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+ Comprehensive thermodynamic testing was conducted on the principle
chemistries of CCP. CCP contracted with outside laboratory testing
experts to conduct calorimetry experiments on the various CCP reactions.
The testing was completed for both desired reactions and worst case sce-
narios.

+ Safe upper and lower operating limits were more clearly defined based on
the above testing.

+ The proper emergency relief system design was verified using DIERS
methods and the results of the laboratory testing.

Near Miss Reporting/Incident Investigation

CCP improved near miss reporting by avoiding disciplinary action associated
with the reporting of incidents and near misses. Improved awareness by the
operators of the hazards of the process has led to a better understanding of the
value of reporting these events. Further, the commitment of plant and corporate
personnel to investigate and resolve deficiencies related to incidents has reduced
apathy and encouraged reporting.

Management of Change

The management of change (MOC) program has improved as a result of the
awareness of the significance of change and the potential for a catastrophic inci-
dent if change is not properly reviewed. The MOC system benefited by re-
designing the forms in order to make them more easily understood. CCP insti-
tuted wider training on hazard evaluation methods such as What If and HAZOP
in order to reduce the functional bottleneck that existed for MOC review.

Operating Procedures

CCP initiated a comprehensive redevelopment of the operating procedures
known as Standard Practices. The Standard Practices are the functional instruc-
tions used in conjunction with a Formula Master to complete a production
batch. CCP operators were trained in procedure writing by outside experts and
teams of these operators were established in all plants to develop procedures
that more closely represented actual plant practice. The Standard Practices were
simplified in format by reducing instruction columns from three across to two
across.

Process Hazard Analysis (PHA) Revalidation

After improvement to Process Safety Information and plant Standard Practices
in 1998, CCP initiated a company-wide project to revalidate its PHAs in advance
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BACKGROUND OF CCP

Cook Composites and Polymers Co. (CCP) is a manufacturer of polymers and
resins used in the composites and coatings industry. CCP is a joint-venture com-
pany and a member the Resins Division of TOTAL FINA ELF S.A. of Paris,
France. CCP was established as a joint venture in 1990 and has grown rapidly in
production as a result of capital investment and several facility acquisitions in
recent years.

SUMMARY OF THE INCIDENT

On October 4, 1997, at approximately 11:00 PM,, the acrylic reactor (K-59) at
Cook Composites and Polymers Co. (CCP) Houston plant ruptured during a
runaway polymerization reaction during batch production of a solution acrylic
resin. The flammable contents were ejected, and the surrounding structures
were severely damaged by a subsequent vapor cloud explosion.

‘The operator was taken to the hospital where he was treated and recovered
from second-degree burns. Smallfires that were started by the materials sprayed
from the reactor burned out or were quickly extinguished by plant personnel.
The entire plant was shut down pending investigation of the incident, repair of
the damage, and implementation of process safety management (PSM) correc-
tive actions.

PROCESS DESCRIPTION

There were formerly two production units in adjacent buildings in the acrylic
polymer production area, the former Reactor K-59 and a newer Reactor K-57.
The Reactor K-59 was generally composed of the agitated reactor vessel, an

an
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overhead condenser and decanter, amonomer feed tank and pump, and an initi-
ator feed tank and pump. Heating and cooling of the reactor was achieved using
the same external dimpled jacket and internal half pipe coils. An overhead con-
denser provided additional cooling capacity during reactions operating under
reflux. The K-59 reactor was generally a manually operated reactor with a sepa-
rate control room area from K-57.

‘The acrylic polymer resins are produced through the reaction of acrylate
monomers with organic peroxide initiators. The operators commonly refer to
initiators as “catalysts,” so this terminology will be used at times in this paper.

‘The batches were scheduled on staggered cycles so the acrylic area operators
did not have exothermic reactions in both the reactors at the same time. The acrylic
polymer production area was commonly staffed with two experienced operators.

‘To make a batch, the desired amount of monomer i transferred from a stor-
age tank to the monomer feed tank. The reaction solvent xylene was pumped from
storage into the reactor, and a small charge was directed to the catalyst mix tank.

