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NOTES ON PAGE NUMBERING

This manual is designed to permit revision or additions without dis-
turbing the order of page numbers or the figure designations of illustrations
and tables other than in the particular section affected by the changes.
Pages are numbered using a combination of two numbers, the first being the
section number while the second represents a page, illustration, or table
in that section. Thus, page 4+6 represents page 6 in section IV; Figure 8.7
represents ¥Figure 7 in section VIII.
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I. COMPOUND ABBREVIATIONS
Atm. Boiling

- Abbreviation Name Formula Point °F
N2 Nitrogen (Light) No -345.75
HC1 Hydrogen Chloride (Light) HC1 -121.09
Cl, Chlorine (Light) Cl, -~ 29,29
F-12 Dichlorodifluoromethane (Freon-12,Light) CC1,Fy - 21.46
vC Vinyl Chloride Monomer (Key) CoH3CL 7.93
vDC Vinylidene Chloride (Heavy) CoHyCl, 88.88
Trans-DCE Trans-1,2-Dichloroethylene (Heavy) CoH,oCl, 119.12
1,1-EDC 1,1-Dichloroethane (Heavy) C,H,Cl, 135,10
CLP Chloroprene (Heavy) C4H5C1 138,92
Cis-DCE Cis-1,2-Dichloroethylene (Heavy) CoHyCl,y 140.36
CHCl4 Chloroform (Heavy) CHC14 143.11
1,2-EDC 1,2-Dich10roethane.(Heavy) CyH,Cly 182,25
TRI Trichloroethylene (Heavy) CoHC14 188.74
1,1,2-TCE 1,1,2-Trichloroethane (Heavy) CyH3Cl5 236.79
PER Perchloroethylene (Heavy) CyCl, 249,75
Tars or HvCl Any heavy chlorinated compounds -~ --

NOTE: "Heavy" indicates compounds having higher boiling points than VC.

"Light" indicates compounds having lower boiling points than VC.
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VINYL CHLORIDE MONOMER PROCESS

IT. INTRODUCTION

This operations manual has been assembled to serve the following
objectives:

A, As a training guide for the operators in learning the Vinyl
Chloride (VC) plant operations.

B, To serve as a ready reference for the operating personnel.

C. To provide a standard approach for operating the plant so that
continuity of operations is maintained.

D. To serve as a place where current data, information, procedures,
etc., relating to the VC plant are compiled.

This manual is designed to provide a logical approach to the start-up
and initial operation of the VC plant. As operational experience is
gained, it is expected that some of the Standard Operating Procedures
(SOP's) will have to be altered. The operators can help to keep this
manual up to date by making recommendations to change SQP's that
appear to be no longer in use.

The information contained in this manual is considered confidential.
This manual is the property of PPG and may be recalled at any time.
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III.  GENERAL DESCRIPTION OF VC PROCESS of 14th Jug;‘f 91-1145
A. Uses of VC

The chief uses of vinyl chloride are in the production of polymers
and copolymers. A wide range of properties have made their use possible in
many applications. One example of a copolymer which utilizes wvinyl chloride
is the Saran(R) 1line of plastics; this is a copolymer of vinyl chloride and
vinylidene chloride.

B. Chemistry

Vinyl chloride is produced by the following equation:

cr c1 ‘¢l H
HC=-CH" > HC=CH + HCL
H H 600-975°F
EDC Ve

At high conversions and/or temperatures, side reactions involving
acetylene and hydrogen formation become significant, according to these
equations:

Cl H
vC ) Acetylene
cl1 ¢l :

H H

EDC

Other side reactions include the formation of chloroprenme, phosgene,
butadiene (1,3), ¢is- and trans-1,2-dichloroethylene, and vinylideme chloride.
The extent of these side reactions is acceptable at around 50% conversion.

C. Process Description

1. EDC Drying and Vaporization: The EDC feed to the VC vaporizer
is pumped from the heavies still reflux tamk. It is first cooled and then passed
through the EDC safety driers. It is important to guard against high water con-
tent in the EDC feed to minimize corrosion in the process equipment. The calcium
chloride driers will keep the water content below 50 ppm as a maximum, and
preferably below 20 ppm.

After being dried the EDC feed passes through a filter, which
prevents any calcium chloride from being carried into the vaporizer. The EDC
is next heated to 240° in the furnace feed economizer; the other stream in
this economizer is a process stream which will be discussed later. Next a steam
heater heats the EDC feed to around 375°F.
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The EDC then branches into two streams; each stream is flow
controlled before entering the two-pass vaporizing furnace. EDC vapor leaves
this furnace above 400°F. The furnace is gas fired with the natural gas
automatically mass flow controlled.

The vaporizer has been provided with safety devices and
instrumentation to make all foreseeable operations as safe as possible.

2. Cracking Furnace: The EDC vapor from the vaporizer is fed
to the two cracking furnaces. One vaporizer pass feeds each cracker. The EDC
vapor branches into four passes before entering a cracking furnace. Cracking
of ggc to vinyl begins at about 600°F; the conversion is around 50% at 900-
925%F.

It has been found that excessive temperatures and/or retention
times in the tubes of the furnaces will cause coke deposits to form on the
walls of the tubes. Over long periods of time coke will build up in the tub s.
In order to minimize coke formation, steady feed rates to the furmaces and a
constant outlet temperature must be maintained during operations. A flow com-
troller for each furnace pass has been provided. Natural gas to the burmers
is mass flow controlled automatically.

Each of these furnaces is provided with safety devices and
instrumentation commonplace to units of this type.

Coke can be cleaned out of the furnace tubes by using the steam-
air decoking procedure discussed in detail later.

3. Quench Tower: The furnmace exit gases must be quenched rapidly
to lower the temperature in order to minimize undesirable side reactions such
as coking, and in order the prevent the reverse reaction HCl plus vinyl chloride
to give 1,1-dichloroethane. This quenching step is effected in a packed tower
which services as a direct contact cooler. The gases enter the columm through
nozzles who outlets are submerged in a liquid level of EDC. This submerged
quenching step is important for three reasoms: (1) it provides an effective
way for quenching the furnace exit vapors, (2) it prevents carbonaceous material
from passing upwards into the column packing and forward into process equipment,
and (3) if the entrance nozzles were not submerged, they would rapidly plug up,
as demonstrated in pilot plant operations.

The quenched furnace gases are contacted countercurrently in the
column with recycle quench liquor. This scrubbing action removes from the quench
column overhead stream any residual carbonaceous matter. The downflowing quench
liquor serves to replenish the liquid lost due to vaporization in the columm.

There is in addition enough excess quench liquor so that a purge of the carbonaceous
and tarry materials collected in the bottom reservoir of the column can be made
to the Dopp Kettles.

The vapor leaving the top of the quench tower is at its dewpoint,
around 266°F,
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4. Tar Removal: The removal of carbonaceous and tarry materials
from the quench tower is accomplished by draining the bottoms to the two Dopp
Kettles. The level in the quench tower controls two on-off automatic ball
valves which regulates the bottoms purge rate.

Each Dopp Kettle is steam-jacketed and contains a scraper
agitator. EDC serves as a carrier to bring the carbon and tar into a kettle
and is recovered by being vaporized back to the bottom of the quench tower.
These bottoms are periodically transferred tg the tar trailer and then
dumped.

5. Partial Condensers: Two partial condensers in parallel (primary
quench condensers) are used to cool as far as practical the quench tower over-
head vapor.

The condensate from the primary quench condensgers drains to
the quench liquor tank, and the gas is sent to the bottom of the vinyl absorber
as a feed stream.

Liquor that is not used from the quench liquor tank for reflux
quench liquor is fed forward to the HCl stripper. This stream is dried and
filtered before being fed forward.

6. Vinyl Absorber: Vapor from the primary quench condensers and
the HC1 stripper are fed to the bottom of the vinyl absorber where they are
contacted countercurrently with EDC. The bottoms stream comtains the absorbed
vinyl chloride and some HCl; this is the feed stream to the HCl stripper. The
overhead vapor exit stream from the absorber consists mainly of HCl with small
amounts of EDC and acetylene. The HCl vent is pressure controlled to maintain
a pressure of about 80 psig at the top of the absorber. The absorber pressure
control valve imposes a back-pressure on the complete furmace-quench system.

A level control valve on the stripper feed stream controls the level in the
absorber.

Both vinyl chloride and some HCl are absorbed into the EDC

down-flowing stream in the absorber. As the VC and HC1 are absorbed, an amount
of heat is released that is essentially equivalent to the latent heat of vapor-
ization of these compounds. This heat must be removed from the absorber to
maintain the appropriate temperatures. This is accomplished in three ways:
(1) by use of a refrigerated lean oil feed to the top of the absorber, (2) by
use of two side draw intercoolers operating on trays 8 and 13 of the absorber,
counted from the bottom, (3) by use of an overhead condenser operating on the
vent HC1l stream.

The lean oil to the absorber is obtained from the bottom of
the vinyl product still. This recycle stream is cooled in four stages from
315%F to -28%F, These cooling steps are: (1) interchange with feed to EDC
vaporizer in the ecomomizer, (2) further cooling in a cooling water exchanger,
(3) refrigeration in the 34° lean oil cooler and, (4) refrigeration in the
-40° lean o0il cooler.
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The absorber intercoolers are designed so that liquid from the
respective draw trays cam be recirculated external to the columm through re-
frigerated heat exchangers, dried, filtered, and then returned to the tray
below automatically.

The absorber vent condenser cools the exit HCl vent gas to -18°F
to recover the organics leaving the absorber in this stream. The condensate
from this condenser flows to the upper intercooler surge tank.

A knock-out drum is located downstream of the absorber vent
condenser and before the absorber pressure control valve. Condensate from this
drum is sewered.

An HC1 scrubber is used to neutralize HCl gas not normally con-
sumed by other units. The solution formed is sewered.

A very important part of the vinyl absorber unit is the York
refrigeration unit. Three levels of refrigeration (-40°F, -3°F, +34°F) using
Freon-12 are provided. Two compressors, each driven with a 1250 HP electric
motor, provide 1250 tons of refrigeratiom.

7. HCl Stripper: 1In theory the vinyl absorber and the HCl stripper
could be one column. However, due to the number of theoretical plates required
it was decided to make two separate columns instead. The purpose of the vinyl
absorber is to remove the vinyl chloride from the HCl overhead stream, the pur-
pose of the stripper is to remove HCl from the EDC and vinyl chloride bottom
stream. -

The HCl stripper receives feed from the bottom of the VC absorber
and the quench liquor tamk. The feed contains vinyl chloride absorbed in EDC,
which will pass forward through the stripper to the vinyl purification columm,
and also some absorbed HCl, which must be removed from the forward stream by
the separation operation known as stripping. A thermosiphon reboiler located
at the bottom of the stripper provides the vapor to strip out the HCl from the
forward stream. Steam to the stripper reboiler is flow controlled. Adjustment
is made on the basis of the temperature profile of the absorber-stripper system.

Vapor from the stripper is returped to the bottom of the
absorber. This stream, of course, imposes a load on the absorber heat removal
system, just as does the vapor feed passing to the absorber from the primary
quench condensers.

The level in the stripper is kept comstant by a drain line to
the product still feed tank.

8. Vinyl Product Still: Feed to the product still from the product
still feed tank is flow controlled. This colum separates VC from EDC and
heavies. The still operates at about 80 psig top pressure, and top temperature
of 105°F, so that cooling tower water rather than refrigeration can be used.
This columm, like the absorber-stripper columns, uses Glitsch Ballast trays.

All compounds heavier than VC auch as chloroprene, 1,1-EDC, and 1,2-EDC, are
removed from the bottom of th colum.
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The bottoms stream from the product still reboilers contains
mainly EDC, with some heavies. The major portion of this stream is recycled to
the absorber while the remainder is sent to the heavies still for purification.
The ratio is approximately 1.3 parts of lean oil to 1.0 part of recycle EDC
to the heavies still.

These two streams split after passing through the economizer.
The lean o0il stream is cooled in four stages as mentioned earlier; the recycle
EDC stream is cooled in two stages. These two stages are the ecomomizer and
the EDC recycle cooler where the EDC is cooled to 165°. A level control
valve on the recycle EDC stream controls the columm level. The flow of steam
to the two reboilers is temperature controlled.

The recycle EDC stream contains impurities, motably chloroprene,
which, if not removed would be detrimental to the subsequent cracking step.
Therefore, a small amount of gaseous chlorine is added to the recycle stream
after it has been cooled. The chlorine combines with the chloroprene to form
heavy boiling compounds that can be easily separated from theEDC in the heavies
still. This reaction is shown below:

H Cl H H H CI B H
HC =C-C=CH + 2Cly—»H -C-C-CH
Cl ¢1 ¢1 ¢l
¢<<b Chloroprene Chlorine Pentachlorobutane
Oy . and/or other heavies
éP
Cl1 H Ccl H
> HC = CH + Cly — 5 HC - CH
cl cl
vC Chlorine 1,1,2-trichloroethane

It is this 1,1,2-trichloroethane which gives rise by cracking to
the presence of small amounts of vinylidene chloride found in some of the
process streams. These two compounds have no deleterious effects on the process.

It is doubtful whether much reaction occurs between the dichloro-
ethylenes and the gaseous chlorine under the chlorination conditions employed.

The chlorination of the recycle EDC is a very definite and
essential part of this process because there is no other way to remove the
chloroprene which is so detrimental to the pyrolysis step.

9. Product Neutralization and Storage: Vinyl chloride with a small
amount of HCl is taken overhead in the vinyl product still, condensed, and
collected in the reflux tank., Reflux for the still is withdrawn from this tank
and returned to the top of the still. The reflux ratio for this still is
approximately 1.3:1. Excess production in the reflux tank is pumped to the
flake caustic product neutralizers where the HCl is meutralized. It was found
in the pilot plant that VC directly off the vinyl astill would not meet the rigid
specifications for HCl, even though the stripper was under control. This is to
be expected since the ppm of HCl in the stripper bottoms is concentrated by a

factor of about 8 in the vinyl still overhead product.
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The feed to the neutralizer is first cooled from 105°F to 95°F.
It then flows through a phase separator where it comes in contact with water.
The purpose of this phase separator is to Insure a wet product flowing into
the flake caustic neutralizer and, therefore, better neutralization. Another
phase separator and a filter follow the neutralizer so that caustic which is
carried from the neutralizer can be removed from the vinyl chloride product.
The vinyl chloride then goes to one of eight day tanks, from which it can
be transferred to one of three spheres after laboratory approval.

10. Heavies Still: The recycle EDC stream goes to the heavies
still feed tank after being chlorinated. Liquid from the heavies still feed
tank is pumped to the feed tray of the heavies still; a flow controller
regulates this stream. The heavies still separates EDC from heavies. The
liquid feed flows downward through the column countercurrent to the EDC vapors.
The heavy chlorinated organics with higher boiling points flow down the columm
to the reboiler. An overflow line controls the level in the heavies still.
This line empties into the waste recovery tank, Bottoms are circulated back
to the heavies still until a predetermined level is reached in the waste recovery
tank. Then they are transferred to the bottoms plant,

Liquid in the bottom of the still is vaporized in the thermo-
siphon reboiler. This produces the upward flow of EDC vapors which become
increasingly purer toward the top of the still., These vapors are condensed
in the still condenser and the liquid drains to the still reflux tank through
a vertical standleg. Any non-condensables are vented out through the stack
seal to the vent pipe. The stack seal pressure drop determines the operating
pressure (slightly positive at top) on the still over and above the slight
nitrogen pad pressure imposed on the condenser, Steam to the reboiler is
temperature controlled. The reflux ratio of this column is approximately
0.9:1. The furnace feed pumps also draw from the still reflux tank; this
stream is also flow-controlled., Pure EDC make-up from EDC or OHC is pumped
to this tank, The stream is flow controlled.

11. HCl Distribution: The HCl which passes through the knockout
drum can be handled in several ways. Some of it goes to the oxyhydrochlori-
nation (OHC) plant. First this stream passes through a spiral plate heat ex-
changer to heat the HCl from -20°F to ambient temperature to prevent .
condensation on the outside of the line. The HC1l line pressure to QOHC is -
sufficient so compression is not required.

The remaining HCl passes through the absorber pressure control
valve. Some of it passes through two activated carbon filter to remove any EDC
from the HC1 gas. The HCl stream then passes through a pressure control valve
and on to the absorbers in the HCl plant.

Some of the HCl passes through a manual loading station (MLS) °
and on to the suction of No. 1, 2, 3 compressors. The HCl is compressed and.
sent to the EC plant.

Any temporary excess HCl is scrubbed., A back pressure control

valve regulates the flow of HCl to the scrubber., Water and cell liquor are
used for scrubbing the HC1,
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SAFETY FOR VO PLANT

A, (Jeneral

Due tc the nalure o “ne ZIDT and VI operatlions and the chemicals
involved, thea V¢ Plant Iz reairisisz. Lo authorized psrsonnal only.,

Uompany vehicles will be permiii=l Lo trave) the reoads skirting the VC
plant area during normal opsratlons. Spsclal psrmits will be required for
vehicles to enter any of the oiher areas in this plant.

Never cross a
a vehicle withou' a pa es Tor vehizles will be izsued by the operating
supervision of the area. All pazzes ars immedlstely revok=d if the Area "B"
evacuation whistle sounte., ITf wrw are cpsrabing a vehicles and the emergency
horns sound, shut down the wvehl:zle and evacgate the area az gquickly as possible
on foot. A new pass will bte jssuesi To remove the vehicle,

The control room and elecirical starter rooms are pressurized for
safety precautions; therefore, they are to be utilized by authorized personnel
only. The doors and windows must be kept closed.

2]
|2 ]

B, Definitions
Some of the terms used in the following discussion are defined below:

1. Fiash Poinlt: The fiash point of a szolvent is the lowest tempera-
ture at which vapor ig given off in sufficient quantities so that the vapor-air
mixture above the surfacs of the solvent will propagate a flame away from the
source of ignition. Ib ig the *=mperature btelow whizh a solvent may be used or
stored in open container:z without Zormation of an explosive vapor-air mixture.

2. Explozive Limite: When comoushible vapor is mixed with air in the
proper proporitlons, ignition will preoducze an explosion. The vapor-air mixbures
which will form +his preper proporilcen is called the explosive range. The
a¥plosive range includes all zoncentraltions of a mixture of flammable vapor
or gag in air in which a flash will oczuar or a flame will %ravel if the mixture
is ignited. The lowest percantage at whichk this orcurs is the lowe  explosive
limit and the kighes! percentage is the upper explosive limit.

Explosive limits are expressed in percent by velume of vapor in air.

3. Maximum Allowakle fconceriration (MAC): The mavimum allowable concen-
tration for a material iz *the maximum concentration of that material that can
be tolerated by personngl for a coninucus 8-hour exposure with no ill effects
(given as MAC numbers).

C. Chemicals in the ¥V Area

The chemicals thad ar< regquired in the manufa@%g;é of VC are listed
on the next page: «Subj -:’ KT IDENTIALS

: A ect t6 Protective

‘ O 1eeh Yudicial D&sf?{gg%g
SL 009799 Ho. 91-ljms’ Y
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Caustic Soda (Sodium Fydroxide) USED IN:

FPORMULA: NaOF Vi Product Neutralizers

MCLECULAR WEIGET: L0.00

1O

BCILING POIRT: 253+ F

MELTING POINT: €05.19%

VAPCR PRESIURE: @ 1362°%, 1lmm.Hgz

LIQUID DENSITY: Normally a solid

FLASH POINT: None

EXPLOSIVE LIMITS: None

MAXIMUM ALLOWABLE CORC, 1.2 ppm by Volume

HAZARDGUS PROPERITES: This material, both solid and solution, has markedly

corrosive action wpon all body tissue. Casubic solution is detectable

by the slippery feeling of soapy water. Its corrosive action on tissue
causes turns and frequently deep ulceration, with ultimate scarring.
Prolonged coniach with dilute sclutions has a destructive effect upon
tissue, Mista, vapors, and dusts of this compound cause small burns, and
contact with the ey=g, &lther in the solid or solubion form, rapidly causes
severe damage., Ingasticn elther in the solid or solution form causes very
gerious damage %o the mucous membranes or other tissues with which contact
is made, 1% can ~auze perforation and scarring. Thus effects of inhalation
vary from milaz irritation of the mucous memkranes tc a severe pneumonitis.
It can cause an irritant dermatitiz. Caustic soda will react with water

or steam toc produce heab and will aﬁtaﬁk organic tissue.

