocracker
Unit this trarsfer appled, investigators assured that it appled to Stage 2 sice he /A system
was ateadyin use br Stage 1. The MOC sated hat the rew equpment ard sdtware would be
tested before the systemwas canmissoned

In addtion to operational problems, operators hed no advanced rotification that the /A
temperature nonitoring systemwasto be implemented an January 10,1997. They were not
instructed how to use @ accessnformation from the rew I/A system The Sage 2 Bard
Opeiator sad he was ot involved wih ary MOC for the charge b the /A system

The Roducton Area Sipewisor stated hat there was © MOC for the swichto I/A for Stage 2
becausetiwas a dipby charge ally with more data points. He ackowledged hat there wee no
formal training sessins an the Sage 2 chrge © I/A, just on-the-job (OTJ) training, ard that
Stage 2 perators wee akeadyqualfied on the /A in gereral from being quaified on Stage 1.

Radio Communications

Accarding to operators, the radio trarsmisson from the No. 2 Opeator who was sehoutside an
Jaruary 21, was fizzy with excessve static sounds. Opeators hed indicaied n the pastthat
radios did not alays provide reliable canmunication because bbad betteries, busy chamels, ard
no desgnated energercy chamel.

46



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

3.3.3.2 No Emergency Depessuring Used

Evenafter operators realzed, moments kefore the explosion, that the Reaadr 3 autlet ard inlet
temperatures had climbed above 800°F, they did not depessue the reacor as he energercy
operating proceduesrequired. The 100 pgmin ard 300 pgmin energercy depessuring
systens, installed in 1986, were intended © be used © rapidly reduce pessure ard reacton rate
ard lkring a emperature excursion under control. Instead ¢ depessuing, the gperators keganto
adpust querch gas fows in orderto cool the reacbr.

Prior Temperature Excursions

Opeimators did not depessue the reacbr becauseheir pastpractice © control large temperature
excursions had beento increase quesh, reduce eacbr inlet temperatures,ard/or stop feed fow
to the reacbr. Mary of the gperators reported hat they have expelierced umerous emperature
excursions, but most could recal only one instarce wrenthe unt was depessued usng ether the
100 a 300 pgmin system Ore goerator indicated hat the depessuring syssemhad beenused
only once n the last five yeass, pethaps aly twice n the last ten yeass. Docunmentation was
available for three pevioustemperature excursions that occurred on July 23,1992;March 19,
1996; ard January 19,1997,summarized elow:

July 23,1992

As operators wee raising temperatures n Stage 2 ¢ start cracking, temperature excursions
occured atalout 1 pmin Bed 4 aitlet of Reacor 3 ard Bed 1 atlet of Reacbr 1. Adding
additional quench hydrogen was not effective in controlling the excursion. Feed was sopped and
the 100 peminute depessuring syssemwasacivated, resulting in a giass fire at the flare. Same
of the dacumentation for this evert references emperature excursions in Reacbor 2, soit is not
clearwhether the excursion occurred in two or al three $age 2 eacbrs.

March 19,1996

On March 19, 1996,there wasa temperature excursion in Stage 2,Reacbr 1, which beganin
Bed 3 aml progressed to Beds4 ard 5. During this excursion, the Bed 4 temperature wasover
80CF for 13 mnutesard reacted a naximum of 1000F. The maximum estmated reacbr outlet
temperature duing the excursion was 920F. The gperators did not acivate the energercy
depessumng system The gperators sbpped al feed b Reacor 1 alout 17 mnutes afer Bed 3
outlet temperature exceeded 80F ard alput 3 mnutes afer the Bed 4 otlet temperature
exceeded 80F. About 7 minutes afer feed was dicantinued, temperatures atthe autlet of Bed
4 beganto fall. Within arother 6 minutes,the reacbr outlet temperature keganto fal. As a resuk
of the incidert, the temperature cantrol guidelines br Stage 2 eacbrs wee reissued a April 4,
1996 b the qperators, posted a the cantrol board ard reviewed n safety meeings These
guideineswere:
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Q) Maximum &ial or radial temperature differentials in a catalyst bed must be held to
less han45°F.

2 Bed nlet temperature nust be reduced i ary temperature rises SF alove rormal.

3 Oil feed b a reacbr must be stopped f ary paint is 25°F alove rormal.

(@) The unt must be depessured at300 ps perminute if ary point is 50°F above
normal or over 800°F.

January 19,1997

At alout 10220 pmon Jaruary 19th, a temperature excursion occurred in Bed 4 ¢ Reacbr 1.
The cener outlet temperature in Bed 4 ncreasedrom 653F to over 80C°F during a 20minute
period. Opeators dd not acivate the energercy depessuing system During this excursion, the
auomatic querch control wasoverriddenard nore querch flow wasadded ranually to Beds 2
ard 4. Bed nlet temperatures came down, but the Bed 4 ceter outlet temperature cantinued b
increase ® more than 80CF as ndicated an the cantrol board displky. The Na 2 Opeator wert
outside o check the field parel ard reported emperatures n excess 6 900F. Feed b the reacbr
was sbpped ad fuel gas fow to the trim furnace wasaduced. About 5 mnutes afer pulling the
oil feed,the Bed 4 ceter outlet temperature reacled a naximum of 998F. The temperature then
decreased, falling below 800°F in alout 1 minute. The gperators thencontinued bwering Reacor
1 temperaturesto 55C°F, ard reintroduced &€ed appoximately one hour later.

Supervision

Emergercy depessuing was ot enployed tefore the eyplosion on Jariary 21, eventhoughthe
operators realzed n the last few minutes lefore the eyplosion that temperatures dd exceed 800
F. The goerators dd not have authority to deby this decsion. Because perators did not acivate
the required depessuring for this ard prior temperature excursions, supewisory roles ard
responsibilit y for enforcing practices were reviewed as possible root causes for this accdent.

Toscds HydrocrackerTraining Marual stated hat No. 1 Opeators stould provide leadeshp for
the rest of the gperators for work and pewsonal sakty, ervironmerta protection, erergy
conservation ard meintenance-cost containmert. They must thoroughy know the goerations of
the entire unit to provide proper guidance and resolve problemsin atimely manner. They must be
ale to respand to energercies in a cam, composed anl efective manner. The manual also
stated that “However, snce the No. 2 Operators have a primary responsibility to tend to the
equpmert, the No 1 Opeators stould alays give themfirst charce b correctary problems.
The Na 1 Opeator slould only intervere wrenthe stuation cleatty cals for suchacions. The
No. 1 Opeators wak a fine line. They should be on top of things aml provide leadeshp for the
operation of the Camplex, but they should always awid dang the jobs of the Na. 2 Opeators.”

The Training Marual also stated that the Sage 2 Bard Opeator is auhorized b initiate
emergency steps for controlling arunaway reacton without first consulting with the No. 1
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Opemator. The Sage 2 Bard Opeator is respasible for taking decsive steps b minimize he
darger of a unaway reacton.

In the ewert of a Sage 2 émperature excursion, the Emergercy Opeting Procedues sated hat
the No. 1 Opeators slould: 1) Advise Sage 2 Bard Opeator as reeded. 2) Notify the Tract-A
Foreman by radio ard ask Im to coordinate the actvities o other units. The piocedues br
responding to a temperature excursion (as discussed in Secton 3.3.3 of this report), were listed
underthe sedbn for the Sage 2 Bard Opeator in the Emergercy Procedues.

Althoughit is the Sage 2 Bard Opeator who would normally acivate the depessuing system
the No. 1 Opeators dd not ersure that stardard operating or enmergercy procedues wee
followed wrentemperatures exeeded 80F on Jamuary 21 a on prevous acasons. The Sage
2 Board Opeator stated hat al qualfied operators have authority to stutdown the unt ard
everyone in the caitrol room had this autority.

Toscomanagenent stated n a nmeeing with investigators that athoughthey knew d the Jamary
19,1997 emperature excursion right atter it occured, they were not immediately aware that the
temperature hed gane ashighas90C0F. The actial temperature readng was ot written on ary
of the gperator or supevisor logs. The Roducion Area Sipewisor stated n aninterview that to
his knowledge te 800F limit had not been exceeded wite he has beensupevisor. The
Production Area Sipewisor stated hat failure to use he energercy depessuing systemfor a
temperature exceedng 800F would be considered a sdapus netter ard cauld be subectto
discplinary acion althoughto his krowledge ro operator has eer beendiscplined for not
initiating this action as required.

There was 0 formal dekgation of auhority for No. 1 Opeators 0 have managenent
responsibilities. Two No. 1 Operators were on shift the night of the explosion. There was no
written pdicy for desgnating who is in charge d operations whentwo No. 1 Opeators ae an
the sane shft.

The shift supervisor for the Hydrocracker had responsibilit y for other units in his zone (Tosco’s
refinery operations are dvided nto three zaes for managenent purposes)ard was ot alays
on-site atthe Hydrocracker The HydrocrackerUnit is patt of one zane, which also included he
following unts: No. 3 HDS No. 3 Rebrmers, No. 1 HDS No. 2 HDS Butadiere, Berzere
Saturation System Rebrmate Factionation, Alkylation Plart, #2 Hydrogen APl Separator,
Wastewaer Treatment Plart, No. 1 Isomerizaton, MTBE plart, No. 2 Rebrmer.

Training
Training for the Hydrocrackeroperators was eviewed b deermine if operators hed the recessar
prepaation ard knowledge b operate the Hydrocrackerreacbrs saély. Toscds Hydrocracker

Training Program docurrent, daied May 1989, discussed runaway reactons ard how to respond
to themby using the energercy depessuing system
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The following guideines br deaing with anuncontrollable temperature rise ae staited n the
Stage 2 Catrol Board secton of the training manual:

“1. When ary reacbr temperature as mdicated ty the Moore cantrollers is 5°F aove
normal, you must charge he cantrol setpoints to bring it back © normal. Consult
the Bmergercy Procedues Mamial for methods to accanplish this.

2.  Whenary reacbr temperature as mdicated ky the Moore catrollersis rising ard
is 25°F alove the rormal temperature, you nmust pul the al feed ait of the hot
reacor. You canleaw the dl in the aher reacbrs.

3.  Whenthe temperature cattinues o rise anl is 5C°F alove rormal (or has exceeded
80CF, whichever isreacled irst), you nmust acivate the 300 pgmin depessuring
systemard dunp the catterts of the Secand Stage b the flare.

As the board peson, you are auhorized b take these stps wihout first consulting with
the No. 1 Opeator. You ar respasible for taking decsive steps © minimize he danage
of a unaway reacton.”

Onre d the Hydrocrackeroperators (then on loanto the Training Depatment) stated hat most of
the training for the Hydrocrackeroperations is on-the-job training instead ¢ classpom training.
Eachoperator performed a &sk urderreview o other operators. Opeators ook an anoral
examgiven by a supevisor ard semor No. 1 Opeators. Opentors hed no formal training
sessns an the Sage 2 chrge D I/A system just on-the-job training, accading to the
Production Area Sipewisor. In interviews, most of the gperators staited hat they knew the
conditions that required energercy depessuring, but ackrowledged hat depessuring wasrarely
used asaguired for exreme temperature excursions. This on-the-job practice uriortunately may
have lead @erators 0 believe that temperature excursions could usudly be controlled without
ushng depessuing. Opeators nay not have understood the ekvated lisk o losing control of the
reacton at temperatures rear80CF, which is why depessuring is required.

Training recads for the Hydrocrackershowed ro documentation for unit-specfic initial,
suppkenerta or refresher training. The Pioduction Training Supevisor sated hat Hydrocracker
unit-specfic refrester training had not yet beendeeloped ecausehe Training Depatment was
not sure what wasrequired for refresher training. Same training that wasconducted duiing the
utilit y shift and weekly safety meeting might have constituted refresher training (such as
emergency procedures and drills) but this training had not been documented as refresher training.

