U.S. CHEMICAL SAFETY AND HAZARD INVESTIGATION BOARD

INVESTIGATION REPORT

THERMAL DECOMPOSITION INCIDENT

(3 Killed)

BP AMOCO POLYMERS, INC.

AucUsTA, GEORGIA
MarcH 13, 2001

KEY ISSUES

RecocoNITIoN oF ReacTive Hazarps
LeARNING FrRoM INEAR-MIss INCIDENTS

OPENING OF ProOCESs EQuiPMENT

Rerort No.2001-03-1-GA
Issue DaTE:  June 2002






Abstract

his investigation report examines the thermal decomposition

incident that occurred on March 13, 2001, at the BP Amoco
Polymers, Inc., plant in Augusta, Georgia. Three workers were killed.
This report identifies the root and contributing causes of the incident
and makes recommendations for recognizing reactive hazards, learning
from near-miss incidents, and opening process equipment.
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Executive Summary

On March 13, 2001, three people were killed as they opened a ES 1

process vessel containing hot plastic at the BP Amoco Polymers
(nowSol vay Advanced Ralynar s, L L. €) plant in Augusta, Georgia.

They were unaware that the vessel was pressurized.

The workers were killed when the partially unbolted cover blew off the
vessel, expelling hot plastic. The force of the release caused some
nearby tubing to break. Hot fluid from the tubing ignited, resulting in a
fire. Because of the serious nature of this incident, the U.S. Chemical
Safety and Hazard Investigation Board (CSB) initiated an investigation
to determine the root and contributing causes and to issue recommen-

dations to help prevent similar occurrences.

Introduction

The BP Amoco Polymers Augusta facility produced plastics, including
Amodel, a hard but moldable high-performance nylon. Amodel is
manufactured by passing a solution of di-amines and di-carboxylic acids
through a series of reactors. The reaction is completed in an extruder,?
and the material is then formed and cooled into solid pellets.

ES.2 Incident

Workers were attempting to open a cover on a process vessel when the
incident occurred. The vessel-referred to as the polymer catch tank
(KD-502)—was designed to receive partially reacted waste Amodel
diverted from a chemical reactor during periods of startup and shut-

Twelve hours prior to the incident,
an attempt was made to start the
production unit. After approximately
1 hour, the startup was aborted due

down. to problems with the extruder
Twelve hours prior to the incident, an attempt was made to start the downstream of the reactor-but not
production unit. After approximately | hour, the startup was aborted before an unusually large amount of
due to problems with the extruder downstream of the reactor—but not partially reacted material had been
before an unusually large amount of partially reacted material had been sent to the polymer catch tank.

sent to the polymer catch tank.

Hot molten plastic inside the polymer catch tank continued to react and
also began to slowly decompose, thereby generating gases and causing
the contents to foam. The material expanded as foaming continued,
and eventually the entire tank was filled. The material then forced its

way into connecting pipes, including the normal and emergency vents.

! Ownership of the facility was transferred from BP Amoco Polymers, Inc., to Solvay
Advanced Polymers, L.L..C., on November 1, 2001, seven months after the incident.
2 The extruder is a machine composed of turning screws within a stationary barrel.
It is used to simultaneously heat, knead, and pump plastic.




Once in the pipes, the plastic solidified as it cooled. A hardened layer
of plastic 3 to 5 inches thick also formed around the entire inner wall
of the tank. However, the core of the plastic mass remained hot and
molten, and likely continued to decompose over several hours,
generating gases that pressurized the vessel.

Before opening the polymer catch tank, personnel may have relied on

a pressure gauge and a transmitter on the vent piping from the vessel to
ascertain whether it was under pressure. They also knew that the
process was shut down. However, any reading from the pressure
gauge would likely have been unreliable because plastic had entered the
vent line and solidified.

On previous occasions, the polymer catch tank contained no pressure
when it was opened. Varying amounts of plastic were found inside;
sometimes the plastic was hot, but it was always solid. Expecting that
to be the case again, the workers proceeded to remove the 44 bolts
from the cover. When half of the bolts had been removed, the cover
suddenly blew off. Hot plastic spewed throughout the area, traveling as
far as 70 feet. The cover and the expelled plastic struck the workers,
killing them.