TREATMENT: Where large quantitles are handled the area should be well ventilated

‘.

and face masks should be worn, Spesd In removing caustic from contact with
The skin ir important. Remove all contaminat®d clothing at once, then flush
the skin with water theroughly. Thes use of small portions of water, such

a3z by sponging, may cause more sericus injury due to heat liberated on

dilution. Aff%=r flusking with wabter, use liberal quantities of a neutralizing

solution sush as a 0.5% solution of boric acid, citric acid, or ammonium
chloride. I any caushtiz soda ﬂon,artu the eyes, they should be irrigated
immediately with an abundan’ amount of wabter for at least 15 minutes. The
eyelides should be held apaxrt during irrigation. The eye should then be
washed with a mild =aline solution if available. Wash the eye with water
for an additional 17 minutes. A physician should be seen immediately after
the eye iz thoroughly washed.

“ Jﬁct?”prmnm
SL 009801 4th gugy] Cial oreil Oviter

Dj
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NAME: Chlorine (C1,) SUPPLIED TO:

FORMULA: Clo ng Vaporizer
MOLECULAR WEIGHT: 70.91 hecyele EDC Chlorination
BOILING POINT: -30.1°F

MELTING PQINT: -1kg. 807

VAPCR PRESSUEE: @ 75°F, +760 mm. Hg

LIQUID DENSITY: @ 77°F  8€.8% 1bs. per Ft3

RELATIVE VAPCR DENSITY: 2.4% {air - 1.0}

FLASH POINT: Nons

EXPLOSIVE LIMITS: None

MAXTMIM ALLOWABLE CONC.: (.35 to 2 ppm

DETECTABLE ODOR CONC,: 3.5 ppm.

HAZARDOUS FROPERTIES: hlorine is a skin, mucous membrane and respiratory
irritant. Because of its pungent odor and irritating effect, traces of

chlorine in air are readily detected, As the duration of exposure or the
concentration increases, general exzitemeni follows as indicated by rest-
lessness, irritation Yo the throat, sneezing and copious salivation. This
is followed by retching and vomiting and by difficult or labored respira-

tion. Respiralory cisiress increases unitil eventually death may occur
from apparent aspnyxiation.

Liquid c¢hlorine and high concentrations of the gas in contact with the

skin will cause marked irritations and btlistering of the exposed area.

Clothing contaminated with liquid chlorine will continmue to be a source of
chlorine gas and irritation tc the patient until the liquid is completely

evaporated. TIn any event, clothing thus contaminated should be removed
immediately and the exposed areas flushed with water.

In any atmosphere containing chlorine, short,shallow breathing should
be used. Chlorine produces no known cumulative effects, and recovery from

mild exposure usually occurs. Chlorine is particularly irritating to
persons afflicted with asthma ani certain types of chronic bronchitis,

coﬂflnir vive 0‘%;;
pject £ a1 Diste?
SL 009802 £ jatn 3985555, 1145
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TREATMENT: The following First Ald procedures are suggested, but it is recommended

thal emergency measures prezcribed by your physician be followed,
1. ¢Carry patient from gas area. Preferably, patient should be kept
in a room a% atou® TOUF. Supply blankets if necessary. Keep
patlent warm and quiet. Rest 18 essential,

2. Place patient on back with hmad and back elevated.

3. CALL A PHYSICIAN IMMEDIATELY

I

and the exposed areas flushel with water., Keep patient warm with
blankets.

LS|

. A mili stimulan®, su~hr as essen:e ol pappermint, may be given as a
relief from throat irritation, provided the patient is conscious.

6. If the patient has inhaled chlorine but still has practical contrel
of his own breathing, oxygen, under intermittent pogitive pressure,
may be administered. Be sure to follow the instructions which come
with the oxygen-adminisiering equipment which you are using.

Al]l persons working with chlorine should be acquainted thoroughly with
the proper methods of handling this commodity, the use of a gas mask, and
procedures in an emergency. Each person liable to exposure should be provided
with a gas mask of a design approved for chlorine service by the United States

Clothing conbaminated widh iiquid chlorine should be removed promptly

Bureau of Mines. All gas masks should be inspected frequently and the instructions

accompanying a mask, vconcerning ivs care and use, should be followed implicitly.
Too much emphasiz camnot ve placed on the fact that a faulty gas mask is worse
than no mask at all.

Gas masks of the cannister type do not supply oxygen, but merely absorb
the chlorine present in the air breathed. Where the chlorine content of the air
is greater than 1%, a fresh-air hose mask or an oxygen supply mask is necessary.
All personnel who may be required to use gas masks should be instructed properly
and required to practice in their application and use. Drills in safety work
and evacuation should be held at frequent intervals.

In case of emergency only those persons authorized to make investiga-
tion and who are properly equipped with safety equipment should be permitted
to enter the contaminated area,

Chlorine is loaded and shipped in carefully inspected containers, but
on rare occagions a leak may develop through the failure of mechanical devices
beyond human zontrol.
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Leaks must be given immediate attention because they will become
progressively worse,

All corrective measur=gs musi be performed by trained personnel wearing
proper safety equipment. All other persons should leave the affected area until
safe conditions have bean restorszl. I the leak iz exitensive, special effort
must be made to warn all persons In the pabth of the fumes.

To locabe the point ol leakage, a rag tied on a stick and soaked with
ammonia water should be passed or swabbed around suspected points. Dense,
white fumes will indicate the exact peint of leakage.

Always keep on the windwari gide and at an elevation hicher than the
leak, if possiblae,

17 the leak octurs in equipmen® in which chlerine is being used, the
chlorine container valve should be closed jmmediately. A leak around a valve
stem can be stopped usuazlly by tightening the packing nut.

If a leak on a chlorine containser cannot be stopped readily, an effort
should be made to remove the unit to an isolated spot. If the chlorine is
escaping as a liquid from a cylinder or ton tank, the container should be turned
so that the leak is at the top of the container, thus allowing chlorine gas to
escape, Onlycome-fifteenth as much chlorine will escape as a gas through the
same size hole.

Water should never be applied to leaks. Chlorine gas is only slightly
soluble in water. The application of water is hazardous because the leak will
become progressively worse due to the corrosive action of chlorine and water.
The heat supplied evsn by cold water may cause the liquid in the container to
evaporate faster,

If chlorine gas can be withdrawn rapidly enough from the leaking
container into the regular operating system, the pressure on the container will
be lowered and the leak will be less serious. If the regular process cannot
utilize the gas as fast as it can be withdrawn, provisions should be made to
absorb it in an alkaline solution. Caustic soda or sods ash can be used for
this purpose in the following proportions:

Chlorine Caustic Soda Soda Ash
Container Lbs. Water Lbs. Water
Size 100% Gals. Gals.
100 pounds 125 iTy) 300 100
150 pounds 188 60 450 150
One Ton 2500 800 6000 2000
CONFIDENTIALs .
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Alkali and suitable containers to hold the solution should be kept
available for nmergeney use, The chlorine should be passed into the solution
near thke botiom of the container bty means of an iron pipe or a weighted rubber
hose.

s 009805
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NAME :

FCRMOLA: CH3 OHCCICH2

Chloropene (2-chloro-l, 3-butadiene)

RELATIVE HAZARD:

BOILING POINT: 138.2°F

LIGUID DENSITY: @ 32°F, 59.831bs. per F&S

FLASH POINT: None

EXPLOSIVE LIMITS: None

MAXTMUM ALLOWABLE CONC,.: 25 ppm.

HAZARDGUS PROPERTIES: Animal experiments have shown that a concentration of

250 ppm in air is toxic, and a concentration of 75 ppm. may be toxic
with continued exposure. Exposure fto the vapor first causes irritation
of the respiratory tract, followed by depression of respiration and if
exposure is continued, asphyxia. The vapor is a central system depressant;
in animals it causes severe degenerative changes in the vital organs,
particularly the liver and kidneys. Blood pressure is lowered. Lung
changes accompany expesure to the higher concentrations. Humans exposed
to chloroprene have been reported to develop dermatitis, conjunctivitis,
corneal necrosis, anemia, temporary loss of hair, nervousness and ir-
ritability.

Chloroprene ig dangerous when heated to decomposition. It emits
highly toxis fumeg of chlorides.

TREAIMENT: Areas where chloroprene is used should be well ventilated, If a

person should be overcome by vapors, he should be removed from the area
immediately and a respirator should be used. If not available, use
artificial respiration.

SL 009806

CONFIDENTIA%%
.Subject :to Prot ctive Order

of 14th Judicial District Court

No. 91-1145

Chloropene is an impurity in the
MOLECULAR WEIGHT: 8&8.54 Product still bottoms and is only
pregent in dilute concentrations.
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NAME: ¢is-1,2-DICHLOROETHYLENE
RELATIVE HAZARD:

PORMULA: ClCHCHOL
An impurity in all process streams

MOLECULAR WEIGHT: 96.950 of the Plant in dilute concentra-
tions.

BOTLING POINT: 138.2°F

MELTING POINT: -112.9°F

VAPOR PRESSURE @ 105.8°% , LOO mm. Hg.

LIQUID DENSITY @ T7°F, 79.54 1bs. per »t3

RELATIVE VAPOR DENSITY: 3,34 (air = 1.0 )

FLASH POINT: L43°F

EXPLOSIVE LIMITS: 9.7 to 12.8% by vol,

MAXIMUM ALLOWAELE CONC.: 200 ppm., 79% mg./m.3

HAZARDOUS PROPERTIES: In high concentrations it is irritating and narcotic.
Tt has produced liver and kidney injury in experimental animals.

It is a dangerous fire hazard when exposed to heat or flame. Tt is

a moderate explosion hazard when exposed to flame. When heated to de-
composition it emits highly toxic fumes of chlorides. Tt can react
vigorously with oxidizing materials.

TREATMENT: Remove the patient from toxic area. Remove all contaminated
clothing. Wash all exposed skin surfaces thoroughly with soap and water,
Flush the eyes with copious quantities of water. Notify a physician.

For fire, use water, foam, carbon dioxide, dry chemicals or carbon

tetrachloride,
CONFIDENTIAL®
tive Order
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NAME: trans-1,2-Dichloroethylene

RELATIVE HAZARD:

FORMULA: ©ClOHCHT

An impurity in all process streams
MOLECULAR WEIGHT: 96,950 of the Plant in dilute concentra-

+ions.
BOILING POINT: 118.4%

MELTING POINT: -58°F

VAPOR PRESSURE @ 87.4°F, 400 mm. Hg.

LIQUID DENSITY @ T7°F , 7934 1bs per Ft3

RELATIVE VAPOR DENSITY: 3.34% (air = 1.0)

FLASH POINT: U3°F

EXPOLSIVE LIMITS: 9.7 to 12.8% by vol.

MAXIMUM ALLOWABLE CONC,: Unknown

DETECTABLE ODOR CONC,: Unknown

HAZARDOUS PROPERTIES: Exposure to-high concentrations of vapor can cause
nausea, vomiting, weakness, tremor, and cramps. Recovery is usually
prompt following removal from exposure. Dermatitis may result from

defatting action on skin.

TREATMENT: Sees cis- dichloroethylene.

SL 009808
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NAME: Ethylene Dichloride (EDC) (1,2-dichloroethane)

FORMULA: CHéClCHECl
QCCURENCE IN PROCESS:

MOLECULAR WEIGHT: 98.966
EDC is the feed and main process

EOILING POINT: 182.3°F liquor of the Plant.

MELTING POINT: -31.9°F

VAPOR PRESSURE: @ 84.9°F, 100 mm. Hg.

LIQUID DENSITY: @ 68°F, 78,47 lbs. per Ftd

RELATIVE VAPCR DENSITY: 3.35 (air = 1)

FLASH POINT: 6L4.9°F open up; 55.4°F, closed cup SL 0098

EXPLOSIVE LIMITS: 6.2 to 15.9% by vol. 09

MAXIMUM ALLOWARLE CONC.: 50 ppm., 200 mg./m.3

DETECTABLE ODOR CONC, : Much less than maximum allowable

AUTOIGNITION TEMP.: 840°%

HAZARDOUS PROPERTIES: Ethylene dichloride has a distinctive odor and strong
local irritating effects, which give warning of its presence in relatively
safe concentrations, There is irritation of the eyes and upper respiratory
Passages. Ethylene dichloride has a specific effect on the cornea, Exposure
to the vapor, or, in animals, injection under the skin, produces a clouding
which may progress to endothelial necrosis and infiltration of the cornea
by lumphocytes and connective tissue cells. The narcotic action of the
compound is strong, probably of the same order as chloroform. Its toxic
effect upon the liver and kidneys are less than that of carbon tetrachloride,
but animal experiments indicate that these organs may show congestion and
fatty degeneration. Edema of the lungs has also been reported in animals.
Dermatitis in man has been observed.

In short exposures to high concentrations, the picture is one of
irritation of the eyes, nose and throat, followed by dizziness, nausea,
vomiting, increasing stupor, cyanosis, rapid pulse, and loss of conscious-
ness.

Chronic poisoning, where exposure has occurred over a period of several
months, may cause loss of appetite, nausea and vomiting, epigastric distress,
tremors, nystagmus, leucocytosis, low blood sugar levels, and possibly
dermatitis if there has been skin contact.

Employees exposed regularly to ethylene dichloride should be examined
at least semiannually, by a physician acquainted with the occupational
hazards involved. Physical examinations should be required also when any
gystomsz of poisoning occur.




SL 009810

Employees who may be subjected to severe exposures of ethylene
dichloride vapor as in tank cleaning and repairs in intermittent
operations where general ventilation is not practical, in cases of
failure of piping or equipment, and in cleaning up spills, should be
provided when indicated with proper eye and respiratory protection as
follows:

(a) Suitable gas-tight chemical safety goggles,

(b) Rescue harness and life line for those entering a tank or en-
closed storage space. An outside attendant should maintain constant
observation.

(c) Pogitive pressure hose masks with hogse inlet in a vapor-free
atmosphere,

Air-line masks with proper reducing valve and filter suitable
for use only where conditions will permit safe escape in case of
failure of the compressed air supply,or

Self-contained breathing apparatus with stored oxygen or air,
which allows greater mobility but usually requires more highly trained
men. In tank work small manholes may make this apparatus unsuitable
because of its bulk, although the type known as self-generating is
specially designed for entrance and egress through small openings.

Masks and breathing apparatus should be approved by the United
States Bureau of Mines and should be equipped with full face pieces.

(a) Industrial gas masks, approved by the United States Bureau of
Mines with canisters approved for use in ethylene dichloride vapor
should be used only when it is certain that the concentration of vapor
is less than 2 per cent by volume (20,000 parts per million) and the
atmospheric oxygen is not lower than 16 per cent, and then only for
exposures not exceeding one-half hour.

TREATMENT : All contaminated clothing should be removed at once. C(lothing,

including shoes, soaked in ethylene dichloride should be removed and not
worn again until thoroughly dry. All affected areas should be washed
thoroughly with warm water and scap. After this an ointment containing
lanolin should be applied in order to replace the natural skin oils. For
serious or persistent cases of skin trouble and for signs and symptoms of
generalized poisoning, a physician should be consulted.

If liquid ethylene dichloride has entered the eyes, they should be
washed promptly with copious quantities of water for at least 15 minutes.
It is advisable to irrigate the ayes gently with water at room tempera-
ture in order to minimize additional pain or discomfort. Ethylene dichlo-
ride vapor can produce injury to the eyes if the exposure is intense or
prolonged to higher concentrations. Eyes should be irrigated for vapor
in the same manner as for the liquid. Medical attantion should be obtained
in all these contacts with the eyes.
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NAME: Ethyiidene Chloride (1,l-dichloroethane)
RELATIVE HAZARD:

FORMULA: CHBGHCIE

Found as an impurity in all

MOLECULAR WEIGHT: 08.966 Plant process streams in dilute
concentrations,

ROLLING PCINT: 135,1°

MELTING POTNT:  -1L42CF

VAPCR PRESSURE @ 77°F, 230 mm. Hg.

L

LIQUID DENSITY @ 68°F, 73.29 1lbs per ™

KELATIVE VAPOR DENSITY: 3.44% (air = 1.0)

FLASE PCINT: 42°F

EXPLOSIVE LIMITS: 5.6 to 11.4%

MAXIMUM ALLOWAELE CONC,: 100 ppm., 405 mg./m.>

DETECTAELE ODOR CONC.: 100 4o 500 ppm.

AUTOIGNITION TEMP.: 855°F

HAZARDOUS PROPERTIES: Limited data available. It is detected by its aromatic
ethereal odor, hot saccharin taste. Liver injury has been reported in
experimental animals.

It is dangerous as a fire hazard when exposed to heat or flame., When

heated to decomposition, it emits highly toxic fumes of phosgene. It can

react vigorously with oxidizing materials.

TREATMENT: For fire, use water, foam, carbon dioxide, dry chemicals, or
carpon tetrachloride.

For treatment of a patient, remove him from the toxic area.
Eemove all contaminated clothing and wash all exposed skin surfaces with
soap and water. Flush eyes with copious quantities of water. Notify a
physician.

sL 009811
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NAME: Hydrogen Chloride
By-Product Of:

CURMULA:  HCL
By-product of the EDC cracking operation,

MOLECULAR WEIGHT: 36.47 and sent at high purity to other units
or to disposal in the HCL Scrubber. It
BCTLING POINT: -122.6°F is an impurity in the stripper feed and
is in highest concentration in the Plant
MELTINZ PCINT: -173.7°F in the vent gas stream.

VAPCE PRESSURE: @ 64°F, 3040 mm. Ez.

LIQUIL DENSITY: WNormally a gas

FELATIVE VAPOR DENSITY: 1.268 (air = 1)

FLASH POINT: None

EXPLOSIVE LIMITS: None

MAXIMUM ALLOWARLE CONC,: 10 ppm. for 10-hour working day.
DETECTABLE CODOR CONC.: Unknown

HAZARDOUS PRCPERTIES: Anhydrous hydrogen chloride is a gas which has a
corrogive action upon the gkin or mucous membranes, In this form it will
cause rapid and severe burns. It is particularly dangerous to the eyes,
It is not flammable; however, the gas is highly soluble in water forming
hydrochloric acid, which attacks most metals with the evolution of ex-
plesive hydrogen.

TREATMENT: Immediate removal from the toxic area snd thorough flushing ¢f the
patient's tody and/or eyes with large gquantities of water is of primary
importance. Contaminated clothing should be removed from patient while he
is being showered with water. It is essential that all affected body
sgurfaces be washed with copiocus quantities of water for a sufficient time
tc remove all hydrochloric acid. No attempt should be made to neutralize
the acid with alkaline solutions. Medical assistance should be summoned
at the earliest possible moment.

L 009812




NAME: Methane (marsh gas)

FURMCTA:  CHy

MCLECULAR WEIGHT: 16.04
BCILING POINT: -258.7°F
FREEZING POINT: -297.8%F

TAPQF PRESSUERE:
@ -263.2°
EELATIVE VAPCR DENSITY:
FLASH PUINT: None
EXPLOSIVE LIMITS:

DETECTABLE (DCOR CONC, :
AUTOIGNITION TEMP, :

HAZARDOQUS PROPERTIES:
hazard,

TREATMENT ¢

SL 009813

@ -115,8%,

=
=2

1000°F

A simple asphyxiant.
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RELATIVE HAZARD:

18 the main constituent of the
fuel gas burned in the furnaces.