Some operators hed receved same reacbr sakty training, which was gven by a cansultant. The
training included he causes ahprevertion of temperature excursions in hydroprocessng
reacbrs. Sx of Toscds 25 Hylrocrackeroperators, including two who were on the ewening shift
on Jamuary 21, atended tis training. Opeators weee told during the training that unchecked lot
spds cauld resuk in catastophic faillures d reacbrs a piping.
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It is urknown whether al Hydrocrackeroperators atToscoreceved training on the following:
operating with deacivated caalyst, how the hydrogen purity aralyzer operated, or the impact of
methare formation in pressue control of recycle gas. The gperators dd not know that whenthe
temperature o the thermocouple wert beyond 1400 F, the dat loggerwould show zeio
readngs.

Emergency Depressuring System Redliabilit y

Onre gperator stated hat the depessuing systemdoes rot always work right ard is not reliable.
The Poducton Area Superisor gated hat to his knowledge, he does't believe the depessuring
systemcanbe tested, cettainly not on-line. The Catrol Engineerstated that the depessuimg
systemcanbe tested aml that it wastested n 1986 wienthe urit wasfirst brought on line asa
Unicracker He wasnot awae o ary tests snce 1986 but he said he would not be expeced b
be involved n subsequen tests. Testing proceduesfor the 100 ad 300 pgmin depessuring
systemwere deribed in the 1986 UicrackerProces Manual, akhough Tosco did not
incorporate theminto their operating procedues.

Opeiators had ercountered difficulties whenthe depessuing systemwas adtvated or
temperature excursions in the past These dificulties included gass ires atthe flare @Quly 22 aml
23,1992)ard a geeration of a cbud d flammable vepor (July 22,1992) The 100 pgmin
depessumng systemwas aubmaticaly acivated i July 22 whenthe recycle gas conpressa
tripped. These epelierces calld have contributed to the gperators’reluctarce © enploy
emergercy depessuing ard reinforced gerators’ decsions o handle severe temperature
excursions by other mears.

Procedues

Investigators reviewed he HydrocrackerSartup amd Shutdown procedues, Emergercy
procedues an the Sardard Operting Procedues SOP). Emergercy procedues tad not been
updaed snce Ocbber 1991. Most of the SOPdave not beenupdaed snce 1991. Sare of the
proceduesdid not match equpmert ard instrumentation in the proces flow diagram (PFD),
proces ard instrumentation diagrams (P&1Ds) or discussion of equpmert in the HAZOP gudly.
Opeiators may not have followed wiitten procedues f the procedues wee outdated, no longer
matched process caditions or equpmert, or were no longer relevant. Opeators ako performed
severd tasks for which there were no written procedures.

Onre exanple o a msmatched procedue was i the Emergercy Opemting Procedues br the
situation of reacbr temperatures SF or 25°F alove rormal. In this casethe Emergercy
Opemting Procedues nstruct operators to add queah to the reacor inlet by acivating HC-729
ard not to add erergercy querch to the reacor outlet (chain valve). The piocess liow diagram
ard P& D only show a hand-operated quereh flow valve ater Bed 5, (HC-729A on the P ard
HV-729A 0on the P&D). The HAZOP gudy (see Sedbn 3.3.4) sated hat anopenor leaking
emergercy inlet querch valve HV-729 caild caug a devation of “more flow” of hydrogento
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reacor. Howewer, the HAZOP did not idertify these quesh valve(s) HC-729 a HV-729
speciicaly as a rears to control either high temperature a “more reacton” devationsin the
reacbr. So it was ot clearif querch could be added ¢ reacbr inlet or outlet or pethaps loth.

An exanple d a SOP hat may have no longer beenrelevant wasSOP#20 with required that
whenoperators depessued Sage 2 hey must first manually close the nmakeup tydrogen control
valve from Stage 1 b Stage 2 o prevert a depessuing of Stage 1. This valve reportedly would
not close kecaus the caitrol valve wiring wasappaently danmaged n March 1989 ad wasnever
repared. Accarding to desgn, acivation of the energercy depessuing systemwould
automatically close this valve. Tosco management did not know whether this procedure was il
valid asof January 21. SOP #20 wasndated.

Temperature operating limits varied among the different documents providing operating
instructions. For example, the Hydrocracker Operating Limits document sated that the Stage 2
reacbr outlet temperature maximum is 69C°F, while SOP #9- Reacbr Opeations-Summary of
Limits and Guidelines sated that the Stage 2 reacbr maximum outlet is 80CF. The
Hydrocracker Operating Limits stated that the trim furnace tibe wal temperature meximum is
1000F, while SOP#9 staited hat the trim furnace skn temperature is 95CF maximum. The Stage
2 startup procedues sated hat no bed temperature rise slould exceed 3€F, while SOP#5 &#9
stated that there stould be no more than4C°F rise perbed. It is asumed that this appled for the
maximum average temperature diference,snce SOP#25ad to use awerage emperature o the
bed instead @ the individual points when evaluatng the maximum reacor bed outlet
temperatures. The inconsistent temperature operating limits could have led operators to not take
limit s serioudly.

SOP#5 dad March 8, 1990 sated that Unocal s recanmendation caled for no more than 30°F
temperature diferential perbed, howewer, it noted that Toscds expelierce had stown that 40°F
per bed was well within safety limits. SOP#5 noted that “In fact often times we must operate with
sucha hgh deta temperature to balance ait cracking in the erire reacor system” But this SOP
also stated that “A reacbr bed will become increasingly unstable as the bed differential
temperatures gethigher ard higher. A bed candeelop runaway reactons ard one will have a
dangerous stuation on hand.”

In a Techical Servicesmemorandumdated April 4, 1996,new operating gudeinesfor Stage 2
reacors wee proposed tased a temperature dat from addtional thermocouples nstalled in
January 1996 ad the March 19,1996 emperature excursion. Ore d the gudeineswasto
mantain a maximum 45°F radial ard 45°F axial temperature differential. The 45°F maximum
temperature diferential appled to both control room ard field readngs.

In March of 1996, Techical Servicesnoted that Reacbr 1 Bed 1 atlet radial differential

temperatures emained as lghas 54F. In June of 1996, Techical Sewvicesergineess found that
five out of fifteenStage 2 eacor beds had axal ard radial differential temperatures geater than
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45°F. In duly 1996, Tecmical Sewvicesreported hat five beds had maximum temperature
differentials between45-55°F and two beds had maximum temperature differentials above 55°F.

There were other indications that operators perhaps could not dways stay within operating limits
or follow written procedues. SOP#2 shted that the querch valves n the Sage 2 sbhuld not be
opered up nore than 50% (or more than 75%for Bed 4, which has a hggerquerch valve). But
the SOP also sad that the queich valves nay have to be opered up ©o muchin orderto maintain
a flat temperature piofile for the catlyst beds that is, keepng the autlet temperatures fom al
beds as @se to eachother as pasble). Some operators explained a diferent problem with the
guerch valves;athoughthe catrol board seting indicated hey are cbsed, same hydrogenflow
would cantinue. To compersat for the queish valve leaking, operators wauld operate the ked
alove eachquerch valve athigher bed outlet temperatures. Written procedues SOP#2) direcied
operators O maintain sane outlet temperatures br eachbed, but stated hat this is rarely possble
becausettie trim furnace was usulgl alimitation (firing too hard).

Same operating praciceswete left up o operator judgnent ard discretion, snce here wee no
written proceduesfor:

Openting with deacivated caalyst

Shutdown of one reacbr ard trarsfererce d its feed nto two pallel reacbrs
Dealng with leakng heatexchargers during startup

Opeating reacbr without the dat loggerfunctioning

Readng temperatures atoutside field parel

Safely operating during possible instrument malfunction or when temperature
indicaions were judged uneliable.

* Rabsing bed temperatures b compersae for leaking querth valves.

The Roducton Training Supewisor in the Roduction Depatment stated hat the Hydrocracker
doesnot have al of it proceduesformalized a included h Tosco’s procedue menagenent
system In interviews, Tosco managenent ackrowledged hat the gperating procedues ae
incomplete. Updaed proceduesfor the Hydrocrackerhad not yet beendeeloped.

Procedues br the HydrocrackerUnit Stage 2 wee not keptcumrent with charnges n process,
equpmert or operating practces ad did not appeaito have beentested or integration in the
operating ervironmert. For exanple, the wiitten procedueswere not updaed to reflect
installation of the /A system including thermocouples addednithe reacbrs, the temperature field
parels instaled urdemeah the Sage 2 eacbrs, ard temperature dsply hardware in the
Hydrocrackercontrol room. In arother exanple, MOC #15004 mdicated hat a clarge n
operating procedueswasrequired but the written procedueswere not updaed. This MOC
involved naking a pping charge ® that hydrogencanbe suppled to HDS/HDA Unit (see kgure
2) from #2 Hydrogen Plart whenthe #1 Hylrogen Plart is down. In February of 1996,the
catalyst in all top beds d Stage 2 wee replaced wih a nore reactve catlyst. No charges wee

53



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

made b the wiitten operating procedues b reflectthe catlyst charge aml the increasedisk o
temperature excursions due b increased @actvity.

The wiitten procedues dd not addess he pdential hazad for readng temperatures atthe
outside parmls whenreacbr temperatures exeeded perating limits. The procedures did not
consider human factors suchas ncorrectacs, acts aut of sequene, failure to take acton, ard
acts takenwhich were not appopriate a necessay.

Recanmendations from incidert investigations were not incorporated into written procedues.
For exanple, the recanmendations stown below energed fom the Adverse Happemg Repat of
July 23,1992 ad wetre drafted into SOP#49 bt the draft wasnot formally appioved aml
incorporated nto procedues.

» Limit pre-cracking bed inlet temperature increases to 20°F per hour.

» Once cracking has been initiated, limit bed inlet temperature increases to 10°F per
hour.

* Limit any sSngle bed inlet temperature increase to 2°F maximum per move.

» Limit the Reacbr 3, Bed 4 emperature diferential to a maximum of 25°F.

» After cracking has been initiated, limit Reacbr 3, Bed 4 nlet temperature increasesd
half the almve recanmended \alues br the aher beds. It appeas that excess bat
trarsferred from the beds alove tend to boost the inlet temperature d the rext lower
bed more thandesred, eg. a 2F charge caneasdly be boosted to a 35 of or even
higher increase.

* Do not raise Reaadr 3, Beds 2 ad 4 nlet temperatures atthe sane time.

* Look into the adequacyf the ked inlet temperature cantrollers.

In January 1992,a nore reactve catlyst wasinstalled in the Sage 2 eacbrs.. A temperature
excursion on July 23,1992 esulted n suggesions on the Adverse Happeimg Report to raise
temperatures in Stage 2 a bit dower next time as the new catalyst is ill “ hot.”

Safety ard Performance Gals

Ore regative consequerce d usng the 300 pgmin depessuring systemis that it completely shuts
downs the Sage 2 eacbrs, halting producion. Ore gperator stated hat there is a bt of
expecttion from the Engineeiing Depatment to produce larrels ard keep updmperatures.
Toscomanagenent stated hat they did not know why operators dd not depessue Stage 2
during pasttemperature excursions. They stated hat pethaps he goerators ook pride in keepng
the unt operational.

Tosco may have had problems balancing production goals with mantaining safe temperature
limits. Because bthe firing limit ations of the trim furnaces;sametimes ked temperatures waild
have to be increagd © compersate for the reatneeded. In March of 1996, Techical Sewvices
stated hat to reduce Igh bed temperature diferentials, trim furnace fring would have to be

54



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

increaseda maintain the desied reacton conversion level. Howewer, they also noted that with
charge rates almve 32 MBHD, there wasiktle capady left in the trim furnaces wihout reducing
rate or increasng diesel producion.