The force created by the ejection of gas and plastic propelled the
polymer catch tank backward and bent the attached piping. A section
of hot oil supply tubing (370 degrees Celsius [°C]) for a heating jacket
on the inlet line from the reactor knockout pot to the catch tank broke,
and the fluid spilled into the area. A flammable vapor cloud formed
and ignited within a few minutes. Several hours of firefighting were
required to extinguish the fire.

ES.3 Key Findings

1. Operations and technical support staff at the manufacturing site
were unaware that Amodel could decompose and generate high
pressure when held at elevated temperatures for an extended time.

2. Product performance testing conducted by the company’s research
and development (R&D) group demonstrated that the plastic was
susceptible to thermal decomposition at processing temperatures.
However, the manufacturing process was not subjected to a
specialized design review to identify hazards from unintended and
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uncontrolled reactions; and the risks posed by decomposition of
the plastic were not recognized.

More than the normal amount of hot plastic entered the polymer
catch tank during the aborted startup. Reactions and decomposi-
tion of the material produced gases, which caused the plastic to
foam and expand. The expanded plastic forced its way into
connecting pipes, where it solidified and plugged the inlet to the
vent line. Once this occurred, the gases could not escape and the
vessel became pressurized.

Since 1993, there had been several near-miss incidents involving
both the polymer catch tank and the waste plastic. Had these
incidents been more thoroughly investigated, they could have
provided insight into the hazards associated with the operation,
as noted below:

a. In earlier years, large lumps of solidifying waste plastic had
burst, hurtling fragments a considerable distance. Investigations
were not thorough enough to determine that the hot, molten
material within the lumps was most likely continuing to react

and decompose, creating gas and pressure.

b. On one occasion after the polymer catch tank was opened, the
waste plastic inside spontaneously caught fire. This also
happened when a companion vessel was opened. On two
other occasions, waste plastic removed from these vessels
spontaneously caught fire after being placed in a dumpster.
Investigations did not identify that the fires were likely related
to the formation of volatile and flammable substances from

thermal decomposition of the plastic.

c. The polymer catch tank had been overfilled on prior occasions,
resulting in plugging of connected piping and the pressure relief
device. No adequate measures were developed to prevent

recurrence.

d. During inspections, the pressure relief device was found to be
fouled with solid plastic, which could have rendered it inopera-
tive. The potential consequences of such fouling were not
analyzed, and no adequate measures were developed to

prevent recurrence.

Operations and technical

support staff at the manufacturing
site were unaware that [the plastic]
could decompose and generate high
pressure when held at elevated
temperatures for an extended time.

The expanded plastic forced its way
into connecting pipes, where it
solidified and plugged the inlet to the
vent line. Once this occurred, the
gases could not escape and

the vessel became pressurized.
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. . . the design of the polymer catch
tank did not afford a practical and
reliable method for workers to check

for hazards before opening the vessel.

The consequences of the extruder
failing to start or shutting down
during routine operation

were not considered.

5.  Operating experience revealed that the design of the polymer
catch tank did not afford a practical and reliable method for
workers to check for hazards before opening the vessel. Drains
were often plugged with solidified plastic, making it impossible to
verify the absence of pressure or hazardous chemicals in accor-
dance with Occupational Safety and Health Administration
(OSHA) lockout/tagout regulations and standard company safety
procedures for opening process equipment. Nevertheless, these
design deficiencies were not corrected, and no standard practice
was developed for preparing the vessel for opening.

6. Process safety information inadequately described the design basis
and operating principles for the polymer catch tank. There was no
discussion of the means by which overfilling could occur and its
consequences.

7. The possibility of overfilling was increased when the original
startup procedures were revised; the diversion of output from the
reactor to the polymer catch tank was extended from 30 to 50
minutes.”> This modification of procedures was not subjected to a

management of change (MOC) review.
8.  Process hazard analyses were inadequate. For example:

» Credible scenarios for overfilling or pressurizing the polymer
catch tank were not recognized.