2%,900 mm. Hg.

25,91 1ts per Bt

0.55% (air = 1.0}

5.3% to 14.0% by volume

Qdorless

A dangerous fire and explosion

Fire should be fought with carbon dioxide or dry chemicals.
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NAME: Perchloroethylene (tetrachloroethylene)
RELATIVE HAZARD:

JUEMULAe SCL,00L,
Edniede ‘
A potential heavy compeound

MCLECULAR WETGHT: 165.848 that might form in the Dopp
o Kettles; present in dilute
BCILING POINT: 249.7°F concentrations,

MELTING POINT: -8.07°F

VAPCF PRESSURE: @ 71.6%% , 15.8 mm. Hg.

LTGITI DENSITY: @ 59°F, 101.82 ibe, per Fio

XELATIVE VAPOR DENSITY: 5.83 (air = 1.0;

FLASE PCUINT: DNene

EXPLOSIVE LIMITS: None

MAYTMUM ALLOWAELE CONC.: 100 ppm. by volume,

HAZARDOUS PROPERTIIES: Not corrosive or dangerously reactive, but toxic by
inhalation, by prelonged or repeated Gontact with the skin or mucous
membrans, or whan ingested by mouth., The liguid can cause injuries tn
the wyes; however, with proper precautions it can be handled safely.

The symploms of acube intoxication from this material are the result of
its eflezts upon ths nervous system.

TEBAIMENT s Wagh any perahloroethylens from the evpoged skin with soap and
water. I0 a perscn has been overcome by vapors, remove him fropn the area
immediately and begin artificial respiration if a respirator is nob avail-

able,

Rooms with perchloroethylesne exposed %o the air should be welil
vancilabed.

gL 009814
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NAME: Sulfuric Acid
USED TN:

B ORTILA: Ho80

Noit uzed in process, but uzed ars
MCLETULAR WEIGH™: 98.08 a chemical in the area for cool-
ing {ower water treatment,

0

=CTIING POINT: 626 F

MELTING PCINT: 52.9 % “x

TAPOT. PRESSURE: @ 294.8°p P, Imm. Hgz.

LIGUIN DENSTTY: @ 77°F, 114,97 los par P42

RELATIVE VAPOR DENSITY: Nermally a liquiz

FLASH PCINT: None

EXPLOEIVE LIMITS: DNene

SL 0098

MAXIMWM ALLOWABLE CONC,: 0.25 ppm by Volume 15

DETEZTABLE CDBOR CONC,: G.12 ppm,

HAZAEDCUS PROPEETTES: Contact with the body results in rapid distruction o
tizsue, ?au51ng severe burns. Repeated contact with dilute solutions
nan cause dermatitis, and repeated or prolonged inhalation of a mist
of sulfuri~ anrid van sause an inflammation of the upper respiratory
tract lmaiing %c chronic bronchitis. Sensitivity to sulfuric acid c¢»

miste or wvapers variss with individuals., Wermally sensitivity iz as

follows:

.12% to 0.50 ppm - mildly annoying
1.5 to 2.5 ppm - definitely unpleasant
1C to 20 ppm - unbearable.

Workers exposed to low concentrations gradually lose their sensitivity
to its irritant action. Sulfuric acid can ignite upon contact with com-
bustibles. It will react witbh water to produce heat. The acid should
always be added to water upon dilution, never vice versga because spitting
may occur,

LEEBATMENT: Large quantities of water should immediately be used to wash the
matierial off the body. Remove contaminated clothing during washing. Do
not attempt to neubtralize the acid in contact with the skin until all
arsas of contact have been thoroughly irrigated with water. Then
applizations of mild alkaline solutions may be used. Do not apply oils
or cintmeants to burned area without instructions from a physician., IT
ayes gre involved they showld be immediately irrigated with copious
guanbities of water for at least 15 minutes,




LAME o Symmebrrical and Assymmetrical Tetrachloroethane (S.TeCE & A,TeCE)

STVILAr CHOUECLy and G0LCAs RELATIVE HAZAED:

M/ LE-ULAR WETGHT: 167.864 Uaually present in all stilil
tottoms streams, especially

wTLING POINT: §.TeCE  295.2°F, A.TeCE 266.8°F from the heavies still.

T - S o WO . .
TAPST PFESTURE @ TIVF, 3.TelE b mm. Hg, A.TeCE 13 mm. He.
AT 4 e Cal O ' b 3 » K
MEOTTNG POCINT e 2.7e0E -L46.87Y, A TenE .94 Lo
e i gy € ‘ - . w3 " ~ S o g
G T TERIIOW 777F . 5.TelE 99.1% 1te per FLO: A TelE OF .T7C lbs per it

PO SN SRR

278 {air = 1,0)

FRIALIVE TAPOL

b o

PLAYH PCTINT:  None

MAYIMUM ALLOWASLE CONC,: 5 ppm for 8-hour exposure

JETHROTANLE CDOR QONC:  Approximately 5 ppm.

The tet rachloroethaneq are not flammable or explozive

SAZARDAUS PROPEFPTIES:
st toxic of the chlorinated ethanes that will ve handled

put are the mo
in the piant.

The tefracklorcgthanes are toxic by inhkalation, by prelonged and
rep=a=el sortash with skin or mucous memnransd or rv oral inbtake. Al hesgt
woxic, tetrackloroethaner may be handled zafely I proper precautlon- are

songbantly otserved. Prolonged or repeatet exposures v the produs® in
any form are hazardous.

Yhe signs and symptoms of excessive abscrphion usually appear sracanlly
and only after repeated exposures. In order of appearancs toney common®y ars
unusgual fatigue, loss cf appetite and welght, sirk stemach and vemiting.
vonsuipation, abdominal pain, jaundice, drowsiness, going on in severe
cages to unconsc¢iousness and death. Some cases show marked involvement
of the nervous system with headache, numbness and tingling in fingers and
toes, trembling and twitching of muscles and even paralysis of some muscles,

The signs and symptoms of tetrachlorosthane poisening given above are
cus to systemic peoisoning characterized by marked damage to the liver,
kidneys, heart, blood cells, and nervous gystem. The c¢linical picture
varies with the type of exposure and the amount ¢f the material which has
paen absorbed either al one time or at repeated times., Most serious etlecrs
are usually on the liver and the bloond. The prircipal route of sbsorption
is by treathing ‘he vapor, although it may be abscrbed by the skin. Tetra-
whicroethane is currently considered the most toxis of the chinrinated
hyorocarpon solvents in indusirial use,
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Continued exposure to high concentrations of the tetrachloroethanes
leads to local irritation of the eyes and nose. There may be sick stomach
and vomiting, but since tetrachloroethane is less volatile than other
kydarocarbon solvents, it does not often have an anesthetic effect.

Subacute tetrachloroethane poisoning is the form usually encountered.
This develops gradually as a result of prolonged or repsated work in an
atmosphere containing more than 5 parts of tetrachloroethane per million
parts of air but under conditions where the amounit absorbed causes no
immediate reaction. Repeated exposure even to low concentrations seems to
increase sensitivity, and may lead to subacute poisoning.

For some time, workers with subacute poisoning may show only such signs
ané symptoms as unusual fatigue, loss of appetite and weight, constipation
and abdominal distress or pain. At any time they may develop more severe
evidence of absorption such as vomiting, dizziness, tenderness and pain
over the liver, and jaundice. Even if removed from further exposure, the
illness may persist and grow worse over a period of days, weeks or even
months, and may finally even end in death. However, if after a few months
there has been steady improvement, complete recovery is the rule.

Some conditions under which subacute poisoning may occur in employees
are as follows:

(a) Where the ventilation is inadequate, resulting in high concen-
trations of more than 5 parts of tetrachloroethane per million of
air.

(1) Where the vapor concentrations are high intermittently, due to
faulty handling of the liquid,

(¢) Failure of the individual to observe percautionary measures,

Tetrachloroethane is absorbed through the skin so that systemic poison-
ing can occur by this route with the same signs and symptoms as described
above,

Tetrachloroethane may cause dermatitis after repeated or prolonged
contact with the skin, such as that which might occur in the handling of
rags wet with the chemical product, dipping hands into the liquid, or
wearing clothing saturated with it. Reddening, burning and, rarely,
blisters may follow such exposure, In certain rare cases, the dermatitis
may be caused by hypersensitivity to tetrachloroethane. The skin becomes
rough, red and dry due to the removal of skin oils. It cracks easily and
is readily susceptible to infection. The skin has a chapped appearance.

Tetrachloroethane may enter the eyes either as a vapor or a liquid
(spray or splash). The resultant irritation produces lacrimation, burning
and other symptoms of inflammation. It can cause serious eye damage if
immediate care is neglected.

SL 009817




The first symptoms after toxic amounts of tetrachloroethane are taken
by mouth are those of irritation of stomach and bowels, such as sick stomach,
vomiting and diarrhea with bloody stools. It is absorbed very rapidly and
aven a small amount may go on to preoduce unconsc¢iousness and a deep Tlushing
of the skin. Death is apt to occur before such systemic changes as liver
and kidney damage occur.

TREATMENT: Most important in the case of any poisoning is quick removal from
exposure. JIn the case of tetrachloroethane poisoning, this means first
removing the patient from the contaminated atmosphere and, insofar as
possible, removing the tetrachloroesthane from the patient's skin, or
gastro-intestinal tract, if those areas are involved.

The patient should be kept quiet and comfortably warm, but not hot.

A physician should be called immediately. He should be told briefly
and clearly what has happened and the exact location of the patient.

A person showing symptoms of tetrachlorcethane vapor poisoning should
be removed promptly from the contaminated area. 1In case breathing has
stopped, effective artificial respiration, such as that obtained by the
prone pressure method or the Eve rocking method should be started immediate-
ly, but only if one familiar with the operation of the apparatus is present
to administer it. If the patient is conscious, hot tea or coffee may be
given as a stimulant., A physician should be called at once.

All contaminated clothing should be removed at once. Clothing,
including shoes, soaked in tetrachloroethane should be removed and not
worn again until thoroughly free from tetrachloroethane. All affected
areas hould be washed thoroughly with warm water and socap. After this
an ointment containing lanolin should be applied in order to help in
replacing the natural skin oils. For serious or persistent cases of skin
trouble, and for signs and symptoms of generalized poisoning, a physician
should be consulted.

If liquid tetrachloroethane has entered the eyes, they should be washed
promptly with copious quantities of water for at least 15 minutes. (It is
advisable to irrigate the eyes gently with water at room temperature in
order to minimize additicnal pain of discomfort.) Medical attention should
be obtained in all cases involving contact with the eyes.

If a person has swallowed tetrachloroethane he ghould be made to vomit,
if consecious, by having him drink a glassful or more of lukewarm water in
which a teaspoonful of salt to the glassful has been dissolved; a similar
amount of warm soapy water may be used. If necessary, the patient should
be encouraged to stick his finger down his throst to induce vomiting. When
possible, vomiting should be induced at least three times. Following this,
a tablespoonful of Epsom S5alt dissolved in a glass of water should be
given., A physician should be called at once.
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NAME: 1,1,2-Trichloroethane (TCE)

RELATIVE HAZARD:

PORMULA:  CHOL,CH,CL
= Usually present in all still
MILEJULAR WEIGET: 133.415 bottoms streams, especially
from heavies still.
BOTLING POINT: 236.8°F

VAPUR PRESSURE @ 75°F, 22 mm. Hg.

FREEZING POINE: -31°F

LTQUIL DENSITY @ 779F, 89.39 1bs per Ft3

RELATZVE VAPOR DENSITY: 4.6 (air = 1.0)

TLASH PUINT: None

EXPLOSIVE LIMITS: None

MAXIMUM ALLOWABLE CONC,: 25 to 100 ppm.

DETECTABLE ODOK CONC.: Unknown

HAZARDOUS PROPERTIES: Trichloroethane can cause burns of the eyes and has a
seriously harmful effect upon the liver., It has a local irritating effect
upon the mucous membranes, particularly of the eyes and nose., All contact
with the eyes and skin should be avoided. This material should generaily

be handled with caution, because its toxicological properties have no*
as yeu been adequately evaluated,

W

TRFEATMENT: Eemove patient from itoxic area., Remove all contaminated <lothing
and wasgh all exposed skin surfaces thoroughly with soap and water., Tlush
eyes with copious quantities of water. Notify a physician.
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NAME: ™richloroethylene (ethylene irichloride)
FELATIVE BAZARD:

PORMULA:  CHI1CCL,
A potential heavy that may be

MCLECULAR WEIGHT: 131.399 found in the Dopp Kettle
bottoms stream in dilute
LOTLING POINT: 188.8°F conceniration,

MELTING POINT: -12L,3°F

VAPOF PEESSURE @ 89.69F, 100 mm. Hg.
LIQUIT LENSITY @ 77°F, 90.87 1lbs per @t
RELATIVE VAPCR DENSITV: L.53 {(air = 1.0)
FLASH PUINT: None

EXPLOSIVE LIMITS: None

MAXIMUM ALLOWABLE CONC,: 100 ppm.
AUTOIGNITION TEMP.: 7T70°F

HAZARDOUS PRCPERTIES: Inhalation of high concentrations causes narcosis and
anesthesia. A form of addiction has been observed in exposed workers.
Death from cardiac failure due to ventricular fibrillation has been
reported, Prolonged inhalation of moderate concentrations causes
headache and drowsiness. There is some guestion as to damage to liver
or other organs from chronic exposures. Cases have been reported but
are of questionable validity.

Zigh concentrations of trichloroethylene vapor in high-itemperature
air can be made to burn mildly if plied with a strong flame. Though such
a condition is difficult to produce, flames or arcs should not be used
in closed equipment which contains any solvent residue or vapor.

Trichloroethylene is dangerous when heated to decompeosition. Tt emits
highly toxic fumes of chlorides.

TREATMENT : f a person in overcome by vapors, he should bte removed from the area
immediately and given artificial respiration if a respirator is not avail-
able, Notify a physician.

Employees in continual contact should have regular physical examinations
by a physician familiar with the hazards of itrichloroethylene.
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HAVME: Vinyl Chloride (MVC) PROTICCT 07

SoRMdLas CHLOESL Main Produc”

MOLESULAR WELGHT: 62.501
R ()
LOTLING POINT: 7.9°F
ETTIRG POINT:  -shl, 79
VAPCR PEESSURE @ T7°F, 2660 mm. He.

o ;
ITQTID DENSITY @ 77 F, 6192 1ts per P4

)

RELATIVE VAPOR DIEINYTY: 2.15 {air = 1.C,|

FLASH POINT: -108.4°F open up

EXPLOSIVE LIMITS: 4% to 229 by volume SL 009821
MAXIMIM ALLOWABLE CONC.: 500 ppm for 8 hours.

VISCOSITY: @ 77°F, 0.187 cp.

HAZARDOUS PREOPERTIES: Present toxicological information indicates that vinyl
chlorids exhibits a low order of toxicity, but when present in sufficiently
high vaper concentrations it has an anesthetic action. Vapor concentrations
in work areas should be kept below 500 ppm for eight-hour exposure periods
Concentraticny of greater than S00 ppm may cause warning symptoms of
diuulnds: digorientation, and disturbances of squilibrium and coordiraiion
“im‘” r Lo arurksnness,  Vapor concentrations approaching the lower evplozive
iimi% may cause halplessness and unconsciousness on very shert expozure,

Purs vinyl chloride has a weak sweet odor, while the commercial product
haz a Tain® phenolic odor due to the presence of “he phenol inhikitor,

Far more important than any other hazards are ihe dangers of fire and
explosion from vinyl chloride vaper. Precesutions must be taken to keep
vinyl chloride enclosed and to eliminate all sources of ignition., Fires
involving large quantities of vinyl chlorides are practically impossible
to extinguish. Diking and draining should be provided for confining and
disposing of the liquid monomer in case of tank ruptures or spills.

TREATMENT: Liguid vinyl chloride iz a primary irritant to intact skin., 21f
gufficient quantities remain long enough in contact with the skin, the
rapid evaporation may result in freezing or "frost bite." Consequently,
anything which tends t¢ held vinyl chloride in contact with the skin, such
asz clcthing, shoss, or btandages, increases the risk of freezing.

IY spille oezur, all contaminated clothing should be removed immeliately
ard the contaminatad area washed copiously in running water. I mild
irrifeafion has occurred, no further treatment may be required. If inflam-
mation is severe, loose drescings of petroleum jelly should be applied and
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*ng patlient placed in the care cf a physician.

T2 frecsing has oncuarrei, the area should be loosely covare’ with a

gd=2ar, parlsrably sterile, gausz or Lowel and placed ir the care ol a

ryl shloride which has gobtten into the eyes should be washed out
aoaly witk zopicus amounts of & C‘n“ing wabor, Waler a! room fHempurature
; pair whran vary ccld waber, but irn an emergency a drinking

fa

]
“ountain is a satisfactory :scurse of water, The WaﬂhAPE ghouli continue lor
at lenst 15 minuhes. T2 Zrnjury fo apparsns in tre dtissues of bLhe eye afior
L5 mInubtes of Zrrigetior, the washing sheoulld ce ronu¢numi Tor anchher 15

2
mipabas, In all cages exeeps of very minor lZrritaiicon, bhe paliernt shoulc
T place: in the care of an cphrthalmelogist immediately.

cazause of e mildness ard slow developmen® of symptoms, i iz very
unlikely +thav any workman wiil te overcome te the polint where he will
rgguire help in @”caplng the enviromment or mecical care following exposurs.
Any perzon with evidence of irtoxicahtion from vinyli chioride should te
put at rest, either seated or lying, in an unconbaminated atmosphere.

If trapped In an area of high concentration where escape is impossible,
deap anesthesia can result. If such an exposure has occurred, the patient
gkould we placed in bed, preferably with the head slightly lowerea and with
no pitlows, I respirations have ceased, artificial respiration will te
reguiresx. In any case, medical attention should te obtained immediately.

kmpicoyess wio may be subjeched to severe exposure o vinyl chloride,

ag in sark and ﬂqﬂ\pmmn+ cleaning and repairs, in decontaminating extencive
ar«er afiier larg. eplllage, or in cases or fmtlure ol piping or equipmert,
shaculo T2 provicsel, when indicated, with proper eys, respiratory, uuin,

and musoug membrare protechtion as “ollow;ﬂ
va,;, Julbtable gaz tight safoeby goggles.

{t) Rescus harnuse and 1ifwe iine for those entering fank o1 encicred
shorage spacs,

(¢) Hose masks with hose inlet in a vapor-frese aimosphere, air line
masks with proper reducing valve and £ilter, sultable for use only
where conditions will permit safe excape in case of failure of the
compressed air supply, or self-contained breathing equipment with

stored oxygen or air (such equipment allows greater mobility but
usually requires more highly trained men).

Viryl chlowide zhould always be handled with full recognition cof iis
volatility and its flammability. In general, precautions should be taken
beth to keep the material enclosed and to eliminate all sources of ignition.
Ir s=mail laboratory operations, where vinyl chloride vapors may escape,
reliance must be placed upen the eliminatior of sources of igrition ani

provigion of sulficien' ventilation to kesp escaping vapors ab non-
Tiammable levels, Vinyl chloride vapors can form flammable mixtures with
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air at all Lemperatures above -108.4°F,

Hlres tuweiving rarge guantities off liquic are difficulﬁ to extinguish
Llpte Vingl shlerlde i nol miscitle with water iz 1
(will f£loa* on Top of waiar). Moss small fires y De extlngu ,hed with

vron diovice or dvs chomical agsnts i prop:rlg appllc“a Adequate fire
weslngulshing zquipmant ¢f carﬂon diovide ov dry chemical vp¢_ fixed ana
portakie, shoul: be provi Jater apray o alzo satisfactory lor wav-
u_L%UISklPQ Jires, A direst siream of walter on turning vinyl chloride

qam intensifios the sire. Ziking awi drainage should e providen for

WL 1n_ng\ ard digpoging of the liquid fr azn of tank rupture or spills.

should be haker o guard against wvinyl chlorias entering
gunaral sewar cyshem,

IL spills or leaks ¢ r, ail sgmarees of ignitior must be removed
Seom e aresn Immeilale nZ onuly properly prodecshad personne! Shoul

remain in the area. Sp-‘ unlesh very large, usually evaporate rapldly,
tul ample ventilation m e provided to prevent the accumulation of toxic
or sxplogive mixitures, Spi 1z and leaks must not ke allowed 4o enter the
gewar gystem betause of the explosicn hazard invelved. An approved flammabie

osi
gaz indicator nan be used in testing for vinyl chloride leaks.