Liquid or powdered catalyst is added to the xylene in the catalyst mix tank,
and blended with a small agitator. The production procedures had been recently
revised to require dilution of all catalysts with xylene to improve safety and sta-
bility of the organic peroxide. Previously some catalysts had been fed to the reac-
torin a neat form.

Prior to starting the reactant feed, the xylene in the reactor is heated to its
boiling point and refluxed through a decanter to remove any water that may be
present from condensation during transportation and storage. When the xylene
is clear (water-free), the reflux s routed directly back to the reactor, bypassing
the decanter.

‘The catalyst/xylene mixture in the mix tank, and the monomer in the feed
tank, are then simultancously pumped into the reactor at the desired rates. The
rate of addition is designed to be close to the rate of reaction in order to mini-
mize the accumulation of unreacted monomer. This feed scenario is commonly
referred to as a “starved feed.”

In the case of the former reactor K59, steam heating using the reactor jacket
and internal half-pipe coils was maintained until the exothermic polymerization
is initiated, then steam flow was stopped, the jacket and coils were vented, and
cooling water was circulated.

‘When the batch is completed, the acrylic polymer is transferred to a product
adjustment tank or discharged directly to drums. The reactor is cleaned, if neces-
sary, and the next batch is started.

INCIDENT DESCRIPTION

On October 4, 1997, at approximately 5:30 P.M, the day shift began a batch of
acrylic resin in reactor K-59. About 13,000 pounds of n-butyl acrylate monomer
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were charged into the monomer feed tank, 3700 pounds of xylene were charged
to the reactor, and 250 pounds of xylene were charged into the catalyst mix tank.
The formula used in this reaction was an established product and had been in
production for over twenty-five

The K-59 reactor agitator was started, and the steam valve to the reactor
jacket and coil was opened to begin heating the xylene. One partial drum
(approximately 200 pounds) of di-tertiary-butyl peroxide initiator (DTBP) was
pumped into the catalyst mix tank before shift change at 7:00 P.M.

The operator, with his assigned trainer, relieved the day shift operator and
continued the activities associated with K-57 and K-59. The operator, under the
trainer’s supervision, took the lead in completing the batch in K-59 while the
trainer attended to drumming product from K-57 so that a new batch could be
started in that reactor.

The operator retrieved another drum of DTBP catalyst and pumped the
additional catalyst needed from the drum into the catalyst mix tank. The catalyst
and xylene in the catalyst mix tank should have been agitated for 30 minutes, but
this apparently was not done because the operator did not start the mixer. The
operator stated in the investigation interview that he did not remember starting
the mixer.

Meanwhile, the operator prepared to feed monomer and catalyst to the K-
59 reactor. The xylene in K-59 was heated to 280°F and refluxed through the
decanter to remove any water contamination that could degrade product quality.
Once the xylene was dry (about 10:00 P.M.), the trainer verified the system status
before the operator proceeded with the reactant feeds.

The trainer recalled that the catalyst mix tank agitator was off at this time,
but it would have normally been shut down before feed to the reactor because
the agitator vibration caused erratic load cell readings. There was no other visi-
ble indication that the catalyst had been mixed, and the trainer did not specifi-
cally question the operator about it. The valve alignment was correct, so the
trainer told the operator to proceed with feeding the reactor.

At about 10:05 p.m., the operator started feeding both monomer and cata-
lyst at the desired rates. The monomer feed is relatively cool (S0°F to 60°F), so
the reactor temperature normally drops 10-15 degrees during the first 10-20
minutes of a batch. The operator correctly applied steam to the reactor jacket
and internal half-pipe coils during this phase to heat the batch and initiate the
exothermic reaction.

The trainer checked with the operator about 10 minutes later and verified
that the reaction appeared to be proceeding normally—the temperature had
dipped due to the feed of chilled monomer, the steam was on, and the operator
reported maintaining some reflux, so the trainer resumed work at K-57.