On April 11,1996, Techical Servicesackrowledged hat poor Stage 2 eacbr galilit y would
probady not alow themto acheve less tian0.5% butane contert in the light hydrocrackae
product

In July 1996, Techical Senicesreported that operators were not alde to reduce de<el
producion to target levels due b Stage 2 Reaor bed temperature diferentials. Hve beds rad
maximum temperature differentials between 45-55°F and two beds had maximum temperature
differentials above 55°F. The maximum temperature differential limit is 45°F.

Supevwisors am operators dd not appearo have beengiven guidarce o resdve canflicts
betweensakty ard peformance gals. For exanple, no guidarce was gien on how to acheve
desred producion rates within spediication without exceeding operating limit s such as maximum
bed temperature diferentials ard maximum trim furnace fring.

Opeiators felt that they were expeced D keep he Hydrocrackeroperational under a rumber of
adwerse gperating canditions. For exanple, operators wauld getdata only from control board
strip charts (data from Moore catrollers), whenthe dat loggerwas ot functioning. Ore
operator felt that they were “running blind” whenthey relied only on certer paint reading from
the Moore cantroller. Several occurrences d Stage 2 eacbr operations continuing despie
instrument malfunction were previoudy discussed in Secton 3.3.3.1.

The Roducton Area Supewisor sad that relying only on temperature daa from the cantrol board
would not be anaccepable stuation; this would be insuficiert information to operate the reacor
ard the reacbr would have to be stut down. This supevisor sad he was ot awae o ary peiod
in January 1997 wken both the temperature loggerard the /A were not functional at the same
time.

The reactor feedéffluert heatexcharger flanges ended © leak duimg every startup kecause b
themal stress o the pping. These éaks smetimes resuked n snoking ard vapor clouds.
Opemators wauld use stamrings (shrouds)and seamlances b dispese \gpors at the leaking
flarges. The stgng in front of the Sage 2 eghargers was used yoperators o attachsteam
lances.

334 Proces Hazard Analysis (PHA)
A process hzads amlysis (PHA) tecmique krown as a hzad ard operallity sudy (HAZOP)

wasperformed for Stage 2 dung the perod June 1 through duly 31,1994 pasline). The
purpose d a FHA isto idertify sakty hazads aml operablity problems associated causes and
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consequeres,sakguas, ard risks. The aralysis helps deermine where improvements o the
process degn ard operation are reeded.

The 1994 $age 2 HAOP wasreviewed ly investigators to see T the sfety hazadsinvolved n
the Jamary 21 acailert has keenidertified,ard if sg how they were addessed. Thiswas dme to
determine if same defciercy in the HAZOP contributed to the acalert. The HAZOP study
included Sage 2 equmert ard asociated pping, which were divided nto discrete nodesfor
systematic aralysis. For eachhazad scemrio idertified n the HAZOP, sakguads wee
idertified, which included loth manual ard aubmatic mears for detecing, preverting, or
mitigating the idertified razad. Reconmendations were made ty the HAZOP teamwhen
existing sakguads weke not considered adequat

Onre d the shted assumptions for the HAZOP was tat the kaselne HAZOP took credt for
proceduesbeing in place.The 1994 HAZOP ako sated hat “Howewer, not al of the unt
procedues lave beencompleted. The gperations represemetive is asssting in the deelopmert of
unit procedues”

Onre d the shted assumptions that was appkd throughout the HAZOP study was hat “the I/A
system provides agreat deal of flexibilit y with darms and indications for the operators. This
study considered anly those abms ard cantrol indications noted on the R&IDs.” It is not clear
whether the HAZOP teamassurad use 6 the Sage 2 IA temperature nonitoring system which
was rot yet in place. Howewer, the R&1Ds anly included hose temperature indicaions, alams,
ard controls assaeiated wih the dat loggerand Moore cantrollerg/indicators. The Rocess
Hazad Analysis Manager (who wasnot PHA Managerwhenthe 1994 IMA wasdone) could not
clanfy whether use @ the /A systemhad beenassurad by the Sage 2 HAOP team

In ary casethe /A systemwas ot reliably functional in Stage 2 ad was ot used ¢ provide
temperature indications at the ime of the prepaation of the PHAIn 1994. Temperature ahms
that would have beenavailable with the /A systemwere not in fact available to the goerating
enployees athe ime the FHA was pepaed. The /A system provided emperature readngs hut
was rot a cantroller of the bed temperatures br Stage 2.

The level of detil in the HAZOP sakguads for Stage 2 eacbrs wek not spediic as b which
type d instrument control systens wee in place. It only spediied whether there was for
exanple, analam, flow indicator or aubmatic or manual controller to control the process
paameter. For exanple, for higher reacbr temperatures,one d the saéguads listed was hat
temperature ahms were available for al beds. It was ot spedied wrether these admms were
connected D the dat loggeror the /A system Alams were not installed for those temperature
points that were read atthe field parel; howewver the field parels were not in place n 1994 wien
the HAZOP wasdone.

Another assumtion stated or the HAZOP was hat the resuks d a caastophic fire at the
HydrocrackerUnit were not addessedn the HAZOP. The loss d individualcomponerts or the
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effect on individualpieces 6 equpment were discussedas wee the efects d loss d a reacbr,
etc. The HAZOP team assumed that fire detection was limited to operator observation and that
there wee no fixed hydrogensufide a combustible gas defctors in the unt. The HAZOP team
assured that most of the aeas & the part were protecied aml cauld be accessed wh fire
monitors ard with other fire fighting equpmert.

The HAZORP listed hgher temperature as a pssble devation in the goeration of a reacor. The
causesdr higher temperature idertified wee loss d querch control, highinlet feed emperature,
channeling due to aoking or poor inter-bed distribution, reduction in hydrogen flow or oil flow for
ary reasm. The passble cansequemes isted for higher reacbr temperatures wee operational
upset possble reacor temperature excursion, possble unt shutdown, catlyst coking ard
possble reacbr damage resuting in fire. Safeguaids listed for these cosequerces wee manual
manipulation of quench flow control valves, bed temperature darm availabilit y, automatic quench
flow increaseaubmetic trim furnace aitlet temperature cantrol, availability of oil flow and vave
postition in the catrol room, ard operator energercy procedues n place.

Depressuing or use @ the energercy querch was ot spediicaly mentioned as a saguad. The
HAZOP assurad propery functioning equpmert ard pesonnel ard did not take into accaunt
human ard other factors suchas hose idertified n the Jamary 21 acailert, which included
instrument problems data mignterpretation, failure to follow procedures, and aarms not
actvating.

The Jamiary 21 acailert not only involved hgher operating temperatures,but a rapidly
acceerating hydrocracking reacton. For “more reacton” devation in the reacbrs, sakguads in
the HAZOP were listed as 1)numerous canpressa alamms available in control room, 2) reacbr
bed temperature devation alams in control room, 3) querch flow controllers canbe manually
manipulated aml 4) temperature indicator ard abm was awilable for temperature devation of
trim furnace aitlet hydrogen Manpulating querth may control the reacton if temperatures tave
not gone too high, but only if the goerators have the daa readly accesdile to themto take imely
acton. Emergercy procedues depessuring or use d the energercy querch were not mentioned
as a saguad aganst sefous cansequertes.

For higher temperatures n flow from the Sage 2 eacbrs throughthe feedéffluert exchargers,
the causedsdted in the HAZOP were higher temperature upsteam open bypass alve for
exchargerfeed,ard fouled a plugged egharmgers. The cansequereslisted were higher
excharger effluert temperatures, possble increasedrim furnace fring ard possble rate reducton.
Consequemesof pipe upture, explosion ard fire (such asthose that occurred on January 21)
were not idertified. Safeguaids listed were operator monitoring of reacbr outlet temperatures
ard local excharger outlet temperature gauge.The temperature ahmm system(suchas he reacbr
outlet high temperature ahmrm) or depessuing were not listed as paesble saéguauds.

The HAZOP addesseddss d oil flow upsteamas paentially causing a high temperature wawe
in the Sage 2 eacbrs ard idertified asa sfeguad the “automatic actvation of the 100 pgmin
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depressuring station.” This safeguard is in fact not automatically activated for loss of ail flow
throughthe reacbrs, but requires operator intervertion to manually acivate the 100 pgmin
depesuring gation. The 100 pgmin depessuring systemis only aubmaticaly acivated f the
IIR compressor fails.

The HAZOP wasnot updagd to consider Hydrocrackerdesgn chargesincluding the charge d
control room equipment, addition of field temperature indicators and methods of controlling
temperature. In gereral, human factors weke not addessed as paof Process Hazatr Analysis.

The hazad aralysis did not consider the cansequeres @ the failure of the daa logger, the
control room temperature nonitoring systemor the100 ad 300 pgmin energercy depessuring
systens.

335 In-Plant Emergency Notfication

Many contraciors waking nealby were injured on Jaruary 21 as e resuk of being in trailers
located kss than 100 ketfrom the HydrocrackerUnit reacbrs. These catractor trailers were
not desgned b withstard explosion ard fire. Opeators inside he cantrol room did not notify
contracior personne of the pdential explosion hazad or saund anenergercy alaim. The
Emergercy Opeating procedues sate that if a Sage 2 eacbr temperature is 5F°F alove rormal,
or exceeds 80T, the Sage 2 Bard Opeator stould hit the “six shorts” alaimm. Six short blass
of the unt cal horn indicate that the piocess uit is expeliercing same type d operationa
problem that could presen darger to the pele working in the unt. Contractors ae trained that
when the process unit emergency darm is sounded, they should immediately ssop work, shutdown
all ignition saurces ad proceed va a saf route 0 a degynated evacuaton area.

40 Causes bthe Jaruary 21 Accident

Based o al the information cdlected aml aralysis of dat, investigators deermined he
causes bthe ppe wpture amd the temperature excursion. Further armalysis of process saty
managenent practices ad other information gahered duing the nvestigation was used Y
investigators t deermine the oot causes ahfactors whch contributed to the failure to control
the temperature excursion ard contributed to the accurence d the fatality ard injuries o Jaruary
21,1997.

41  Cause of the Pipe Rupture

The immediate cause of the hydrocarbon release and subsequent fire was a failure and rupture of a
Stage 2 React 3 efluert pipe due ¢ excesively high temperature, likely in exces of 1400F.
This high temperature was nitiated by a reacor temperature excursion that beganin Bed 4 &
Reacor 3 ard spead hroughthe rext catlyst bed, Bed 5. The exessve heatgererated in Bed
5 raised he temperature in the reacbr effluert pipe. The exursion was ot brought under
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control becauselie Sage 2 eacbrs wee not depessued ard shut down as equired whenthe
reacbr temperatures exeeded #&bwale limit s (800°F).

42  Cause of the Temperature Excursion

When heatgererated from a tydrocracking reacton is not uriformly disspated acioss te caalyst
bed, anarea d higher temperature is creaked @ hot spd), which canaccegrate the reacton rate in
that area anl in turn, creae nore heat OnJamary 21, a ot spd appaently occured in Bed 4 ¢
Reacobr 3 which temporarily elevated ane d the Bed 4 otlet temperature pants.

The immediate cause of the temperature excursion in Bed 4 was probably poor flow and heat
distribution within the catlyst bed. Past problems with temperature cantrol in this bed ard the
excesive coke depait buildup ae evderce d this poor distribution. The cde pillars found in
Bed 4 affer the acailert were likely formed over a ong petiod of time ard were not the resuk of
only the January 21 excursion. The presence of the coke pillars indicate uneven liquid
distribution, which in turn, causeddmperature hot spds that probaldy occurred in the beds
during their operating history. Occurrence of coke pillarsin only Bed 4 of al Stage 2 reacbrs
revealthat the flow distribution in the fourth catalyst beds was smewhat different from the aher
catalyst beds.

