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L. INTBRODUCTLON

The National Imsti{tute for Qeccupational Safety and Health (NIGSH) is the
primary Federal agency engaged 1n occupstional safety and health research.
Located in the Department of Health and Human Services (formerly DHEW), it was
established by the Dccupatipnal Safety and Health Act of 1970. This
legislation mandated NIOSH to conduct a number of research and education
programs separate ftom the standard setting and enforcement functions carried
cut by the Occupational Safety and Health Administration (0SHA) in the
Department of Labor. An 1mportant area of NIOSH research deals with methouas
for controlling occupstional exposure to potentlal chemical and physical
hazards, The Engineering Control Technology Bramch (ECTB) of the Division of
Physical Sciences and Engineering has been plven the lead within NIOSH to
study the engineering aspects cof health hazard prevention and zoatrel,

Since 1976, ECTE has conducted a number of assessments of health hazard
control technology on the bagis of industry, conmon industrial process, or
specific control technigues. Examples of these completed studies include the
foundry industry; various chemical manufacturing or processing cperations,
epray painting; and the recirculation of exhaust air. The ogbjective of each
of these studies has been to document and evaluate effective control
technigues for potential health hazards in the industry or process of
interest, and to create a wore general awareness of the need for or
availabllity of an effective svstem of hazard control measures.

These studies Invelve a number of steps or phases., Initially, a serres of
walk-through surveys is conducted to select plants or processes with effective
and potentially transferable control concepts or techniques Kext, in-depth
surveys are conducted to determiie both the contrel parameters and the
effectiveness of these controls. The reports from these {n-depth surveys are
then used as 2 basis for preparing technical reperts and journal attizles on
effective hazard control measures. Ultimately, the information from thesa
tesearch activities builds the data base of publicly available information on
hazard contrel technigues for use by health professionals who are responsible
for preventing occupaticnal illmness and injury



II. PLANT AND PROCESS DESCEIPTION
DESCRIPTION

ICT Ameticas Inc., a subsidiary of one of the world's major chewical fimms,
Iupe rial Chemical Industries, PLC of England, operates a nusber of chemical
processing sites 1n the United States from thear Wilmington, Delaware head-
quarters. The Agricultural Chemicals and Chemical Bivisicns have separate
processing installations on a 430-acre site located in the Bayport Industrial
Park about 25 miles scuth of Houston, Texas and near the Johnson Space Ceénter,

The Petrochemicals Division operates a new, continucus chemical processing
facility, featuring state-of-the-art equipment and technology, te produce
ethylene oxlide {(EC)}, In an adjacent continuous processing unit, derivatives
are prepared from EQ by (1) hydrolysis with water to form various glycels;
{2} reaction with methanol, ethancl, and butanol tc previde glycol ethers; and
(3) reaction with ammonia to previde mono-, di-, and triethanolamines. Glycol
ether acetates are prepared 1n a separate batch unit vhere acetic acid 13
reacted with selected glycol ethers.

The subject of this survey was the EC manufacturing unit, 1t has a nameplate
capacity to produce 450 million pounds of EO annually. The major portion is
reacted to ethvlene glycols, utilized in the on-site production of the EO
detivatives, or shipped by rail car to an ICT facility at Wew Castle, Delaware
for condenszation to varicus long chain ethoxylates. The remainder is
available for merchant trade and 1s shipped in dedicated rail cars, The
EO/derivatives complex was put on stream in September, 1981.

Of approximately 200 ICI site emplovees, about 115 are assigned te producticn
units and the others to perscennel, engineering, and purchasing departments.

In addition, about 110 Brown and Root Covpoaration workers provide comtract
maintenance services. Both ICI and Erown and Poot employees are non—union and
work under the safety and occupational procedures and requirements of ICT.
There has been very little turn-over af the workforce (i1neluding contract
employees) since the Agricultural Chemicals Division plant was started in 1977.

PROCESSING

EC 1s produced by vapor phase oxidation of ethylene with oxygen at moderate
pressure and temperzture over a silver catalyst in accordance with the
following excothermic reactlon®,

7 HyC = CHy + 6 0, -2ELatalyst . HyC - CHy + 2 COp + 2 Hy0
Ethylene Oxygen a
Ethylene oxide

EQ is recovered by water scruhbing as a fairly dilute sclution. The scrubbed
gas, virtually free of EQ, is recompressed. A drag stream 15 diverted from
the main flow through a CQg removal system where COs reacts with potassium
carbonate to form the bicarbonats. The biecarbonace solutiom, 1m turn, 18
regenerated with steam to free the COp. After return of the COy-free side

stream, the main flow Is topped up with ethylene and oxygen and recycled te
the oxadizer.

.

*ark-Othmer, Encyclopedia of Chemical Technology, 1980, Volume %, p. 441.




The dilute EO solution is steam stripped to enrich the concentration and the
concentrated solution i1s than degassed to remove soluble gases. A portion of
this solutlon 1s purified by distillation to remove water, fermaldehyde,
acetaldehyde, and other impurities. The essentlally aldehyde-free, dry EO is
sent to storage for rail car loading or put into a distributicon system to feed
various EQ derivarive processes within the facility. Because of 1ts tendency
to polymerize, EO 1s stored at 60°F maximum (chilled water refrigeration) for
nornally, oo longer than one week.

The degassed soclution not fed to the FO purification column 1s mixed with more
water, heated in the glycol reactlion system, and hydrolyzed tc form a mixture
of glycels., This is a time-temperature relationship. The dilute glycol
selution is dehydrated and then distilled to separate mano, di, tri, and heavy
glycol as products. The reaction kinetics result in approximately 908 mano,
9% di, and 0,9% triethylene glycol.

The Derivatives plant is a multipurpose unit in which, on a campaign basis,
ethanolamines, glycol ethers (of methyl, ethyl, and butyl alcohols) are
produced, The process 1s gimilar to the ethylene glycol process except that
higher temperatures and longer residence times are employed. The chemistry is
identical except for the substrate: ammonia, water, or ethyl, methyl, or bucyl
2lcohols. Acetates of meonoechyl ether glycol are produced in a separate batch
unit. ICI is preparing te produce mancethyl butyl acetate. In response to
toxlclty concerns about moncethers, they are shifting production from the
ethyl and methyl glycel ethers to less volatile acetatas.

The raw materizls, ethylens and oxygen, arse supplied from underground pipa
grids which supply the entire Houston area petrochemical complex, Multiple
suppliers feed these pipe grids and cress connections between companies on the
pipe grids can be made 1f an underground pipe 1s broken or torn up during
excavation. The redundancy of supply sources {s a major help 1In maintaliniag
contlnuous operation. Because of this gassured supply, the gases flow direckly
to the facility's continuous reactor without intermediate storage.

Altheugh most of the newer EO facilities are oxygen based, older units use air
as an oxygen souTee, The oxvgen process is relatlively sipple a5 compared to
an alr based plant where there 13 a muiltiplicity of reacters i1n series and
muach more complicated turbe compressor equipment. The energy efficiencry,
capital cost, and the selectivity {or yield conversion) 1s also superior far
oxygen based plants 25 compared to =ir based planta. Almeost all new plants
are oxygen based. Where pure oxygen is upavailable, the cost of constructing
and cperating an oxygen supply plant can favor the alr oxidation process.

For each ghift, there 1s one inside operator {who seldow leaves the control
room} and two outside cperators. Duties shared by the outside operaters
include ECQ rail car loading, quality conttol sampling, and patreclling,
monitoring, and adjustment of utility, EQ, and glycel reacticn equipment,
Under storage conditions some EOQ may flash, but a leak would be noticed
primatrily as a liquid stream. The four crews of operators work lZ2-hour shifts
four successive davs and tuen are off, put o0 call for replacement or
emergency duties, for 4 days., After another 4-~day duty tour, they have four
days off with no recall requirsments.



POTENTIAL HAZARDS

This survey was limited to comtrol technology related to potential EQ exposure
as this 13 the the primary occupational health hazard im the unit surveved,
There is limited by-product formation of formaldehyde, acetaldehyde, vinyl
chlorlide moncmer, and oxalic acld, and process chemicals such as caustic and
ethylene dichleride for which minimal cccupational exposure may occut.

EC is a colorless gas, condensing at low temperatures to a moblile ligquid. The
normal bailing peint is 10.4°C, and the vapor pressure at 20°C is 10%3.5 mm Hg.
The vapors are flammable and explosive; the Tag apen cup flash point is below
-112.5°C, the lower explosive limit in air {s 32, and the upper explosive

limit is 100%Z by volume, It 1s miscible in all proportions with water, ether,
aleohol, and mest organic solvents, The closed cup flash point of a 1 percent
salution of ED in water is 31°C,

On June 13, 1984, the OSHA permissible exposure limit (PEL)Y for EQ was lowesred
from 50 ppm to 1 ppm as a time—weighted-average {TWA) concentration over am
&-hour perzod. The promulgation of a shorr—term exposure limit or a celling
limit is curreatly uanresclved, but OSHA rule making on the issue is continuing,
Routes of entry are by inhalation, ingestion, and skin or eye comtact. Acute
exposure can result in eye irritation, corneal burn, skin buro (frostbite),
irritation of the respiratory ttact and lungs, and depressicn of the central
nervous system, Nausea and vomiting may be delayed and may be followed by
convulsive seizures and profound weakness of the extremities, Target organs
are the eyes, bleod, respiratory system, kidnevs, liver, and the central
nervous sysktem. It is alsc a suspected carcinogen., Ewvidence concerning ED as
& potential human carcinogen is presented in the NIOSH Current Intelligence
Bulletin No. 35, dated May 22, 1981 {DHHS-NICOSH-Publication No. 81-130).




III. CGONTROL TECHNOLOGY
INTRODUCTION ~ PRINCIPLES OF CONTROL

Gecupational exposutes can be coutrolled by the application of a number of
well-known principles, including engineering measures, work practices, personal
protection, and monitering. These principles may be applied at or near the
hazard source, to the genesral workplace eanvirenwent, or at the point of
occupational exposure to individuzls. Concrols applied at the source of the
hazard include engineering measures (materlal substitution, process/equipment
modification, 1golation or automatipn, lecal ventilatiecn) and work practices,
these are genarally the praferred and most effective means of contreol im terms
of both secupational and envlironmental concerns Controls which may be
applied to hazards that have escaped into the workplace envirenment include
dilution ventllatien, dust suppression, and housekeeping. Concrol measures
may also be applled near individuzl workers, including the use of remote
control rooms, isolation bootrhs, supplied-arr cabs, werk practices, and
petrsonal protective equipment.