At the 3lt2 of leaks, the phenol inkibitor in vinyl chloride may accu-
mulate by svaporation of monomer and reach sufficient concentrabicn to
vause lozal burns of the skin, In case of such accumulation of inhib<tar,
the zrea skould e thoroughly hosed down with water after all traces of

monomar Yave evaporatsi,
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NAME: Vinylidene Chloride (VDC) FELATIVE HAZARD:
PLURMTL CClQCHé Impurity found in dilute
concentrations in the plant

MOLECULAR WEiGHT: 96.950 process streams.

BCILY

..

-
2

INZ PCINT: 88.9

YEEEZING POINT: -187.6°F

VAPOR PEESSURE @ 75°F, 560 mm. Hg.

LIQUID DENSITY @ 77°F, 76.0% 1bs.per Tt

FELATIVE VAPCR DENSTTY: 23.35 (air = 1.0}

PLASH POINT: 50°F open cup

EXPLOSIVE LIMITS: 7 to 16% by volume in air

MAXIMUM ALLOWARLE CONC: 220 ppm for 8 hours

DETE

CTABLE CDOR CONC: 500 to 1,000 ppm.

HAZARDGUE PRCPERTIES: Vinylidene chloride ig a flammable and toxic material.,

Vinylidene chloride is moderately irritating to the eyes and to the zkin.
The greatest danger from vinylidene chloride is inhalation. A single
exposure for a few mintues to a high concentration of vinylidene chlorids
vapor rapidly produces a "drunkenness" which may progress to unconszoious-
nesg if cxposure is continuced. Even concentrations teo low to cause an
anesthetic effect, may produce organic injury to the liver and kidneys,

A secondary danger from vinylidene chloride exists. Unstabilized
vinylidene chloride in contact with air will deccmpose and form explezive
peroxides, These peroxidesz are evident by the presence of a white sclid,
Por this reason, all vinylidene chloride will be stabilized and all equip-
ment will be padded with an inert gas such as nitrogen or methane,

TREEATMENT: When the skin is contacted by vinylidene chloride it should be

thoroughly wazhed with soap and water and all contaminated tlothing

removed and washed. If the eyes become contaminated they should be flushed
with water for 15 minutes or more. If a person is affected or overcome
from breathing vinylidene chloride vapors, he should be removed to fresh
air at once. Medical attention ghould be obtained immediately. Artificial
respiration should be administered if breathing stops.

All pipelines, tanks, ebtc., in contact with vinylidene chloride after

its puenol inhibitor has been removed should be thoroughly rinzed with
water if they are to be drained and left standing for any length of time.

SL 009824




MAVIE . Taicium COnloride
DURV LA Gall.

fa
MoLESJLAR WELGHT: 110.
BOTLING POINT: 2012CF
MEZTTNG PCINT:  1L22°F

SULTTLTON TN WATER.

EL WP URRE FE R .4

L o1t pe

e R R s T TR S PR s e
AR YR PUI‘_ .‘./.‘.:a‘s-.h.‘.u‘jy.g

FLATYH PCINT: None

EXFPLOSIVE LIMITS: None

PAZARDCOUS PROPERTIES:

VSED IN:

All driars,

99

Nermally & =olid

(enerally speaking, calcium compounds should be considersd

toxie only when they contain a toxic component (such as arsenic, etc.) or
ag caleium cxilde cor hydroxide,
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RAVE:  Tracn - 12 {Zichlerodifluorcmetnans ) USED IN:
SUFIE S VO Uze:r ag lorotr
Yorg T SRR

MILESULAR WEIGHT: 120,92

- any Qs
FITETRG POINT:  -20Q.27F
e T I e AOp
Mo s ML e —l e b

VARCE PrEILTRE: @ €ZCE, Loatmoopreras

FRLALDVE VAPCH DEN2ITTe 3,17 (&iv o= 1.0

FLAVE PCINT:  None

EXPLOSIVE LIM1T3: None

MAXIMUM ALLOWASLE CCNC,: 1000 ppm in air

DETECTABLE COOF CONC,: Unknown

HAGARD. VS PRIPERITEE: Dangerous; when heated to decomposition, it emits

highly “oxis fumes of phosgene and flourides., Never allow any open
Tlames Lo wme in contact with P-12 or any vessels containing 1%,

SL 009826
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o, Elecirical Equipment

The characteristics of ELD and VC are such thal the materialr are
¢iacfifiad in Group B, Class I by the U. S, National Electrical Code., Th-
method and maserials of installation are those recommended by Factory Insurance
Arzouiation. In general, the installation is Class I, Oroup T, Ziviaion Z.

Metors are TEPC (Tctally Enclozed, Pan Ceoled), lighting is vapor-tight. ani

all arcing devices are explosion-prood with seal-offs. Zinze the Control Room 4-
rossurized and izolated From ihe process area, gsneral purposs SQuUipment 1z uted,

Tre Laporatory iz not pressurized and is esseniially Turnisned atmosphnric adr,
Braz regquiring all explosion procst cguipment insids,

1. Eelamping and Recepvacles: Vapor-tight fixiures are ussed ir
‘oo process area,. The relamping procedurs will be to first determine the lamps
wrich nesd changing by turning on 211 lights., Then , turn <ff all 1ighits ars
relamp.  Olobes and guards mugt be replaced after ralamping,

2. QCrounding; Grounding in the VC plant has been given special
attention due to probvlems peculiar to the handling of hyfirocarbons. Motor
change~outs should be checked to see that the ground has been replaced,

Due to the tendency for hydrocarbons fto build up a static electricity
charge as a result of movement, agitation, or free fall through a gas space,
a system of Jumpers for pipe flanges has been installed to provide continuisy
of the piping system containing flammable materials. All vessels are groundea
at lwo points., The result is a system of lines, tanks and vessels operating at
ground petenitial, This will not prevent the generation of static charges wut
shouia preovide adequate leakage to ground to prevent the accumulation of

e 2
dangsrous charges,

A particular hazard is created by the use of craness with long toom:.
Undgr certain conditions, depending on boom length and arans location, it i

Tle to pizk up a woltage high enough To burn the person handling a leosd

et 1n suspended from the crane., This will occur even if +the crane ic groanded,
T° iz also conceivable that an arc would occur if the crans hooks toush a
grounded object,

It is obviously important +that the grounding syztem be mainbtained
iotact., This should be kept in min? when performing maintenance work on any
equipmert in the area.

E. Tools

Sperial wpark-proff or allcy tolls are not required in the area.

Howerver, precaubidns should be utilized in the bhandling of tools and equipment.
In wther words, do not strike a metal objeect that could cause a spart in the
prasence ¢f BDC, or VO, and air.

SL 009827
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. Purp: and Eguipment
Any piece of equipment that is removed from the VO process must Ts

Phoroughly cleaned and inspected at a specified work area pefore it dis permitied

te ieavs the area for the plant shop or other work areas.
. Jafe’y Rules for the VC Plant

The following list of safedy rules is applicable to *he VO Plan%. These
galwty rules are designed to provide a systematic approach to safely in the vO
YR Tewy sre general enough so thal the operating persornel, if theay have
a Iundamental grasp of the reasons for the rules, will b able o sxisnd thelr
knowledge to cituabions not covered in this Manual.

Rules

1. Personnel entering the VC area will deposit lighters, matches,
regular flashlights (as opposed to explosion-proof flash-lights),

ete, at the gate to the area.
2. Smoking will be permitted in the Control Room only.
3. The usual safety equipment will berequired in the VC area,

as follows:

a) Safety hats

b) Safety glasses

¢) Respirators

) Neoprene-coated gloves

L, The established general plant procedure will appiy fov
locking-out electrical equipment and for safe-to-work psermi+:
on process equipment,

Company vehicles only will be allowed to travel withcut o
permit on the road around the Control Zuilding.

f =N

A wvehicle permit signed by the operating supervisor will b=
required for any vehicle to go into the V& plant proper.

o~

I

An equipment permit signed by the operating supervisor will
be required before the following equipment can te carried into
the VC area:

a) Welding machines
) Cutting torches
,.\’% c) Electrically-driven drills
cgb d) Any electrical equipment except explosion-proct
<§b flashlights
&) Gasoline ¢ngine driven equipment not previously coverel
Q;“ f% Lighters, blow-torches or any flame producing equipment
g) Grinders or chipping eguipment
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€. <Crly evplosion-procf fiachlights will te permitted in ‘he area.

9. Ragular rutber piant atility bhogesg are not to b= ussli for VL
or hmaniling purposes,

17, ALl light eircuits outside the Control Room or ElectriorW Starter
Foom muss be off and tagged-oul before relamping iz undurtvagern.

11. 2o not Cump {lammatle organics inso trappsi cewsr:s or opuni

T whaere vapers could be evolvad tha® wouln be either harmful te rnalth
er creabis an arplosion harzrid,
17, Lwonol leave an open sample or conbainer of organi i zitting around

te give off vapors.

L Vae all-Tace, Chemex or Soott Alr-Pac mask for protecticr agairst
organic vapors.

1%, Do no% trap liquid ckl' - ine in the vaporizer or gurge drum,
15. Clothing that has been wet with organics should be removed immediately

and the body thoroughly washed with soap and water. Thesze clothes
shoulld be properly laurdered before they are used again,

16. Do not pormit alr to enter any of the process equipment thabt contains
organics,

L7, Tn ftoe orage of an emergency wa“nlng, all vehicles and equipment 1rn the
ares crn pwrmits will be shut off immediately.

am-0ut nozzlei or hose and purge equipment must be propurlv
*r*uniaﬁ o pravent the possibllity of an arc from accumnlieszy --anin

. 7 o . N »! :
-9, Do nev allow chlorine to be heated above 3027F cue o the pos-.
deccemposition or reaction with metals.

|
2

smoking or open flames will be allowed ir the Control Labrratory,
Z1. 'The Laboratory hood fan is to opsrate contin uounly De not attempt
to run analyses unlesz the fan ig in service

22, iways put liquid organics into tanks through stand legs or through
nozzles in the bottom of the vessels. Falling liquid carn generate
ghtatic electbricity,.

[l Uleaning of Tanks and Process Vessels
The area supervisor and mainienance supervisor will ses that all vessels or

wileanad and checked with an explesion meter before delaring them
P
LYor maintenance,

SL 009829




Ihz recommended cleaning procedure is:

"3

ok
.

b,

The tank or vessel will be emptied and all valves will be closed
and tagged.

The vapor contents of the tank will be purged with nitrogen.
Elinds will be inserted in all connecting lines.

The equipment will be steam purged where pcssible %o vaporize and
remove all flammable materials. If steam cannot be utilized,
nitrogen will be used.

Furge the dquipment with plenty of air.

The equipment will then be checked with an explosicn meter bafore
work is begun.

Safety belts and safety lines will be required in top-entry tanks.

sL 009830
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Y. AREA B. - SAFETY PERMIT FORM of 14th

k3a sTD 4-66
ORGANIC AREA SAFETY PERMIT

To be used to pass restricted equipment into the Organic Area
and to be endorsed for the use of such equipment in the

Unit.
To: Date:
Location: Equipment:
Please Check Yes No

1. Have workmen been provided with
proper safety equipment?

2. Are adjacent areas and equipment
safe?

3. Has adequate fire protection been
provided?

4., 1Is presence of operator required?

Remarks:

Approved:

If a siren or emergency horn sounds, I am to turn off
my equipment immediately and evacuate the area on foot.

Employee's Signature

WELDING OR BURNING PERMIT
This permit, when signed, allows welding or burning at:

(Location)
It is good for: Date Time AM
M
To: Date Time AM
PM

Special Comments:

Signed:

(Area Produgtion Supervisor)

SL
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J. Fire Protection

Fire protection in the VC area is provided in three forms--water, dry
chemicals, and CO2. The dry chemical is the only effective way of fight-
ing a VC fire. Water is good to partially contain the fumes and to keep
the vessels and structural steel cool. The CO2 cylinders are good only
for small fires or small electrical fires. CO02 cylinders are located in
the switchgear room and are to be used on small electrical fires. The
dry chemical is very effective against VC fires. 30-pound dry chemical
units are located throughout. A large portable unit is available at the
perimeter of the process area.

The water protection is a manual or automatic sprinkling device, tripped
by a deluge valve. The VC still area, the cooling tower, the VC day tank
area, and the sphere tank area are each protected with its own deluge system
(two for still area). Heat Activated Devices (HAD's) are located through-
out each area and a sudden rise in the HAD temperature will cause the de-
luge valve to open and the respective area to be covered with a water
spray. The still area sprinklers may also be tripped manually from the
control board or the automatic sprinkler building. The other areas have
no manual trip for their systems. The deluge valve must be manually reset
each time it is used before further automatic protection is available.

The column skirts and all vertical structural steel is protected with
"albi" fireproof paint. The support legs and bottom of the spheres are
also protected with this paint,

A post indicator valve southwest of the control building can be open
to separate the furnace area from the still area with a forty foot high
blanket of water. This valve also supplies a water sprink#& on the
Dopp Kettles and the bottom of the quench tower. Turn this water on if
there is a danger of organic fumes blowing toward the furnace area,

oL 009832
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V. DETAILED EQUIPMENT DESCRIPTION
A. Process Equipment

1. EDC Feed System: The furnace feed pumps (maximum output pressure
of 300 psig) withdraw EDC from the heavies still reflux drum and pass it to the
furnace feed cooler where the temperature is lowered from 190°F to 105°F.  EDC
is in the 2-pass shell side and cooling water is in the 4-pass tube side of
the exchanger.

The cooled EDC then passes to the furnace feed safety driers.
These 3'6" diameter by 21' T/T driers are packed with calcium chloride and
should lower the water content of the EDC feed to a maximum of 50 ppm. Two
Fulflo filters follow the driers to prevent carryover of CaCly. The filter
elements in these furnace feed filters remove particles down to 5 microns
in size.

After being dried, the EDC feed passes through the furnace feed
economizer., This stream passes through the fifteen-shell Smithco heat exchanger
on the tube side. 1ts temperature is raised from 105°F to 290°F. Each shell
of the exchanger contains 7 tubes; each tube has 20 external fins. The shell
side fluid is the EDC lean o0il from the bottom of the product vinyl still.

2. Vaporizer Description: EDC enters the top, or convection, section
of the vaporizer. The EDC feed to each of the two passes is flow controlled.

The Petro-Chem Iso-flow furnace consists of an upright cylindrical
structure with an integral self-supporting stack. The inside of the cylindri-
cal casing is lined with insulation which in turn is protected by a layer of
insulating refractory brick to form the combustion chamber. The shell of the
convection section forms a 3'10" by 11'5 1/2" rectangle which is 6'11" high.
The combustion chamber 0.D, is 11' 5 1/2", The total height of the furnace
from the ground to the stack top is 63'6".

The two passes of 4" carbon steel pipe next enter the radiant
section of the furnace; they descend through this section in a double helical
coil pattern. The liquid EDC will vaporize in this section and in doing so
will result in a large increase in the volume of EDC being passed through the
tubes; therefore, the tube size increases to 6'" about halfway through the
radiant section. The tube coil diameter is 9'0".

Four burners are installed in the floor of the furnace so that
all tubes are equi-distant from the flame burst. Uniform heat transfer rates
are obtained by subjecting the heating surface nearest the flame to a con-
trolled amount of radiant heat while the upper sections of the heating surface
are subjected to varying proportions of direct radiant, secondary radiant and
convection heat. The furnace firing is controlled by regulating the fuel gas
feed to the four burners, which is set by the vaporized EDC outlet temperature.

The inlet feed tubes are protected with safety relief valves
set at 315 psig. These valves vent to the heavies still reflux drum.

SL 009833
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Nitrogen at 100 psig is piped to the furnace inlet piping for
purging purposes.

Snuffing steam at 100 psig is piped to the lower part of the
vaporizer shell and can be turned on manually from the panel board or the
field to snuff out the flame in the furnace in case of a tube rupture.

During operation there will always exist a certain pressure drop
between the inlet and outlet tubes depending upon the EDC feed rate and the
extent of coking in the tubes. This pressure drop is indicated in the field
and on the panel. An increase in the pressure drop across the furnace tubes
will result in an increase in the feed inlet pressure. The outlet pressure
will remain the same, provided everything else is unchanged. When the inlet
pressure increases to a point where the feed control valves are completely
open, the feed flows will start to drop off and the furnace will need to be
decoked or acidized. Extensive coking is not expected to occur in this par-
ticular furnace. Only the non-volatile solids will be laid down in the tube
up to the dry point.

3. Petro-Chem Iso-flow Cracking Furnaces: Vaporized EDC is flow
controlled to the cracking furnace in four passes. An identical cracking
furnace will be installed parallel to the present one at a later date.

The ecracking furnaces are similar in design to the vaporizer.
The following changes should be noted, though. The shell of each convection
section forms a rectangle 3'1 1/4'" by 19'8 3/4" which is 7'8" high and the
radiation section is 20'6" 0.D, The total height of the furnace is 73'11".
The convection section contains steel tubes, while the radiation section con-
tains type 304 stainless steel tubes,

There are twelve burners at the bottom of each cracking furnace.
Fuel gas flow is controlled by the outlet process temperature. Although there
is one temperature sensing device in each outlet pass, only the temperature
of one of the passes in each cracking furnace will be used to set the firing
rate. The remaining temperatures will be recorded for comparisdn-purposes
and can be switched to "control'" if desired, leaving the other passes
"recorded".

The tube wall temperature of each pass outlet is recorded and will
be used as a guide to determine the degree of coking. Coke formation will
provide resistance to heat transfer. The differential pressure across each
tube will be monitored as another aid in determining the degree of coking.

Snuffing steam at 100 psig may be admitted by remote manual control
to either furnace. These steam valves can also be opened in the field manually
in case of a tube rupture inside the furnace.

It is expected that coke deposits will build up on the walls of
the tubes in the furnaces. Therefore, provision has been made for decoking
the tubes. The decoking elements are steam and air; these can be admitted
for forward or reverse flow through any pass of the two cracking furnaces.
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For safety reasons the decoking elements cannot be turned on to a tube until
blinds ("Figure 8" blinds are used) are removed and a removable spool has

been replaced in the lines conducting air and steam to the pass to be de-
coked. In like fashion, the discharge piping from the furnace to the coke
knockout drum must be connected up to whatever end of the furnace the effluent
gases will be coming from.

The steam and air flows for the decoking operation are measured
and transmitted to field indicators. It will be possible to "spall" with
steam (200 psig) in both directions, but air will be used only in the for-
ward directionm.

In the event routine or emergency purging of a furnace pass must
be done, 100 psig nitrogen is piped to, but valved off from, the inlet passes
to each furnace.

The turndown ratio of the cracking furnaces is 80%. This is
different from conventional reactors becuase the coking rate increases rapidly
as velocities decrease and retention time increases.