Toscostated n their report that the flow regime in Bed 4 was a msble facior that contributed to
formation of the ot spd. Their explaration was lased o flashcakulations they performed,
which indicated hat the reactrts trarsitioned fom wet to dry catlyst within Bed 4 ¢ Reacbr 3.
Toscoexplained that beds n which same of the caglyst is wet ard same of the caalyst is dry are
patticulady suscepible to hot spots. Their aralysis also suppated par flow distribution asa
cause bthe temperature excursion.

Historically, Tosco had problemswith temperature instabilit y in Bed 4, which led Tosco to
develop specia operating limits and guidelines for this bed. However, these guidelines were not
incorporated nto the wiitten operating procedues AlthoughBed 4 red a diferently desgned
flow distribution system than the other catalyst beds, investigators do nat have enough
information to conclude wiether the diferent desgn contributed to operating problems with this
bed.

Other possble reasms weke considered aml ruled out as te likely causes bthe temperature
excursion, based a information ard evderce awailable. These &ctors wee discussed @vously
in Secion 3 ard included:closing of the Bed 5 querh valve, deacivated caalyst, feed
temperature too high, loss of recycle hydrogen plugged ditribution trays, and insufficiert oil or
gasflowrate.

Investigators caild not deermine wrether the nternal danmage b the dstribution trays ard
guerch zone was a causefdhe excursion since the danage mght have beenaneffect of the
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incidert. For exanple, the dstorted distribution trays caild have beena resuk of the rapid
depessuring atter the failure of the efluert pipe.

43  Failureto Control Temperature Excursion

Initially, the goerators dd not take appopriate seps b control the temperature excursion because
they did not comprehend that a temperature excursion was tappenng. There wee se\eral
reasms why operators wee unsure of the stuation including:

* The datloggertemperatures wee fluctuating betweenhigh, low, ard zeo readngs,
causng the gperators o believe the daa was n error.

* Openmtors did not know that the readngson the dat loggerdefulted to zelo whenthe
temperature exceededlte range o the dat logger.

* Openmtors though temperature dat might be in error becausehe dat loggerhad
expelierced nalfunctions attimes. It had malfunctioned one dayprior to the acaiert.

* Opentors kelieved that opening the queh valve to Bed 5 catrolled the temperature
excursion becausehe Bed 5nlet temperature readng that had risenalnormally
returned © normal. The Bed 4 otlet temperature readng ako returned © within
normal range.

* The temperature dat on the Bed 4 sip chart appeagd rormal ard did not verify the
high Bed 4 aitlet temperature on the datilogger While this is consistent because a
different Bed 4 pant was dsplyed on the stip chart, operators maey have expeced D
see nore thanone Bed 4 atlet point rise duing anexcursion.

* Hydrogenmakeup deceasednot increasedas qerators eypeced duing anexcursion.

» Opemtors wee confused ly makeup lydrogenflow dropping to zein. Opeators wee
unawae that the methare huildup in the recycle gascaugd the mekeup tydrogenflow
to drop.

* Openmtors dd not know that the recycle gas llydrogen) puiity had dropped fecause D
the time lag for receving amalysis from the hydrogen purity aralyzer.

» Operators did not immediately notice that the Bed 5 outlet, reacor inlet ard outlet
temperatures had risen aove critical limits. Operators did not receve addtional
audble hgh temperature ahms from the dag logger.

» Opeimtors wee distracied fom noticing that Bed 5 atlet temperatures wee increasing
becausehey were busy trying to control the trim furnace fring.
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The qperators head ard respanded b a high temperature abmm for the Bed 4 otlet ard Bed 5
inlet high temperatures, but did not receve ary other audble high temperature ahms despie Bed
5 outlet ard reacbr inlet ard outlet temperatures aso exceedng high temperature ahmm set
points. Ore Bed 4 aotlet ard the Bed 5Silet temperature exceededhe +50F over normal alam
setpaint, but post-accdert tests stowed hat the dat loggerwould not re-alarm in this situation
whenthe ackmowledge ltton waspused on the dat loggerkeyboard. Testing ako showed hat
it took 2.5 mnutesfor the +50F alamm to clearwhenthe temperature diopped b non-alarm
levels. Therefore, for the +50F alove rormal condition, the daa loggeralamm camot be resetin
a reasmaly slort time. This situation would prevert operators from receving high temperature
alarms from other paints in the reacor.

Evenwhen operators realzed, moments lefore the explosion, that the reacbr outlet ard inlet
temperatures had climbed above 800°F, they did not depessue the reacor as he energercy
operating proceduesrequired. Instead hey beganto adust querth gasflows in orderto cool the
reacor. Opeators dd not depessue the reacor becauseheir pastpracice o control
temperature excursions had beento increase quesh, reduce eacbr inlet temperatures,ard/or
stop feed fow to the reacbr.

44  Root Caussand Contributing Factors

Root causes & the urdeiying prime reasms, suchas &ilure of paticular managenent systens,
that alow faulty desgn, inadequad training or defciercies n maintenance o exst. These,in
turn, lead b ursak act a conditions which canresut in anaccdert. The caitributing factors
are reasms that, by thenseles,do not lead b the canditions that ultimately causedhe e\ert;
however, these factors facilit ate the occurrence of the event or increase its severity. Because D
the camplexity of causesdr this accdert, no distinction has keenmade ketweenthe root causes
ard contributing factors. Howewer, they are presered together in relative order of importance.
The root causes ahcotributing factors idertified kelow for the Jamiary 21 acailert have broad
applcaions to a \eriety of situations ard stould be considered kssans for industies that operate
similar processes, especially for chemical and petroleum refining industries.

+ Conditions to Suppat ard Encourage Enployeesto Opernte Reaabrsin a
Sde Manner Were Inadequate.

Although Tosco management indicated in its safety policy that safety was a priority, it failed to
implement its safety policy consistently for dl levels of the company. This lack of emphasis for
sak operation of the HydrocrackerUnit led to risky practces.

On pastoccasons, the energercy depessuing systemwas ot used o control excessie
operating temperatures h Stage 2 eacbrs as equired by Toscds wiitten enmergercy operating
procedues. Toscomanagermnent did not take suficiert corrective acton that would ersure use @
the energercy depessuing system A conflict exsted betweenprescribed pocedue ard past
practice; pastpracice was ¢ verify data ard getcontrol of reacor temperatures wthout
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depressuring. Inaction on the part of management may have been interpreted by operators as
unspoken managenent suppat of operators actons to control severe excursions without
shutting down the Hydrocracket

Whenoperators hed not followed pescibed energercy depessumng procedues n the pastthey
had not ercountered ary operating problems as a esuk. Opeators weke alde to bring
temperature excursions under control by other mears without equpmernt damage. Howewer, they
had ercountered difficulties whenthe 100 pgmin depessuring syssemwasacivated. These
difficulties included gass ires atthe flare amd a elease bflammable vapor. Grass ires ata fare
usually are caused by spillo ver of liquid from the flare to the ground. Normally, a knock-out
drum separates liquid from gasbefore the gascontinuesto the flare, but under extrenely heawy
flow release coditions, the dium's sepaation capady may be exceeded. This problem would be
more severe if the 300 pgmin depessuring is acivated snce nore flowrate is involved.
Depressung creats anupsetcondition in the unt for which operators rmust be prepaed anl
trained. For exanple, on one accason whenthe 100 pgmin depessuring wasauomaticaly
actvated, the spitter lost liquid level, which in turn, caused a pumsealfailure. The punp seal
fallure resuked n a \vapor release. These rgaive expelierces nay have contributed to operator
reluctarce o enploy energercy depessuimg ard reinforced gerators’ decsions o handle
seere temperature excursions by other mears.

Opeiators keptthe HydrocrackerUnit running despie adwerse gperating canditions, suchas sone
reacor temperature dat not quickly accessile (available anly atfield parels), malfunctioning
temperature instrumentation, leaking exchargerflarges,leaking querth valves, poor radio
performance et. Ruming the HydrocrackerUnit to full capady caused catrol problems for
operators ard mede t difficult to maintain sak temperatures. Documrentation indicated hat
sometimes production was limited by the trim furnace fring capadyy. Huctuations in trim furnace
firing caused perators 1 make many manual adustments to reacbr temperatures.

Onre gperator sated hat there is “a lot of expecttion to produce larrels.” Use d the 300 pgmin
depessuring systemis very disruptive ard halts production since the unt must be shut down ard
thenlater be restarted. Opeartors wee naturally reluctart to shut the unt down ard be
accaurtable for the regaive consequeres d interrupting producion. Howewer, the risk o
runaway reactons in the hydrocracking process ditates hat operators nmust quickly stop flow of
feed @ depessue evenat the risk d samnetimes shutting the unt down umecessaly.

In rebuilding Sage 2 eacbrs ard cantrols after the Jamiary 21 acailert, Toscodesgned he
depessumng systemto aubmaticaly acivate whentemperatures ise almormally high. Therefore,
depessuing is no longer anoperator decsion under spediied conditions. Howewer, the root
causes asstated wih operator acions ard atitudes egarding producion versus saéty need b
be addessedn orderto prevert other accderts.

Maximum bed temperature differential limit s were stated inconsistently in various documents.
Tosco was not operating within the original catalyst bed temperature limitations (maximum of
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30°F differential perbed) asrecanmended ky Unocalin 1986 Hydrocrackerlicersor), even
thoughthey had charged b a nore reactve catlyst. The kesis for alowing higher bed
differentials (maximum of 40°F awerage ad 45F axal ard radial) is not clear Opentors wee
not aways able to mantain bed temperature differentials even within the highest limit cited, 45°F.
The gperating temperature gudelinesreissued an April 4, 1996 asa result of anexcursion did not
deifine the rormal temperatures hat must be maintained. Increasng bed temperature diferential
limit s increases the risk of temperature excursions.

Written docunents indicated hat operators found it necessayr to increase bd temperatures o
stay within other operating constraints such as mantaining minimum conversion per bed,
maintaining producton rate ard shfting higher temperatures o beds b reduce tim furnace fring,
ard campenrsaing for leaking querch valves. Docurnrentation stows that Tosco managenent was
aware of the conflicts between safe operating limits and performance goals but took no action to
address these conflicts. Management’s lack of regard for firm operating limits contributed to a
culture where operators may not have taken the limits serioudly. Operators were aware that they
had taken charces n the pastby operating with malfunctioning instruments ard without the data
logger When performance gals ard risks were not deined by managenent, decsions atout
hazads aml risk wee left up © operator discretion.

« Human Factors Were Poorly Considered in the Desgin ard Opeastion of the
Temperature Monitoring System

The cantrol room wasnot desgned aml plamed with a pioper fit of pele, equpmert ard
environment, which limited operators ability to quickly recognize and respond to a temperature
excursion. The temperature nonitoring systemfor Stage 2 Hyrocrackerreacbrs was madequad
for operating a canplex reacton under high temperature ard pressue. Opegators wee required
to adjust temperatures (many times manually) and remain within certain constraints while
acheving target producion goals. Opeating canstraints ard production targets dten charged
depemnling on feed claracteristics, output needs catlyst age ad other operating canditions.
These costraints included naintaining a spedied ked temperature piofile, not exceeding trim
furnace fring capadiy, acheving spedied poduct conversion, not exceedng reacor ard caglyst
bed temperature limits, avoiding hot spots in beds, and minimizing coking of catalyst.