= T he consequences of the extruder failing to start or shutting
down during routine operation were not considered.

= Reactivity and decomposition hazards were treated
inadequately or not at all.

9.  Operators had no direct measure of the extent to which the
polymer catch tank had been filled. The design for the level

detector on the vessel was inadequate.

3 A 1999 training document specified a startup time of 40 to 45 minutes prior to
production through the extruder. However, CSB interviews of operators and supervi-
sors indicate with consistency that the practice at the time of the incident was to run for
50 minutes before directing the process flow to the extruder. In prior years, it had been
30 minutes.
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10. The failure of the extruder to run forced the startup to be aborted.
Although the prestartup checklist called for verification of the
operability of the extruder, that procedural check was omitted on
this occasion.

ES.4 Root Causes

1. Amoco, the developer of the Amodel process, did not
adequately review the conceptual process design to identify
chemical reaction hazards.

Neither Amoco’s R&D department nor the process design depart-
ment had a systematic procedure specifically for identifying and
controlling hazards from unintended or uncontrolled chemical

reactions.
2. The Augusta facility did not have an adequate review process Neither Amoco’s R&D department
for correcting design deficiencies. nor the process design department had

The Augusta site was the first and only commercial manufacturing a systematic procedure specifically for

facility for Amodel. Several problems in design of the polymer identifying and controlling hazards

catch tank became apparent with operating experience. Opera- from unintended or uncontrolled

tions management did not ensure that deficiencies were corrected chemical reactions.

in a timely manner.

=  Workers were unable to follow established company policies
for lockout/tagout and equipment opening because the plugged
drains on the polymer catch tank prevented them from verifying

the absence of pressure in the tank.

» Previous occurrences of overfilling and plastic entrainment into

connected piping indicated that the polymer catch tank was too
small to handle foreseeable process upsets. Workers were unable to follow
established company policies for

» Thelevel indicating device for the polymer catch tank was i )
lockout/tagout and equipment opening

unreliable. because the plugged drains on the

3. The Augusta site system for investigating incidents and near- polymer catch tank prevented them
miss incidents did not adequately identify causes or related from verifying the absence
hazards. This information was needed to correct the design of pressure in the tank.

and operating deficiencies that led to the recurrence of

incidents.

13



Incidents and near misses tended to be
treated as isolated events.
Management did not have a review
system to detect trends and patterns

among incidents.

» Sound technical theories were not developed to explain the
spontaneous ignition of waste plastic or the phenomenon
whereby lumps of waste plastic burst.

» Incidents and near misses tended to be treated as isolated
events. Management did not have a review system to detect
trends and patterns among incidents.

= T he polymer catch tank had been overfilled and the vent lines
plugged on other occasions. No effective measures were

developed to prevent recurrence.

= Fires occurred at the extruder on numerous occasions. No

effective countermeasures were developed.

ES.5 Contributing
Causes

Reactivity hazards, such as unintended
reactions, were not examined in the
final design-phase hazard analysis.

1. Hazard analyses of the Amodel process were inadequate and

incomplete.

» Reactivity hazards, such as unintended reactions, were not
examined in the final design-phase hazard analysis.

» The extruder operation and its overall impact on the rest of
the process were not adequately reviewed during the formal
hazard analysis conducted during design and construction.

» Credible scenarios by which the polymer catch tank could
become overfilled were not identified.

2. Design documentation did not adequately describe the Amodel

process.

» The process description did not adequately explain the design
basis and operating principles for the polymer catch tank; as a
result, misunderstandings of these characteristics developed.
The maximum fill level was not clearly specified. No warn-
ings were provided about the consequences of overfilling.

» Operations management did not update the documentation to
reflect changes in procedures and practices.

3. Equipment opening procedures did not specify what actions to

take when safety precautions could not be met.
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On the day of the incident and frequently during the life of the
Amodel process, it was not possible to verify the absence of
pressure in the polymer catch tank, as required by company
procedures and OSHA lockout/tagout regulations. Solid polymer
plugged the drain nozzles, which should have been used to verify
the absence of pressure. Without a policy requiring management
review and authorization in such circumstances, workers pro-
ceeded to open the vessel despite the lack of positive verification
that it was not pressurized.