In general, a system comprised of rhe above contreol measures 15 required te
provide worker ptotection during normal operating conditions, az well as under
conditions of process upset, failure, and/or waintenance. Process and
workplace monitoring devices, personal exposure monltoring, and medical
menitoring are important mechanisms for providing feedback concarning
effectiveness of the contrels ino uge., QOngoing monitoring and maintenance of
contvols to Insure propet use and opgrating conditions and the education and
commitment of both workers and management to occupational health are also
1mpotrtant ingredisnts of a complete, effective, and durable centrsl system.

These principles of control apply to all situatioms, but their optimum
application varies from case~to-~case, The application of these principles 1s
discussad below.

In the ICI EQ/derivatives facility, occupational exposure is most likely for
the workers involved with rail car leoadlng, quality control samplang, facility
equipment disassembly and decontamination, laboratory analysis, and contrel
instrumentation repair and maintenance. Hazard control successfully employed
by ICI will be discussed under the follewing componrent headings englneering
contrals, monitoring, and work practices,

ENGINEERING CONTROLS
Nasign Consideratiens

EG is explosive and hazardous on occupational exposure; therefore, production
is conducted 1n an outdoor facility using tightly cleosed and highly automared
process equipmeat. Because the processing Is largely automated, operatats are
few 1o nuaber and spend a substantial part of thelr time 1nside ventilated,
enclosed contrel stations located away frod the processing equipment.

L |



The physical layout ¢f the facllity was planned with consideration of the
prevalling wind which gencrally blows in a northwesterly direction, Therefore,
EQ storage and rail car loading are located at the mortheast end of the plant.
The manufacturing facilities are south of the tanmk farm, the laboratory and
contrel rooms are south of these, and the general offices are 1n the southern
most sector. Thus the comcentration of perscnnel is away from sites where a
break down could cause potentlal exposures.

ICI PLC, the parent company, uses hazard analysls as a tool to develop a
balance between safety and cost. This plant was designed with this balance 1n
mind. For fnstance, the size of the E0 vessels was based on the probability
that they may explode and attendant costs which would be incurred if they did.
Te deter such potential calamities, a large Iinvestment was made In redundant
and instrumented controls to provide the current level protection. Further
expenses are incurred to maintain a staff of highly trained lnstrument
techniciana to frequently trip test and troubleshoot the equipment to ensure
that all are functioniong properly.

Trip testing 1s done according to a written procedure. Plant personnel audit
these procedures and, on a periedic hasls, cerporate auditors luterview the
technicians, examine historical data, witness actual trip testing, and review
malntenance records. The concepts and the necessary hardware were an Integral
part of the design of the plant. The nead to trip test a particular
instrument monthly was developed and documented well hefore the plant was
erected, BSince the best people to write cperating instructiocns are the people
who use them, the actual procedure was written by the instrument foreman who
would have to implement if, in ¢onjunctien with a hazard analyst and the
instrument engloneer who designed-the system.

Another example of how hazard analysis affected the process design 1s in the
gelection of the method used to move the EO distillation column bottoms Into
the glycol reactor feed system. A minimum pressure must be achieved to
conduct this operation. The conventional way 1is to elevate the distillation
column sufficiently to install a2 pump and a spare beneath 1t. For such an
installation, the base equipment ecosr includes a 200' high digtillation
eolumn, two pumps, and the auxiliary equipment neesded to meet the ICT
standards for the level of protection trequired for such a pump. Additionally,
the yearly costs of operating and maintaining the pump must be factored into
the cost comparison. {During the design of the plant, an economic system to
project average cost to present value was developed so that both operating
costs and investment costs can be updated.)

An glternate approach 1s to increase the elevation of the column to provide
the hydrestatic head necessary to gravity feed the still bottoms to the glycol
reactor feed system, This would increase the foundation and the structueral
steel costs, however, 1t would avoid the costs of the pump and the related
instrumentation and safety gear. At the level of accuracy of the cest
estimating, costs of either choice were equivalent. Hazard analyses revealed
two major ways of causing a catastrophic ocecurrence in an EQ plant. 1) poor
contral over the oxygen and hydrocarbon ratios and 2) an EO pump problem.
Both can lead to a fire which chen propagates as an explesion. However, by
selecting the second choice, rhe need for a pump was avoided and a safer and
maintenance free operation was obtained at no added cest. The comment was
madei “If you don't have something, it won't go wrong!”



Since processing risks ave high, ICI has Incarporated a propristary High
Integrity Protective System {HIPS) to protect the EO plant. Briefly, it
monitors ecritical process patrameters with three separate instrument loops.
This is similar to the contrel philosophy on atomic submarines or power
placts., TIf two of the three instrument loop monitsers shew rhat a eritical
control condition has drifted ocutside the control parameter, the HIPS system
will auteomatically shut down oxygen feed to the plant. The trip initlators
are intended: 1) to prevent detonatable mixtures of oxygen and hydrocarbons,
2) to protect equipment In the plant, and 3) prevent carry aver of product
(such as by foaming or relief to the atmosphere).

The HIPS meonitors over 30 parameters, all in triplicace. It has the great
advantage that an instrument or conttol feature can be tested on line without
the need to defeat or short circuitc a trip. To ensure that a channel is
funetioning from 2 sensing point in the process all the way through to the
safety alert system in the contrel room, a techniclan using a prescribed
precedure can trip and cause an ingtrument to think it is in trouble. When
the alarm flashes on the panel in the contrel room, the channel is shown to be
working effectdvely. This trip testing can be dome on a routine kasis without
losing production, since it takes two out—-of-range measurements to initiate a
plant shutdown. Although very expensive, ICI management believes the HIES
setup met the objective of the hazard analysis made at the design stage in
1979 and has more than paid for itself in preventing production losses over
the period the EO faclility has been in operation. In over two years of
operating experience, during which the HIPS components have been tested on a
monthly basls, only five faflures have occurred, none of which impacced on the
safety of the plant.

In the event of a large leak in the oxygen supply line or a long rerm plant
shutdown, all lines devoted to oxygen usage can be carefully flushed using
high purity nitrogen. The oxygen supply pipe coming into the grounds has a
wmain isolation valve at the entry area. Just downstream, a stainless steel
tube joins this line and is used to i1nject nitrogen into the oxygen line after
the main isolatien valve 1s c¢laosed. The nitrogen purges the oxygen line on
into the processing equipment.

Plant operaticns are meonitored, but not computer controlled, cn a Taylor Mod 3
electronic coutrol system in the contrel room. This system collegts
information from the variocus control loops and displays i1t in an efficient
manner on video scraens. It presents tabulations and summaries of data on the
process control parameters To supplemeunt this analog system, an adjacent
computer computes graphs, accounting reports, and summaries of all analytical
results on the various intermediate and product streams for management
perusal. Because of the hazard of runaway heat builldup, the temperature
profiles for the reactors and related equipment are carefully menitored by the
control room operators. They check nver 300 temperature peints im the plant
EQ0 reactors. The economics of the plant also c¢an bz monitored constantly:

the amount of steam, ethylene, and oxygen being fed, and the amounts of
product streams beimg produced. ICT has raduced the paper work required by
older systems, data are recorded on casgettes and printouts so that the
operators actually log very little written data.



Piping and Gasketing

Ag much as possible, all piping is welded. Where flanges are required to
connert valves, nozzles, etc., written specifications and procedures for
installation were prepared by Davy-McKee, the construction centractor. As an
example, ANSI (American Naticnal Standards Imstitute), carbon steel, 600 psi,
raisad face, socketweld and buttweld flanges with Grafoil® gaskets are
specified for E0 service of greater than 1 percent concentration, Conformation
to these piping specificationms has resulted in generally trouble free
operation.

Some of the original specifications have been modified and elaborated upon by
ICI ¢ngineers based on actual experience., For Instance, 1/16" Grafoll® grade
GHE with 3/16" 55 ring type gaskets were installed. Grafoil® 1s a Union
Carblde product made of compressed carbon with 2 stainless steel wmesh inside,
compressed graphate 1s very brittle and must be backed up. However, ICI found
Ting type gaskets are very susceptible to flange bloawoubs from overpressute In
the line. Therefore, the specification was changed t¢ spiral wound Grafoil®
2. This has the Grafoil® between stainless steel rings. Spiral weund flange
gasketing is more expengive than ring gaskets, but the stainless steel
provides some resiliency to the flange. They can also ba centered 1in the
flange meore easily so that the mating surfaces canm be lined up properly, A
typical J~inch spiral wound gasket made by Sepco Flex Seal, Houston, Texas is
identified as: 3", 150 API-501, 3/16" Grafoil®.

The torquing procedure used to tlghten the flanges 1s as Important as the
cholce of gaskets., Flange bolts are pulled to the specific tension values
recommended by ANSI for each flange size. Filgure 1 1s a procedure used by
Brown and Root for bolt tightening. ICI has recommended the following be
incorporated alse: 1) Bolting should be well lubricated with a suitable
graphite oil., 2} A time period between each of the bolt tightening eycles
(ten minutes suggested) should be allowed for initial relaxation. 3) The balt
tightening sequence shauld be staggered i1n a cross or star pattern at
diametrically opposed bolt locations. 4) The torque at all flanged joints
should be checked at least annually.

Flanges are 'sealed' with sheetmetzl enclosures whieh have 'leak' or drain
tubes that penetrate the insulation. If a flange leaks, liquids and vapors
are captured by the enclosure and the technician 13 alerted to the flange seal
failure by observing fluids draining from the 'leak' tubes. Hot equipment and
flanges are heavily insulated not only to conserve energy, but also to
elipinate heat sources which might ignite EO vapors should a major leak cccur,

EDQ Sewer System

In addition to a normel surface water sewer system throughout the plant, there
is a compietely separate E0 sewer system, Pump seal and flange emissions,
drips, and spills of EQ all go te this special sewar system which incotporates
the following design features:

1. The puap and drain lines all contain gooseneck loops to prevent back
filow,



BECWN AND ROCT PROCEDUEE IOR BCLT TIGHIZHING

1. The bolts shall be tightenmed incrementally to the stress reguired for
hycrotest 1n & series of three cycles as per Table using a suitable torgue
wrench ar other controlled torgue device.

2. A staggered sequence shall be used to tighten bolting 1n each cyele n
accordance with the following i1llustration

3. In any cycle, the entire seguence must be completed before the next cycle
is started.

4. After Cyvcle 3 13 complsted, ®math bolt shall be checkea for relaxatilion v
re—torquing to the appropriate value for Cyele T shown in Table., Do nct
use 3 staggered seguence in this operation  Experience has shown thati
baest results are obtaimed by moving from bolt to adjacent bolt arcund the
flange Continue this opervaticn until all relaxatiom has stabilized and a
uniform torgue exists for each balr.