The reaction, however, did not continue normally because the “catalyst™
being fed was likely unmised xylene from the bottom of the catalyst tank. Because
of the lean catalyst feed, the reaction did not initiate as designed and the normal
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exotherm did not begin. Without the normal heat of reaction, the batch tempera-
ture continued to fall and unreacted monomer accumulated in the reactor.

The reactor temperature dropped to 240°F by about 10:20 p.m. before
beginning torise. At 10:55 PM., the temperature had risen to 243°F and the oper-
ator believed the reaction had initiated. He closed the steam valve, but the tem-
perature promptly dropped back to 240°F. The operator reapplied steam to the
reactor to heat the batch to the normal reaction temperature.

‘When the trainer checked with the operator about 11:00 P.M,, he saw that
the reactor temperature was abnormally low for the amount already fed and that
the steam was still on. The trainer advised the operator to cut back the steam
flow and prepare to apply cooling water upon any temperature rise. The trainer
returned to K-57 to finish the drumming of product.

By this time, approximately 7000 pounds of monomer had been fed to the
reactor that already contained approximately 4000 pounds of xylene reaction
solvent. The concentration of DTBP in the remaining catalyst mixture was prob
ably much higher at this later point in the feed, and the concentrated catalyst ini.
tiated the polymerization reaction suddenly.

‘The operator shut off the steam and vented the reactor jacket about 3 min-
utes later when he saw the temperature had risen to 266°F. The operator began
to open the cooling water valves, but it was too late to control the runaway reac-
tion of the unreacted monomer that had accumulated in the reactor. Xylene was
vaporized in the reactor so fast that it overwhelmed the reflux condenser, over-
whelmed the normal reactor vent system, overwhelmed the emergency relief
system, and over-pressurized the reactor.

Shortly after 11:00 PM, the rupture disk on the reactor K-59 burst.
Moments later, the welded joint between the reactor head and side wall failed
around the entire circumference, and the head was launched upward, demolish-
ing all the structure above it. The flashing reactor contents were also ejected
upward and ignited in a fireball/explosion. The resulting pressure wave damaged
surrounding structures, and debris fell in a radius of about 300 yards.

Burning debris started several small ires around the plant, but these were
quickly extinguished. The operator was hospitalized with second-degree burns.

injuries were recorded as a result of the incident. The facility lost over
three months of production as a result of this incident.

INCIDENT INVESTIGATION TEAM

The incident investigation began on Octaber 5, 1997, at 11:00 AM. The incident
was classified as a Level 2 incident under the CCP Incident Investigation Pro-
gram that requires the participation of CCP resources from outside the facility,
including professional assistance from outside engineering firms. The incident
investigation team included personnel representing the following functions:
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Tide
Production Consultant CCP Saukile, Wisconsin
Incident Investigation Leader, Senior Process Analyst €CP Corporate Engincering
Project Chermical Engincer (Now Direclor, OSE) CCP Corporate TISE
Assistant Plant Manager CCP Lemont, Minois
Actylic Unit Trainer CCP Houston, Texas

PSM Project Leader CCP Corporate Engincering
Actylic Uit Operator (not involved in the incident) CCP Houston, Texas
Consultant JBF Associates, Inc
Consultant JBF Associates, Inc
Consultant JBF Associates, Inc

INVESTIGATION METHODOLOGY

‘The investigation team collected data concerning the incident. Primary data col-
lection began on October 5, 1997, and continued until October 15, 1997. Data
collection methods included employee interviews, procedure review, debris
analysis, equipment components, valve and switch positions, chemical residues,
operating logs, and physical and chemical testing of the raw materials involved in
the incident.

Secondary data collection included metallurgical and microscopic analysis
of samples of the reactor head and joint welds, calorimeter studies to determine
heats of reaction for the desired and undesired reaction, and laboratory “blow-
down” tests to support relief system sizing using DIERS methods.

The data were collected and organized using “building blocks” (BBs)
composed of uniquely colored adhesive notes representing events and condi-
tions. The BBs were used to construct a timeline, and ultimately for event and
causal factor charting.

‘The data collected were then summarized in an Event and Causal Factors
Chart (Figure 1). This chart was used to help the investigators decide in what
areas more data were necessary, and also to clearly depict the relationship of key
events related to the incident.