In orderto operate the Hydrocrackerefficiertly ard saély, suficiert reacbr temperature datiis
criticalard needs ¢ be readly accessile. The gperators wee using three diferent
instrumentation systens to obtain reacor temperature dat. These sgtens weke not integrated
ard thusrequired more effort to effectively monitor the reacbr conditions. The May 1989
HydrocrackerTraining Program docunment descibed the catrol room as a hodgepalge” o
instruments ard ackrowledged hat replacenert of instruments had not followed aty overall plan
Without the recessar temperature dag, operators cauld not readly detector respand to hot
spds in a caalyst bed, ard runaway reactons could occur. During the Jamary 21 ncidert,
operators relied on the stip chart data to make decsions, since daa from the field parel was rot
readly accessile ard they did not believe the dat loggerreadngs. The stip charts gawe an
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incomplete picture o the reacbr condition since he charts only displyed a £w of the ota
themmocouple readngs.

The field parel temperature datiwas reeded #p operations for sat ard eficiert operation of the
Stage 2 eacbrs. Opeators wek instructed ky managenent to calectand recad field parel daa
daiy. Most of the highest(most critical) temperatures wee those that could only be read atside
atthe field parels. Oltaining field parel temperaturesrequired too much time, which did not
alow quick decsions o be made. Whena temperature excursion does acur, geting temperature
data immediately is vital for operators to be aware of the Stuation and respond appropriately in
time. Onthe right of the acatlert, minutes wee lost while the autside gperator was tying to
relay field parel readings

The installation ard use o field parels to acqure addtional temperature datiwasnot managed
appopriately. No managernent of charge pocess was amlucted to consider the impacts o using
the field parels. The pupose d the installation of the field parel was ot clearto al peisonnel
assaiated wih the Hydrocracker Some thought the temperature pam® was anexperiment to
determine if a capital expenditure was worthwhile, while operators relied on it for additional
temperature nonitoring. Also, there was o deined time line for when dat from the addiional
themrmocouples wauld be available in the caitrol room. Poor communicaions exsted between
managenent and operators an this issue. Opeator concems alout the parmls were not addessed.

Opeiators had to manage wih conflicting temperature information from the dfferent systers.
Managerent recagnized his conflict in the sendard operating procedues, but no procedues
were in place b spedy how to operate wrenone d the instrument systens was nalfunctioning.
There was limited redundancy of temperature readings, which did not alow an accuete
assessment of possible instrument mafunction. The only redundant temperature points were
those an the cantrol board stip charts which displayed only the cener inlet ard outlet of each
bed.

Opeiators did not have hydrogen purity information needed ¢ assesse stuation on Jamiary 21
because ba seen minute lag time in geting information from the hydrogen purity aralyzer. This
dely contributed to operators rot being awae d excessve methare gemration as te
temperature excursion began

There was limited automatic control of quench flow since the controllers used only one
temperature pant perbed. Respading quickly to temperature excursions in same caseseaquired
the gperators 0 override the aubmatic querch controller in orderto control hot spds in the
catalyst bed neartemperature pants that were not linked © the queich valve cantroller.
Opeiators wauld gpenthe queh flow valve ushg manual control versus he aubmatic cantrol.

Whenmultiple temperature pants exceededhe high temperature abm seting, no addtional

alamms could be receved urtil the first high temperature abmrm was ackowledged ad reset The
high temperature akm was setat 78C°F, which meart operators night not be awae d a pioblem
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until temperature hed aimost exceededlte maximum sak operating temperature d the reacbr.
Yet the gperators weke required to take seps b control temperatures 25F alove rormal
(without depessuing) as sated in the energercy operating procedues. OnJanary 21, same of
the Bed 5 atlet temperatures ncreased ¥ more than 25°F, but board operators wee distracted
by trim furnace fring ard did not notice he Bed 5 ad reacor outlet temperatures ising. The
desgn of instrumentation was ot wel integrated aml was ot adequat to addess he stuations
of temperature 1ising very rapidly, ard many temperature pants exceedng limits.

* Supevisory Managenent Was Inadequat.

It appeas that supevisory control of operations for the Hydrocrackerwas detiert ard
contributed to the lack d adherence © required energercy procedues. Inconsistent applicaion
of the use benergercy operating procedues wasdadlerated. Supewision was ot presen at the
unit eventhoughthere hed beena successi of operating problems just prior to the final
temperature excursion that lead b the e)plosion ard fire. The Na 1 Opeator was pesei to
provide leadeship for the aher operators, but his aubhority to make sue required procedues ae
followed was pt clear.

Supevwisors weke not always awae d temperature excursions or maximum reacbr temperatures
that had beenexperierced n the past Maregenent was ot awae that Stage 2 lad been
operated wihout the dat loggerfunctioning. In some cags supewisors did not know which
procedueswere or were not in effect An exanple d thisis SOP#20 with instructed b
manually close the mekeup tydrogen control valve kefore acivating energercy depessuing.

Supevwisors failed to recagnize al the hazads assoiated wih the HydrocrackerUnit startup ard
operation. These lazads ncluded dbwing operators 1 accessiéld parels during paentialy
seere temperature excursions, alowing operations of heatexchargers that leaked clonicaly,
ard having continued @eration of Stage 2 eacbrs whenthe dat loggerwas ait of sewice.
Supevwisors ako did not have a panfor implementing the use 6the I/A temperature nonitoring
systemard wete not following managenent of charge piocedues hat would have idertified he
consequertes ¢ charge © the systemard prepaed erators for its use.

Root causenvestigations conducted for previous exessie temperature exursions were
inadequag. It appeas that not al temperature excursions were documented, ard managenent
may have beenunawase o the serous reture of same of the excursions. Maregenent did not
investigate why operators wee reluctart to follow energercy operating procedues,arnd failed to
develop sdutions o address he cawses. The failure to fully investigate seera “nearmiss”
temperature excursions ard addess causes ¢these nciderts denonstrates he lack d proper
managenent oversight ard cancem. The lack d attention serds the wrong messaged operators
alout the realdarger posed ly the temperature excursions. In addtion, no akatenert efforts
were made h regard to excessie reacor bed temperatures, other thanreissung gudelines.
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+ Opemtional Readness ad Maintenance Were Inadequat.

Poor facility functional operabilit y and poor mantenance were contributing factors in the
accdert.

Twice n January of 1997,0perators had to rely on sngle bed inlet ard outlet temperature pants
from the Moore (strip chart) controllers while switching from the I/A systemto the dat logger
ard vice \ersa. No interim systemwas awilable to ersure that the gperating enployees lad
sufficiert operating daa to satly operate the reacors.

For ten days in January of 1997,Stage 2 wa®perating with a rew temperature nonitoring
systemthat was rot fully functioning (the I/A system). No pre-startup sagty review was
conducied for the implementation of the Sage 2 IA system The /A systemwas ot readng al
the thermocouple temperatures anl was ncorrecty cakulating weighted caalyst temperature
averages. Opemtors hed ako experierced ecen operating problems with the dat logger, which
was ane factor leading gperators to doubt data loggerreadings o the ewening of Jamuary 21.

Ore type d alam for the dat loggerwas ot functioning propedy. The temperature rise h Bed
4 outletard Bed 5 mlet on January 21 exeededhe ahm seting of more than 5C0°F above
normal. Pcst-incidert dat loggertesting denonstrated hat the data loggeralam would not re-
alamm for arother high temperature wrenthe ackimwledge bitton was puskd on the dagt logger
keyboard. The dat loggeralam for greaer than 5CF alove rormal would ako not resetitsef in
a reasmaly stort time (less han 2.5 mnutes)atter the temperature diopped lack © normal.
This situation would prevert operators from receving high temperature ahirms from other paints
in the reacbor.

Unreliable radio communicaions equpmert were used ly operators. The radios were required to
relay both routine ard energercy information betweenthe autside goerator ard the cantrol room
personnel. Based on operator satements, problems existed with mantaining proper battery
power ard having erough chamels available to acconmodate communicatons needs. Problems
maintaining bettery power were ackrowledgedm SOP# 30 d&d May 1990 ad appaently these
problems had gill not been addressed by the time of the January 21 accdert.

The Sage 2 quech valves wauld not fully close al the ime ard operators hed to make
adjustments to bed temperatures to compensate, which sometimes resulted in higher bed
temperatures. The higher the operating temperature of the bed, the more likely the possibilit y of
temperature runaway since reacton rate increases wh temperature. Adjusting temperatures b
compensate for leaking quench valves may have made it more diffic ult for operators to stay within
prescribed bed temperature differential limit s.

Opeiators wee expeced b dealwith adwerse stuations without adequag operating procedues

or technical suppat from managenent. The deadvated caalyst may not have contributed to the
accdert, but the canditions causing the deaadwation ard the lack d prepaation to handle this
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situation show deiciercies n operationa readness ad operating procedues. For exanple, the
catalyst deacivation started whenfeed fom three eacbrs was érced nto two reacbrs kecause
of lack d room in tankage reded @ divert same of the feed.

A wiring problem idertified n SOP#20 wald not have alowed qerators to depessure Stage 2
without first manually closing a tydrogencontrol valve. This situation existed because bwiring
on the cantrol valve that had beendanmaged n March 1989 ad, accading to SOP#20, wasnever
repared. The energercy depessuing systemwas ot tested regularly to ersure it would
function whenneeded.

Opemators gperated wih heatexchargers that chronicaly leaked dung startup. These é€aks
required maeintenance ntervertion during strtup to stop the leaks ad created @erating hazads
from flanmable vapor clouds. These éakage mhblems debyed startup o the unt in Jarary
1997.

Tosco idertified the reed b replace nissing suppat bolts for distribution trays in Stage 2 eacbrs
for the Bnuary 1996 naintenance urnaround. The dacunmentation for this needed wok was
incomplete ard investigators ae rot cetain if the wak was doe.

The sedion of effluert pipe hat ruptured rad beenultrasanicaly tested or metal thickness oly
once (n 1991)during its 33 years of life. A sngle pipe netal thicknes measirenert is not a
reliable wayto predict anaccuegte corrosion rate for piping in hydrogen sewice.

+ Opemator Training ard Suppot Were Inadequa.

The HydrocrackerTraining Manual was ait of daie ard did not reflect charges nade © the
process wertime. The unt-specfic training at the Hydrocrackerwas nostly on-the-job training
with little or no classroom training. Also, documentation of unit-specific training was limited. An
example of too much reliance upon on-the-job training included the past practice of controlling
severe temperature excursions without depessuring. Managernent had not developed equired
unit-specfic refresler training.

The tecical information systemin place wasdss hanadequag for sak operation of the
Hydrocracker Opeators lacked adequattraining on instrumentation; they appaently did not
know the limitations of some of the monitoring and control instruments used in Stage 2. For
exanple, they did not understand the sgnificarce d zeo readngs o the datilogger.  Opeators
had ot receved training on the rew I/A temperature nonitoring systeminstalled for Stage 2
when it was operational for 10 days in January.

The gperators did not understand the sgnificarce d a siddendecea® n makeup lydrogenflow.

This decease coflicted with the gperators’ pastexpelierce nvolving temperature exursions,
which had gererally caused r@keup lydrogenflow to increase. Not al the goerators hed
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sufficiert training on the reacton kinetics d hydrocracking ard the importance d taking
prescibed acions once emperatures lave exceeded céain limits.

¢+ Procedues Were Outdated aml Incomplete.

The lack d complete, spediic, ard integrated @erating instructions for the HydrocrackerStage 2
contributed to the failure to control the temperature excursion. Because gerators wee used o
operating with outdated pocedues,they may not have takenwritten procedues as séously as
they should have whenthey chose o control extrenely high reacbr temperatures ly mears aher
thandepesuring.

Written operating procedueswere out-of-date, ard were not updaed asmultiple chargeswere
made b the HydrocrackerUnit. A charge was rade b use a rare reactve Sage 2 catlyst in
March of 1996,but the wiitten operating procedueswere not updaed to reflectthis charge n
proces chemistry. The piocedueswere not updaed aschargeswere made © the temperature
monitoring system The gperating proceduesdid not match equpmert in the urnit or in the
control room. The gperating proceduesdid not match de<riptions of operations ard equpmert
descibed in the process hzad aralyss.