TORQUE - FT LB
Bolt Thread Cycle 1 Cvcle 2 Cyele 3 Maximum
Diam. Per In. Stress 30 ksi Stress 45 ksi Stress 63 haz Stress 84 ks
374 10 100 150 200 284
7/8 9 160 240 320 i

1 8 2453 308 499 587

1-1/8 8 355 833 710 983

1-1/4 8 500 750 1,000 1,400

1-3/8 8 6EQ 1,020 1,360 1,904

1-1/2 5 800 1,200 1,800 2,240

1-5/3 8 1, 100 1,650 2,200 3,080

1-3/4 8 1,300 2,25Q 3,000 4,200

2 ] 2,200 3,380 4,600 5,200

The above table applies to S5A-193=BF heliirng

Figure 1 Flamge Installaticn Instructicns
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2, The sumps (Figure 2} are automatically pumped out as the level control
dictates (water may Dbe added to keep pumps operating).

3. The sumps are continwously purged with nitrogen te mailntzin an lnert
blanket over the liquid in the sump.

4, The sump lids are checker plate 1lids. They are gasketed and all pipe
entry points are welded. All other possible emission points in the
sewer sump surface are sealed with mastic,

5. Each sump is vented to a high point away from other equipment. EOD 1s
a reactive chemical and disappears quickly in the atmesphere.

Pump Seals

Figure 3 1llustrates mechanical seal arrangements, classlfied by positional
arrangement. Double mechanical seals (bottom illustration) are used in this
facility for dirty services, such as pumping salts and dirty fluids. In this
arrangement, the two single seals are mounted back to back and the stationary
geal members are at opposite ends of the seal chambar. The seal flush or
buffer fluld Is at a higher pressure than the pump discharge and is contained
in a geal pot. Circulation is through Connection A and €. If the primary
seal fails, the higher pressure seal flush will lesak into the liquid being
punmped. This can ereate 2 contamination problem depending on the seal flush
fluid being employed.

Tandenm mounted mechanical seals (Figure 3, middie drawing) are used cm all the
LD centrifugal pumps. In this arrangement, the two single mechanical seals
are wounted so that both sealing elements face the outboard end of the seal
chamber, The tandew seal flush fluld pressure is either lower than or
equivalent ta that of the puwmp discharge. If the primary seal fails, leakage
is into the seal pot. If a secondary seal failure occurs, the seal flush
normally leaks to the atmosphere, however, in the EO plant, pump seal leakage
is piped to the ED sewer sump system. The chanece for simultanecus failure of
both the primary and secondary seals 1s very low, Falled seals are returned
to the manufacturer for reworking.

Sundyne centrifugal pumps are utilized for high pressure EQ service. These
are high speed (ca 12,000 rpum), vertical pumps which are sealed with John
Crane tandem mounted, type & mechanical seals; a balanced, pusher type seal.
The seal comprises a compressed catbon ring and a hardfaced surface, For the
EQ facility, the hardface surface is normally stainless steel treatad with
carborundum. The two O-rings are made of Kalrez® (duPont), The usual sealing
materials supplied by Crane such as Viton® or polyterrafiucroethylene (PIFE)
{(the ICI equivalent s Fluon®) are not true elastomers, they deform and remain
deformed, Also, PIFE will cold flow and assume the shape of the piece.
Kalrez® is a true elastomer which has the chemical inertness of PTFE,

The facility uses the same general seal flush hookup for all centrifugal pumps:
an AFL Standard 610 Plan 11 for the primary seals and a modified Plaan 52 for
the secondary seals. This consists of a bypass from the punp discharge which
directs the fluld being pumped through a restricting orifice tc Connection A
{(Figure 3, wmiddle drawing) to provide lubrication and cooling for the seal.
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Plan 52 utilizas Conmmectien C to introduce a buffer fluid to the sealing
chamber and anether cannection (not shown) to return it to the seal pot. The
design of the seal flush circulatien system provides not only a seal pot
(reservoir) for the fluid but also a means of ¢ooling the fluid to reduce the
eperating temperature of the seals., At this site, the seal flush 1s a 50
percent sclution of ethylene glycol In water. As the flush fluid in the
cavity between the primary and secondary seals heats up, the warmer fluid
moves by convection into the seal pot, The return leg from the seal pot to
the pump centaing a cooling device., Depending on the servicea, it may be a
water cooled ¢oll or a section of finned tube which will dissipate some of the
heat, The low veloclity flow through the seal gystew will maintain the seal
flush temperature under normal operating condircieons.

At the top of the seal pot is a vent/overflow drain line which leads through a
restriction orifice and an open valve to a vent header. This open line
relieves overpressure due fo seal fallure or other causes without need for a
relief valve on the seal pot. The header discharges to the EQ sewer system
through a dip tube submerged below the water surface im a sump. TIf EO leaks
through the seal, it will vaporize 1nte the seal pot and flow through the wvent
line to the ED sewer. The restriction orifice in the vent line confines the
flow and enocugh back pressure 1s created to trip the pressure switch. This
will flash an alarm in the control room to indicate a seal leak condition.

Spuricus trips occurred during early production. These were thought to be
seal failure, but were actually¥ caused by overpressure of the niltregen
blanketing the sump system, The excessive pressgure backed up through the dip
tubse, into the seal pot, and tripped the pressure alarm. The dip tube
discharged into the sump several feet below surface and water displacement hy
the nitrogen was about equivalent to 5 psig. This situation was remedied by
shortening the length of the tube extending below the surface of the water in
the sump.

The instrumentation cn the seazl pots activates alarms in the control room when
several condifions go out of a normal parameter' 1) pressure, both high
pressure and high, high pressure; 2) level, and 3) temperature on the seals,
The high pressure alarm is set to alarm at 5 psi, the high, high prassure
alarm, actuated at 6 psl, 1s considered redundant and sets off an alarm only
whan tripped. When the high pressure alarm geoes 0ff in the control room, an
operatov goes out te investigate the pump. If there is a primary seal leak on
an EQ pump, the por surface usually becomes very cold or even frozen. If the
gseal pot level drops, the trip signals an alars in the control reom. 1If the
level goes too high, there 1s a HIPS trip. High temperature in the pump shaft
bearings deoes not cause an immediate trip and alarm, but i1ndicates probable
future bearing failure, The Instrumentation is periodically checked by the
outside operator,

On a2 two day schedule, two millwraghts check all rotating equipment in the
facility, giving special attention to the bearings. IRD spike energy
menitoring equipment 15 used t0 monitor vibrations in the ratating equipment.
Using trend analysis from past data, ICI can predict about which month the
rotating equipment should be taken cut &f service fer overhaul. Predictions
are made from a plot of the noise data, when an IRD reading of around 4 is
reached, the equipment is shut down. Overhauls are performed as nesded,
rathet than on a time—based schadule,
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Decontamination of Pumps

The mast frequent reason for pump decontaminatien are seal failures, In this
case, it 1s necessary to clear E0 from the pump case, the assoclated pipevork
within the iselations, the seal pot, and the seal cavity. The objective of
decontamination is to flush out the normal contents of this equipment and
replace it with nitregen centalning less than 1 ppm EQ at atmospherle pressure
befeore relaaging the pump for maintenance.

The mormal isclation used at this plant on ED or high pressure steam lines 13
a double block and bleed: two manual shutoff walves with a bleed valve
between them. This redundancy ensures that the equipment is 1sclated from the
process and zlso provides an indicator as to whether or not either of the
block wvalves is leaking. This arrangement also provides valves for the
introduction of purging materials for decontamination.

Typically, decontamination has been performed by connecting the required
utility with tubing to the bleed walve of the double block and bleed on the
suction side of the pump. Tubing connections were also made from the
discharge bleed valve to the EC sump. Uo specific physical arrangement was
employed and technicians made flex hose connectlons on a spoet hasls.

First, the material between the isolatinns was flushed out with water to clear
as much EQ ftom the pump as possible. Even though the tubing was inserted
falrly deeply into the sewer, excessive EQ vapors could be emitted from the
sewer: workers were cauticned to stay away from that area,

Second, the pump was flushed with low pressure steam, or steam condensate,
This is the most zmportant part of the decontamination., There are two ways of
removing the EO: ome 15 to pressurize the system with cold water and absorkb
or scrub put the EQO, the cther {5 to heat it up at a low pressure, vaparize
it, and sweep It away. Steam and condensate were put through the pump for
varying lengths of time, up to 6 hours. This may have heen longer than was
necassary to decontaminate the parts in which there was flow, but there were
various dead spaces in the system that did not become part of the circulatiom.
Enough time was allowed for the heat to spread throughout the pipework and
vaporize all of the EG. Also, heat tends to bhreak up E0 polymers which may
form in the system so that these can be flushed out.

Finally, nitrogen was used to force out the contaminated condensate and clear
the pump in preparation for removing it and to provide a gas phase medium for
testing for EO contamination. A high flow rate was used initially to sweep
out the pump, then it was reduced to a trickle flow to pet as objective a
measure 0f EQ contamination as possible, usling Gastech detection tubes.

Although the temperature of the cendensate is about 250°F, hot surfaces have
not been & major problem for maintenance personnel. Typically, the pump is
deconteminated during the night shift and completed by two or three o'elock 1n

the moraing. It has several hours to cool off before cthe malntenance crew
arrives on the day shift.
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At the time of the survey, this decontamination mathed was being revised,
although no employee had been grossly overexposed, improvements ate
desirable. A new, 26~poiat procedure has been written and finai approval
status 1s anticlpated shortly. Many of the concepta used te develop the
propesed decontaminaticon method were discussed with cthe NIOSH research team.

In addition to vedueing cccupational exposure to EO during decontamination,
the system has econemle advantages . Depending on the geometry of the
specific pump, 60 to 1800 pounds of EQ 15 contained within the isclatioms.
This has been lost in the EQ sump, bur with the proposed procedure, it ¢an bs
recovered by diverslon to the EQ stripper feed line. The energy value of the
condensate may also be recovered by returning the cendensate to the process.
(It is estimated that each pump will be Jecontaminated between 1.3 and 2.5
times a vear, based on past performance.)