Methane fuel gas is supplied to the plant at 90 psig. This
pressure will be further reduced to 30 psig before the gas is disttibuted to
each furnace. Each furnace has a pressure control valve which controls the
pilot supply pressure at 2-5 psig. The fuel gas flow to the burners of each
furnace is controlled by the outlet temperature of the process stream from
that particular furnace.

The combustion air to each furnace is automatically controlled.
Continuous control analyses are run to check for the percent oxygen in the
flue gas streams (exhaust gas from the furnaces) and the necessary changes
in the air flow to the respective furnace is made accordingly.

4. EDC Vaporizing and Cracking Furnace Flame Control Systems:

a. The flame control systems for each furnace are basically
identical. The essential differences between the two systems are:

(1) The vaporizing furnace is iuterlocked with the cracking
furnace so that under operating conditions at least one pilot burner on the
vaporizer must be in operationm with the Maxon gas valve armed before a crack-
ing furnace can be operated.

(2) 1In the vaporizing furnace a contact on the Maxon valves
is used to operate a relay, VRG1-VRG4. Contacts from these relays are used
to operate a local indicating light, a remote indicating light, and furnish
the interlocks described above.

In the cracking furnace system, two Maxon contacts are

used, one to operate a local indicating light, the other to operate a remote
indicating light.
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b. Furnace Start-Up

(1) The following discussion relates specifically to the
vaporizing furnace, but is applicable to the cracking furnaces. Refer to
Drawing 65A-7625 or Drawings 65A-7626 and 65A-7627.

(2) Purge Sequence

(a) Assume that the furnace is down, the horn and alarm
lights have been acknowledged. Relays VRCl-VRC4 are energized, relays VRDI-
VRD4 are de-energized, relays VRY and VRZ are de-energized. Assume further
that the bypass switches VSBP-1 and VSBP-2 (safety bypass switches) are off,
relay VRBP is therefore de-energized. Indicating light VLBP on the field
panel is off, and a green indicating light at the VSBP-2 control station on
the control room panel indicates that the bypass is off,

(b) The operator first closes all factory mutual gas
cocks, thereby causing pressure switch PS5-2040 contact to close. The furnace
damper must be opened completely, thereby causing limit switch VSAl to close.

With fuel gas pressure at the furnace exceeding the
set point of pressure switch P$S-2038, relay VR4 is energized and contact VR4-1
is closed. With temperature at the bridge wall below the shutdown setpoint of
TI-2161 and temperature at the outlet of the quench tower below the shutdown
setpoint of TS-3031, contacts TS-3031 and TI-2161 will be closed energizing
relay VR2 and closing contact VR2-1.

(¢) When "Purge' pushbutton VPBP is operated, the clutch
to timer VHP-2 immediately energizes and seals in thru N,0. clutch contact
VHP2-1. With contacts PS-2040 and VSAl closed, the timing motor of VHP2 and
the "purge in progress" indicating light VLPP (located only on the field panel)
energizes thru N,C. motor contact VHP2-2,

N.O. clutch contact VHP-4 temporarily shuts the low
outlet pressure shutdown contacts VR3A-2 and VR3B-2. The clutch of feed shut-
down timer VHP-3 then energizes thru VR4-1, VRZ-5 and VR2-1.

(d) At the end of the purge period, motor contact
VHP2-3 times closed energizing relay VRB. Relay VRB immediately seals in thru
contact VRB-1. Contact VRB-2 energizes the ignition bus IGN-1 and establishes
a permissive circuit to start timer VHPl. Contact VRB-3 energizes the pilot
solenoid valve bus PS-1 and VRB-4 establishes a permissive interlock for the
Maxon safety valve bus MS-1.

(e) After a short interval contact VHP2-2 times open

de-energizing the VHP-2 timing motor (liote:at this point that the clutch of
VHP2 is still energized) and the "Purge in Progress' indicating light VLPP.
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When shunt contact VHP2-4 closed, the clutch of
feed shutdown timer VHP3 energized (see section b). N,C. clutch contact
VHP3-2 opens, resetting the motor contacts VHP3-1 and VHP3-3 to the closed
position.

(f) At this point the purge sequence is complete. Re-
lays VR2, VR4 and VRB até energized, feed shutdown timer VHP3 has been reset,
a premissive interlock for the start sequence has been established, and the
ignition and pilot solenoid buses have been energized.

(g) By operating one of the bypass switches VSBP-1 or
VSBP-2, the Maxon bus MS-1 can be energized. After lighting off one of the
pilot flames and arming the Maxon valve for that burner, either of the crack-
ing furnaces can be started.

(3) Start Sequence

(a) To initiate the "Start'" sequence, "Start' push
button VPBS is operated, energizing the clutch and timing motor for start timer
VHP1l. The clutch and motor immediately seal in thru N.O. clutch contact
VHP1-2 N,0O. clutch contact VHP1-3 immediately closes, energizing startup by-
pass relay VRX. Since indicating light VLBP is not in this circuit, VLBP
(on the field panel) remains off and the indicating light at VSBP-2 control
station (on the control room panel) remains green.

(b) When startup bypass relay VRX energizes, N.O. shunt
contact VRX-1 closes energizing low feed flow shutdown relay VR1; N.Q, shunt
contacts VRX-2 and VRX-3 close energizing low outlet pressure shutdown relays
VR3A and VR3B,

When relay VRl energizes, N,0. interlock contact
VR1-1 closes energizing the Maxon safety valve bus MS-1, completing the last
step required for main burner lightoff.

(8) When relays VR3A and VR3B energize, N,0, interlock
contacts VR3A-2 and VR3B-2 close (note at this time that these contactsrare
still bypassed by contact VHP2-4, since the clutch to timer VHP2 is still
energized). N,0. interlock contacts VR3A-1 and VR3B-1 close energizing
feed solenoid valves SY-2193 and SV-2194 respectively. With solenoid valves
SV-2193 and SV-2194 energized, feed flow control valves FCV-2008 and FCV-2015
can be opened and feed flows established after the manual block valves are
opened.

(d) To complete the "Start'" sequence, assume during
the timing interval of VHPl that:

(1) All burners have been lighted off,

(2) Minimum feed flows have been established
closing contacts FS$-2019 and FS-2170,

(3) Minimum pressures at the furnace feed outlets
have been established closing contacts PS-2165
and PS-2163.
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When timer VHPL times out, N.C., motor contact
VHPl-4 opemns first, de-energizing the clutch for time VHP2. N,0, clutch
contact VHP2-1 opens the seal around pushbutton VPBP and N,O. clutch con-
tact VHP2-4 opens the shunt around contact VR3A-2 and VR3B-2 (since these con-
tacts are closed VRB, VHP3 clutch and bus M5-1 remain energized. Motor con-
tacts VHP2-2 and VHP2-3 reset to the closed and open positions respectively,

After a short time delay, N.C, motor contact VHP1-1
opens, de-energizing the VHPl clutch and motor. Seal contact VHPl-2 opens
immediately. Contact VHP1l-3 opens to de-energize VRX and open startup shunt
contacts VRX-1, VRX-2 and VRX-3, Relay VRl remains, energized thru FS-2019
and FS-2170. Relays VR3A and VR3B remain energized thru comtacts P5-2165 and
PS-2163,

At this point sustained operation of the furnace is
totally dependent on the safety shutdowns.

(4) Burner Lightoff

(a) Since the lightoff procedure for all burners is
identical, the lightoff of burner #1 only is detailed. Previous steps in the
sequence (see section b.2.,d. and b.3.b.) will have energized the Maxon safety
valve bus M5-1, the pilot solenoid bus PS-1 and the ignition transformer bus
IGN-1.

(b) The ignition pushbutton VPBL and 'Pilot Established"
indicating light VLPl are mounted together., When the ignition pushbutton
VPB-1 is operated, contact VPBl-4 closes across fireye terminals 3 and A and
energizes relay RL1 of flame control unit FFC-2018 (see drawing 65A-7629).
Contact RL1-2 (in FFC-2018) then opens de-energizing alarm relay VRC1.

Contact VPBl-2 closes energizing the pilot solenoid
SV-2334 and contact VPBl-1 closes energizing the ignition transformer VIGT-1
and lighting the pilot flame. When the scanner (FFD-2167) '"sees'" the flame,
the flame detector circuit energizes the flame relay RL2 (in FFC-2018). Relay
RL1 then seals in thru contacts RL1-3 and RL2-2. Contact RL2-4 closes en-
ergizing the "Pilot Established" indicating light VLPL.

(¢) When VRCI de-energized, N.C, interlock contact
VRC1-5 closed sealing the pilot valve around pushbutton contact VPB1-2.
N.C. interlock contact VRC1-4 closed enabling the Maxon safety valve holding
coil to energize when VPBl is released.

(d) De-energizing VRC1 also closes contact VRC1-1,
energizing relay VRDl. Relay VRD1 then seals in thru contact VRDl1-1.. At
this point contacts VRD1-2 and VRD1-3 are closed and contacts VRC1-2 and
VRC1-3 are open.

(e) When VPBl was first operated, energizing relay RL1

in FFC-2018, contact RL1-4 closed energizing the total flame failure bus TFF-1.
When the bus TFF-1 enereize=. relay VRY energizes thru N.C. lockout contact
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contact VRZ1l. Contact VRY-6 closes to hold the purge complete relay VRB
energized. Contact VRYl seals in relay VRY, contact VRY-2 closes energizing
relay VRZ which then seals in thru contact VRZ-2. Shunt contact VRZ-5 opens
leaving relay. VRB, timer VHP3 and bus MS5-1 dependent on the total flame
failure interlock contact VRY-6.

At this point contacts VRZ-3 and VRZ-4 are closed,
contacts VRY-3 and VRY-4 are open. Contact VRY-5 is open de-energizing the
control room panel alarm A-2308. Contacts VRY-7 and VRY-8 are closed estab-
lishing power to the control circuits of the cracking furnace flame control
units.

(f) When the Maxon safety valve is armed, an integral
limit switch closes, energizing relay VRGLl. Comntact VRGl-1 opens.de-energizing
the main burner failure alarm indicating light VIM-1 on the field panel. Con-
tact VRG1-2 opens de-energizing the main burner failure alarm A-2369 on the
control room panel. See also section d.

(g) See section b.3.d.
¢. Furnace Shutdown

(1) Emergency Shutdown by Operator: Two emergency shutdown
pushbottoms are provided, VPBE-1 at the field panel and VPBE-2 at the control
room panel. Operating either pushbutton de-energizes the RLl relay in the
flame control units and initiates a total flame failure sequence (see section
e.5).

(2) Shutdown Conditions: The following conditions initiate
shutdowns of varying degree.

Condition Safety Device Pilot Relay
(a) Low feed flow in FS5-2019 &
either pass. F5-2170 VRz1
(b) High bridge wall
temperature TI-2161 VR=-2
(¢) Low pressure at the PS-2165 & VR3A &
outlet of either pass PS§-2163 VR3B
(d) Low fuel gas pressure PS-2038 VR-4

(e) Total flame failure Contact RLI-4
of flame control

units VRY
(f) Quench tower high
outlet temperature TS-3031 VR-2
(g) 1Individual burner Contact RL1-2
SL 009839 failure of flame control
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(3) Reaction to Shutdown Condition

(a) Reaction to the various shutdown conditions are one
or more of the following actions:

(1) Trip the Maxon safety valves in the main burner
fuel gas lines.

(2) De-energize the pilot solenoid valves in the
pilot burner fuel lines.

(3) 1Indicate an alarm condition at the field panel
by means of a red indicating light and an audible
horn.

(4) 1Indicate an alarm condition at the control room
panel by means of an indicating light in a first
out sequence and an audible alarm. (Control
room alarm system has remote horns in the field.)

(5) Closes all of the feed flow solenoid valves
after a time delay.

(6) Close any or all of the feed solenoid valves
immediately.

(b) The reactions to the various shutdown conditions are
as tabulated below:

To Shutdown Condition Correspond Reactions
aZl.. 1 and 4
by = 1,4 and 5 |4~
Chon sty T 1, 2, 4 and 6
dCw, v- 1, 2, 4 and 5
T T . 1, 2, 3, 4 and 5
G ' 1, 4 and 5
gx.. . 3 and 4 (see section d.7)

Emergency conditions ¢, d, and e require a repurge
of the furnace,

d, Detailed Descriptions of Shutdowns

iy

(1) Low feed flow in either pass: A low feed flow in either
one or both passes will de-energize relay VRl. Contact VR1-1 opens de-energizing
the Maxon safety bus MS-1. When bus MS-1 de-energizes, the Maxon safety valves
trip shutting off gas to the main burners. Enclosed limit switches on the
Maxons open de-energizing relays VRGl - VRG4. Contacts VRGl-1, 2-1, 3-1 and
4-1 energize indicating lights VIM-1 to VIM-4 on the field panel.

Contacts VRG1-2, 2-2, 3-2 and 4-2 energize the Maxon
indicating lights (A-2369, A-2368, A-2367 and A-2366) on the control room panel.
Flow deviation switches FDS-2005 and/or FDS-2152 indicate a low flow condition
(A-2006 & A-2153) on the control room panel.
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Refer to Drawing 65A-7626. Contacts VRG1-3, 2-3, 3-3
and 4-3 open in the cracking furnace Maxon safety valve bus MS-2, de-energizing
the cracking furnace Maxon safety valves. 1In addition low feed flow is sensed
at the cracking furnace with the same actions described above taking place

in the cracking furnace flame controls., Maxon safety valve alarms on the con-
trol room panel for No. 1 cracking furnace are A-2370 to A-2380 (these alarms
are energized by integral limit switches in the Maxon safety valves, rather
than relay contacts as in the case of the vaporizing furnace). Indicating
lights for the Maxon safety valves on the field panel for No. 1 cracking
furnace are VIMl to VIM2, Low feed flow alarms on the control room panel for
No. 1 cracking furnace are A-2178, A-2188, A-2189 and A-2190.

(2) High bridge wall temperature: When the bridge wall
temperature reaches 14000F, alarm A-2261 on the control room panel is energized,

When the bridge wall temperature reaches 1500°F contact
TI-2161 opens dropping relay VR-2. Contact VR2-1 opens de-energizing the Maxon
safety valves. The sequence detailed under d.l. then takes place. 1In addition
contact VR2-1 de-energizes the feed shutdown timer clutch. Cluteh contact
VHP3-2 immediately closes, energizing the timing motor of VHP3 thru N,C, motor
contact VHP3-1l. After a time delay motor contact VHP3-3 times open, de-ener-
gizing the feed solenoid valves and stopping feed flow.

(3) Low pressure at furnace outlet: Assume a low pressure
occurs at the outlet of pass No. 1. Pressure switch PS-2165 opens de-energiz-
ing relay VR3A. Contact VR3A-1 opens immediately de-energizing S$V-2193. The
flow in Pass No. 1 immediately stops. Contact VR3A-2 opens de-energizing the
pplot solenoids, Maxon safety valves and relay VRB. Contact VRB-2 opens de-
energizing the ignition bus IGN-1. The feed shutdown timer clutch is de-ener-
gized and feed flow in Pass No. 2 is timed out as in d.2. above. Alarm A-2166
is energized on the control room panel.

(4) Low fuel gas pressure: Pressure switch PS-2038 opens
de-energizing relay VR4. Contact VR4-1 opens and the sequence described
under d.3. takes place.

(5) Total flame failure: The RL1-4 contacts on all flame con-
trol units open de-energizing total flame failure bus TFF-1. When TFF-1 de-
energizes, relay VRY de-energizes. Contact VRY-6 opens de-energizing the
purge complete relay VRB. Contacts VRY-7 and VRY-8 initiate a total flame
failure sequence at the cracking furnaces by de-energizing the RL1 relays in
the flame control units.

Contact VRY-3 closes energizing indicating light VLT
(on the field panel) and contact VRY-4 closes energizing the alarm horn at
the field panel.. Contact VRY-5 closes energizing alarm A-2508 on the control
room panel,
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When the acknowledge pushbutton VPBA is operated, bus
AL-1 is de-energized and relay VRZ de-energizes. When VRZ de-energizes, seal
contact VRZ-2 opens preventing VRZ from re-energizing when the push button is
released (contact VRY-2 is open since VRY is de-enerigized). Contacts VRZ 3
and VRZ-4 open de-energizing the horn and indicating light VLT. Contact VRZ-1
closes to allow VRY to energize when TFF-1 is energized. Contact VRZ-5 closes
to allow the purge sequence to be completed after initiation of a new purge
sequence.

(6) Quench Liquor Failure: This sequence is identical to

d.2,

(7) 1Individual Burner Failure: The following description
applies to burner No. 1. Assume that the scanner (FFD-2167) detects a loss
of flame at burner No. 1. The flame control unit detector circuit de-
energizes the flame relay, RL2, in that unit. Contact RL2-2 opens de-
energizing relay RL1. Seal contact RLI-3 opens to lockout relay RL1. Contact
RL2-4 opens de-energizing the "Pilot Established" indicating light VLP-1.
Contact RL1-4 opens.

Contact RL1-2 closes energizing relay VRC1 (note that
VRDI is already energized)., Contact VRCI-2 closes energizing indicating
light VLBl (on the field pamel). Contact VRC1-3 closes energizing the alarm
horn (contacts VRD1-2 and VRD1-3 are closed since VRD1 is energized).

Contact VRC1-4 opens tripping the Maxon safety valve,
MS-2338, and contact VRC1-5 opens de-energizing the pilot gas solenoid valve
Sv-2334, Contact VRC1l-1 opens.

When the Maxon safety valve MS-2338 trips an integral
limit switch opens de-energizing relay VRGl. Contact VRGl-1 closes emergizing
indicating light VIMl on the field panel. Contact VRG1-2 closes energizing
alarm A-2369 on the control room panel. Control room panel alarms for burn-
ers 2, 3 and 4 are A-2368, A-2367 and A-2366 respectively.

Contacts VRGl-3 and VRGl-4 open in the cracking furnace
Maxon safety valve control bus, but the bus remains energized as long as one
burner is operative.

When the acknowledge pushbutton VPBA is operated, bus
AlL-1 de-energizes and relay VRDl de-energizes. Seal contact VRD1-1 opens to
prevent relay VRDl from re-energizing when the pushbutton is released (con-
tact VRC1-1 is open since relay VRC1 is energized). Contacts VRD1-2 and
VRD1-3 open de-energizing indicating light VLBl and the alarm horn.

The disposition of the VRC and VRD relays for various
alarm contact conditions are given in the following table.

S,
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Alarm Contact VLB Light Horn VRC Relay VRD Relay
Normal (open) Off Off De-Energized |Energized
0ff-Normal (closed) On On Energized Energized
Acknowledged !
Before Return
to Normal Off Off Energized De-energized
Normal Before
Acknowledge Off Off De-energirzed |Energized

€. Bypass

Switches are provided at both the field control panel and the
control room panel to bypass shutdown conditions a, b, ¢, and f. (shutdown
conditions a, b, and ¢ on the cracking furnaces).

Operation of either switch, VSBP-1 or VSBP-2, energizes relay
VRBP. Contact VRBP-1 energizes relay VRX. ContactsVRX-1, VRBP-2, VRX-2 and
VRX-3 shunt the safety shutdown contacts for shutdown conditions a, b, c and
f. At the field panel, a red indicating light, VLBP indicates that the system
is in bypass condition when either switch is operated. At the control room
panel, red and green indicating lights (integral with the switch assembly)
indicate that the system is or is not in bypass condition. An integral push-
button provides a lamp test for the indicators.

f. Vaporizer-cracking furnace interlocks

Two interlocks are provided between units. Coéntacts VRY-7
and VRY-8 (on the total flame failure relay) VRY are placed in the power
circuits to the RL-1 relays of the cracking furnace flame control units.
Ordinarily this will prevent light-off at the cracking furnaces until the
vaporizer has been lighted-off.

Further, the VRG relay contacts are interlocked with the
Maxon safety valve busses of the cracking furnaces, so that the Maxons at

the cracking furnaces cannot be armed until one of those at the vaporizer has
been opened.