Once causal factors were identified, the causal factors were subjected to fur-
ther analysis to determine root causes using the Root Cause Map™ (Figure 2).
The Root Cause Map™ provided a mechanism to establish root causes in the
context of process safety management (PSM) system breakdowns. The details of
the root cause analysis are presented later.
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Finally, the investigation team developed recommendations for CCP upper
management and plant management to consider. The recommendations relate
to actions or management systems improvements needed for reducing or elimi-
nating the key causal factors. Therefore, addressing these recommendations
should help prevent recurrence in future acrylic polymer production.

DATA GATHERING

‘The incident investigation training program utilized by CCP emphasizes four
principle sources of evidence:

+ People
« Parts

+ Papers

+ Positions

‘With this in mind the investigation team divided the data gathering task into
these four categories and developed a list of information needs. The key infor-
mation needs are summarized belo

People
Written statements and interviews were needed with the following:

+ Participants—Those who contributed to the incident sequence of events

+ Victims—Those experiencing harm or loss

+ Observers—Those in a position to sense events or characteristics of the
incident

« Technical Resources—Those with independent knowledge of the key
aspects related to the incident.

Parts

CCP identified that the location and evaluation of critical equipment involved in
the incident was needed, including:

+ Emergency relief system—rupture disk and relief valve
+ Emergency relief vent line

+ Reactor vessel head and associated welding

* Metal fatigue or other metallurgical conditions of the reactor
+ Cooling water valves to reactor jacket

+ Steam valves to reactor jacket
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Papers

CCP identified that the location and evaluation of the following documentation
was needed:

« Batch log/Chart recorder paper

« Operating procedures and Standard Practices
+ Formula Master

« Correspondence

« Reactor pressure vessel information

« Reactor maintenance records

« Piping and instrumentation diagrams

« Emergency relief sizing calculations

« Process hazard analysis

Positions

CCP identified the verification and documentation of the following position
information was needed:

+ Location of the operator

+ Location of the trainer

+ Control device positions

+ Emergency relief device positions
+ Cooling and Heating hand valve positions

+ Position of the agitator start switch for the catalyst mix tank
« Debris locations

« Blast damage patterns

+ Char and burn patterns to buildings and trees

Evidence and Data Management Tools

CCP utilized several tools in managing the data and evidence collected in the
investigation, including the following:

+ Chain of custody to control access to evidence
+ Photography and video tape for distribution and later review for detail
+ Evidence Maps

Employee and Witness Interviews

CCP conducted a plant meeting off-site to emphasize its commitment to the
safety of workers and improvements to process safety. CCP also noted that
despite production interruption, there would not be any layoffs. CCP intended
to utilize this time to improve operating procedures and retrain all employees.





[image: image14.png]Acrylic Polymer Reactor Accident Investigation: Lessons Learned and Thrce Years Later an

During that meeting, CCP also listened to and documented other employee con-
cerns that were not related to the incident. The meeting was intended to set a
positive and constructive tone for the upcoming investigation. No disciplinary
action was intended or imposed as a result of the investigation.

‘The interview process involved a combination of initial written statements
and subsequent follow-upwith interviews in an informal and nonthreatening set-
ting in the plant training room. The interview process was divided and assigned
to individuals based on their technical and interpersonal skill. All interviews
were supervised or conducted by personnel trained in incident investigation and
data gathering.

In the case of the injured operator, members of the investigation team vis-
ited him in the hospital to gather information. The operator had relayed critical
information to his spouse and asked her to write it down when he arrived at the
hospital. As a result of this selfless action, CCP benefited from a very detailed
and accurate account of the temperatures and reaction conditions leading up to
the runaway reaction.

STRUCTURED TEST PLANNIN

Chemical Reactant Analysis

CCP identified and conducted specific chemical tests to identify if there were
factors related to the chemical reactants that led to the incident. The following
tests were completed:

+ Postincident testing showed that without mechanical mixing, most of the
initiator would have remained floating as a separate liquid layer on top of
the xylene in the catalyst mix tank. Tests also showed that the initiator and
Xylene are miscible and, once mixed, they do not separate.