A typical installation for aqueous EO is a Sundyne vertical, centrifugal pump
operating at about 12,000 rpm with 50 te 100 psi guction and 600 psl discharge.
It includes a kick~back flow control valve (FCV) using an antomatic flow
controller, that allows the pump to maintain a constant minimum flow, If a
kick-back situation ocecurs, e.g. the downstream piping is blecked, the
kick-back valve opens te allow a portion of the pump discharge to be returned
to the intake side. A kick-back cooler {a fairly standard item in this plant)
is also in the circuit. The cooler is to assure that the heat of pumping is
removed from the loep, to prevent the temperature of the recirculating fluid
from increasing to the point at which the BEQ will polymerize. Figure 4 is a
sketeh of the set-up and 1llustrates the changes proposed for lmproved
decontaminaticen,

Manifold & will ke constructed having three small (ca. 3/4-Inch) valves and
check valves at one end for comnecting the utilities (water, condensate, and
nitrogen) and stainless flex hoses at the other and for coanection to the pump
and to the seal pot se that both can be flushed at the same time (Connections
1 and 2). For the aquecus pumps, a third flex heose 15 connected to the high
pornt of the kick-back system {Comnnection 3} to eliminate an otherwlse dead
leg (a shutoff 1s provided for this flex hose when 2 non-aquecus pump 1Is
decontaminated). Manifold B will be constructed with three flex hoses at one
end for connection to the pump suctlon low point and the seal pot drains and
{for aqueous pumps) the pump discharge {Connections 4, 3, and 6,
regpectively). At the other end 1s a block valve and a pipe union for
connection to the EO stripper feed line (Ceonmection 7). To simplify access to
the EQ stripper feed line, a central drop will be hard piped from this line to
the pump alley and a flex hose will be used tc reach the desired pump. Also,
a cart will be designed teo store and transport the manifolds and attendant
equipment teo the desired location,

With this set-up, aquevpus E0 can be forced from the top of the pump svstem
(both kick-back leoop and seal pot) and dralned from the low paoluts.
Decontamination is accomplished by first isclating the pump at the double
bleck and bleeds in the pump suction (1) and discharge lines (5) and the seal
pat vent line from the vent header (8) to prevent wash from entering

the header, After the two manifolds are connected as described abave, the
pump system Is sequentially flushed with the chree services fifteen minntes
with water, thirty minutes with 130# condensate, and sufficiently long with
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pitrogen to force the liguaid from the system. At this point, the £low to the
EO stripper feed header is cut off (7) and the valve in the seal pot vent line
(8) 15 opened so thart the nitregen 1s purged to the EQ sewer for thirey
minutes. These are arbitravy times that will be adjusted appropriately with
experlence, The nitrogen flow 15 then reduced te a2 wminimum and the gas 1s
sampled at the pump case drain (9} with a Gastech detector tube. If the EQ
content 1s greater than 1 ppm, decontamination 1s vepeated, otfherwise, the
supply hoses are depressured and disconnected and the pump 1s turned over to
maintensnce for removal and repair. During the hot condensate flush, =z
technician 1s requited to probe the entire system to ensure that all pipe work
1s hot. Cold spots wourld indicate blockage or poer circulation and an
alternate methad of flushing may be necessary. When purging with nitrogen,
slugging will cccur 1n the hoses vhen most of the liquid 15 forced from the
system; Lhe resultant jumping of the flex hose will indicate when this stage
iz reasched. The gas flow should then be divected ta the EQ sewar in order not
to upset the EO stripper, Blowing 1s continued tec sweep gubt any vaporized ED
remaining 1o the system.

Instrument Decontaminatlon

ICI is currently lovestlgatlng means to further mpinimize exposure during
instrument maintenange., This 15 a difficult problem because the Instruments
are so widely dispersed that the coat of applying engineering controls to
provide a uniformly low level exposure would bLe prohibitive.

If an instrument wmust be removed from the proecess for recalibration or repair,
it may be undesirable to shut down and decontaminate the entire plamt. Two
alternatives exist, 1) provide the means to decontaminate the instrument 1n
place or 2) protect the instrument technician from the short term exposure
using personal protective egquipment-and alsc provide a centralized
decontamination facility for such events. If decontamination can be done 1n
place, there is no need to carry the instrument back to the central
decontaminstion facility. It is anticipated that om a case-by-case bazsis the
decision will be made to accept a dead 1nstrument until the campzign 1s
completed, then decontaminarte and fix 1t, ©Or, 1f it 1s truly indispensable,
e,z,, an 1loput toe the control system, the pecessary line connections will be
1astalied se that condensate and niltrogen can be flushed through the
instrument while the rrocess remains in line. There 18 usually enough
diversity 1n the instrumentation systew that a loop can be run om manual
operation (while carefully watching the other control parameters) long enoogh
to decontaminate that instrument and install a warehouse spare in 1ts place,
Subsequently, the decontaminated instrument can be repaired in the shop and
then put into the warehouse stock. A third alternative 1s te provide an
installed spare lpstrument, but this 1s even more expensive than provading for
the ability to decontaminate the confrel 1nstrument.

Where 1nstruments which require frequent maintenance are concenkrated in a
relatively small area, the expenses for installing engineering controls can be
justified, 1In cnc area in the EQ derivatives facility product change-overs
occur ot a weéekly or monthly basigs. The need fo check or recalibrate the
1nstruments as requivred for the different products creates a large number of
potential exposurses per year and an englreering hardware solutlon 1s justified
ICI proposes to medlfy the installation so as to decontaminate the 1nstruments



and the pracess pipe at the same time. An instrument header will be instalied
so that the gensing cells can be flushed with nitrogen to a common header ta
the EQ drain system. At the end of a campaign, when the pipework i1s emptied
by nitrogen pressure, the instruments will alsc be clearsd. Both control
valves and the check valves will be opened following a prescribed procedure
and the lines will be blown directly to the EO sewer system. After washing
with condepsate the lines will be blaown dry with nitrogen. The cleznout will
be relatively easy because the pipes are of small diameter and the volume of
EO held up in the system is relatively small. The purpose 1s to prevent EJ
polymers from forming due to contact with warer or rust. Experience has shown
that when metal surfaces are cleaned and passivated (washed with het
condensate, then blown dry with nitrogen), the probability of having polvmer
cause a plug, a jammed control valve, or a valve to stick partially open 1is
pinimized.

Two general principles incorporated {n the deslpgn are to make the system as
free draining as possible and to get as close as practicable., In other words,
the installation will be made se that flushing is always in a downward
direction and the instrument sensing cells are mounted proximate tc the
wetering device. For instance, differential pressure cells are mounted as
close to the orifice taps as possible to minimize the length of the impulse
lines.

Pressure Relief Systems

Because the ariginal design of the equipment allowed a comfortable margin
between the normal operating pressure and the relief valve set pressures, the
plant has not had & relief valve-open during plant cperzticn. For thais
reason, the relief valves vent directly to the atmosphere and are net put into
a collector system. The relief valves have carben steel bodies and stainless
trim in the seats. Each valve in service 1s removed, tested, and rerertified
as ta lift pressure at least avery two years., All parts of the plant which
are on line countinucusly have duzl rellef wvalves and isplation systems so that
g relief valve Is alwavye available for switching when necessary. Flammable
vapor and ECQ relief valves have tail pipe systems for the addition of snuffing
steam to prevent the venting of explosive mixtures.

The EPA permit 1ssued when the plant was constructed limited the maximum EOQ
conceatration 1n any vent gas stream to 50 ppm. There are two main peincs at
which the process routinely vents to the atmosphere. One is from the EO
purification column where the small load of non-condensables which accompany
the EG feed to this columa is purged. Nitrogen is added to the column to
combine with the non-condensables so that the pressure control valve is
activated, The nitrogen and non-condensables pass through the valve into an
EQ scrubber before release to the atmosphere. The only time the discharge
from the column, scrubber, and vent approaches 50 ppm EO level 13 during a
plant startup, about once a year. The other vent to the atmosphere is off the
EO rail car vent scrubber. When rail cars are pressurized with nltrogen, up
to 10 ¢fm of nitrogen 1s blown back through the supply linme to empty the car
of any heel, This can overload the scrubber and cause BQ to escape through
the vent. The vent i3 connected to a stack that is 100 feet high, 20 inches
1n diameter, and has a corona discharge shield at the top to pravent the
accumulation of a static charge. These vents are quite distant from normal
work areas and present minimal potential for occupational exposure.
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Rall Car Loading

EQ 15 shipped in dedicated rail cars, usually 20,000 gallon cars containing
170-190,000 pounds E0. They are filled and shipped under a nitrogen pad at 60
ps1ig. The nitrogen provides a nonflammable vapor space above the EQ liguid in
the car., The rail cars should be returned by customers empty and under 30
pelg, however, many have a small heel of EO remaining., On return, the car 1is
first weighed to determine amount of EQO “"heel™ and the air space contentis ere
tested for oxygen content.

Nitrogen 1s used to sweep air from the varlous transfer and venting lines and
provide an inert pad far the sterage tanks and rail cars. ALl aspects of EO
tank car leoading are detaziled 1n a writtem procedure,

After the car is spotted at the loading station and grounded, both wapor
recovaery and loading arms are attached. These cverhead arms are provided with
OPW Dover Kamvalok® dry (dripless) disconnects and the matlng parts are
affized to the tank car fittings with stainless steel pipe nipples and ells so
that the coupling or adaptor face upward. Threaded fittings are wrapped with
PTFE tape to provide tight, leakproof connections,

Nirtrogen 1s incroduced to the car through the vapoer recovery arm until the
pressure reaches 60 psig. This pressure is maintained while the lines are
checked for leaks and then reduced to 30 psip by release through the loading
atrm to a knockout pet and a vent stack. This pressure/depressure step also
empties the car of any residual EO 'heel'. The venting gas 1s sawmpled for
pxvgan content, if the level 13 over 1 percent, the ecar 1s purged with
nittogen until the oxygen content-is 1 percent or less at 30 psig. About
5,000 pounds of certified EQ 1s pumped inte the car, then some cof the car
contents are pushed into the knockout pot and sawmpled. If the sample
1ndicates contamination, the fluid in the car 1s emptied, and another 5,000
flush added and sampled. The contaminated f£flush is puuped to a held tank and
from there fed to the ethylene glycol unit,

When 1oading is approved, E0 1s pumped into the car cthrough a totaldzing merer
whichi stops the flow after the preset volume has been delivered. 4 fimal
sample is cbtained by pushing an aliquot of the car contents Ilnto the knockout
pot with nitrogen. Nitrogen 1s then blown through the loading arm te
pressurlize the car to 50 psig while at the same time displacing the liquad
from the loading arm and assoclated pipe work, Finally, the rall car loading
valve(s) are closed and nitrogen i1s blown cthrough the vapor recovery arm to
force any liquid out of that system and to increase the car pressure to 60
psig. Then the car is isclated with the vapor line valve on the car and the
pressure 1in the leading arm system is reduced to 15 psig through the hnockout
pot vent. Filnally, the loading arm and vent spool pleces are vented to a
gerubbing pot on the ground level and removed,

A rall car checklist 1s filled out and signed by the loader and the panelman
(1n the control room} for each shipment. It includes checking yes/no answers
to such things as placement of car chocks, visible damage to car, Inspectien
date expiration, remeval of spool pieces and railing guard, and sealing and

placarding of the car. Data reqorded lncludes car number, EQ lot number, EO
gample numbers, oxygen content, veolume of EQ leaded, final car pressure, and
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seal number. Although some of this Information is for acecounting purposes,
many of the items listed serve as reminders to the operator for the proper
1oading procedure.