For dryout purposes these interlocks may be bypassed by:
1. Purging the vaporizing furmace,
2. Placing the system in "bypass" made (by operating VSBR1

or VSBP-2). This bypasses the low flow shutdown and
energizes VRI,




NFIDEIS S oo Orue:
b3 ctcio Pfoltetﬁ ot CovE
e .
oésgqth J“:f°1%1— 145

5-12

3. Lighting off one pilot burner at the vaporizer (energiz-
ing VRY and closing VRY~7 and VRY-8),

4. Arming the Maxon safety valve for that burner., This
energizes a VRG relay and the -3 or -4 contact of that
relay completes the Maxon safety valve busses in the
cracking furnace controls.

5. Coke Knockout Drum: A coke knockout drum is provided as a re-
ceiver for the vapor and residue discharged from the cracking furnaces during
the decoking cycle.

The knockout drum is 5'0" I,D., by 7’8" tangent-to-tangent. The
ends are closed with dished heads. The vapor inlet enters tangentially 5'1"
from the bottom and is aimed to impinge upon a wear plate. The vapor outlet
is at the top through a dip pipe which extends 5°5" down into the vessel.
The quench and flush water containing the unburned coke particles pass out
the bottom of the drum to the sewer.

The vapor stream from the knockout drum passes to a stack.

A 3" water line is piped to the bottom of the coke drum, and
will be used, if necessary, to flush the drum to remove settled carbon particles.

6. Quench Tower: The quench tower is constructed from carbon steel
and is 10' I.D. by 30' tangent-to-tangent. It is packed with 13' of 2"
Porcelain Intalox saddles. The packing support plate is mounted 10'4" from
the bottom so that there is adequate room for the liquid pool and disengaging
space as well,

The outlet passes from each cracking furnace into the liquid
pool above the bottom of the tower. A rod-out assembly has been installed
on each vapor inlet to the quench tower. These will be used to push carbona-
ceous material into the quench liquor pool. Operational experience will
dictate the frequency for using these rod-out assemblies. The quench tower
is dumped batchwise automatically into the Dopp Kettle. As the level rises
to a pre-set value, a field control circuit will open the dump valve and
then close it when a pre-set low level is reached. The level is also trans-
mitted to the control board.

7. Bottoms Removal System: Tars are removed from the front end
of the system by withdrawing a small purge stream from the bottom of the
quench tower to the Dopp Kettle, where the tars are concentrated and the
EDC solvent is vaporized and recycled to the quench tower. Another Dopp !
Kettle will be installed along with the second cracking furnace.
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A steam jacket utilizing 175 psig steam covers the bottom and
a little more thawn half the sides of the kettles. Individual pressure con-
trol valves maintain this pressure on each kettle.

Each kettle is provided with a scraper-agitator that turns at
25 rpm. The ecraper blades are spring loaded so that contact is made with
the wall of the vessel. A double mechanical seal with one ceramic and one
graphite face seals the agitator shaft as it passes into each kettle. Each
seal is cooled with EDC that passes through the c¢hamber between the two
seals and out with some leakage through the seal faces, perhaps. EDC at the
proper pressure (at least 15 psi above the kettle pressure) is supplied for
this purpose with a pressure control valve. The flow of EDC to each seal is
manually controlled. The seal coolant effluent is fed into the kettle for
disposal.

Tars are drained from the kettles through Strahman ram-type
plug valves.

Each kettle is protected against excessive process pressures
by pressure relief valwves, which open at 135 psig and discharge into
quench tower vapor line.

8. Primary Quench Condenser: Vapor from the quench tower is partial-
1y condensed in the primary quench condenser with cooling water. The vapors
enter the top shell side of the exchanger in the middle and the uncondensed
vapors leave the top at both ends. There is a divided shell side pass and
four tube side passes. Condensate leaves .the bottom of the exchanger at each
end and flows to the quench liquor tank. An identical exchanger will be in-
stalled parallel to the existing one during the expansion of this plant.

9. Secondary Quench Condenser: Vapor from the primary quench condenser
enters the tube side of the secondary quench condenser. Refrigerant F-12 is
on the one-pass shell side and effects further cooling and partial condensation
of the forward vapor stream, which is also one-pass. The liquid flows to the
quench liquor surge tank while the vapor passes forward to the absorber.

Freon-12 is fed to the exchanger through a level control valve to
maintain a constant refrigerant level. Excessive shell pressures are relieved
through a rupture disk, set at 300 psig, and a safety relief valve mounted
on top of the monel disk; the SRV (safety relief valve) is set to open at
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300 psig also. The +34%F ¥reun=12 vapur leaves the top of the exchanger and
passes to the +34 Freca knockout drum. Hete the entrained liquid is re-
moved from the Freon vapor and returaed to the +34% lean oil cocler. The
vapor leaves the tup of the kuockodat drum tur returs to the Freon compressor.

10. Quench Tiguor Tank: The inlet streams to the quench liquer tank
enter through dip seal legs to avoid static charge build-up. The horizontal
cylindrical tank is 1110 3/8" 1.D. by 24° tangent-to-tangent. A level is
recorded on the control board. A menel rupture disk 1s mounted under a
safety relief valve for pressure velief; both are set at 133=-psig.

Quenich liquuor is punped back to the quench tower through a fleow
control valve. A flow control valilve 1s alse used to maintain a4 steady level
in the tank by sending the excess quench liguor to the stripper. A sight-
glass is mounted on the fank to provide a visual chedk of the tank level.

The quemnch liquor pumps are previded with start-stop stationms
in the field and at the panel. The discharge Iine from each pump contains
an op-off ball valve which is activated with its respective pump. This set-
up will enable the ovperator to quickly establish the quench iiquor flow to
the quench tower if one of the pumps showuld fail. Tt is important to alwavs
maintain this flow.

11. Quench T.iquur Safety Dvicr and Filters: The quench liquor pumps
discharge into the quench tiquer safety drier, which is packed with calcium
chloride. This 2%6" 1.D. by 217 tangent-to-tangeut vessel is protected against
excessive pressares by a monel rapture disk meunted under a safety relief
valve; both are set to relieve at 160 psig,

Two parallel Fulfic filters nave been installed downstream of the
safety drier to prevent calecium cnloride carrveover, The filter elements are
capable of removing partivies dowa to 5 mivrans 1o size.

12, Vinyl Abserbers The winvi ensorber is desipgned to remove
essentially all o¢f the vinyl chloride from the HC1 wvent gas stream. This is
accomplished by contacting the vinyl chloride=vich vapoer stream with a re-
circulating stream (leau oil) of EDC., Tne abserption of the vinyl chloride
intv the EDC Tean oil stream is favored by a could EDC temperature. Since heat
is evolved during the absorption operation, this is the redson intercovlers,

a vent condenser, aund a chilled E( lean vil wmust be used.

gL 009846




CONF1DENTIAL:

der
Subiject to Protegtivg or
f 142h Judicial District Court

Ne. 91-1145
5-15

The absorber is constructed from carbuon steel and is 5'6" I.D,
by 68'9" tangent-to-tangent, A cylindrical skirt 6° tall sapports the
column.

The column contains 35 (litsch ballast trays spaced 18" apart
with the follewing exceplivnse

a, 'The spacing below trays 12 and 14 are 3'0" for mdnway open-
ings tuo the column.

b. The 179" spacing below trays 7, 8, 9, 10, 13, 14 and 15 is
needed for draw-off sumps for the intercoolers. Only two will be used at any
one time.

The trays are numbered frem bottum te top.

Draw-off sumps for the intercoolers are located at the trays
named above. These sumps are designed to seal the vaper on the tray at
minimum liquid back-up in the downceomer from the tray above. The design is
such that if the external withdrawal system should fail, the liquid passing
to the sump will overflow autumartically te 1ts respective tray. Liquor
withdrawn from a sump for refrigeration in an 1ntercooler is retorned to the
tray below for passage on down through the columi.

The downcemers wn all even-numbered trays are rotated 180° from
the downcomers of the odd-numbered.trays. This assures that liquid flowing
onto a tray will have to travel completely acruss the tray before any further
downward flow is possible and is the normal situation in any tray column.

It is planned te use trays 8 and 13 tor draw-off pouints to the
intercoolers. 1t mav be found in uperaticns that these draw-off locations
are not properly matihed to the <clumn heat-load requirements. In this case
there are already piped up these alternate draw-off selections: (1) in
place of tray 8, tray 10 may be substituted, (2% in place of tray 13, tray
15 may be substituted.

There are tw. vapor feed streams to the column, Une comes from
the secondary quench condenser and the other froem the top of the stripper.
Both enter the bottom of ithe cuolumn under the lowest tray.

The bottom of the cwlumn is used as a surge reservoir for feed
to the stripper. The liquid is maintained at a constant level by a level
control valve, A sightglass is located v the bottom of the column. The
column will vent to the atmosphere through a monel ropture disk and safety
relief valve if the pressure should reach 135 psig.
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13. Absorber Vent Condenser: The vent from the absorber passes to
the vent condenser where it 1s cooled from 50°F to -29°F. The vapor stream
enters the top of one end of the vne-pass tube side and the vent (HCLl) and
condensate leave the other end. The vent then goes through an entrainment
geparator, which has a Teflon mesh mist eliminator, for further condensate
removal. The condensate from the mist eliminator and vent condenser combine
and flow to the upper intercouler surge tank. The vapor, which is 997%™ HCl,
then passes through a pressure cuntrol valve; this valve contrels the ab-
sorber pressure at 50 psig.

The one-pass shell side of the absorber vent condenser contains
Freon-12 at -40°F, The liquid level is controlled by an inlet level control
valve. The Freon vapur flashes tu the -40YF knockeut drum where the entrained
liquid is removed irum the Ffreon vapor and returned to the -40Y lean oil cooler.
The vapor leaves the tup of the knockout drum and retutns to the Freon com-
pressor.

14. Absorber Upper and Lower Intercooler System: Vinyl absorber tower
liquor flows by gravity inco the upper intercooler tanks, from which liquor
is withdrawn for refrigeratiun and return to the absorber. Each intercooler
tank is vented back to the same Lray at which the overflow sump is located.
The upper intercooler system will be described, with the analogous items for
the lower intercouler system 1ndicated in parentheses,

Liquor is pumped from the upper intercooler tank through a drier,
a filter and the upper refrigerated interccoler, The absorber liquor tempera-
ture is lowered from 63"F to 42°F {from 65“F to 5° in the lower intercooler)
in the six-pass tube side of this exchanger (eight-pass for the lower inter-
cooler). Liquor may be recirculated from the intercooler tank, through the
intercooler and back to the tank by means of a hand regulated bypass to main-
tain good tube velocity, The return flow of refrigerated liquor to the column
is controlled with a level countrol valve, which is operated to maintain a
constant level in the intercuoler surge tank. The flow of liquor to the inter-
cooler is measured and field-indicated. 1f this flow drops below a preset
level, an alarm will sound and cause a@n on-off valve which is on the liquid
inlet line to the intercovler tank te ¢lwse. This signifies a pump failure.

The intercocler tank 1s 5'11" I,D., by 14' tangent-to-tangent.
The vessel is constructed from carben steel, and is enclosed with dished
heads. The liquid inlet passes nearly tu the bottom of the tank for seal
purposes. A sightglass and level controller are mounted on the tank. The
tank is pressure relieved through a monel rupture disk and a safety relief
valve; both are set at 135 psig.

The shell side of the interconler is protected with a monel rup-
ture disk and a pressure relief valve set at 300 psig.

The 1ntercocler driers are 2'6" 7.0, by 21'0" tangent-to-tangent
and are packed with calcium chloride, Each is protected against excessive
pressures with & monel rupture disk meunted under a safety relief valve
(set pressures are 150 psig).
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The Fulfls filters have 5 micren filters to remove calcium chloride
from the process stream. They also have 150 psig safetry relief valves.

15, HCL Stripper: The HCl stripper is used to strip essentially
all of the HC1 from the EWw stream that passes forward to purification. To
effect this separation the stripper contains 40 Glitsch valve trays ocn 18"
spacings.

The stripper is constructed from steel, and is 5'6" 1.D. by

71'6" long tangent-to-taungent. vapor leaves the column from the top. The
absorber bottoms stream is pumped to the stripper's top tray. Excess quench
liquor from the quench liquor surge tank is also fed here. There are Lhree
alternate feed points for this stream: trays 35, 37 and 39. Uperations will
determine the correct feed tray location for this stream. 1t is desired to
introduce the quench liquor on a tray having the same composition as the quench
liquor. The two feed streams to the stripper are measured cn flow recorders.

A thermosiphon reboiler is vertically mounted on the side of the
stripper. Feed to the reboiler is withdrawn from the bottem of the column.
The vapor re-entry point to the column is located abeout 6' above the bottom
of the colum. The steam flow to the rebuiler is flow controlled. The steam
flow will be adjusted to control the HCl content of the reboiler liquor.

The stripper bottom level is maintained by an overflow pipe which
goes to the product still feed tank.

The tank is vented back to the stripper just below the first
tray. A sightglass is mounted on the bottem of the column,

The stripper is pressure rvelieved through a monel rupture disk
mounted under a safety relief valve set at 135 psig.

16, Vinyl Product Stills The material in the product still feed tank
is pumped threugh a flow control valve te the product still. Here vinyl
chloride is separated from rthe heavies and taken overhead as a pure product,
with the exception of HC1 contamindtics:, which will be removed ia a later
processing step., The vinyl still ¢aatains 30 Glitsch valve trays with 18"
tray spacing.

Two different diameters are used in the vinyl column design be-
cause of the large differences 1n vapor eud liquid loading between the top
and the bottom of the column. The coiumn changes diameter between trays 35
and 36 from 7'0" T.D. tv 4'9" 1.1, The lower section is 63'4 1/4" irom the
bottom tangent line to the reducing section. The top of the still is
25'10 1/4" from the reducing section Lo the top tangent line. The reducing
section itself adds 2'0" to the celumn height.

A thermosyphon reboiler provides the boil-up for this column.
The steam flow is controlled by the temperature en tray 19. This temperature
controller measures the temperature ot tray 1Y in the still. It may seem
strange that this temmerature is the one selected for reboiler control, and
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not the temperature of the reboiler itself., However, it should be seen that
the reboiler liquor is essentially pure EDC, and as such the reboiler will
have only one temperature {or a given operating pressure, Temperature at this
point would thus be & poor peint te eostrel from: either the liquid would
boil or it would notr, and if hoiling wevre taking place evcessive heat coculd be
applied to the rebuoiler withoul any chazge taking place in the reboiler tem-
perature. However, in the column, and tray 19 is a reasomabie choice, the
composition of the major components EDC=VC is not "fixed", aad so a variation
in temperature with bailup rate will be possible. Trav 19 was selected be-
cause there the temperature change will be greatest for a given change in
composition.

The reboiler level is held a4t the desired setting by a4 level
control valve on the EDC recyele stream to the heavies still feed tank, Ad-
ditional rebuiler liquor is pumped through a fiow controel valve to the absorber
as lean oil.

Tne vinvl still {s protevted against excessive pressures by a
monel rupture disk and safety relief valve set at 135 psig.

The overhead vapors ave condensed on the one-pass shell side of
the product still coudenser with couling water, The tube side consists of 4
passes. The condensate leaves the exchanger at the bottom and flows to the
product still reflux tank through a stand leg.

Vapor leaving the condenser must pass through the refrigerated
vent condenser before being vented through the still pressure control valve.
The still is pressure contrelled throagh split ranging by eigher adding dry
nitregen to the vent <ordenser cutlet or through bleeding wiff excess pressure
through another parallel pressure control valve. Thus much of the vapor
space in the upper part of the vinyl still system contains nitrogen. The vent
condenser is then necessary to keep vinyl chloride from being vented from the
still with the nitrogen pirge stream.

The vent condenser (ontains one tube pass through which the still
condenser vent stream passes. Refrigerant F=-12 is fed to the shell side through
a level control valve. Freon wvapor leaves the top of the exchanger and passes
to the -3PF Freon knockout drum. Here the vapoer is separated from the en-
trained liquid and returned to the compressar suction. The freon liquid is
returned to the shell side of tne lower intercooler. The condensate (vinyl
chloride) from the product still vent condenser driains to the product still
reflux tank through a stand leg.

The product still reflux drum is 6'5" I,D, by 16'0" tangent to
tangent. Reflux for the still is pumped from this tenk to the tup tray of
the still through a flow cuntrel valve., A constant vinyl chloride level is
maintained in the tank by a level comtrol valve which allows the excess liquor
to pass forward to the praduct neutralization system and on to the day tanks.
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17. Absorber Lean Oil System: EDC from the bottom of the vinyl
still divides into twe streams; one stream (29% of total) is sent to the
heavies still and the other (71% of total) is cooled and returned to the
top tray of the absorber as lean 0il. The lean oil stream is flow controlled,
while the recycle stream is controlled by the product still reboiler level.

The lean 0il stream undergoes four stages of cooling in the fur-
nace feed economizer, 90% lean o0il cooler, 34° lean o0il cooler, and the -40°
lean o0il cooler.

The furnace feed economizer has already been described. The
lean oil passes thru the shell side of this exchanger and is cooled from
315°F to 170°F.

The 90° lean oil cooler lowers the lean oil temperature to 105°F.
The lean oil passes through the cne-pass shell side while cooling water is on
the two-pass tube side,

The next exchanger that the lean o0il flows through is the 34°
lean oil cooler, The lean wil's temperature is lowered to 40°F on the one-
pass tube side. 34°F Freon is on the une-pass shell side. The Freon level
in the exchanger controls the Freon feed rate. freon vapor leaves the ex-
changer and passes to the 34 Fre.n kiockout drum, which has already been
discussed, The shell is pressure-relieved at 300 psig through a momel rupture
disk and a safety relief valve.

The final lean oil cooling step takes place in the -40° lean oil
cooler, There are six tube passes through which the lean oil flows. The
exit lean o0il temperature is =29%F, TFresn at =40YF is vaporized on the shell
side of the exchanger. A constant Freon level is maintained by a level con-
trol valve on the liquid Freon inlet line. ‘treon vapor leaves the top of the
exchanger and passes to the =40 knockout drum, The exchanger shell is
pressure relieved at 300 psig.

Proper control of the efiluent lean oil temperature is very im-
portant because the EDC is near ite freezing point, which is -32,.29F. The
temperature of the lean il from this exchanger can be controlled by use of
a manual by-pass arcund the 34% leun il cooler, This allows a stream of
"hot" lean 0il to be mixed with the "chilled” lean oil from the 34Y lean oil
cooler before entering the =40 Jean oil cuoler. 1In the case of impending
freeze-up, the by-pass valve can be opened completely until the absorber feed
temperature is sufficiently high to aveid freezing.

18. Recycle EDC: The level at the bottom of the vinyl still is main-
tained by withdrawing EDC for recycle to the heavies still feed tank, This
stream is equivalent to 50% of the ED( fed to the furnaces at 507 conversion.
There is adequate pressure at the bottom of the still to provide the head neces-
sary to transfer the recycle stream to the heavies still feed tank.
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The recycle EDC stream first passes to the EDC recycle cooler,
Here its temperature is lowered to 180°F on the one-pass shell side. Cooling
water is on the tube side, which has two passes., The stream next passes
through a level control wvalve, which is controlled by the product still re-
boiler level.

A gaseous chlorine stream is then injected into the recycle
EDC line to carry out the chlorination of chloroprene. A two-minute mini-
muwn retention time is required for this reaction to take place; therefore, the
chlorinated stream goes to a 2' I,D, by 9' taugent-to-tangent reaction tank.
The recycle stream then passes to the heavies still feed tank.

Gaseous chlorine is obtaimned from the Tri-Ethane plant chlorine
vaporizer. A comnnection is also available for hooking up a ton cylinder of
chlorine during a vaporizer outage. A flow control valve will regulate the
gaseous chlorine flow.