+ Postincident testing of the bulk monomer raw material stock showed that
there was no problem with the stability of the monomer raw material used
i this reaction.

+ Postincident testing of initiator stock used in the reaction showed that
there was no problem with the activity of the initiator.

Component Analysis

CCP utilized external metallurgical engincering testing firms to identify any
physical or chemical causal factors associated with the materials of construc-
tion of the reactor, or the associated welds. The testing firms employed micro-
scopic analysis techniques as well as physical (e.g. hardness) and chemical
testing.
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Bench Scale Calorimeter Testing

CCP utilized an external laboratory to complete testing of the thermodynamic
behavior of the desired and undesired reactions. All current acrylic polymer for-
mulas were screened for relative reactivity using an ASTM method known as
CHETAH. Once the ranking was completed, specific formulas were selected for
adiabatic calorimetry and “blow-down” testing. The formula involved in the inci.
dent was the first formula tested in order to provide data to the incident investi-
gation team.

CONTRIBUTING FACTORS

The operator was a relatively new in the acrylics area, but he had an excellent
performance record as a reactor operator in another area of the plant. He did
not have enough experience with this formulation to recognize the need to stop
the feed streams if the batch was not progressing normally.

+ The operator was scheduled to work in the acrylic reactor area as the regu-
lar shift with a trainer who was working overtime to continue the opera-
tor’s on-the-job training. The operator was assigned to complete the batch
in K-59 because that task provided more learning opportunities than the
routine task of transferring the completed batch from K-57 into drums.
Because of an absentee, the trainer was required to divide his attention
between drumming out the contents of K-57 and coaching and assisting
the operator in running K-59.

+ The operators were not aware that catalyst and xylene would not mix well
unless mechanically agitated. Their perception was that mixing ensured a
uniform solution and enhanced quality, but that simply pumping the two
materials into the same tank would sufficiently mix them.

+ The operators had to turn off the catalyst mix tank agitator during mate-
rial charges in order to get accurate readings from the catalyst mixing tank
load cells. This practice increased the potential for failing to agitate the
catalyst/xylene mixture.

+ The operating procedures specified only the desired temperature for the
reaction. There were no safety limits stated, and no warning that feeding
reactants below a certain temperature could result in accumulation of
unreacted material and a subsequent runaway reaction.

+ The operator and trainer believed the only process hazard was exceeding
the desired reaction temperature. They were not aware that a low temper.
ature could cause a dangerous accumulation of unreacted monomer lead-
ing to a runaway polymerization.

+ The emergency relief system for the reactor was designed for a different
manufacturing process. When the process was changed to produce acryl-
ics, the relief system was not evaluated and resized.
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ROOT CAUSE ANALYSIS

A root cause analysis was performed on each causal factor identified by the
investigation team. The team utilized the Root Cause Map™ method to “drill
down” past the causal factors into PSM management system deficiencies or
weaknesses. The paths leading from causal factors to root causes are presented
in Table 1.

‘The advantage that CCP sees in the Root Cause Map™ approach is that the
foot causes are identified as a management system deficiency, rather than a spe-
cific technical deficiency. Therefore, CCP believes that implementation of man-
agement system corrections to a oot cause will not only address the specific
deficiency that contributed to the incident, but also other deficiencies that were
not present in the incident, or were not observed. CCP believes that the broad
application of continual improvement of the PSM management system should
result in reduction of the risk of recurrence of similar or other incidents.

RECOMMENDATIONS FROM THE INVESTIGATION

1. Review the design basis for the pressure relief system on the remaining
acrylic reactor (K-57) to ensure that it is capable of handling a runaway
reaction.

2. In the instructions for each acrylic product, specify the safe range of reac-
tor temperatures at which monomer and catalyst may be fed.

3. Consider providing an interlock(s) to halt feed to an acrylic reactor if its
temperature is outside safe limits.

4. Revise the acrylic manufacturing procedures to specify that the catalyst
mixer be turned on, and have the operators verify the mixer status before
starting to feed monomer to the reactor.