The folleowing Instrumentation associated with the loading operation will
activare trips which scop the EC flow to the loading aresa:

Trip Tatle Functien
High Level in HO Vent A high liquid level in the knockout drum can lead
Enockout Drum to carryover £o the rall car or interfere with the

flow of nitrogen. This trip also prevents the
back flow of ligquids 1into the nitrsgen system.

Rail Car Combustibles This sensor is located below the rail car and
moniters emission of combustlble gases from the
loading area.

Rail Car High Temperature A UV heat and flame detector 1s used to monitor
the rail car loading area.

Rail Car Ground This assutes the integrity of the rall car
grounding circuit during the lcading operation.

Flow Totalizer The flow is shut off when the total reaches a set
polnt value to prevent overfilling a rail car.

Two ather trips are asscoclated with the nitrogen supply system to prevent the
backflow of ED into the plant nitrogen system and to assure sufflcient
nitrogen volume for paddiag in case the plant nitrogen flow is iuterrupted,

Quality Control Sampling

A great deal of planning and design have gone into minimizing occupational
exposure during sampling. About eight to ten EQ-contalning samples are taken
each day. Sampling circuits are installed in lines across pumps, control
valves, or between vessels where the pressute differential creates sufficient
flow to obtain representative samples. At these places, claosed loap piping is
installed and 1/4-inch diameter lines with 1/4~inch valves provide a sscondaty
loop in which the sampling bombs are inserted. The nominally one-half to one
liter bombs are provided with {internal dip tubes so that they can not be
completely filled, thus adequate head space 1s provided for expansion If the
liquid 18 warmed. The sample bombs are kept 1n the laboratory and are
specially coded and labeled. The bombs are constructed with Iinstrument class
valves which have stainless steel bellow-seals to prevent leakage through
packing glands. The bellows are quite fragile and since each valve costs
5250, safe alternatives are belng =mought.

Sampling is performed in accardance to writtenm procedures which alsc specify
the personal protective equipment required. The proecedures vary depending on
the material being sampled. In gEnerai, the operator starts flow through the
sampling loop about 20 minutes before inserting the empty bomb in the
secondary loop. The bomb 1s first pressurized with nitrogen to ensure that
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the connections are net leaking and te purge the bomb of residual waterials.
After the bomb 1s filled, the valves are closed and the bomb 1s pressurized to
60 psig with nitrogen., Before the sealed bomb 1s remeved, the contents of
tubing leading to both ends of the bomb are blown back into the sample leoop
with mitrogen. The filled sample bomb is carefully conveyed to the
laboeratory. Laboratery handling is under wventilated hoods and alse 1n
accordance with detalled written procecures

MONIT ORING

In additional to the HIPS, twe other monitoring svstems are installed at this
facility., These are for detectieon and autematic action in svent of: (1}
excessive leskage from lines feeding ethylene to the continuocus reactor, and
(2) fugltive emisesions from within the facillty,

The flammable vapor monitoring system 15 an exploslion preventive aystem for
immediately suppressing gross emissions of ethylene and/or ethylene oxide as
gases, Sensors are 1nstalled at appropriate locations. The system alerts the
technicians to manvally trip the deluge system and take other appropriate
actrons 1f necessary. Far both ethylene and ethylene oxide the LEL 15 in the
range of 3.0-3.5 percent gas Iin air mixture.

Fugitive Emassion Monitoring System (FEMS)

The Texas Afir Control Board regquires monltoring of fugitive emissicns from the
plant because 2t 18 1n 2 non—attalnmment area for photo-reactive pollutants;
thercfore, ICI must demomstrate that it is runnming a2 tight plant., Knowing
they had to provide an expensive monitoring system for fugitive emissions, ICI
designed it for occupational health considerations as well, Forty-one points
are monitored where fugitlwve emigsions are both pogsible and must be guarded
agalinst. Typical sampling point locations are at the leading station, at the
storage tank and process sampling units, on tep of the storage tanks, near
pump seals, et<. 4n alarm horn sounds and a panel light flashes 1n the
control Toom when the E¢ level exceeds 10 ppm. These alaruws are also logged
in by the control room terminal.

The FEMS 13 useful not only frcem the industrial hygiene standpoint but also as
a malntenance tool. Although there have been fFew leaks, the svstem has
tripped twice so far when flanges have opened up

The FEMS 1% composed of one Applied Autemation GC (gas chromatography)
cicroprocessor based programmetr and 2 GC's., The GC's wonltor 20 and 21 sample
pointe, respectively, 1n two separate analyzer houses. Samples are drawn
continuously through stainless steel tubing by an eductor system which
produces about 5" Hg negative pressure. The sampling lines from the field to
the analyzers are typilcally about 200 feet long, but vary, the longest is
about 320 feet. The flow rate through the tubing 1s controlled and the
wariatien 1n the length of the sampling lines 15 ceompensateé for by creating 2
higher flow rate for the sampling poelnts which are at a greater distance Irom
the respective analyzer houses. DBecause they are under negabive pressure, it
15 1mportant that the sampling line tubing and connections from cthe sensing
poinks to the analyzer houses are leak, tight.
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As 1llustrated in Figure 5, a filter i1s i{nstalled at the sampling point to
keep dust and dirt out of the sampiing line. Imn the analyzer house one
eductor pulls samples for a group of up to four sampling point units. A
Whitey® sample bomb with 2 1/16" diameter caplllary tube 1s attached te each
sampling line to form 2 sample reserveir., BSamples for analysis are drawn from
these bombs by means of a pump which operates at a 20" Hg vacuum. When an
analysis cyele is 1nltiated, a sulencvid valve opens and the sample is pulled
from the bomb through the sample pump, The sample is directed through a
rotometar (to show flow is ceocurring) and a filrer. About 10-15 seconds
later, a sample shutoff 1s Initisted which allows the sample loop to come to
atmospheriec pressure, then the sample is injected into the GC analyzer. When
the shutoff cccurs, the pressure in the bomb 1s about 20" Hg vacoum. While
analyses are made for the other 19 or 20 points (about 20 minutes), the homh
will draw in a sample through the capillary until the pressure rises te 5" Hg
vacuum.

For analysis, the sample passes through a drviag column to remove the water
and heavy ends, through a Poropack gas chromatographie c¢alumn, and then passed
through a flame ionizatlon detector (FID). This is done automatically on the
basis of one sample per minute. The range of ED detection is from 300 ppm +
13 ppu down to Q.5 ppm.

Several ICI management personnel noted that they have cbserved ambient
monitoring systems where improper installatrion resulted in false sample
analyses, Frequently, this occurred when the eductor was placed downstream
from the analyzer. 4As & result, when sample cutoff was performed, the eductor
evacuated the sample loop and left vary little in it for analysis. It 1is
essential that the partion aof the sample loop just upatream of the analyzer be
isalated and equallized to atmospheric pressure before the sample is injected.

The analyctical data from all of the FEMS sensing points are recorded on
cassette tapes, It is possible to report each sampling result, however, the
unit 1s now programmed to calculate a TWA reading from the appreoximately 24
readings taken for each sensing point during an 8-hour period. Because of the
Inmited memory in the microcomputer, information other than the 8-hour
averaged value 15 then cleared from the system. Recorded values are printed
at a terminal in the central comntrol toom. If any reading exceeds the set
alarm level, both an audible alarm and panel light are activated to identify
the area, and the sampling point can be located from the terminal. The
current set point for the FEMS is 10 ppm but 1t can be =et as low as 1 ppm,
When the FEMS Indicates an emission probdblem, techniciaus check the vicinity of
the sampling point to determine the cause and repalr nseds, A portable

Organic Vapor Analyzer {(OVA) made by Foxboro is used to help lecate the source
of the emissions.

The GC analyzer 1s calibrated at 1/2 the alarm level (5 ppm EQ). Plastic
bags, filled with a known 5 ppm E0 gas concentration, are tled around the
various emisslion sampling polnts so¢ that samples are pulled from the bags. By
this means, a properly calibrated system will confirm the 5 ppm concentration
in the bags. In addition, 1 ppm and 20 ppm standard samples are used
occasionally to check the linearity of the response,

L)
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The FEMS 1s included in the written preventive naintensnce program used at
this facility. The conponents are Inspected dairly by & contract instrument
mechanic to ensure that the pumps are running and that analyses are being made
and entered. Every two weeks a calibration standard check is made on the
system to confirm that the response factors are the same. The Teflon® backaed
neoprene diaphragm {n the piston-type sampling pump, becomes torn, probably
due to the mechanlcal stress zenerated by the pump action rather than reaction
with EO. To preclude pump failure, the diaphragms are replaced monthly. The
sensor points are zlso checked on a regular schedule by the plastic bag method.

If there are no GC problems, general malintenance for the two FEMS systems
takes not more that 10 hours per month. Because they are operating at such
high sensltivity and flow rates, the analyzers occasionally show erratic
reaponses. Frequently this {s caused by compounds emitted from chemical
processing plants adjacent to the ICL faciliry entering the system. WNa
maintenance 1s performed om the microproeessor, This and the sampling
transport equipment (except for the pump diaphragms) are essentially
trouble—free.

It tack about a year to solve all the probleas and get the FEMS operaticn in
accordance with the ICI requirements. Presently, the FEMS is operaktional at
least 95% of the time, including downtime for testing and calibratien. The
experience at this site is that dedicated and skilled people are required to
put the systems into acceptable and effective operation, and to maintain them
at high effectiveness over time. Trouble shooring is not routine; there are
many facets to the overall operation of this analytical warning aystem —-
mechanical, electronic, computer, software, etc. 'Cookbook' imstructicns or
formulatiens can not be feollowed te inscall and maintaln a FEMS, 1nstallatrion
and maintenance personpel must know the fleld thoroughly through hands-on
experience and must be able ce train others.

The feollowing 198l costs were astimated by the instrument maintenance
contractor. Each of the two analyzer houses, including the structure, 21l the
sampling equipment within the house, and the GC analytical equilpment, <ost
about $40,000. Utilities (including field tubing, sensing elements, etc.) are
about $20,000 per house. The FEMS programmer for both systems cost $10,000
and includes the microprocessor and software. The additional development
costs after the installation were about $10,000 for the twe systems. The
total estimate for the present 4l-point emission point FEMS installation is
about $135,000. The maintenance cost for system operation 1s 10 x §30/hr or
$300/month labor. To that must be added costs of carrier gases, air, hydrogen
to analyzers, paper, etc.

Medical Monitoring

The Baypert site has a comprehensive medical program, The facilities zre
staffed by a part-time contract physiclan and a full-time registered nurse.
The Health Services Supervisar is alsc a registered nurse, Medical pelicles
are basically established by corporate management. Medical records are
entered into & ceotwputer at the Corporare Office and may be integrated wath
industrial hygiene and production data at a later dace.
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All emplovees must pass a preemployment physical examination. The pelicy of
the Medical Department is to not recommend for employment persons who have
pre~existing physical conditions which may later cause problems for either the
potential employee or the company.