18. Heavies Still: The heavies still is designed to remove all high
boiling impurities from the liquid FDC. The carbon steel still is 7'0"™ I,D,
by 95'3" tangent-to-tangent. A cylindrical skirt 16'6" tall supports the still.

The temperature of the Jjliquor in the reboiler will vary propor-
tionately to the EDC concentration; therefore, the bottom temperature is used
to control the steam flow to the reboiler.

The c¢olumn contains 54 Glitsch valve trays with 18" spacing.
Feed to the column can be introduced on tray 27, 31, 35, or 39. Reflux is
returned to the column'’s top tray.

A monel rupture disk is mounted under a safety relief valve to
prevent pressures on the still from exceeding 50 psig.

The bottoms stream from the heavies still is pumped through a
level control valve to the EDC plaut bottoms storage tank. This control valve
maintains a constant heavies still reboiler level. This bottoms flow is field-
indicated and also recorded om the control buard.

Vapor from the heavies still passes to the heavies still con-
denser where complete condensation takes place. The EDC vapors enter the
top shell side of the exchanpger in the middle and the condensate leaves at
the bottom of each end of the shell side. There are two tube passes through
which cooling water flows.

The condensed EDC ilows by gravity to the reflux tank. The re-
flux pumps withdraw liquid from this tank to pruvide reflux for the column
and the furnace feedpumps withdraw liquid for feed to the EDC vaporizer.

The condenser and reflux drum are both maintained at a constant
pressure (slightly positive) with a nitrogen pad. The still is, therefore,
held at a constant pressure, which is necessary to prevent temperature
fluctuations. The vent passes to the heavies still stack seal. This 3!
I.D, by 12° tangent-to-tangent Haveg 41 vessel is packed with 7' of 1 1/2%
Intalox saddles. Water is!introduced through a rotometer into the top and
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it absorbs the HCl1 in the vent stream., This vessel is vented through a
Haveg pipe which extends up the side of the heavies still,

20. Product Vinyl Chloride Treatment: The vinyl chloride product is
pumped from the product still reflux tank to the product cooler. It passes
through the one-pass shell side and is cooled by cooling water, which is omy
the four-pass tube side.

The product stream next goes te a 2' 7.D. by 4' tangent-to-
tangent phase separator and is contacted with water. A wet product stream
is much easier to neutralize than a dry one.

Two flake caustic neutralizers are provided so that one can be
inpservice while the other is being recharged. Each is 3' I.D. by 17' tangent-
to-tangent and is filled with flake caustic. A roll of fiberglass will be
installed above the flake caustic. Each vessel is protected with a monel
rupture disk and safety relief valve set to relieve at 200 psig.

When a freshly charged neutralizer is being put on the line, the
contained vapor in the vessel will be vented to the vinyl still condenser.
This venting must be done slowly so as not to cause an upset in the still
pressure.

When a neutralizer is to be taken off the line the vinyl chloride
in the unit will be purged to the inlet of the other neutralizer by putting
nitrogen pressure on the top of it-.

Another 2' I,D, by 4' tangent-to-tangent phase separator follows
the product neutralizers. The function of this vessel is to prevent any phase
water from passing through to the storage tanks and to provide a means for
visual inspecting fur caustic carryover. Any caustic-water solution entrain-
ment can be drained from this phase separator.

The product stream next passes through two parallel product fil-
ters, which contain 5 micron filter elements.

20, Vinyl Chloride Product Storage: The vinyl chloride next passes
to one of eight horizontal cylindrical day tanks. These tanks are 12' I.D,
by 78' tangent-to-tangent each. The liquid feed to the vessels enters
through a stand leg to reduce the hazard of static electricity formation.
Monomer that has been given analytical cleanance will be transferred to
either the 54'9" I,D, spherical tarnk or a larger 60'6" I,D, sphere.

All of these tanks have level indicators and transmitters (the
level is shown on the contrel board).

Each tank is pressure relieved through a monel rupture disk and
safety relief valve at 150 psig. A 3-way plug valve is mounted under the
rupture disk to allow for maintenance to be performed on the disk or safety
relief valve. This valve opens to a line which has only a monel rupture disk
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on it for protection. The tank should be vented to this rupture disk only
for short periods of time as the top of the disk is open to the atmosphere.

The product transfer pumps can be used to circulate a tank's
contents, to transfer material from one day tank to another, or to transfer
a day tank's contents ¢m one of the spherical tanks,

If either of the day tanks or spherical tanks should reach a
higher pressure than is desired (say, over 80 psig), then this pressure can
be bled through a special line to the bottom of the absorber. Also, equili-
zation lines connect all of the storage tanks. Therefore, vinyl chloride
should never have to be vented from this area.

22. HC1 Distributions The HC1 which passes through the absorber
pressure control valve can be handled in several ways. Some of it will be
passed through two activated carbon filters, which will remove the remaining
organics from the HC1 gas. These 4° I,D, by 12' tangent-to tangent vessels
are piped such that thev can be cperpted in series or parallel. Hot nitrogen
can be used to regenerate these filters. The pure HCl effluent stream then
passes through a pressure control valve., This valve controls the pressure
on the downstream side, which is the suction line for No. 3 HCl compressor.
The discharge from this compressor combines with that of No. 5 HCl compressor
to supply an ocutside customer.

The HC1l which does not pass through the carbon filters goes to
the suction of Nv. 1 and No. 2 HCl1-compressors. These compressors also draw
from the wet HCl system. They will be used to supply HCl gas to the Ethyl
@hloride Plant and the Oxyhydrochlorination (OHC) Plant. The suction line
to these compressors frum the Vinyl Chloride Plant will have a manual loaded
valve on it. This valve will be set manually in the field so that no HC1
gas flows to the HCl scrubber,

1f the pressure in the HCL distribution line reaches a pre-set
value, a backpressure control valve will open and let the gas flow to the HC1
scrubber. As soon as a flow passes through this line a cell liquor pump in
the caustic area will start and a flow control valve on the cell liquor line
will open, allowing cell liquor to flew to the toup of the scrubber. Water is
also added to the scrubber; the rate is determined by the temperature of the

neutralized solution flowing to the sewer from the bottom of the scrubber. The

vent line is constructed from Haveg 41 and extends to the top of the tails
tower structure in the HC1l plant. The 4'0" I,D, by 16'0" tangent-to-tangent
scrubber is constructed of Haveg 61.

The by-pass valve on the inlet water temperature control valve
will remain slightly open to keep a small water flow going §nto the scrubber
at all times. This should prevent corrosion on the steel water line. The
HC1 gas enters the scrubber through a loop which is 4 feet higher than the
scrubber. This keeps liquid from getting into the steel distribution header.
A small nitrogen purge will be kept or this loop as a further precaution.
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B. Auxiliary Equipment

l. Vent Headerz: Most of the process relief valves are tied into a 36"
header. which vents to two 6" stacks. One stack is mounted on the heavies still
and the other is on the stripper. In addition, a 12" header is provided for vent
streams from the eight day tanks in the vinyl storage area. This line has a vent
stack also, Bach header ir -ontinuously purged with nitrogen to maintain an
inert atmosphere. Liquid which collects in the 36" header can be drained to
gseveral pump suction lines within the plant.

2. Rework Lines: Iuxing start-up operations or in the case of plant
upsets, off-spec. material will likely be produced. If this material reaches
the plant storage area it will have to be reworked. A rework line has been
provided so that this material can be returned to practically any vessel with-
in the plant. A double-block-and-bleed-valve arrangement has been installed
wherever this line connects to a process vessel or line to prevent possible
contamination.

3. York Centrifugal Refrigeration System: There are seven exchangers
in the Vinyl Chloride Plan% which rsquire refrigeration. A F-12 York centri-
fugal compressor will supply the refrigerant at the following temperature levels:

Temperature (C°F) Tons of Refrigeration
-ko 160
-3 158
+3k 307
625

The 625 ton unit is driven by a 1250 HP motor, which is sized for
2300 V. operation. An identical compressor and motor will be installed parallel
to the existing one at a later date.

Pertinent operating details of the refrigeration system are given
below:

Compregsor

Suction Inlet

Bize commechion, inches 10

Pressure, PSIA 8.8

Temperature, °F -ko
Side Connection #1

Size connection, inches 2-lrg

Pressure, PSTA 21.9

Temperature, OF -3
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Side Connection #2
Size conneztion, inches 2-4's
Pressure, PSIA 45,9
Temperature, OF +3h

Side Connection #3 (Economizing Only)

Size connnahlon, inches 3
Pressure, PSIA 81.8
Temperature, °F 68
Condensar
Gondenging Temperature, °F 108
Condensing Pressure, PSIA 147
Water Flow, GPM 2130

Following is a descripticn of %he rerrigeration control system:

GENERAL

The refrigeration system consists essentially of two centrifugal
compressors operating in parallel on g three stage cooling load. Refer to
drawing 65A-6008 and York drawing 5-7403-1.

The compresser f{reon vapor leaving the compressor 1s liquified in
two freon condensers and cecllected in a surge receiver, T-201, Freon vapor
from the surge receiver is returned Lo the fourth stage suction of the com-
pressors ag a side load for economizing purposes.

Liquid freon from the surge receiver flows to the first load,
which consists of three process chillers, primary quench condenser, upper
intercooler and the +34° lean oil cooler, operating at +34°F, Freon vapor
from these exchangers is returned thru a knockout drum, T-228, to the third
stage of the compressors as a side load. Liquid freon drawn from the 34°
exchangers flows to the second load consisting of the lower intercooler and
the product still vent condenser, operating at -3 F, Freon vapor from these
chillers is returned thru knockout drum T-227 to the second stage of the
compressors as a side load,

Liquid freon drawn from the -3° exchangers flows to the third load
consisting of the absorder condenser and the -40° 1ean oil cooler, operating
at -4OCF. Freon vapor from these exchangers flows to the first stage compressor
suction thru knockout drum T-226.

PNEUMATIC CONTROL SYSTEM SL 009856

A. General

Refer to drawing 65A-6008 and York drawings 5-7403-3 and 5-7403-14.
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The pneumatic controls consist essentially of pressure and flow controls for each
- compressor suction load, motor load override (to prevent overloading the electriec
driver) and balancing controls for the compressor side loads during parallel op-

eration,

Hot gas by-passes are provided to return hot vapor from the Compressor
discharge to each suction stage. These by-passes are utilized during start-up
(when the refrigeration load is low) or during sustained periods of operation
with low refrigeration requirements.

Valves are also provided to injeet liquid freon into the hot gas by-
pass streams to control compressor overheating while hot gas is being utilized
for compressor load balancing.

During the following discussions control system components will be
referred to by the process number appearing on the flow sheets, followed bty the
York designation in parenthesis, e.q., SOL-41u45 (1-SOL).

B. First Stage Suction Controls (-40°F)

1. The -4OCF refrigeration temperature achieved by establishing e
pressure parameter for the freon vapor from coolers E-204 and E-210. The con-
troller used to establish this pressure is PRC~-4098(PRC) located on the control
room pan®l. The controller output positions the prerotation vanes on the first

- wheel of the compressor to control the suction pressure.

Controller output also positions hot gas by-pass valve TCV-4101(BV-5)
(pressure switch PS-4102 (PE-1) energizes liquid injection valve FCV-4120(LIV-1)
when hot gas is flowing thru TCV-4101). Solenoid SOL-4160 (7-SOL) functions
thru a reverse acting positioner to keep closed prior to startup.

Controller PRC-4098 is also provided with a manual loading station,
MLS-4099, mounted on the field panel. The centrol set points on both the board
mounted controller and the field manual loading station are sutomatically
synchronized for "Bumpless" transfer of control location.

The #1 compressor cannot operate at less than 10% of the 625 ton
design load capacity. The prerotational vanes enable the first wheel to operate
down to 40% of design without hot gas by-passing. Hot gas is required from 40%
of design load down to 10%. At that point, the unit must be shut down or surge
will occur with likely damage to the compressor,

2. One Compressor Installed: With one compressor installed the output
of controller PRC-LO9B(PRE) will position the prerotation vanes of #1 compressor
(J-206) thru the current limiting relay CLR and solenoid valve SOL-4118. The
current limiting relay, CLR, will modulate the controller output signal in
response to the current drawn by the driver to prevent motor overload. Solenoid
valve S0L-4118 (5-SOL) is energized during startup to allow the prerotation
vanes to open while the driver is accelerating, subject to permissive action of
CLR. This is especially important as the motor current acceleration time curve
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has been adjusted (electrically) to be compatible with the compressor torque lcad-
acceleration time curve.

3. Two Compressors Installed: With two Compressors installed, the out-
put of controller PRC-4098 (PEC) will determine the set point of a flow controller
in each first stage suction line. With identical flow parameters established for
each first stage suction line, the individual flow controllers position the pre-
rotation vanes thru the current limiting relays CLE and solenoid valves to main-
tain the flow parameter. The current limiting relays and solenoid valves operate
as described under B.2 above,

C. Second and Third Stage Suction Controls

1. General: The second and third stage suction controls are basically
identical. Only the second stage controls are described.

The second stage (-3°F) refrigeration load is determined by estab-
lishing a pressure parameter for the freon vapor from coolers E-205 and E-212.
The pressure controller, PIC-4107 (PC-), maintains the pressure parameter by
positioning a control valve PCV-4103 (BV-1).

During operation a minimum flow parameter is established with flow
controller FIC-4142(FC-1). The 2nd and 3rd stage wheels cannot operate below
70% of design freon flow thru each individual wheel, Flows below 70% will
result in compressor "surge" with likely damage to the compressor, therefore,
automatic hot gas by-pass control is necessary. The flow controller FIC-4142
positions hot gas bypass valve FCV-41L43(V-6) to maintain a minimum freon flow,
and pressure switch PS-41hl (PE-2) energizes liquid injection valve SOL-4146
(LIV-2) when required.

2. One Compressor Installed: With one compressor installed the set
point for PIC-4107 will be manually adjusted and the pressure control system
will function as described in C.l1 above., The output of the flow transmitter
FT-4505 will be sensed by FIC-4142 (FC-1) thru SOL-4145(1-SOL) and the low
selector relay SR-4700, (whose second input will be a dummy 20 PSI load). Flow
controller FIC-4142 (FC-1) will then function as described in C.1 above.

3. Two Compressors Installed: With two compressors installed, the
second compressor will function as the master unit and #l compressor (J-206)
will function as the slave unit.

The pressure control loop for the second compressor will function
as outlined under C.2 above, The output of the flow transmitters in the second
stage suction lines will serve two purposes.

In the first case, the output of the flow transmitters will each
be connected thru a solenoid valve to the low selector relay SR-4700. The
lower of the two signals (indicating the smaller of the two flows) will be
sensed by FIC-4142 (FC-1) and the remainder of the flow control loop functionms
as described under C.l above. The purpose of each solenoid valve is to apply a
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dummy 20 PST signal to the low selector relay when the unit with which it is
associated is not in operation.

Tn the second case, the output of the flow transmitters are
utilized to balance the side loads. The side load flows are continuously
compared thru the balancing contrel, BC-4708, and the set point of the
slave unit (J-206) pressure controller, PIC-4113, is manipulated to balance
the side load between the two compressors. The pressure control loop for the
slave unit then functions ag described under C.1 above.

D. Pourth Stage Suction Controls

The fourth stage suction controls are identical to *he second
and third stage suction controls with the single exceplion tha* an external
liquid injection valve is not required since hot gas superheat is removed in
the surge receiver,

ELECTRICAL CONTROL SYSTEM

A, General

Refer to drawings 65A-7632 and York drawing 5-7403-2. The
electrical controls for each compressor are identical and with the exceptions
noted below are all contained in a unit panel furnished by York.Specific
exceptions are field mounted devices and switches SW-4603, U605, 4607, 4609,
4611, 4613, U615. These switches are mounted on the field refrigeration
panel Although a distinction has been made between the "York" panel and the
"field refrigeration" panel, these panels are located side by side for con-
venience of operation.

B. Compressor Startup

1. Prior to attempting to start a compressor, the following steps
should be taken:

a) Check to be sure that the 0il Cooler cooling water is shut
off. Compressor oil heaters (electrical insert heaters in
Compressor base) should be energized. Start auxiliary oil
prump by turning switeh to "manual" position and circulate oil
until a temperature of 170°F is reached.

b) Using the 15 HP pumpout unit compressor, pump down the main
Compressor to a pressure of at least 4O PSIG. This lower pressure
allows PS-1 pressure switch to open to a permissive startup posi-
tion for the main compressor protection circuit. Red light on
control panel will stay on, however, until reset by pushing

1 PB "Reset" button.

2. Operate reset pushbutton 1PB, thus de-energizing the malfunction
indicating lights 1LT to 8LT, and tripping relays 3R thru 9R and relay 12R.
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With these relays de-energized, interlock contacts 3RI (24-25), 4RI (25-26),
5RI (26-27) 6RI (27-28), 7RI (28-29), 8RT (29-30), 9RI (30-6), and 12RT (7-31)
are closed. With freon surge receiver level, motor bearing temperatures and
suction pressure conditions normal, interlock contacts LS-%159 (6-6), TS-4501
(6A-74), TS-4205 (7A-7), HP (31-32) and LP (32-33) are also closed. The
auxiliary oil pump switch 2-SW is now put in the "automatic position.”

3. When the compressor "on-off" switch 1-SW, is placed in the "on"
position, then a closed circuit exists thru the interlock contacts described
above to wire #33. The "ready" light (green), , OLT, immediately energizes.
Relay 2R energizes thru AOP (33-37), 2TR (37-38, times closed) and 2-SW. Contact
2R closes energizing the motor starter, 2M, for the auxiliary oil pump motor,
PMTR. The auxiliary oil pump starts contact 2R de-energizes the motor heaters,
1H and 3H. '

When the differential pressure in the oil system (referred to
sump pressure)reaches 30 PSI, pressure switch COP closes energizing relay 10R.
Contact 10R (41-42) opens to prevent 3Rl from energizing 1TR thru contact 11R

(34-36).

At the end of the 1TR timing interval (field adjusted), contact
1TR(33-9) closes energizing wire #9. When wire #0 energizes, SOL-4160 (7-SOL),
SOL-4118 (5-S0L) timer 2TR, timer 3TR and relay 11R immediately energize.

When relay 11lR energizes, contact 11R (9-34) closes sealing in the
devices described above thru contact 10R(33-34). Contact 11R (34-36) opens
de-energizing timer 1TR, resetting the timer contacts, 1TR ((-34) to the
closed position. An 11R contact energizes the starter 1M for the compressor
driver, and the main motor starts.

When timer 2TR energizes, all 2TR contacts transfer immediately
(the auxiliary oil pump is momentarily de-energized during contact transfer
but for all practical purposes continued to run). Instantaneous contact 2TR
(37-38) is now closed and instantaneous contact 2TR (38-39) is now open. Timed
contact 2TR (37-38) is now closed. Timed contact 2TR (37-41) is now closed,

When the differential pressure in the oil system (referred to
sump pressure) reaches 40 PSI, pressure switch AOP operates opening contact
AOP (33-37) and closing contact AOP (33-36). The auxiliary oil pump continues
to run thru contaet 1TR (33-37). When contact AOP (33-36) closes timer,1TR
reenergizes and beging to time. At the end of the timing interval,contact
1TR (9-33) closes and contact 1TR (33-37) de-energizing 2R and the auxiliary
0il Pump motor. As long as the differential in the oil system remains above
Lo PSI, AOP remains operated, 1IR remains energized and the auxiliary oil
pump remains off.

4. When wire #9 was energized, 3TR began to time. After a time delay
of 30 seconds, to allow oil pressure to develop in the gear increaser, contact
3TR (12-45) closes, If the oil pressure in the gear increaser is 20 PSI or
higher, contact GLOP is open and 8R1l does not energize.
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5. When wire #9 was energized, solenoid SOL-4160 (7-SOL) and SOL-4118
(5-S0L) energized admitting controlled air from PRC-4098 (PRC) to TCV-4101(BC-5),
PS-4102 (PE-1) and the prerotation vane of the compressor (see section II).