Revisions to operating procedures were not subjected to
management of change reviews to evaluate safety effects.

Flow was originally directed to the polymer catch tank for 30
minutes during startup. Without adequate consideration of
possible adverse consequences, this time was later extended to
50 minutes—which increased the amount of material to be
disposed of to the vessel.

On the day of the incident and
frequently during the life of the Amodel
process, it was not possible to verify
the absence of pressure in the polymer
catch tank, as required by company

procedures and OSHA

lockout/tagout regulations.

Solvay Advanced Polymers, L.L.C.

Examine the manufacturing businesses acquired from BP Amoco
Performance Polymers and ensure that a systematic safety review
procedure is developed and implemented for identifying and

controlling hazards from unintended chemical reactions. Addition-

ally, ensure that reactive hazards are identified and evaluated:

s During product R&D, during conceptual design of a new
process, and during detailed design of a new process.

» Before changes are made to existing equipment or process
chemistry.

Communicate the results of this review to the workforce.

Ensure that a program is in place at facilities acquired from BP

Amoco Performance Polymers to systematically review the hazards

associated with new and modified processes and equipment as

15
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operating experience accrues. Ensure that facilities correct all
identified design, operation, and maintenance deficiencies.
Verify that operating experience does not invalidate the design
basis for equipment.

Revise the Material Safety Data Sheet (MSDS) for Amodel to
warn of the hazards of accumulating large masses of molten
polymer. Communicate the MSDS changes to current and past
customers (who may retain inventories of this product).

Solvay Advanced Polymers, L.L.C.,
Augusta Facility

Implement a program to conduct periodic management reviews
of incidents and near-miss incidents. Look for trends and
patterns among incidents. Address root causes and implement

and track corrective measures.
Revise process safety information to include:

» Information regarding the decomposition reactions of

Amodel.

= Design intent, basis, capacity, and limitations of equipment.

» Hazards and consequences of deviations from design intent
and operating limits.

Revalidate hazard analyses for the Amodel process to address:

s Credible deviations from process intent and their

consequences.
» Hazards associated with startup and shutdown operations.

» Prevention of accumulations of potentially hazardous masses

of polymer.
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4. Revise your lockout/tagout program to ensure that equipment is
rendered safe prior to opening for maintenance. Ata minimum,
ensure that equipment opening procedures contain a stop work
provision that requires higher levels of management review and
approval when safe opening conditions, such as equipment
depressurization, cannot be verified.

5. Ensure that your management of change policy applies to opera-
tional and procedural modifications.

BP Chemicals Group

Communicate the findings of this report to your chemical and plastics

manufacturing facilities in North America.

American Chemistry Council
Society of Plastics Engineers

Communicate the findings of this report to your membership.

17






1.0

Introduction

n March 13, 2001, at approximately 2:40 am, three workers

were fatally injured when pressurized material was suddenly
expelled from the polymer catch tank (KD-502) at the BP Amoco
Polymers plant in Augusta, Georgia. The two operators and one
maintenance technician were attempting to remove a cover from the
catch tank, expecting to extract hardened plastic. After half of the 44
bolts had been removed, pressure inside the vessel caused the remain-
ing bolts to break and the cover to fly off. The workers were struck by
the cover and the expelled plastic. All three men were employees of

BP Amoco.
The U.S. Chemical Safety and Hazard Investigation Board (CSB)

launched an investigation to determine root and contributing causes
and to issue recommendations to help prevent similar occurrences.

1.1 Background

CSB investigators examined physical evidence at the scene, took
samples, conducted interviews with current and former employees of
Amoco and BP Amoco, and reviewed company documents and scien-
tific literature. CSB also arranged for experiments to be performed at
two plastic testing laboratories.

1.2 Investigative
Process

The BP Amoco facility is located on a 100-acre site in Augusta,
Georgia, and produces various specialty plastics. It employs
approximately 250 full-time personnel. Amodel-the trade name for
the product involved in this incident—is a high-performance nylon
thermoplastic' used for automotive, electronic, consumer, and medical
device applications.