In additien to the normal body function tests performed by the physician, the
preemployment examlnation dncludes: bhlood and urine tests, eye examination
and vision testing, Iinner ear inspecticn and audlometric testing, an EKG, =
pulmaonary functions test, and a chest x-ray. An extensive medical history 1s
elicited which includes personal family history, illnesses, exercise and
eating hablts, chemical exposures, and other previous problems of the
é¢mployee. The ICI management beliaves that a most i1mportant part of the
health zssessment is past history Iinformation and emphasize to employvees that
thils applles to both work and off-work situations, as well as close family
history. The history forms sre designed for computer daca entry.

Once hired, employees recelve an annual examination almost identical ce the
precmployment physical with the exceptlon of the chest xz-ray which Ls given
every three yvears. Inoculation records are alss reviewad at that time,.
Retirees may currently recelve similar medical health ezams &t nc chazge.

The initial preewmployment phy3ical exam is mandatory for obtaining a position
with ICI. An employee gould refuse further testing thereafter, however, no
refusals have occurred as yetb. If there were such a protest, it would be
entered in the medical records to satisfy corporate reguirenents.

The average noise level to which a warker 15 exposed 1ls alsc included with the
audiometric test results. The Industrial Hygiene Department perfarms an

annual audit of the nolse level in the faciliity for each job category and also
provides information as to the kind of hearing protection the worker wears, if

any., This 1nformaticn 1s entered inte the computer and stored.

Sinus infectlion is common 1n the Houaton area and can affect a pulmonary
functions test, therefore, a short history section (smoking experience,
chemical exposures, allergles, ete.) 1s included 1n the pulwmonary function
test report of the annual physical exam. Changes 1n the lungs caused by such
things as smcking, exposure to allergens, dustc elther 1n the work or home
environment, eté., can be detected more readily by a pulmonary function test
than on x-ray. The medical field, in general, has turned away from the annual
chest x-tay, however, the latter is useful for detecting such things as a
massive scar in the chest cavity, or an enlarged heart,

An EKG 13 performed during the preemployment physical exam and 1s repeated
every one to five years based on age. It is normally given annually at this
site because Ilittle additional time or expense Is involved. The autput of the
computerized EKG machine is transmitted by telephone to California, examined
there, and a repert is returned within three alnutes, if irregularities are
noted, a cardiolegist in Berkeley will review the printout, on request, and
promptly forward an opiniomn.

EO is known to affect the Iiver and kidneys (the £iltering systems) and the
blood producing organs {(marrow of the bone). To determine whether such
changes wight occur on the job, additional lab blood work 1s performed for the
EO faclliity techniclans, including a CBC with a differential (counting some of
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the blond platelets). If overexposed to EQ, some of the blood producing
mechanlsms could be destroyed and leukemia might dewvelop. White blaod cell
and the platelet counts can indicate 1f the individual Is being affected. 1In
the Chemscreen or the Smac test, there are about 26 different tests which
determine liver funetion, kidney functicn, and the fat levels in the blood.
Alsc, a chest x-ray 1s repeated every three years. The blood testing was
originally scheduled for every six wmonths, Since no trends in the blood work
rest results, up or down, have been cbserved, blood testing i1s now on a yearly
basis, Based on this experience and reports in the medfcal literature, the
company belleves that blood tests every six months are unwarranted because of
the risk of causing ap infection whenever the body 1s entered.

Workers in the EOQ facilities are required to wear zrespirators in certain
gsituations. The physiclan is required to complete a clearance form which
states the individual is approved te wear a respirator before they can be
used, This is a requirement for the preemploymeat physical exam and zlso the
following annual exams. If the worker has a problem, the physleian may
specify which type of respirator can be worn, or whether the individual should
be transferred te a 300 regquilring no respirator usage., Copies of the
respiratory clearance go to the ewmployee, the file, the Industrial Hygiene
Dept., the facility management, and corporate headquarters. In the Industrial
Hygiene Dept., this clearance 1s added ta the employee’s file concerning
resplratory facial Fit test information. If a facllity operator were to be
shifted from one job to another because of lack of respirater clearance, there
would prabably be no change in pay. This site has a rather youthful workforce
and the lssue has not vaet cccurred.

Because EQ is a suspected carcinsgen, the workers must have special medical
clearance to work in the EQ facility. If there is evidence of blood levels
dropping etc., the doctor will note this on the medical records and notify the
facility manager to move the individual from the EO facility. 4Again, this has
net yvet occurred.

4 unique form of medical monitoring conducted by the ICI Medical Department is
called The General Health Index. It is not related specifically to
cccupational health, but rather a general health survey performed every six
wonths for E0 employees and four times a year for Agricultural Chemical
facllity employees. Site employees who presumably experience no hazardous
gxposures ln thelr normal job routines and contract employees are included in
these evaluaticns. It 1s intended to evaluate the overall physical condation
and evaluate changes with time. The General Health Index includes blood
pressure, pulse, and weight determinations and a gensral questioning about the
person’s physical status. have they had any skin problems, felt excessively
weak, chest tightness, nose bleeds, scre throats, etec. Physical problems
occurring during non-working hours are discussed and possible relationship te
the individual's work situation analyzed. By this means, possible delayed
occupational exposure symptoms may be discovered, {In a plant with a limited
size workferce, such as this, the medical staff learns much about the
individual workers, their lifestyle, etc¢.) During the various astages of the
physical examinations, conversations with the nursing staff reveal concerns
{what 1s happening in the plant and also what may be happening at home) that
may have a bearing on an indiyidual's General Health Index.
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The General Health Tndex is probably most valuable to the rontractors’
employees, they tend to be an older population than the ICT site employees
and, therefore, more subject to aging problems. This is the only mediecal
review that ICI makes available to contractor perscnnel, the contractor or
private physicians must provide all other health testing. The contractor
employees are diracted to seek medical help if the General Health Index
testing indicates they suffer from high blood pressure cr other anpmalies.

At the end of the year copies of rhe General Health Index sheets are sent to
corparate headquarters, Employee medlcal records are vestricted, Eaployees
must provide written approval to the Medical Dept for pthers see the their
medlcal records. They can request thar eoples of their medical £ile he given
their dector, family, lawyer, etc., 1f they so desire; a simple release form
is available for thils purpose. The medical records are kept omn site a= long
as the employee works at tha gite. They are wievofilmed and stored at least
thirty years, generally at the corporate headquarters in Wilmington, upon
cessation of employment,

WORK PRACTICES

When new hires or contract emplovees first come to the company they are given
an orientation in the Safery Divisicn office. It includes a digcussion of the
ICI philosophy on safety. Training films covering both corporate and facility
goals and procedures are viewsd. The potential for cccupational exposures and
the effects of these chemicals ou the body are discussed by the 1ndustrizl
hygienist. General policies regarding eatlng and smoking facilities,
unlforms, safety equipment, ete., are also delineated. Eating and smoking is
forbidden in any process area and in-the ¢ontrel rooms, except in designated
lunch areas.

All personnel, including contractor eaplayees, are furnished with uniforms and
safety equipment. Prescription safety glasses are provided to facility
employees who require corrective lenses, Individuals entering the operating
areas must weatr long sleeve uniforms, safety shoes, and hard hats. Uniforms
are changed daily and laundered by ICT. The purpese of the uniforms and
possible expasure or contamination of uniforms or shoes is Eully discussed,

Contract employees must fallow all ICT safety and occupatlional exposure tules
and preocedures. They are not permitted to work on any of the operating
equipment untll a rigorous decontamination pracedure has been completed by ICT
operations persannel.

Trainlng

This facility 1s very new and employee turn¢ver has been minimal, the training
procedures described helow were used in staffing this grass roeots facility.

1t waz assumed that the newly hired tralnees were inexperienced and knew
nothing about the subject. For about three weeks fundasmental principles were
explained: some basic chemistry and physics ~- chemical reactions, prassure,
temperature, flow, ete., and hardware —- wﬁat a valve is, haw it works, the
kinds of vaives, ete. The trainees were then divided into smaller groups for
training In speeific job assignmepts. Those assigned to the EQ area received
g nine week training program which consisted mostly of reviewing what are
known es General Instructions (Gl's).
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Before completion of the EO plant, tha aperations were broken down inte 108
process subsystems; as an example, the EO purification unit is considered to
be one subsystem. The design team then wrote $I's for each subsystem, They
contain a description of what the subsection was intended to do, why and how
it was designed, the optimum preduct rate, and ¢prions on how it can bte
operated. Each control leoop was described with its range of contrsl and
normal operating point. A set of Jrawings for each subsystem was used in
operator training. The first drawing was a simplified [low diagram, the next
drawing showed all the contrel loaps superimposed on the simplified flow
diagram. A third drawing showed the relief device setups: relief valves,
rupture discs, vent valves, etc., these devices were described, the limits
outlined, and the sizing explalned. Each GI served as a complete description
of the process subsection and how i1t should be operated from a design peint of
view -— not & detailed, stap-by-step procedure, but a general operating
deseription. Each subsystem was assigned to a shift supervisor or process
engineer whose was responsible for developing additiomal training material, to
traln the techniciana, and finally test them for adequacy of knowledge.
Certain parts, such as the control loops, were consldered more important and
thus recelved gteater emphasis. Each EG techniclan comprehensively studied
about 43 or 50 of the 108 subsystems for the EQ/derivatives facility.

Initial training of new facility operators also Included study and use of a
company prepared manual of material safety data sheets for all chemicals
enployed, a detailed emergency procedures manual, and written jJob desceriptions
cutlining good procedures and work practices. Occupational exposure
possibilities were thoroughly discussed. For petrsonal protective equipment,
mandatory use of specific equipment was detalled in a written chart which
outlined requirements for various work areas, specific material handling, and
specific job tasks.

Prior to the imitial startup, cold water trials were made to clean out the
system, check out contrel loops, and to ald eperator training. A valve-by-
valve procedure had been written for the original startup, but this was
discarded. A list of all contreollers in the EO production area has been
assembled and a valve setting assigned to each controller for operation both
in srartup and continuous operations. On a startup, the list of controller
settings (15-20 pages) serves as a check list. Since all of the systenm
downstrean of the oxidizer can be charged with water and/or pressurized with
nitrogen to simulate operating conditions, a list of subsystems to be started
and the time to start them is issued on a daily basis. The very last step {8
to give the panelman the list of cold, ready for oxygen conditions, when he
gets the plant to these conditions, oxypgen and ethylene feed can be started.

Specific instructions have been completed for both starting up and for
shutting down. Instructions for continuous operation, when thers are no
interruptions, deal with the subtleties of keeping the plant tuned to the
optimum temperatures, pressures, and flow rates desired. 1If the temperature
goes up, how can It be returned to normal? Which of several optiens should be
tried first and which next? These are essentially 'tweekling' imstructions;
ways to optimize a certaln parameter. ,Thete are also specific instructiens
for batch operations, such as rail car loading.