Conflicting guidance regarding bed temperature differential limit s was provided in different
documents as discussed in Section 3 of this report. Having different operating limits for the same
operating variable may have contributed to operators not understanding or not taking stated limits
serioudly. After the Lly1992 emperature excursion, the catlyst manufacturer ard Techical
Services ecanmended hat the temperature diferential of Bed 4 ¢ Reacor 3 belimited to a
maximum of 25°F. This recommendation was contained in a draft SOP with guidelines for raising
rate of cracking, but it was ot incorporated nto the appoved witten procedues.

Bed temperature differential limit s were not clearly stated in the procedures. Investigators
assured that awerage diferential is the diference letweenthe average aitlet ard average nlet
temperatures. Toscds wiitten stardard operating procedues anl startup goerating procedues
do not explain the diference ketweenmaximum average ad maximum bed temperature
differential limit s.

Recanmendations from seera inciderts am accderts atthe HydrocrackerUnit were not
incorporated nto the wiitten procedues. Written operating procedues dd not exst for deaing
with many of the conditions or Stuations that operators were handling in the time leading up to
the acailert on Jamary 21, suchas gerating with deacivated cadlyst, trarsferring feed fom
three eacbrs  two, ard suspead nstrument malfunction. There was B written operating
procedue dewloped o implemented that provided ckarinstructions for sakly checking the field
panels. Decisions aout risks involved with field panels were left to the discretion of the
operators.
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No written procedue was asilable to manage he clarge fom the temperature indicaion dat

loggerto the A temperature dsplay on January 10,1997 @ the switch back b the dat logger

on Jaruary 20. Process saty information ard operating procedues egarding the charge wee
not updaed asrequired by MOC procedues

The SOPs did not reference canditions whenenergercy operating procedues slould be
implemented. Consequences of deviation from operating limits (such as fire and explosion) were
gererally not addessed or mentioned in the written operating procedues althoughthey were
listed in a separate document.

*+ Process Hazar Analysis Was Hawed

Hazads wee not properly idertified trougha curent process hzad aralysis, causing a
misunderstanding of risks assoated wih temperature excursions, desgn charges,equpment
modificaions, ard operating aromalies. Possble hazads fom charges nade n the cantrol room
or instrumentation were not adequadly considered trough managernent of charge pocedues.

The 1994 HAOP gudy asumed that indicators ard alamms for al bed temperature readngs were
available in the catrol room. While this asumption wasvalid for the 1994 HAOP, it would no
longer be valid atter the field temperature readait parels were installed in January 1996.
Checking temperatures atthe field parels becane the accepad pracice b verify elevated a
guestonable reacor temperatures. Operntors weke put at seious lisk whenthey wert to check
field parels while the reacbr may have beenexceedng its saé, maximum alowalle temperature
of 80CF. The failure to recaynize razads assoiated wih operators ushg the field temperature
parels was a &ctor contributing to the gperator fatality.

Potential risk involved with reading field temperature panels during abnormal conditions was
never evaluated because o sakty aralysis of this acivity was caoducted. Maregenent did not
respand in a imely manner to operators’ concems alout having the locating the temperature
parels underthe Sage 2 eacbrs. Safe work pracices wee not developed @ implemented for
readng temperatures fom the field parels. Likewise,no estblished written procedues o
training was deeloped b tell operators wrenit was saé or unsak to check feld temperature
parels. The HAZOP assured that necessar procedues wee in place br al operations.

The HAZOP for Stage 2 6 the HydrocrackerUnit did not addess dlexsting known hazads am
operating almormalities ard was ot appopriate for the piocess asiacualy exsted. In sewera
instarces,the HAZOP was fawed n that it was ot based upa the waythe process aataly
operated atthe time the aralysis was caducted. It is not clearif the HAZOP assurad that the
I/A temperature systemwas finctional or not.

Control of temperature within critical operating limits is essential for safe operation of the

Hydrocracker The u® d the 100 ad 300 pgmin energercy depessuring systens wasnot
mentioned in the HAZOP as a saguad for reacbr temperature excursions. The HAZOP did
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not addess bss o dysfunction of temperature nonitoring systens a energercy depessuing
systens. The HAZOP mistakerly sated hat aubmatic actvation of the 100 pgmin energercy
depessuing would occur for the energercy condition of loss d oil flow throughthe reacor.
The 100 pgmin depessuring is aubmaticaly acivated aily if the recycle gascompressor trips.
The HAZOP did not addess he use denergercy querth to the inlet of the reacbr as was
discussedn the Emergercy Procedues br a emperature excursion.

The process hzad aralysis did not adequadly addess pevious nciderts that had a Ikely
potential for catastophic cansequertes n the wakplace,suchas pevious reacbr temperature
excursions and failure to mantain temperatures below 800°F. The HAZOP did not idertify fire
ard exlosion as caisequerces fom extreme temperatures n reacbr effluert piping ard
feedéffluert exchargers. The HAZOP did not correcty idertify the frequery ard thus the risk
of hydrocarbon ard hydrogen sufide releasesrbm excharger flange keaks,becausetiranked
these @curences as ot likely over plart lifetime, whenacualy these ¢aks @curred frequetly.
The HAZOP did not idertify excessive methare gemration from a emperature excursion as a
cause of low hydrogen purity.

+ Bariers Against Hazadous Wbrk Conditions Were Inadequat.

The Toscoenployees ad cantractors who were injured duiing the explosion ard fire were not
propery alerted to or protected fom hazadous wak conditions. Contraciors wee not notified
that the unt was eperercing operationa problems. Opeators dd not follow energercy
operating procedues hat required themto saund the piocess uit energercy alaim sothat
contractors caild evacuae.

50 Recanmendations

As descibed in the Raot Causes ahCatributing Factors sedion alove, the root causes bthis
accdert are canplex ard interconnected. Investigators deeloped ecanmendations addessing
the root causes Pthe acailert to prevert a reoccurence a Smilar event at this and other
facilities. Taken individually, the recommendations described below may not convey the

signific ance to prevention of arecurrence or of afuture smilar accdert; together, howewer, they
illu strate how muitiple layers of protection work to prevent catastrophic incidents.

Tosco has implemented many of the recommendations from their own investigation report and
from the CCCH® investigation report, which were both finalized h May 1997. A list of acions
undertaken by Tosco is in Appendix |. The recommendations in this report apply not only to
Toscobut are gaod practces hat should be carefully considered for possble implementation by
hydroprocessing operations at other facilit ies as well as other process industries.

70



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

. Mamgenert System Policy ard Implenentation

Tosco, and dl industry management, must implement and mantain an environment that fosters
safe operations day after day. Management must actively demonstrate a commitment to safety by
ersuling that operating decsions ae rot based pimmarily on cost ard producion ard that
enployees a@l levels of the arganzation canarticulate the canpary sagty pdicy. This
commitment includes defining realistic performance goals and operating risks, and communicating
these effectively to dl employees. Facilit y management must set safe, achievable operating limits
and enforce practices to mantain operations within those limits. Tosco needs to establish a firm
policy that limits are not flexible and must not be exceededard that if necessay, production rates
should be reduced to stay within operating limits.

Facilit y management must ensure that employees fully understand the need to use and follow
emergercy systens ard procedues Managenent must desgn, thoroughy examine ard test
emergercy systens ar procedues b ersure their effeciveress ad to minimize regatve
consequerees b the process ad to sakty if suchprocedues o systens ae used.

Managenent must ersure that al procedues,espea@ly energercy procedues,are upio-date
ard reflectal curent practces. Margers nrust insist that al procedues le followed aml that
operating limits be observed; when procedures or limits are not followed or observed,
management must determine the underlying reasons, such as an evaluation of whether the limits or
procedures are faulty, and take immediate corrective action.

. Human Faciors Cansiderations

The Hydrocrackertemperature instrumentation ard cantrols at Toscoshould be desgned
considering human factors sothat there is a gaod fit of pele, equpmert ard ervironmert
consistent with good industy pracice. The systemslould be reexamned aml revised as
necessary to enable appropriate operator monitoring and intervention. Hydroprocessing facilit ies
should consider, as Toscohas addessed cosolidation ard integration of all temperature
indicators for hydrocrackerreacbrs in one caitrol systemwith al temperatures dsplyed in the
control room.

Facilit ies with complex reactons ard process liow systens, suchas tydrocracking, should
consider use @ a systemthat requires less gerator manual manipulation to stay within critical
operating limits. For example, computer monitoring and control of critical process parameters
may alow operators greater flexibility and management of the process. For hydrocracking, use of
a canputer systemwould alow querch control to be linked b more than one temperature pant
or be programmed to respond querch control canbe linked © more thanone temperature pant
in the systemor be programmed to respand based a a wider variety of temperature stuations.
The camputer canalso be programmed to make increnmerntal temperature ctarges lased m a
input rate, alowing easer dart up am shut down of the urit.
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Hydroprocessing facilit ies should consider having a backup s/stemof critical temperature
indicators, to alow redundancy of temperature data. Such redundancy will help to identify
instrument problems with confiderce aml alow continued saé operation whenone temperature
system is mdfunctioning. Industry in general, should examine the process parameters that are
critical to safe operation ard cansider redurdart instrumentation asa kackup n ca® o instrument
madfunction.

The temperature indicaion ard cantrol systemused athe ToscoHydrocrackerstould have an
alam systemthat has suficiert high priority alamms that canbe receved indepemlertly of one
another. Other industries should examine their process monitoring and control instrumentation to
ersure that in energercy or upsetsituations, control room operators ae appopriately notified d
the shtus d critical parameters sothe gperator cantake recessar steps o correctthe stuation.
Safety critical alarms should be distinguished fom other operational alarms. Alams should be
limited to the number that an operator can effectively monitor. However, ultimate plant safety
should not sdely rely on operator respanse b a cantrol systemalam.

Tosco should improve or diminate lag time in recycle gas analyzer and provide additional
capability for the detection of recycle gas abnormalities. Tosco may want to consider the use of a
continuous reattime aralyzer dedcated b Stage 2 ecycle gas aalysis.

Human factors ard risks fom temperature catrol malfunctions should be incorporated nto the
unit’s process hzad aralyss.

. Supervision

Tosco management should consider formal delegation of task assignment authority to No. 1
Opemtors. A shft supevisor stould be presem at the unt during emergercy or amormal
situations or whena geater patential for problems exist, suchas sartup ater maintenance o
introducton of new equpmert. As aninterim sep, addtional supewnisory coverage $ould be
provided unil proceduesare updagd ard training is improved. Tosco managenent should
consistently erforce pioper acions ard promptly addess ag improper acions with respectto
emergercy procedues. Supewisors stould ersure that procedues br hazad aralysis ard
managenent of charge ae followed.

Supevwisors nrust ersure that operators ae trained ard tested b implement energercy
procedues. Supewisors should be educagd an the hazards assoiated wih al aspec o
operation, sartup ard shutdown of HydrocrackerUnit ard should conduct thorough pre-startup
and pre-shutdown safety reviews. Supervisors should identify critical operating limits and ensure
that operating conditions stay within safe limits. Events in which operating limits have been
exceeded stuld be thoroughy investigated ty supevisors to deermine the root causes bthese
ewverts. Equipment, ard procedual ard job performance ssueshat relate to sucheverts should
be corrected.
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Toscomanagenent, ard industy, must investigate al devations from expeced pocess
conditions ard procedues b understand the urderlying reasms for these deiations; espeally
for sakty critical paameters. If the urdellying reasms ae rot suficiertly idertified aml
addessedthenthe devations canreoccur. The investigation process sbuld include sdiciting ard
responding to operator input regarding operating pracicesard procedues Tosco managernent
must investigate Hydrocrackertemperature excursions ard deermine the cause ahcarectve
action necessay to prevert suchexcursions suchas egineeiing ard desgn charges recessarto
ensure uniform flow distribution within the Hydrocracker catalyst beds. Facilit ies should freely
excharge safty related lessans leaned anong others within their industy.