The manufacturing site was initially developed by Dartco Manufactur-
ingin 1984. Amoco purchased the facility in 1988 and constructed
the first Amodel process there in 1992. In 1998, Amoco and British
Petroleum merged to form BP Amoco. In November 2001, BP Amoco
and Belgium-based Solvay SA completed an asset exchange; the

Augusta site and associated business were transferred to Solvay

Advanced Polymers, L.L.C.

! Nylon is a type of plastic characterized by the chemistry of repeating amide groups.
Thermoplastic is a plastic that melts when heated.
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1.4 History of
Process Development

Amoco initiated development of the process for making Amodel in the
early 1980s. A pilot plant? built in Naperville, lllinois, was the
company’s first manufacturing effort for a nylon plastic.

In 1987, a semiworks® production facility (also referred to as the
“experimental unit”) was built in Greenville, South Carolina. In 1990,
the advanced polymers and fibers research and development (R&D)
organization and the pilot plant were relocated from Naperville to
Alpharetta, Georgia. A semiworks unit was then constructed on the
Augusta site. It commenced operation in 1992, and was followed a
year later by the company’s first and only commercial production unit.

Amoco was the recipient of several patents for the Amodel

manufacturing process.

2 A pilot plant is a small-scale manufacturing plant used to evaluate a new process
technology.

3 A semiworks production facility is larger than a pilot plant, but smaller than a commer-
cial production unit. The purpose of a semiworks facility is to produce product samples
for commercial purposes.
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2.0 Process

Description

modelis a polymer? prepared by the reaction of an aliphatic
di-amine with aromatic and aliphatic di-carboxylic acids.
It is referred to as a polyphthalamide nylon because it is derived from
isophthalic and terephthalic acids.

When dissolved and heated in the presence of a catalyst, the raw
materials react and combine to form a molecular chain. With each
addition to the chain, a molecule of water is formed as a byproduct.
An equilibrium exists between the forward and reverse reactions,
represented as:

Di-amine + Di-carboxylic acid U  Polymer chain + Water

The polymerization reaction occurs in a liquid solution and is mildly
exothermic.” The water created is ultimately converted to steam
because the reaction is conducted at high temperature. The vaporizing
water absorbs energy released by the reaction. If the energy required to
form the steam is taken into account, the overall reaction is considered

to be slightly endothermic.®

4 A polymer is a natural or synthetic chainlike molecule formed by the union of at least
five identical smaller molecules (monomers). Polymers usually contain many more than
five monomers, and some may contain hundreds or thousands of monomers in each
chain.

> An exothermic reaction is characterized by the release of energy.

¢ An endothermic reaction is characterized by the consumption of energy.
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2.2 Process
Configuration
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Figure 1.

Figure 1 is a highly simplified sketch of the process for making Amodel.
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Highly simplified flow diagram for Amodel production.

Because the chemicals used to make the plastic are solids at ambient
temperature, the first step in the process is to dissolve them. The result
is a salt solution of raw materials that is then fed to a pressurized
prereaction vessel, where the temperature is increased to between 190
and 230 degrees Celsius (°C). The reaction proceeds partially at this

stage to form a prepolymer.’

A high-pressure pump sends the prepolymer forward to the preheater,
where the temperature is raised to between 290° and 340°C. The
increasing temperature further advances the reaction. The solution
then passes through a flow orifice to decrease pressure, which causes

some of the water in the solution to rapidly vaporize to steam.

" Prepolymer has a molecular weight lower than the finished product.
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The dispersion of prepolymer and steam is then fed to a tubular reactor,
where the temperature is increased still further. The process fluid
remains in the reactor for less than a minute. When it exits, the overall
reaction is more than 80 percent complete.

An extruder® finishes the reaction to a polymer of the desired molecular
weight. The product from the extruder is then pelletized, cooled, and
stored.

During normal process operation, the prepolymer produced in the
reactor is fed to the extruder. During periods of startup and shutdown,
and when there are mechanical difficulties with the extruder, the
reactor effluent is diverted to a waste collection vessel-referred to as the
polymer catch tank (Figures 2 and 3). The catch tankis a 750-gallon
horizontal cylindrical steel vessel with a flat cover bolted to each end.
Before startup, it is empty except for a removable branched metal frame
that serves as a surface on which polymer agglomerates.