L
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Curtently, utility technicians who wish to becowme panel operators no longer
recelve extensive classroom training. They study the various subsection GI's
1ndividually and are tested for their understanding of the basic functions of
the subsystems. This study can be performed during slack periods in their
duty eyecles. They are required to draw simplified diagrams of the various
subsections, to {dentify and explaln the functlon of erach control loop and
relief device, and te discuss the significance of other equipment i1tems In the
facility with the shift supervisoer. They attend approximately eight formal,
gall-day claasroonm sesslons which provide an overall process view of the ED
nanufacturing system. They also learn how tgo deal with important possible
system upset conditisns, such as an oxygen or a glycol reactlon trip, upset
ocperation of the Mcd 3 control system, computer display problems, trouble
shooting of an instrument loop, and the process background of the HIPS,

Housekeeping

The state of the housekeeping 1s frequently an indication of the effectiveness
of work practlces and of management leadership and concern for safety and
cccupational exposures ro hazardous chemicals, Hpousskeeping at chis site was
excellent. Each of the production supervisors has prepared a written action
routine so that each shifr has a housekeeping responsibility and each operator
on that shifr has an area of responsibllity, The day shift makes sure ona
part of the plant 1s clean, and the night shift another. Dirt and debrais
accunulate gost frequently from waintenance operations. Before a maintenance
worl order can be closed out, the production shift supervisor is required to
inspect the area thoroughly, If things are not cleaned up, the supervisor
will not sign that the work has been completed and the maintenance organilzation
then has the problem of closing out the work order. Infrequently, under the
pressure of time and extra work, plant cleanliness does deteriorate. 1f so, a
erew of maintenance and production people is organized to perform a top to
bottom cleanup and haul away all the accumulated materials.

Empty drums of minor processing chemicals are gathered together, quarantined,
tziple rinsed, and put 1nto a central pickup area for proper disposal.
Normally the arez operator 1s responsible for assembling empty drums at che
proper pickup polnt from which the utility operators remove them to the
central plckup area.

Incident Reports

Anyone (manager, supervisor, technician, contractor employee) can report an
unsafe condition, an unsafe action, or an accident by completing an
Accident/Incident (AI) Report. Instructions on the form indicate that a
report can be written when: 1) an employee experiences or could have
expetienced 2 job related injury or illness, 2) there 1s eguipment ot property
damage, 3) there 1s a fire, &) there is a spill or release of materials; 5) a
fire extinguisher, five-minute escape pack, or other 1laife saving device 1s
ugsed, or @) an undesired event oecurs which, under slightly different
circumstances, couid have led to an accident. These are gquadruplicate
¢carbonless forms. Within twenty—-four hours of the cempletion of the report,
one gopy each 1s sent ta the safety and medical departments, and the third ko
the staff person responsible for, that atrea. The oripinal copy is routed far
lovestigatiod and action. Recommendations to prevent a racurrance are enterad
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on this copy and signed ¢ff by the planr manager. Then an action list is
generated, how the problem is to be resalved, who Is responsible for that
actlion, and when it wi1ll be accomplished, A running log of every lncident
reported and who 1s responsible for carrying out the action items is generated
and tracked by the safety departmeat.

REACT Reports

Another methed for reducing hazatds used at this site, though not in the EQ
plant, is the REACT system (Review activity, Evaluate responsibility, Audit
area, Correct Hazards, Tell). A "Cade or Description of Act {or Condition)”
is entered on the left side of the REACT card, and the "Action Taken” on the
right, Cards are dated and signed by the originator and a reviewer. It is
similar to the duPont STOP3 program in which superviscrs evaluate work areas
and the actioens of the hourly workers, but has a broader base. Not only
supervisors, but anyone can and is encouraged to £111 out REACT cards. In one
production area, a serles of incidents gccurred. To increase awareness, each
technician 1s now required to submit oune REACT card every four shift cycle
workad. The technleciansg are utilized because their presence in the field
ptovides more opportunity for cbservatlion. Because technicians at this
facllicy can inltiate work orders, they can take care of things which may not
be allowed at other plants. In addition to fillimg outr the card, the
originateor 1s required to contact and comounicate with athers whe may be
affected by the action or comdition. If there are no unsafe acts during those
four cycles, they may write "NONE". However, management helieves that in four
days, something should be reportable, that no cne is infallible, nor that the
worlkplace is perfection.

Safety Meetzngs

A monthly safety meeting is conducted by che Safery Engineer. Kach meating 1s
an open discuss:ion of a different topic, some are process related, some ate
safety procedure items, and a few are off-the~job safety topics. All
employees participacte and make suggestions or bring up problems related to the
particular safety topic.

Emergency Regpanse Procedures

Presently, the emergency response (fire, explosion, medical) procedures are
being revised and rewritten. HEmployees receive training oune full day every
eight weeks. At the time of this survey, training was being conducted for
fire hose handling and water supply. Monthly fire drills are schedulad for
each shift, which means four drills a month. These are performed at night or
on weekends when fewer extraneous people are on the site and to avoid
conflicts with maintenance werk, The fire chlefs are shift supervisors; they
have separate classes, an eight-hour class each month.

Fire drills consist ef a slmulated incident conceived by the Safety Department,
for instance, a gasoline spilll at the gasoline pumps at the warehouse., After
first checking to assure that the operations are stable enough to have a
dr1ll, the Safety Engioeer discusses the scenario with the fire chief, a
description of the incident, the wind direction, potential exposures, etc.
There are many things that must be accomplished. Most important 4is
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communicating, contacting peoplée on the emergency frequency of the portable
radio system and instructing them what to do, There atre designated positions
on the emergency response teams (ERT) eg, 2 certain job title 1s the pumper
driver, ancother job title, perhaps In a different production unit, is a fire
menlter operater., The chief has to bring the people and equipment toegether atg
an assembly point, then go to the scene and relieve the gsituation. Sometimes
the crews will set hoses to hydrants and actually flow water to fill a
53=gallon drum that was set out by the Safety Engineer. An unforeseen bonus
of these 'spontaneous drillg' i1s the enthusiasm shown by the ERT's, as
demonstrated by & spirit of competitiveness between shifts with regard to
speed of response and performance dutrlng the incident, etc.

Conflined Space Entry Procedures

Employees receive an annual review of confined space entvy procedures. Except
for the medical team, there have been no rehearsals in the field. Appropriate
employees practlce putbting on self contalned breathing apparatus {SCBA},
hooklng up to the air lines, and go over the use of the emergency S-miuute
escape bottles, however, they have not rehearsed actually removing someone
from a vessel.

A written procedure for cleaning and i1solating specific equipment before encry
has baen prepared. This is called a safe work file procedure on 1z0lating
gquipment and it documents exactly which valves are to be g¢pened, which wvalves
are to be closed, which lines are to be disconnected, ete. Equipment tagging
and electrical lockout procedures are also delineated,

After the wvessel {3 prepared for-entry, axygen level and the flammability
tests are performed at various levels of the vessel, the results are written
on the woerk permit. Eatry 1s not permitted unless the flammable vapor is
below 10%L of the lowar explosive limit, and the oxygen content is above 19,5
percent. If EQ is Invoived, Gastech detector tubes are used to assure that
levels are 1 ppm or less. .

Explosion proof, electric air movers are normally ysed to purge the vessels,
Pneumatic systems are not used unless hooked up to an air compressor becauss
the plant alr system 1s backed up with high pressure nitrogeua. It could
potentially be switched over to nitrogen at any time. Depending en the
vessel, purging 1s started at least Z4-hours before entty. The policy is to
pull air into the top of the vessel, usually by putting an air mover at the
bottom of the vessel to suck the alr out. This 1s to prevent leaks of
hydrocarbons or other heavier-than-air substances from befng pulled in.

During an entry, two people must be 1n attendance, with at least one person
outside. Although everyone has a radia, the outside person also has a2 freon
cperated air horn, this provides an alternate form of communication in case
the radiec or the battery sheuld fail. Anycone entering must wear a harness
with a lifeline and alsc 4 personal oxygen/LEL monitor, even when they are
using a supplied alr respirator. The breathing 2ir 1s normally supplied from
a two—cylinder bottle cart. If the low oxygen alarm sounds, workers inside
must get out immediately. When twe or more people are working in the sanme
area on one level, an oxygen/LEL monitor must be worn by at least oune of these

3l



persons, If there is a multiple entry of a column, there must be ome person
with an oxygen monltor for each level, with the geometry of the trays in some
of the columns, 1t may be possible that a pocket of hydrocarboa or inerts
could accumulate,

The oxvgen and LEL are tested every four hours. Each shift that comes on is
requited to verify this Information, take responsibility feor the condition of
the equipment, and sign the pemait. Work permits explre after 24 hours and a
new permit must be written for work te continue past that time,

Work pemits are written by persons of variocus levels of authority, depending
on the circumstances. For lnstance, a technician can write a permit for
cutside work with hand tools, but the shift supervisor 15 the lowest level of
authority that can sign a work permit. A productlion supervisor, the next
level above a shift supervisor, must sign for confined space encry. For some
potentially very hazardous confined spage or other operations, the site
mariager 1s the only authority. For instance, during a turn around there was
an entry in 2 vessel for welding with an argon purge, and the argon displaced
the axygen. The welder wore a supplied—arr, full faceplece resplrator and had
an emergency egress bottle; however, the work permit could only be authorized
by the site manager.

Imergency egress packs provide flve wminutes of breathing air for escape 1n
case the normal aivr supply 1s interrupted. Tt must be weorn when an entry is
made. There are some exceptions, for iInstance, in a column where there are
very close clearances because of the trays or other o¢bstructions, but these
must be recognized and signed off by the site manager. No entries into
flammable atmospheres are pemmitted.