5. Consider providing an interlock to prevent or halt monomer and catalyst
feed to an acrylic reactor if the catalyst mixer is not on. (Vibration does
not cause erratic readings from the weigh cells under the catalyst feed
tank for K-57.)

6. Consider providing ameans for the operators to see the history and trend
of temperature in an acrylic reactor during a batch.

7. Specify the criteria for a qualified acrylic unit the operator. Define the
information that must be known and what skills must be demonstrated
before a worker is considered qualified to operate without the trainer's
supervision.

8. Specify the requirements for an on-the-job trainer. Define other duties a
trainer is allowed to undertake while coaching a traince.
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TABLE 1. Root Cause Analysis Results
Paths Throngh the
Camsal Factor Root Cause Map™ Recommendation
#1. The agitator for the catalyst | Procedures 1. Tmplement a pre-

mix tank was not turned on
during the dilution of the program to ensure that
with xylene, or it tripped off * Incomplete/situation not procedures are properly
shortly after starting. covered

« Wrong/incomplete startup safely review

revised when changes arc
made and thal workers
are trained in the revised
procedures.

There was no step in the
Xylene is used to dilute the procedure specifying that the
catalyst. This practi nily | catalyst mix tan
started (as a result of an unrelated | turned on.

incident) Lo reduce the probability

e e e | st Superviion 2. Define the required
feed nowzle. Xylene is pumped | + Supervision during work minimum stafing of
into the catalyst i ank [t 14 |« Suension e than qualifid operatorsfor
catalystis then pumpedin on 10p | sdequate (LTA ach shifl. Probibit the
adequate (LTA) use of trainees to fill the

oL, If the agitator for the tank is

not turned on, the catalytylene | The trainee aperator was role of a qualified

can stratify with the lighter di- | required to work independently | *PT1°"
tertary-butyl percxide (DTBP) on | with anly intermitient
the top and the heavier xlenc on | supervisio by the qualified
the bottom. When the catalysLis | operator who was working
then added to the keltle, the | vertime as  trainer. The
sylencerich phase i added first. | qualified operator divided his
When the more concentrated attention between training the
calalyt phase i added ater, the | new operator and drain
relatively large quanityof product from the adjacent
unreacted monomer thathad | ketie
orously Training 3. Develop a witten

program for initial and

« N training
® refresher aperator

The operator running the kettle | * Training requirements not | \pyining including
was a traince, and the senicr, identificd specilic requirerents for
sl operator was sy i the | ’ demonstrati
adjacent unit much of the time, | The trainee operator wasan | "GCRERE L
There was no supervision of the | experienced ketile operator | [RC SRR
trainee during most of the mixing | from a different area of the R
step. and il was notevident 1o the [ Pt There were no clear
trainer that the catalyst had not | Performance standards to
i indicate when the operator had
been adequately trained on the
acrylic uni
Training 4. Define the
©Training LTA expectations for

qualified operators
* On-the-job training LTA serving as on-the-job
trainers. Train those

operators on how Lo be

elfective trainers.
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Paths Through the
al Factor Root Cause Map™ Recommendation

c

#1 (cont) Human Factors Engineer

5. Aspart of the process
hazard analysis (PHA),
analyze the human-

* Intol

ant system

* Errors not detectable machine inerface to
ensure that there are
adequate alarms and

indications of safety-

The only indication that the
miser was on was the mixer
shafl.rotation. (The small motor
could not be heard ahove other
back,
had Lo be tumed offso it would
notinterfere with the weigh cell
readings durin
There was no visual cue thal the
miser had nol been aperated.

related parameters.

ground noise.) The mixer

catalyst

Administrative/Man:
ng were not ystems specilyin
recognized. . safety information that

must be transmitted o

ment | 6. Revise the policy

the process

andards, policies, or

administrative controls
(SPAC)LTA the plant, along with any

unaware that the formulation revisions, so

Operators wer
DTBP solution was less dense |  Not siict enor
than xylene and were unaware
that a low catalyst conceniration
ould exist in the bottom of the
mix tank, They belicved that

reviews can be properly
performed and
approprite cautions and
wanings can be
pumping the DTBP into the incorporated into the

sylene would largely mi the two,
also unaware that
atalystinto a keltle with
cled
monomer could release enough
o rupture the kettle.