The polymer catch tank acts as a chamber for separating prepolymer
from vapor. The rapidly flowing process stream from the reactor enters
the catch tank through a 4-inch pipe nozzle located on one of the end
covers. T he velocity of the stream decreases as it enters, causing liquid
droplets of polymer to fall and settle inside the vessel. The prepolymer
accumulates in the vessel; the vapor portion of flow exits through a 6-
inch vent nozzle located on top of the cylindrical shell.

Three other piping connections are located on top of the polymer catch
tank. One is used for the pressure relief device. The other two are
utility connections for nitrogen and service water, which can be used
for purging and flushing the vessel.

8 An extruder is a machine consisting of turning screws within a stationary barrel. It is
used to simultaneously heat, knead, and pump plastic.
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2.3 Polymer Catch
Tank and Reactor
Knockout Pot

During periods of startup and shut-
down, and when there are
mechanical difficulties with the
extruder, the reactor effluent is
diverted to a waste collection vessel—

referred to as the polymer catch tank.
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Figure 2. KD-502 polymer catch tank (simplified representation).

Figure 3. KD-502 polymer catch tank (actual vessel with one cover removed).
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The material that enters the polymer catch tank from the reactor is hot;
because the tank is neither heated nor cooled, the rate of cooling
depends on a number of factors, including the total amount of material
present and ambient conditions.

Typically, during startup of the process, the effluent from the reactor is
di rectedt ot hepd yner cat cht ank f or 50 m nufesefore being di-
verted to the extruder (Figure 4). Prepolymer that accumulates inside
the catch tank during startup normally cools and solidifies.
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Figure 4. Simplified process diagram showing polymer catch tank and reactor knockout pot.

® A 1999 training document specified a startup time of 40 to 45 minutes prior to
production through the extruder. However, CSB interviews of operators and supervi-
sors indicate with consistency that the practice at the time of the incident was to run for
50 minutes before directing the process flow to the extruder.
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When the manufacturing process is shut down, the flow of raw
materials is discontinued; a solvent is used to displace and dissolve the
prepolymer. Early in this stage, the flow from the outlet of the reactor
continues to be directed to the extruder. Once solvent is detected at the
extruder, the flow from the reactor is diverted to the polymer catch tank.

The solvent is capable of dissolving polymer residues in the reactor,
piping, and associated systems. As the solution of polymer approaches
the polymer catch tank, the pressure decreases and the solvent vapor-
izes almost completely upon reaching the tank. Inside, prepolymer
separates from the vaporized solvent and settles as a liquid on top of the
typically solid residue of startup material already present. The solvent
vapors exit through a vent line on top of the tank. The amount of
prepolymer added to the vessel during a normal shutdown is small
compared to the amount sent during startup.

Further flushing of the equipment with water and steam completes the
shutdown. Both the solvent flush and the water flush also remove heat
from the polymer inside the polymer catch tank; the plastic typically
solidifies. Later, one of the covers is removed from the tank, and the
accumulated solid waste on and around the metal frame is pulled out

and disposed of.

The reactor knockout pot (KD-501) is a waste vessel very similar in
design to the polymer catch tank. Figure 4 depicts its arrangement and
connectivity to the process. The emergency pressure relief devices at
the outlet of the reactor discharge to the knockout pot. The reactor
effluent can be directed to the knockout pot when the catch tank is

too full.
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3.0 Description of Incident

he Amodel unit operated normally during the week prior to the
incident. However, it was shut down on Saturday, March 10,

2001, for repair of an equipment failure in the extruder. Restart was

scheduled for March 12.

As was typical following a shutdown, during the early morning hours of
March 11, the polymer catch tank was prepared for opening and the
cover was removed. T he frame inside was extracted, and the tank was
cleaned of accumulated polymer. Maintenance personnel reported that
the vessel appeared to be clean and in good condition. The cover was

subsequently closed and rebolted.

Although the polymer catch tank was designed to have 