-

32



IV, CONTROL EFFECTIVENESS

Alr contaminant weasurements can be used to determline the efficacy of hazard
controls. Low levels in the proximity of potential emlss2on points indicate
that chemical substances are effectively contalned within the processing
equipment. Personal samples inm the breathing zome of employaes reflect the
effectiveness ¢f both equipment and work practices im preventing occupational
exposure. Perscnal (breathing zone) and area air samples wera collected and
analized according to NICSH Method 1607. The samples were collected on 400 ng
and 200 mg of activated coconut shell charcoal contained in separate glass
tubes (& mm inside diameter by 8.5 cm long) connected in series. The sampling
train was contained In a plastic holder and DuPoat P-125 pumps calibrated at
approximately 20 miililfiters of air pet minute {ml/min) were used to draw air
through the sampling train for various parleds of time. In mosC cases, the
ICI industrial hygienist collected duplicate samples according to a modified
Qazi~Ketcham method (AIHA Journsl, Wov 1977, pp 635-647) also a4t about 20
mi/min, A}l electrical equipment used was certified as Class 1B because of
the highly explosive properties of EO,

During the survey, weather condaitlouns were mostly falr and temperatures ware
in the 55 to 80°F range, At the beglnning of the week the wind varied in
direction and gusted te 20 mph and higher; towards cthe end of the survey, it
had abated to gentle breezes and returned te the prevailing southerly
direction,

The two ICL job categories having the greatest potential for EQ exposure are
the outside techniciazn and the labdratory analyat, The outside EQ technician
patrols the EQ facility looking for preblems and/or pessible crouble spots two
or three hours per shift, takes quality control and in-process samples, and
fills rail cars. The techniclian 1s required to be in the izmediate araa
during the two or more hours required teo prepare and load a rail car. At
least one tank flushing sample and a shipment gqualiry contcrel sample are
obtained Ior each car loaded, up to thtee rail cars may be Inaded on one
shift. The number of other quality conktrol and in-process samples vary from
day to day depending on how well the facility 1s operating. The lahoratory
technician performs various analytical tests on the samples, such as water
content, specific gravity, colow, acidity, impurities, etc., the specific
tests performed, hence the potential exposure, depend upon the typs of sample.

The survey team conducted approximate full-shift sampling to document levels
of exposure at the time of the survey. To develop statistically valid average
exposures that reflect the variability of meteorolegical and prorcessing
conditiens would require a much extended study. The personal alr sampling
results are shown in Table 1.

Area samples were obcained using the same methods znd equipment as for
personal sampliing. Low sampling flow rates are prescribed by these methods
because EO 1is not readily adsorbed onto the sawpling medium, therefore, short
term of pealk exposures cannot be decermlned in this manner. To petfeorm short
term sampling, some area samples were collected 1n Tedlar® bags for varying
times using DuPont pumps calibrated at approximately 50 ml/min and 1 liter/min
and on a few occasions, gas syringe samples wers used to obtaln instantaneous
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samples. These were analyzed in the quality cantrel labaratory using a
Photovac 10A1C Portable Photoilonization Cas Chromatogtaph. Area sampling
results are presented In Table 2,

Digecussion of Air Samplaing Results

Although it is obviocus by inspection that results of side-by-side sampling
using the Qazi-Ketcham and the NIOSH Method 1607 are equivalent, a Matched
Pair T-Test indicates no significant difference at the 95% confidence level,

The tresults of personal sampling ipdicate that the TWA expasure for the workers
most at risk were belew the current PEL (1 ppm EQ). The laboratery technicians
apparently had very minimal exposure. A short term sample during rTall car
loading indicated a 4-=hour TWA exposure of 1,5 ppm for the cutside technician.
Another short time excursion above 1 ppm oceurred during a 4.3 hour sampling
period in which a pure EO sample was obtained. Nonetheless, the overall TWa
exposures for the shift worked during these incidents were less than 1 ppm.

Area samples proximate to pump seals indicate that minimal leakage occurs from
these devices. Results from the gas bag and charcoal tube samples are
eguivalenc. The gas syringe samples taken the next day, wheno wind conditions
were calmer, Indicate somewhat higher concentrations but still less than 1 ppm.

Since the startup of this facility, monltoring of air contaminaticn has been
performed at various times to attempt to me2asure normal exposures and also to
determine potential exposures from known leaks or upset conditiona. Sampling
was performed using the modified Qazi-Ketcham method and Minnesota Mining and
Manpufacturing Company {3M) No. 3350 passive wmoniteriang badges. About 8C
percent of the passive monitor results were made in tandem with a charcoal
tube sample; the two sampling mediz were mounted side~by-side either om a
worker's lapel or at the area sampling polnt. Although the passive monitors
are now used occasionally as a matter of convenience, the experleace at this
and other sites, lead ICI industrial bhygienists to beliewve the results are not
as reliable as the charcoal tube method. In addition, the charcoal tubes are
extracted and analyzed at the facllity, thus results can be obtalned shortly
after the sampling is completed. The passive monltors are gsent to 3M labs for
analysis and results are not avalilable for twe or more weeks. The badges
could be zmalyzed on site, however, the fee charged by 3M far thils service is
considerably leas than ICI costs.

All of the company ED exposure data were discussaed with the survey team. The
results of personal sampling were reported as a hest effort tec adjust them to
an B=hour TWA basis (about 10 of the values included are for short-term
samples, an hour or lesgs). For instance, 1f a sample was taken over a 4-hour
period and 1t was known that no further exposure occurred during the
subsequent 4-hour peried, the value reported was adjusted to ano 8-hour basis
by dividing the 4-hour exposure result by two.

A summary of the plant data is shown in Tahle 3. These data show 87 percent
(84 gut of 96) of the personnal exposures, as measured by the Qazi Ketcham
method, were less than 1 ppm EQ. Furthermore, 75 percent of these were less
than 0.5 ppm. 1In general, the reported exposure results tend to bhe on the
high side because many are for less tham 8-hour periods. The technicians may
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TABLE 2. BESULTS OF AFEA MONITORIM: FOR ETHYLENE OXITE

Type of Results (ppm)

Area Sample Time of Day Time (min} NIOSH ICI

Analyzer house #1 oT? 1329-1739 241 (4h 1m) 0.59 0,45
T8 0850-0900 10 0.64
TR 1730-1740 10 0.82

Kear seal on aguecus EO pump CT 11511433 282 {4h 42m) 0.16 0,12
TR 134G-1350 10 0.07
TE 1630-1640 10 0.13
Near seal of pump feeding pure CT 1205-1645 280 {4h 40m) 0.22
ED to derivatives facilaty TE 1410-1420 10 0.10
TE 1636-1640 10 Q.20

Near seal of purification CT 1155-1637 282 (4h 42m) .11 0.1
column reflux pump TB 1355-1405 10 0.07
TE 1633-1643 10 0.13
Purification columm pump seal cs° 0850 0.81
At FEMS sensor ca. 10 feet S G852 0.52

from purification columm pump

About 3 feet downwind of TE 1630-1750 80 {1h 20m) 1.08

ra1l car cupola during final

loading and disconnectiocon

a Charcoal Tube
b Tedlar® Bag

¢ Cas Syringe
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TABLE 3, EO EXPOSURE RESULTS (ppz)®

Charcoal Tube Passive Monitor
Perscnszl Sa.mplesb Number Fercent lumber Percent
Below LODC 28 29 32 52
Between LOD and 0.5 46 48 4 7
Between 0,5 and 1.0 10 10 15 25
Between 1.0 and 50,0 12d 13 8 13
Abaove 50,0 o J 2 3
Total ) 100 61 100

e

Area Samples
Below L.CD & 2B 8 47
Between LOD and 0.5 10 34 1 b
Between 0.5 and 1.0 2 7 b 35
Between 1.0 and 50.0 8 28 1 4]
Above 50,0 - 1 3 1 6
Total 29 1400 17 100

a Data from ICT sampling 1982 - 1983

b Derived as 8-hour TWA for most samples

¢ Level of Detection estimated at about 0,023 ppm for a 10 liter sample
d Maximum concentration = 7.13 ppu

e Average over sampling time



do several specific cutside tasks during the sampling perioed and thea spend
several hours in the control room, §f the latter time period is unknown, the
result from the short-term sampling perjod is treaced as the 8-hour TWA, Only
when specific times for differing exposures could be identified were the
short=term results factored down to provide a lower 8-hour TWA value.

Many of the high exposure levels occurred in initial start-up of the facility or
shortly thereafter, while operating conditiens were somewhat unsettled, The
conditions causing some of these high EQ exposure values were determined and
have since been corrected. For example, a number of the early samples froam the
analyzer houses were well over 1 ppm. After the ventilation rates in these
houses were Increased, the sampling results were much lower.

af the 96 personal samples, 42 were for EQ technlcians or superviscrs working in
the plant, several of these were taken at times when decontamination and/or
equipment repairs were being performed, Eight samples exceeded 1 ppm, three
were short term samples and two exposures (6.7 aad 7.1 ppm) occurred during
decontamination of the purification column. At the time that this operation was
performed, effluent from the column was allowed to drain acress the pad to the
EQ sewer, This is no longer permitted and connectlons have been made to easure
that drainage goes to the EO stripping column or directly to the sump. Sixteen
personal samples were for laboratory technicilans of which 2 exceeded 1 ppm, one
was a short tern sample and the other an 8-hour TWA of 1.%0Q0 ppm.

38



V. CONCLUSIONS

Basaed con the results of air saopling performed during this survey and those
previously obtained by the company, employee eXposure to EQ from routine
operations can be contrelled within the new U0SHA FEL. Proposed englpneering
and work practice modifications for decontamination of pumps and related
equipment appeat well designsd to protect workers during such operations.
Both management and employees are well informed and trained to react to
emergency and nonroutine operations, such as turnarcunds, so that excessive
exposure will be potentially circumvented. To date, medical menitoring of
epployees working with EO has revealed no detriment to the health of the
workers either from chronmie exposure to the low levels of contamination which
exist at thils facility or to the very few instances when acute overexposure
has occurred,

As yet, 0OSHA has not set limits for short term exposures. IC was chserved
that in spite of the elaborate procedure for rail car loading described In
this report, a few drops of E0 escaped frem the Kamvaloe® dry disconnects when
the loading arms were detached. In addition, as a vresult of miner mechanical
failures excursions above 1 ppm (averaged over varlous time pariods) have bean
obtained both for personal and area air contaminarien samples. During a
recent visit at another facility, the survey team observed the use of a
venturi blower directed at the dome of the cax to help dissipate fumes from
the loading zene. This way also be useful during rail car loading at other
facilities; however, such factors as the effect of additional equipment in a
cramped location ofr of an additional nolse source, must be considered.

Two areas of research have been suggested to lwmprove occupational health ac
this and similar facilities. One is the developnment of 'pocket-size', direct
reading instruments for the detection and meazsurement of EC such azs those
available for hydrogem sulfide. With such a device it 15 possible to obtain
instantaneocus readouts of contaminant lewels which can be used to perform real
time monitoring of exposures encountered, They can alse be used to locate
em1ssion $ources and trace the plumes or estimate dissipaticu rates. Ancther
general need for the chemical 1ndustry 1s the development of econcalcal
devices and wmethods to safely detoxify laboratory wastes,

In conclusion, good safety and health practices arve the result of full
commitment by both management and employees. Such is the case at the T¢I
Americas Bayport facaility. In this respect 1t Is one of the best facilicies
the writer has visited. This i3 perhaps best demonstrated by the fact that
thiz facllity was designed to limit EO exposure to 1 ppm or less at a time
when the OSHA limits were 50 ppm. The unique on—line zir contamlnant
monitoring system and the well-designed medical surveillance are alse evidence
of the care and respect this company has for cccupational health and safety,
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