. Facilit y Readiness and Maintenance

All facilit ies should establish requirements for equipment integrity and not operate unless integrity
is maintained. Toscoshould properdy maintain reacor internals to ersure that the
hydroprocessing equipment can be operated within established safe operating limits. All
temperature instrument systens that are ciiticalto sak operation ard energercy shutdown
equpmernt must be maintained n reliable gperating order. Equipment functions, including alams
and radios, should be tested regularly. Facilities must address any problems with emergency
systems immediately and not operate until these systems are fully operational. Practice emergency
drills should be held on aregular basis.

Since t is not unusual for problems to deelop whenequpmert isfirst being used a sarted up,
managenent should have tecmical ard maeintenance sippat peisonnel available atthe unt during
startup o new equpment or after mgjor maintenance res keenperformed.

Toscoshould develop a pemarert sdution for the pioblem of leaking heatexchargerflarges ad
make the recessar charges b prevert hazadous tydrocamon leaks. Also, querth valves slould
be mantained so that they do not leak. The facilit y’'s mantenance program should include
implementation of a mechanical integrity testing and inspection program for vessels and piping
that is consistent with curent process mdusty recanmended pactces.

. Training ard Suppaot

Toscoard al industy must provide training for operators whenary charges b temperature
indicaion ard cantrol systens ae made. Maregenent should provide training for operators an
the reacton kinetics d hydrocracking, ard causes ahcantrol of temperature excursions. The
training should include te kehavior of the hydrogen systemin the Hydrocracker espealy
during severe temperature excursions. Operators should be trained to understand the limit ations
of the process instruments, the instrument default values, and how to handle potential instrument
malfunctions. All operators stould be retrained on the use dthe energercy depessuing system
ard the rationale for implementing energercy procedues.
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. Procedues

Every hydroprocessig operation stould dewelop written operating procedues b cover al
articipated phases boperations. Maragenent should dewelop a brmat for operating procedues
which provides spedic seps br eachoperational phase mcluding reference b equpmert ard
controls in the control room. This format should also address operating limits for eachphase ad
the consequences of deviation from those operating limits. Facilit ies need to implement a method
of reviewing ard updaing proceduesso that appioved anl tested clargesare incorporated nto
the piocedues daunent.

Toscomust revise pocedues b reflect curent operating methods ard equpment ard cansolidate
all prevous SDPs, memos, ard procedues nto one manual for ease boperator use. The
procedures should include instructions for operators to follow when instrument problems are
suspeatd a other process upssta aromalies accur. The gperating procedues reed o be
updaed with a desription of the instrumentation default valuesard limitations. Tosco should
speciicaly review ard re-issue perating procedues elated to temperature excursions at the
Hydrocracker

Althoughthese ecanmendations regarding procedues ae drected atToscq al industy should
examine their procedures to ensure that smilar conditions are addressed.

. Process Hazar Analysis

Facilit ies should evaluate process hazads tesed m acual equpment ard operating canditions
presem ard used m their own operations. The FHA slould reflectthe actial instrumentation ard
equpmert in use atthe ime the FHA is done. Toscoslould revise teir PHA based m the actial
temperature instrumentation in use ad the piocedues aailable. The use benergercy systens
should be appopriately spediied n the FHA ard the desdptions of energercy equpmert or
systens desdbed in the FHA should match the equpmert in the field. Toscoslould ersure that
use d 100 p#min ard 300 pgmin depessuring systens ard energercy querch are carecty
deribed in the PHA

Risks @ operating problems idertified fom acual operating pracice, nearmisses oaccierts
should be addessed amh evaluated in the process hzad aralysis. For exanple, the FHA needs o
idertify excessve methare gemration as a pesble cause blow hydrogen puiity. The piocess
hazad aralysis process sbuld have input ard review by operating pesonnel. The process hzad
aralysis should consider the failure of critical operating systens, suchas emperature nonitors or
emergercy operating systens.

Tosco needsto review ard updae the Stge 2 Hgrocrackerproces flow diagrams, ard proces

ard instrumentation diagrams to reflect curent equpment configuration. Maregenent of
Charmge MOC) reviewsshould be conducted for all chargesto proces, equpmert or procedues
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Appendix B History of Major Proces Changes

1963

1976
1978

1986

1986

1989

1990

Jan 1992
1994

Jan 1996

Dec 24,1996
Feb 16,1996
Jan 10, 1997
Jan 12-151997

Jan 20,1997

Hydrocrackerwasconstructed urder a icerse from Chewon Research
Corporation ard putinto sewice. Unit was krown as he Isocracker
Tosco purchased Avon Refinery from Phillip s Petroleum.

Original Honeywell aralog electronic cantrollers ard recaders for Stage 2
were charged b Foxboro Spec200 aadog electronic cantrollers.
Modificaions were incorporated n accadarnce wih a techology licerse
from Union Oil of Califo rnia making the unit a Unicracker. Modifications
included a demssuing system new reacbr themmocouples,new hydrogen
guerch rings in Stage 2,new internals in Stage 2,ard new single loop
digital controls (Moore 352 catrollers) for the hydrogen querch system
An addtional bed (Bed 4)wasadded wich had a brger querch valve than
the other existing four beds.

A Foxboro Videaspec Detributed Control System (DCS) wasinstalled on
Stage 1 ad the Hydrogen Plart.

The low pressure section of Stage 2 wagonverted © Moore 352 sgle
loop digital controllers ard PCbased dat loggess for Stage 1 ad Stage 2
were instaled.

The Videaspec DG gstemfor Stage 1 ad the Hydrogen Plart was
replaced wih Foxboro Intellig ent Automation (I/A) DCS system .

Catalyst wascharged b Z-753 ype (L06)in Stage 2 eacbrs.

The Shage 1 IA systemwasupgraded ly providing addiional consolesard
alamm displys.

Major maintenance turnaround occurred. The Stage 2 catlyst (Criterion
Z-753)wasremoved ard snt off for regereration ard thenrecharged b
the lower four Stage 2 leds The top bedsin Stage 2 wee charged wth a
new type (more actve) of catalyst (Criterion Z-763). The Stage 2
thermowells ard thermocouples wee replaced wih 12- point array style
themrmocouples. Additional themrmocouples added werinstalled with field
parel display only. The top quereh distributors were modified.

The Shage 1 rmonitoring points were brought into the /A system
Hydrocrackerwassarted up.

The 40 emperature nonitoring paints displayed on the Stage 2 dad logger
were transferred from the data logger to the I/A system.

An unscheduled naintenance urnaround occurred to repar tube leak h a
Stage 1 keatexchamger.

Stage 2 ponts were removed from I/A sysstemard returned © da@& logger.
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Appendix C Stage 2 Hydocracker Proces Flow Diagrams
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FAST: SLOW:
00psi {15 (HSY 100 psi Shut-Off
Control Room per minute  \332/ \ 533 Jper minute Signals
Panel iy > Stage 2 Charge
Shutdown . AT s 2¢h
‘E \333/ ====% Makeup hydrogen

- P Trirm Furnacse

= === Recycle Compressaor

107

To flare

header Q-q ‘-%

PEVIT  PSVIE

inx12 1 High
Pressurs
Header

a0 inch
Reliel
Headar

—
20 inch limne
to fMare

High To C-15
Preagura Hydrogen Recycle
Separator Knock-Ouwt Drum

Ralief Systom
Blowdown Dru

From

E-1026 4’< |
T-1 Turbing To -3 Low Pressure
Y p  Soparator

Figure C-2 Stage 2 Emergency Depressuring System -
Simplified Diagram
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Appendix D Interbed Quench and Distribution Sketches

A m 44— Distribution tray (slotted chimnmeys)
A
—f—4—F '} ¢—— Quenchring
< Quench tray
B L1
B 4—— AQuench pan
h —n'nﬁ“m-nﬁ- 4——— Downcomer tray
z < Distribution tray (sloped chimmeys)
= ;
/—\_/’
i ' 4 — 4 ¢ Quench ring
u, < Quench tray
C I_l 4——— Quench pan
O =
n W WWH Fr[ < Distribution tray (slotted chimmeys)
> B < Wire mesh screen
H CIER 3%00%00000% 4— Layer of inert ceramic balls
I Bed // /
44— Catalyst pellets
“ 4 008840 ———— Layer of inert ceramic balls
| CeXe) fa) [=) .
: < Wire mesh screen
(Drawing is not to scale)
n Figure D-1 Stage 2 Reactor Internals Sketch

D-1
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Top View

Quench ring Reactor
wall

Quench tray

©

Two 8"x12" holes Quench pan

o
Side and End Details

Downcomer tray Sawtooth downcomer

2" tall x 10" wide
Sloped chimney

Side Detail

Slotted chimney  Distribution tray w/chimneys

=i o =
2" dia. x 3" tall 4" dia. x 8" tall

FigureD-2 Stage 2 Reaatr Interbed Quench and Disribution Details
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Appendix E Stage 2 Reactor Thermocouple Points per Instrument Display

Bed 1
Locaton of Stip | Data Field | Tota
Themocouple || Charts | Logger | Panel
Bed inlet
Bed middle 2 2
Bed outlet 1* 5 5 10
Total 1* 5 7 12
Bed 2,3, ard 4 (per bed)
Locaion of Strip | Data Field || Total
Themocouple || Charts | Logger | Panel
Bed inlet 1* 5 5 10
Bed middle 4 4
Bed autlet 1* 5 5 10
Total 2* 10 14 24
Bed 5
Locaion of Strip | Data Field || Total
Themocouple || Charts | Logger | Panel
Bed inlet 1* 1 4 5
Bed middle 2 2
Bed outlet 4 1 5
Total 1* 5 7 12

E-1

*T his paint is also the same point displayed on dat logger.