procedures and Lraining

anaceumulation of unr

Administatve Maragement |7, Implement s
W proces
reteved. inchudng hese
i ot rom o
s

ment-ol-cha

gram lo ensure thal

« Safety/hazard review

« Review not performed e

The catalyst vendor
recommended diluting the

catalyst Lo make it less reactive,
and therefore safer, Lo add o

the acrylic kettlc.
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Causal Factor

Paths Through the
Root Cause Map™

Recommendation

#3. Operators failed to recy
unstable process cons
stop kettle feeds.

Temperature in the kellle
decreased to 240°F during the
addition of monomer. The keltle
temperature is supposed Lo be
maintained at 270-28°F dur
the addition of monomer
Monomer addition causes the
kellle lemperature to decrease
because it is relatively cold
(typically 55-65°F). Keltle
temperature is maintained by
controlling steam flow 1o the
kettle. Keltle steam flow was only
partially on.

The qualified operator faled o
ognize hat continuir

monomer while the kettle

temperature was loo low could

lead 10 an uncontrollable runaway
reaction. The digital lemperature
indication gave no indication of
the reaction history

* Wrongincomplete

cdures

« Situation not covered

Operators indicated that they
had general
maintaini

uidelines for
he kellle

2ddin
monomer. However, there were

temperature whil

o safe imits specified for this
system and no clear guidance
for actions Lo be taken when the
temperature fell outside these
bound.

8. Develop safe
limits for

operatir
process paramelers and
state them in the
procedures. Include
procedural instructions
on how Lo respond if
operating limits are
exceeded.

«Training LTA

« Abnomal events/emergency
raining LTA

Operators did not realize the
severe consequences assaciated
with accumulating unreacted
le. The
operalor was more concerned
about overhealing the keltle
and did not add more steam
quickly Lo iniiate the reaction.

monomer in the

9. Train operators in
nizing potential
upsels and in the proper

corrective action.
Emphasize that stopping
Lo exothermic

cactions s a preferred
option, not a last resort,

Administrative/Management

hazard review

« Review not performed

The PHA was not performed
because the unit was scheduled
for shutdown 2 0. A
PHA team may have identificd
this accident scenario and
recommended additional or
revised safeguards.

10. Deselop complete
process salety

information, includi
ction kinetics, for

sch formulation
manufactured and
update all PHAs based
on this information.
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Paths Through the
[ Root Cause Map™ Recommendation
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As part of the PHA,
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indications of safel

related parameters.

The system did not provide the
information needed by the
operator. The di
temperature indication does not
provide any trend information
that the operator can use Lo see

whether the batch lemperature

Iy

#4. The kettle pressure relief | Administrative/Management | 13, Developa data
system appears to be undersized. | Systems mana,

ment system for

« Document and configuration | Process saety

As pressure in the keltle control information, including
increased, the relicf system was the design bases for
; « Contral of official documents
unable Lo adequately relicve the pressure relief devices
to adequately LT P

and ventilation systems,
for all process
cquipment.

pressure. The pressure relief
system consists of 4 rupture disk
upstream of a relief vlve,

There was no documentation of
the desi
el system.

n basis for the pressure

The pressure relief line appears to
be undersized. The reliel valve
was a 1.5-fool 2-inch valve. The
new acrylic kettle (K-57) has an 8-
inch rupture disk relicvi
atmosphere in addition to a 1.5-
fool 2-inch valve.
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Paths Through the
c Root Cause Map™ Recommendation
#4(cont) Administrative/Management | 14, Implement a

ystems

alety/hazard review

« Review not performed

The kettle was used Lo make

epasies about 5 years
it was chay

The
hazards associated with the
cha

were reviewed or thal

the relief system sizing was
reevalualed

Jgement-of-chang
program Lo ensure that
all process cha
reviewed and that the
process salety
information is updated

specilyin
information that must be
transmitted Lo the plant,

along with any new
formulations, so

management-of-cha

reviews can be properly
performed.