Appendix F AverageBed Differential Temperature for Reactor 3 (pre-incident)

Reacbr 3 catlyst bed temperatures at20:00:00 (data loggertime) or 7:08 pmactual time

Pt1 Pt2 Pt3 Pt4 Pt5 Avg. AT
oF oF oF oF oF oF across
Bed, of

Reacor inlet | 6322 6322
Bed 1 autlet | 6591 [ 6406 |6456 [6455 |6535 |6489 |167
Bed 2 inlet 6258 | 6235 | 6257 | 6302 |6293 |6269
Bed 2 autlet | 6394 | 6291 (6344 | 6351 |6404 |6357 |88
Bed 3 nlet 6192 [ 6163 | 6220 | 6212 |6231 |6204
Bed 3 autlet | 6281 | 6238 |[6277 | 6302 |6262 |6272 |6.8
Bed 4 inlet 6203 [ 6185 |6221 | 6243 |[6209 |6212
Bed 4 autlet | 6326 | 6283 |[6300 | 6305 |6323 |6307 |95

Bed 5 nlet 6293 6293
Bed 5 autlet 6570 | 6463 6489 |6459 |6495 |202
Reacbr outlet | 6413 6413

Accarding to the stip chart, about 10 tours kefore the acatlert, the querch to Bed 5 leganto
decease. This mears that the pasoning had started to affect Bed 5 atappioximately 9:30 am
January 21. The grip charts for Beds 3 or 4 aso show the quench falling off at gpproximately the
sametime.
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Appendix G Agency RrsonnelInvolved in Tosco AccidentInvedigation

Dawvid Chung, Senor Chemical Engineer

U.S. EPA

Chemical Emergercy Prepaedress an Prevertion Office (CEPPO)
Washington, DC

KathleenFrarklin, Chemcal Engineer

U.S. EPA

Chemical Emergercy Prepaedress an Prevertion Office
Washington, DC

Gordon Woodrow, Environmental Scientist

U.S. EPA Region 9

Superfund Division, State Raming ard Assessrmrt Section
San Frarciscg CA

N. Ake Jactson, Cherrical Engineer
U.S. EPA Region 9
San Frarciscg CA

Ron Anderson, Chemical Engineer

USEPA contracior, Ecology ard Environmert, Inc.
Superfund Techical Assessmart & Respnse Team(START)
San Frarcisca CA

Caila M. Fritz, Safety Engineer

Califo rnia Dept. of Industrial Relations
Division of Occupaibnal Safety ard Heath
Concord, CA

Richard Raberts, Safety Engineer

Califo rnia Dept. of Industrial Relations
Division of Occupaibnal Safety ard Heath
San Jose,CA

JeanPatterson, Investigator

Califo rnia Dept. OF Industrial Relations
Division of Occupaibnal Safety ard Heath
Bureau d@ Investigations

San Frarciscg CA
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Andy Salcedq Regbnal Safety Engineer

U.S. Dept of Labor

Occupation Safety & Health Administration, Region 9
Office d Techical Suppat

San Frarciscg CA

William H. Alton, P.E., Hazadous Matrials Casultant
Contra Costa Caunty Heath Services Depament
Environmental Division

Martinez, CA

Laura L. Brown, Hazadous Magtrials Cansultant
Contra Costa Caunty Heath Services Depament
Environmental Division

Martinez, CA

Jefrey Gove, Air Qualty Inspecor Il

Cadlifo rnia Bay Area Air Quality Management District
Enforcenert Division

San Frarciscg CA
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Appendix H Participants on Tosco Avon Reinery Root Cause Analysis

U.S. Environmental Protecion Agercy
Craig Matthiessen Sr. Chemical Engineer
Dawvid Chung, Senor Chemical Engineer
KathleenFrarklin, Chemcal Engineer
N. Ake Jactson, Cherrical Engineer
William Weis, CERCLA Enforcement Case Manager
Gordon Woodrow, Environmental Scientist
Ron Anderson, Engineer - Ecology & Environment (contractor)
U.S. Occupaitonal Safety ard Heath Administration
Andy Salcedq Regbnal Safety Engineer
Caifornia OFHA
Dick Rdberts, Assciate Sfety Engineer
Catla Fitz, Compliance Sifety Engineer
Bay Area Air Quality
Jefrey Gove, Air Qualty Inspecor
Mohamad Moazed,Air Qualty Engineer
Dick Wocasek Air Qualty Engineer
Facilit ator
DorianConger, Gereral Marnager - Conger & Elsea,Inc.

H-1



Appendix | Follow-up ActionsUndertaken by Tosco asof June 1997
After the Jnuary 21,1997 Hylrocrackeraccdert, Tosco installed a rumber of feaures

. Complete cantrol of the Sage 2 o the /A system (a computerized dstributed cantrol
system

Maintained hard-wired shutdown buttons

Bed emperature diferential greaer than 60 degees audmaticaly acivates queoh flow.
Computer controlled temperature ramping for reacbr start-up.

Increased espanse tme (from 7 to 3.5 minutes)for the hydrogen purity aralyzer.
Rephcenert of reacor internals (distributor trays, querch rings, etc).

Added wvo more reacbr effluert temperature pants.

The Plant Information (PI) system will store average temperature data for ayear. The
control room will store temperature readings every 2 seconds for a Sx month period.

Tosco has installed temperature deviation safeguards for the following conditions:

. Any temperature pant in the reacor more than5°F ard 15F alove rormal acivates an
audble abm.
. Any temperature pant in the reacbr more than 25°F alove rormal acivates te

emergercy hydrogen querch system addshydrogen sops feed,ard shuts down the trim
furnace br a sngle reacor.

. Any temperature pant in the reacbr more than 50°F alove rormal or ary 2 pants over
80CF aubmaticaly acivatesthe 300 pgmin depessuring system If one pant goesover
800 degees the ystem*“remenbers’ it for 10 mnutes If arother temperature pant goes
over 800 degeeswithin that same 10 mnute perod, thenthe aubmatic shutdown will be
implemented.

. Any two of the three temocouples n the reacbr effluert pipe over 80CF acivates he
300 p¥min depessuring system which shuts down al three eacbrs.

Instrumentation (thermocouple) default valuesare row displayed as**** i nstead é defulting to
zero (any point over 9999%F will default to ****) . The goerators canclick on the **** t 0 see
what the temperature was if it wasless than 1400F. A reading from bad thermocouple will be
displayed as999.

Opeiators receved training on 62 diferent operating procedues,three dag of training on the /A
system four hours d training on reacton kinetics. They will r eceve an8-hour training sessin
on runaway simulations on the /A system Manegement discussedwith the gperators the reedto
shut down the plant without fear of disciplinary action if safety is in question. Tosco is working
on over 100 diferent procedues
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Appendix J Glossary

AP American Petroleum Institute

ASTM American Society for Testing ard Materials

auoignition Instant saif-sustained combustion of flammalbe mateials in contad with air when the
mateials are at a tenperature high enough to sdlf-ignite.

BAAQMD Bay Area Air Quality Management District (Stateof California)

blind flange Also known asa lid blank. A solid meal dsc with bolt holes to allow it to be fitted to a
pipe or vessd for positive cosure.

BPD Barrels per day

BTU British Thermal Unit- a wnit of energy

bull plug cylindrical solid piece & pipe sock which is threadedinto a pipe caupling or flanged to a
pipe opening.

CAA Clean Air Act

CAIT EPA’s Chemical Accident Investigation Team

CAL OSHA California Division of Occupational Safety and Health

CCCHSD Contra Costa Caunty Health Services Depattment

CEPPO EPA’s Chemical Emegency Preparedness and Prevention Office

CERCLA Comprehensive Environmental Response, Compensation, and Liahility Act

Cr Chromium

CSB U.S. Chemical Safety and Hazad Investigation Board

DCS Distributed Control System- computerized instrument contraols.

Deadband A predetermined amaunt of change between two measured values, such astemperature
readngs.

Deadzane An area inside the catalyst bed where little or no flow is occurring, resulting in increased
residence timein this area.

E&CF Event ard Causal Factors

FCC Fluid Catalytic Cradker

flash Calcaulation of rateof phase change from liquid to vapor for hydrocarbons under specific

calaulation operating conditions (temperature, pressure, concentration).

Flow controlled

(As opposed to marually controlled). Automatic control of a process sream that wses its
meadured flowrateasinput to aninstrument called a ontroller which automatically opens
or doses a ontrol valve to maintain a pecified (set point) flowrate

FOIA

Freedom of Informatian Act
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HAZOP Hazad ard Operahblity Study

gasail A middle-bailing pdnt range (450-800 ) fradion which is anintermediate produd from
a aude al separation or distillation processes.

HDA A process that reduces the level of aromatic compounds in diesel to by reading them with
hydrogen.

HDN Hydrodenitr ogenation- a hydrogen process that ssparates nitrogen components from a feed
stock.

HDS Hydrodesulfurization- a hydrogen process that ssparates sulphur products from a feed
stock.

HPS High Pressue Separator

HRB Rockwell hardness number, HR using the Rockwell B scale The number is derived from
the net increase from a test indentation asa force on the indenter is increased from a
specified preliminary test force to a gecified total test force ard then returned to the
preliminary test force.

/A Foxboro Intelligent Automation distributed digital control system.

| soparaffin A branched hydrocarbon consisting of Sngle carbon-carbon bords.

IR Isocracker Ingersoll Rand (hydrogen recycle compressor)

LED A semiconductor diode that @mnverts applied voltage to light and is used digital displays on
instruments.

LPS Low Pressue Separator

M Thousand

MBPD Thousand barrels per day

MgO Magnesium Oxide

MM Million

MMSCFD Million sandard cubic feet per day

Mo Molybdenum

MOC Management of Change

MTBE Methyl tert-butyl ether. A oxygenated adlitive used to increase the octare rating of
blended gasoline.

multiplexer A dectrical device with input cards that convert milliv olt signals from the thermocouple
wires to digital sgnalswhich are sent to a omputer (data layger) in the control room.

nipple A short piece & small dameer pipe

J-2
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NTSB U.S. National Transportation ard Safety Board

off-test A term used to describe product or sreamsthat d not mest marufaduring specifications.

olefin A draight chain hydrocarbon having double carbon-carbon bords.

paraffin A draight chain hydrocarbon consisting of single carbon-carbon bonds.

PFD Process Fbw Diagram

PHA Process Hazads Analysis

Pl Pant Information computer system- Used for maragement purposes.

P&ID Process ard Instrumentation Diagram

PMS Performarce Monitoring System. A computer system continually gathers data fom over
1,000 irstruments in the refinery and diglays critical informatian to operatasin different,
often distart, parts of the refinery. Uses a Foxboro Spectrum Monitor to display.

ppm parts per million

pg, pda, psg unit of pressure: paunds pa squae inch, pounds pe squae inch absolute, and paunds pe
square inch gauge. Absolute pressure includes the pressure of the ambent atmaphere
while gaugepressure does not.

Pressue Automatic control of a process sream that uses a mesured pressure to control another

controlled process variable such asheat o flowrate The pressure is input to aninstrument called a
controller which auomatically opens or closes a @ntrol valve to mairtain a ecified (set
paint) pressure.

PSM Process Séety Management

readion Quartitative sudy of the rateat which a dhemical readion occurs, the factors on which this

kinetics ratedepends, and the mdecular ads involved in the chemical readion.

SCBA Self-Contained Breathing Apparatus

scf Standard cubic foot- volume of anideal gas at sandard conditions of 14.7 psia ard 60°F
(petroleum and gas indudry).

SCF/bbl Standard cubic foot of recycle gas per bard of oil feed

SCFD Standard cubic feetper day

skin Temperature of exterior metal shell of vessdl.

temperatue

SOP Standard Operating Procedure

J-3




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Sulfiding Fresh or regeneratad catalyst must be adivated by sulfiding prior toits use. Sulfiding
involves heating the catalyst at a ontrolled ratewhile contading it with hydrogen sulfide
which converts the metal axides to metal aulfides, the form maost adive for hydrogenation.

Temperatue Automatic control of a rocess sream that uses a measured temperature to control another

controlled process variable such asheat o flowrate The temperature is input to aninstrument called
a ontroller which auomatically opens or doses a @ntrol valve to mairtain a pecified (set
point) temperature.

Temper A condition in which thick walled vessels are subject to high stress during rapid

embrittlement temperature change. Under these conditions the stedl is brittle and may fradure. The
effect is mare severe at low temperatures and with the vessel under pressure.

thermocouple A thermoelectric device for measuring temperature, composed of a two wires of dissimilar
metal in a drcuit. The dectrical potential difference generated between the points of
contad (2 junctions) of the wires is used asa measure of temperature difference.

thermowell A maal tube into which a thermocouple or thermometer can be inserted for measuring the
temperature in a gpe or vessel. Thetube is dosed at e end ard externally threaded or
flanged at the other end o it can be fitted to a @wupling in the pipe or vessel.

TRI System Tosco reliability system. TRI was a tal for scheduling, planning, tracking, ard
documenting plant systems and equipment maintenance. The TRI system has been
replaced by a rew system called IMPACT.

turnaround Major maintenance of equipment following shutdown of operations for an extended period
of time

USEPA U.S. Environmental Rrotection Agency

WCAT Weighted Catalyst Averaged Temperature

zeolite A type of catalyst made from aluminum-silicatebased mateials charaderized by a \ery

porous structure.
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