Design Input/Output
« Design input LTA

« Design input not correct

A previous manager decided
that extemal fire was the

maximum eredible desi
for keltle pressure rlicl

n basis

systems. There was no
evaluation of other, potentially
more demanding, design bascs
for the pressure relief system.

16. In the pro
information, document
that all equipment.
conforms Lo good
ncering practice
(i., conforms to current
codes and standards) or
document the analysis
concluding that th
equipment is safe for

ss safely

continued use in its
current application (even
if it docs not conform Lo
current codes and
practice).

Ihe kettle appears to have
failed below its design burst
pressure.

Visual inspection of the kettle top
(which was blown off the kettle
and landed approximately 50 feet
from the kettle) indicates that
much of the [racture cccurred

previously. Some areas of the
break are shiny, indicating that the
break occurred recently; other

arcas of the break show significant
oxidation, indicali
was an existing crack in thal area.

InspectionTesting Program

« Inspectionfesting program

The kettle was normally
operaled near atmospheric

pressure and was slated for

decommissioning, so vessel

inspections were given low
prioriy. Records of the last
inspection could not be located.

Dexelopa
mechanical integrily

program Lo ensure that
equipment i fit for s

intended use over the life
ofthe fucillly. Ensure
that equipment records
are kept current.
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of the OSHA regulatory compliance schedule. The improved technical and pro-
cedure basis for the PHAS helped identify additional potential hazards not iden-
tified in the prior PHAS.

Mechanical Integrity Program

CCP initiated a comprehensive internal and external visual inspection and non-
destructive testing program at all of its plants. Outside technical experts were
retained to work closely with plant personnel to evaluate and document any
equipment deficiencies.

As described earlier, CCP used external laboratory testing data to verify
emergency relief system designs for reactive scenarios using DIERS methods.
Other critical relief systems such as coil and jacket relief and pump relief were
identified using the revised P&IDs and considered with respect to traditional
methods during the revalidated PHAs.

Training

CCP improved its training program to improve the observation and evaluation
of trainees for understanding of the material and practices covered. CCP also
received significant improvement by integrating R&D personnel into training
sessions for operators, particularly during the introduction of new products or
production methods.

CCP recognized that information retention is perhaps the most challenging
aspect of the training program. As a result, CCP is developing a continuous
assessment and training program consisting of work observation and follow up
training to enhance retention of training information by operators.
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Paths Throngh the

« Carrective action
« Correetive action LTA

Operator observation of
“weeping” from the weld joint
indicaled that the weld inlegrity
was suspect, but no corretive
action was Liken,

Causal Factor Root Cause Map™ Recommend:
#5 (cont) Administrative/Management | 18, Ensure that deficient
Systems equipment is repaired,

derated, or removed
from service when lests
or inspections indicate a
deficiency.

#6. Emergency responsewas | Communications
delayed. (Not shown on causal
factor chart)

* No communication or not
timely

« No method available

Alfter the incident, the emergency

19, Provide a more
reliable means to
summon oulside
responders inan

response was del

Training
operators could not gt through o | oot
911 and because no onc onsite | L LTA

Had 3 key to the mn gate. « Abnormal events/emergency

raining LTA

2. Exercise the

emergency response plan
periadically to ensure
that it wil be effective on
all shifls. Revise the
plan as necessary and
train personnel in their
proper roles.

LESSONS LEARNED AND THREE YEARS LATER

All recommendations of the incident investigation, and many other PSM
improvements, have been implemented by CCP. CCP invested significant
resources at the Houston plant and company-wide as a result of the lessons
learned in the October 1997 incident. The key elements of PSM that required
and achieved substantial improvement in the past three years include:

Process Safety Information

CCP committed significant financial and personnel resources to improve the
process safety information available to employees. The most significant exam-

ples include:

+ External and internal engineering resources were committed to develop
aceurate and updated P&IDs for all CCP facilities. A central engineering
drawings library was created, and a mechanism to routinely update the
drawing library was instituted using the management of change system.