6. With the compressor operational,the operator closes switches
SW-4603 thru SW-U615, then closes switches 3-SW, 4-SW and 5-SW, in that order.
These switches energize the dump solenoids which have held the cooler level
controls and suction pressure controls inoperative. They also energize the
dummy leading solenoids which have held the suction flow controls, liquid
injection valves and hot gas bypasses inoperative.

7. The cooling water tc the main compressor oil cooler is then opened
up.

C. Shutdowns

1. General: Circuitry is provided to shutdown as individual unit
under the following conditions:

a) Low oil pressure (shutdown @ 27 PSI differ.)

b) High oil temperature (shutdown @ 185°F.)

¢) High discharge temperature (shutdown @ 250°F.)

d) Low suction pressure (shutdown @ 15" Hg.)

e) High discharge pressure (shutdown @ 157 PSIG.)

f; Gear increaser low lube oil pressure (shutdown @ 15 PSIG.)
Gear increaser high oil temperature (shutdown @ 165°F.)
High suction pressure {shutdown @ 147 PSIG.)

High motor bearing temperature (shutdown @ °F.)

In addition, circuitry is provided to shutdown both units in the
event of freon receiver high level. Indicating lights are provided on the unit
panels for shutdown conditions "&" thru "h" alarms are provided on the control
room panel for shutdown conditions b{A- y, c(A- Vs gl(A- )

i(A- ) and high freon receiver level (A-

2. Operations of Shutdown conditions

a) Shutdown Condition A: If the compressor oil pressure falls
below 35 PSI differential, then switch AQP (33-36) opens , de-energizing timer
1TR. Relay 2R energizes and starts the auxiliary oil pump. If the compressor
oil pressure then drops below 27 PSI differential, switch COP opens, de-
energizing relay 1OR. When 1OR de—energizes, contact 10R(41-42) closes, ener-
gizing latch coil 3R1l. When 3R"Yatekes, contact 3Rl (XX1-47) closes ,
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energizing indicating light 1LT.

When 10R de-snergized contact 1OR (33-34) opens, ds-energizing
wire #9. Relay 11R de-energizes to stop the mair motor. Relay 2R de-energizes
closing instantaneous contact 2TR(38-39). Contact 2TR(XXI-39) remains closed
(times open) energizing ra=lay 2R and starting the auxiliary oil pump. In-
stantaneous contact 2TR(37-38) opens and timed contast 2TR (37-38) remains
opén to prevent wire #33 from energizing. At the end ¢f the time delay 2TR
(551-39) times open de-energizing 2R and stopping the auxiliary oil pump.

Contact 3Rl (24-25) is now open and the motor cannot be re-
started until 1PB is operatad, resetiing the alarm relays.

B. Shutdown Conditions B thru H

The operation of each of these shutdowns is identical, hence only
shutdown condition "b" is described,

In the event of high oil temperature (185°F), contact HOT (XX1-10)
closes energizing latch coil 4R1. Contact 4R1(XX1-48) closes energizing
indicating light, 2LT. Contact UR1 (25-26) opens to de-energize wire #33.
When wire #33 de-energizes, relay, 1lR de-energizes to stop the motor. Timer
2TR de-energizes and starts the auxiliary oil pump as described under C.Z2a,
paragraph 2.

C. High Motor Bearing Temperature Shutdown

If a motor bearing temperature exceeds the sel point of temperature
switch TS-4501 (fan end) or TS-4205 (shaft end), either contact TS-4501
(6A-TA) or contact TS-4205 (7A-7) opens, de-energizing wire #33 and relay
11R. thereby stopping the motor. When oil pressure drops below 35 PSI
differential, AQOP operates and startsz the auxiliary oil pump as described
under (.2a, paragraph 2.

D. High Freon Receiver Level
The operation of the high freon receiver level shutdown is identical

to the high motor bearing temperature shutdown, except that both units are
shutdown.

SEQUENCE OF OPERATION

A. One Compressor Only

1. Normal Startup:

a) Auxiliary oil pump switch should be in "auto" position.
b) 3tartup-normal switches should be in "normal" position.

e) All safety shutdown relays should be in normal position.
(Relays are 3Rl thru 9R1, 12Kl and 13R.) HLSD and two

p:
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BTD safeties will be close].

When compressor "on-off" switch is turned to "on" position
control powar will be supplied to relay 2R, which will start
the auxiliary oil pump. Cil pressure will close COP, which
energizes relay 10R. Normally open 10R contact closes to
enayrgize timer 1TR, Two minubes later 1TR contact closes o
energize Relay 11R which energizes the compressor motor
starter to start the compressor. Timer 3TR ie also energized,
At the end of 30 seconds 3TR contact closes. If gear oil
presgure has not been established, GLOP will remain closed
to energize relay 8R1l, which will open the circuit to 11R
and, thus, gtop the compressor.

When 11R is energized, prarcitaiion vane air dump solenoid
580L is enargized which permits the pneumatic controlier
to open the vanes.

Solencid valves 1SOL, 2S0L, 38CL, 4SOL, 6SOL and 8S0L are

energized which opensz compressor side connection butterfly
valves and permits flow controllers to open hot gas bypass
valves, if necessary.

Solenoid Valve T7S0L is energized to permit opening of low
stage hot gas bypass, if required.

Normally open,llR contact also permits energizing liquid
injection valve, LIV-1, LIV-2, and LIV-3 are energized

respectively by cloging of pressure switches PE-l, PE-2

and PE-3 (See York Dwg. 5-7303-4).

ter the compressor is c¢lose tc design speed (which occurs
a few seconds after startup) auxiliary oil switch AOP
transfers contacts. Two minutes after relay 1TR is
snergized, 1TR contact opens io de-energize relay 2R
and stop the auxiliary oil pump.

Off delay contactz on 27TR timer will operate auxiliary
0il pump for two minutes after 27TR iz de-energized., This
oceurs on any shutdown, except on an electric power
failure.

B. Tdentification O Symbols

Temperature Level ko 4,F. -3 4.F. +34 d4.F. +65.4 4.7,

Line Number A B C D

Hot Gas Air Dump Value TSOL 180L 280L 350L
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Pressure Electric Switch
Liguid Injection Valve

Hot Gas Bypass Valve

E B

Suation Line Eutterlly

Alr Dump Valve

Suction Line Bubtterfly
Valve

PE-1
LIV-1

V=5
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PE-2 PE-3 *
LIV-2 LIV-3 *
V-6 V-7 V-8
Lsor 63SCL 8S0L
Wl V-2 V-3

¥  PE Switch and LIV not requirel for Line D

€. Safety Controle

The following safety controls will, on malfunction, prevent
startup or cause shutdown:

Anmunciator Light Provided

DESCRIPTION Symbol on York Panel
1) Compr. Discharge Pressure HP Yes
2) Compr. Suction Pressure LP Yes
3) Compr. Main 0il Pressure COP Yes
L)  Compr. High Disch. Temperature HDT Yes
5) Compr. High (il Temperature HOT Yes
*#6)  Gear Low 0il Pressure GLOP Yes
7) Cear High 0il Temperature GHOT Yes
8) Compr. High Suction Pressure PS-1 Yez
9) Compr. Motor High Bearing Temp. BTD No
10) High Level Shutdown HLSD No
11) Motor Starter Control Power Relay 13R No
¥ Timer 3TR permits startup without gear oil pressure. 0il pressure must be

established 30 seconds after the starting sequence is initiated; otherwise
a gear oil pressure failure will be indicated and the ¢ompressor cannot be

operated,
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Malfunction of Item ons thru eight above will open circuit to stop
compre#ssor. At same time red annunciator light be enargized. Light will
stay on until "Reset Zutton" is pushed. If malfunction has been corrected,
light will turn off and compressor can be ressarted. I malfunction is still
present, light will stay on when bution is released and unit cannot be re-
started.

Note light for GLOP and COP will stay off once reset button is pushed.

Alarm contacts have been provided on BID's, HOT, HDT, GHCT for use
by Pittsburgh Plate (Glass Company. Six mobtor winding temp detector switches
(RTD) have been provided in motor windings for use by Pittsburgh Plate Glass
Company .

D. Compressor Sump (il Heaters

The oil heater circuit 1Is designed to ba energized any time the
compressor is stopped and the auxiliary oil pump is stopped.

Relay 11R is de-energized when the compressor is stopped. Normally
closed 11R contact in heater circuit is then closed,

Relay 2R is de-energized when the auxiliary oil pump is stopped.
Normally closed 2R contact in heater circuit is then closed,

When 11R and 2R are both de-energized, oil heaters will be energized
(except heater 3H will be off if thermostat is satisfied).

E. Pump Out Compressor

Pump out compressor motor can be gtarted with on-off switch provided
by PPG. Two safaly switches have been provided for compressor protection as
follows:

1. High Pressure cutout. Open at 150 psig.
2. Low Pressure cutout. Open at 16 psig.
¥. Parallel Operations (Reference: York Dwg. 5-7403-4 and 5-7403-3.)

Low stage suction presgsure controller PRC senses suction pressure. As
the suction pressure decreases below the sat point, PRZ pneumatic signal reduces
which lowers the set point of controllers ¥C. FCO controllers sense flow to low
gtage suction of respective compressorg. FC adjusts position of compressor
prerotation vanes. As required flow reduces, FC closes vanes to reduce compressor
capacity. PRC also opens the hot gas bypass valve to maintain minimum flow to
low stage suction.

Butterfly valves in side connection suction lines are controlled by
przssure controllers to maintain design upstream pressure. Signal from flow
transmitter of Master Compressor and Slave Compressor is received by balance
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controllier EC to readjust pressurs controller PC on slave compressor, which
readjust butierfly valve to maintain flow egqual te tha' on master compressor.

Flow transmivters send =zignals to selector ralay SE. Lowest of two
signals reaches flow coniroller FC which uzontrols bypass valve to maintain
minimum blow intoc compreszsor zide comnsction.

3-way solenoid valves are requirel ag shown on Dwg. 5-7403-4 to posi-
tion butterfly valves and PRV opesraior tc closzi position on respective
compressor on shutdown to prevent task spin.

Current limiting relays LR are shown on each compressor. This relay
senses mobor current., Wpen motor current reaches overload cendition, CLR
throttles PRV cloged to raeduce mobor currant preventing shutdown during over-
load condition.

Speed of response in control system should be adjusted. For example:
slave compressor control system should be zlower than master compressor to
prevent hunting.

G. Special Startups

Some "hot" staritup conditions may require that "startup-normal"
switches for the -3, +34 and +65.4°F level be placed in the "start-up"
position prior to starting.

When two compressors are operating, in parallel, startup of the
second compressor, when the firsh compressor is operating, will always
require that thege three switches be placed in the "start-up” position
PRIOR to shartup.

Safety switch settings on the following page.

L 000866
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METHANE FUEL GAS £Y27T

Methane iz suppliel o She process ares av 90 PSIG, bub a pressure
control valive lowers tnis prarsure 4o 37 PRIL. ITrdividual pregsure control
valves maintain 2-5 PTG prassure to sach Yurpace's pilots. The outlet
process temperature ol eacr Surnace conhrols the gas rate bo its main burner
gas header through a femparature ~crbirel valvs. Elecsbrically-operaied valves
have been instzlled in The line fo sach plich and bureers +thege valves ars
conneched elewirically Lo T2 snitlowm systsm ani can te cloasd immediately

if furnace malfunchtions warrant gsuch achion.

NITROGEN HEATER

The nitrogen beater i usedl ¢ supply a hob nitrogen stream for
regenerating a carton Silter wrish is no longsr remeving a sufficient amcunt
of organies from ta= aphydrous ECL. Approesimataly 100,000 S0FPH of 100 PSIC
nitrogen will be heated %o 350°F vy 200 PSICE steam in this exchanger. Nitrogen
passaes through the shell side while steam 18 cn the tube side; both sides
are one-pass,

CONDENSATE SYSTEM:

The steam condensate from the VC plant will flow through the condensate
collection header to the condensate collection tank. This tank is vented
through a stack to the atmosphere. Cooling tower water may be injected into
this stack to prevent excess venting of steam.

The condensate is pumped through a level control valve, controlled

by the condensate collection tank level, to a header which returns condensate
to the powerhouse for boiler feed.

sL 009868
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VI. START-UP AND OPERATIONAL PROCEDURES
A. Overall Start-Up Procedures

1. Preparation: The following conditions must be satisfied prior to
the initial start-up. No assumption is made in the outline below as to the
previous history of the VC plant. Thus, the plant could have been down for
several months, or for a few hours, and the procedure would not be affected.
However, certain of the procedures may be abbreviated or omitted during start-
up if adherence to these procedures would be redundant.

a. The plant process equipment must be clean, dry, leak-tested
and in operating condition before any start-up attempt is made, In particular,
the furnace refractory must be dried and cured using procedures covered in
detail later on.

b, Water must be removed from the system by adequate purging
with air and then with nitrogen to remove the air. A final flush with dry
EDC should have been made.

c. The system should be pressurized to 30 psig with dry nitrogen.
This will prevent re-contamination with air or moisture:.

d. All utilities must be readied to supply the demands imposed
by full-scale plant operations. Check to see that the following utilities
can be supplied at the stated conditions:

(1) Instrument air at 100 psig.
(2) Nitrogen at 100 psig.
(3) Steam at 200 psig.
(4) Well water
(5) Electrical power at 440 and 2300 volts.
(6) TFuel gas at 90 psig.
¢, The fire water system must be in working condition.

f, The cooling tower must be in operation with water circulation
through the following:

(1) Primary quench partial condenser.

(2) Refrigeration ‘Freon condenser.

(3) Pump out compressor condenser.
(4) 90° lean oil cooler.

(5) Recycle EDC cooler,

SL 009884
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(6) Product still condenser.
(7) Product vinyl cooler.

(8) Heavies still condenser.
(9) Furnace feed cooler.

g. The safety valve vent header nitrogen purges should be set.

h. Make certain filters, driers and neutralizers contain their
proper charge.

i. The system must be filled with dry EDC to the correct operat-
ing levels.

j. Have the HC1l scrubber and carbon filters ready for service,

k. Make sure that chlorine is available for the recycle EDC
chlorination. The chlorine line should be pressurized up to the chlorine
flow control valve.

1. Make sure methame fuel gas is available at the desired
pressutes,

If these conditions are satisfied, the plant is ready for start-up.

2, Plant Start-Up Sequence:

a. Start the heavies still and put it on total reflux.
b. Start up Flywheel No, 2 (Purification Train--see Fig. 5,2)

(1) Pressurize the product still to 75 psig with nitrogen
and activate the still pressure controller. Make sure that there is no leakt
age through the relief valve and that the system is otherwise tight. Put
the product still on total reflux. Pressurize the absorber to 50 psig with
Ny. Have the valve on the vent line from the secondary~ gquench condenser
closed so that the two flywheels will be isolated.

(2) Start the York refrigeration system and ¥F-12 flows to
all users. This will serve to load the unit until the stripper reboiler is
started and will begin to cool down the system.

(3) Immediately after Step 2 above, start the lean oil cir-
culation in the purification train (Flywheel 2), By-pass the furnace feed
economizer for the time being.

(4) When the absorber is cool about halfway down the column,

start fhe stripper reboiler. Set the steam rate as close as possible to that
used when the plant is in full operation.

SL 009885
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(5) Start the upper and lower intercooler systems. Make
sure lean EDC is flowing into the tanks from the absorber and is being proper-
ly returned. (Note: A recirculation rate will have to be established through
the by-pass lines before the cylinder-operated valves will open, allowing
liquid to flow from the absorber to the surge tanks.)

(6) Check the sightglasses and level controllers for the
Freon level in all refrigerated exchangers.

(7) Start vinyl chloride recycle from the product still
reflux drum through the recycle flow control valve to the bottom of the
stripper. Set a flow consistent with the lean o0il flow (keep approximately
15% by wt. VC in the stripper bottoms stream to duplicate design conditioms).

¢. Start up Flywheel No. 1 (Quench System--see Fig 5.1)

(1) Check to see that the desired level of EDC is in the
quench liquor surge tank, quench tower, and Dopp Kettles,

(2) Check to make sure that the ten pass outlets from the
two cracking furnaces are closed.

(3) Open the Dopp Kettle vapor lines to the quench tower
and the Strahman rod-out bottom valves on the quench tower. Also open all
liquid dump line valves except the automatic dump valves.

(4) Put one quench liquor pump on and establish a quench
liquor flow.

(5) Turn on the Dopp Kettle agitators and automatic dump
control valves from the quench tower. Turn on steam to the Dopp Kettle
jackets. Make sure seal liquid is flowing through the mechanical seal be-
fore starting the agitator.

d. Start the vaporizer

(1) start the furnace feed pumps and establish an EDC flow
up to the vaporizer feed flow control valves. This can be done by using the
recycle line which returns the EDC to the heavies still reflux tank. Put the
furnace feed economizer in service,

(2) The furnaces to be started should be purged on the tube
side with Ny, then pressurized to 50 psig and isolated from each other.

(3) Turn on the by-pass switches for all low flow and low
pass outlet pressure shutdown relays. Ly b

5(»)3 f’/’f"x:wd et g I e = ﬁfkﬂ

(4) Start the purge cycle for the vaporizer and cracking
furnace to be used. Light all pilots after purge is completed. Factory
Mutual plug valves have been installed upstream of the Maxon valves on the
line to each main burner. These valves have been drilled and tapped and
then connected pneumatically so that all of them on a particular furnace must
be ¢losed before any of the pilots on that furnace can be started.
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{5) Put EDC through the vaporizer to the Dopp Kettles (use
the start-up line which by-passes the cracking furnaces) and increase the
vaporizer outlet temperature as fast as good furnace operation permits
(L00°F/Hr) by starting up the burners individually. Use manual control on
all flow valves when starting up.

(6) The objective now is to raise the EDC exit temperature
from the vaporizer so that complete vaporization is being accomplished. When
the vaporizer outlet temperature reaches 400°F, light all burners on the
cracking furnace. Burners should be at low rates. Bring the bridgewall
temperature on the cracking furnace up to that corresponding te that on the
vaporizing furnace.

(7) As this temperature is reached, slowly valve off to the
kettles while opening to the cracking furnace. TUse manual control on the
flow controllers for the cracking furnace pass flow control valves. Do not
open the valves downstream of the cracking furnace until the pressure on each
pass is greater than that on the quench tower. This will prevent the car-
boneous material from getting into the pass outlet lines.

(8) Balance the forward feed rates to all of the passes.

(9) Check quench liquor flow. Flow enough material to
maintain a level above the gas inlets to the quench tower.

o (10) Bring the cracking furnace exit temperature up step-
wise to 800 F. Get conversion analysis run and balance the system before
proceedlng. After checking conversion, raise the above temperature to
850°F. Then repeat the above sequence every 50 °F until the proper percent-

age conversion is attained.

(11) Light off the other cracking furnace in a similar
manner, Bring the furnace exit temperature up stepwise at the same rate
of rise as the other cracking furnace, checking conversions along the way.

(12) Whenever there is a recycle EDC flow to the heavies
still feed tank, start the chlorine flow to the recycle line and control the
chlorine rate analytically by testing for chloroprene in the reaction tank.

(13) Reduce the recycle vinyl chloride to the stripper from
the product still reflux drum as the conversion from the furnaces increases.

(14) As soon as the level in the product still reflux drums
starts to increase, begin forward flow of vinyl chloride to the product
neutralizers.

(15) Either one or the other of the product neutralizers will
be used at a time. The neutralizer to be used should be piped up so that vinyl
chloride can flow through it to the product storage area and into one of the
eight monomer day tanks. When vinyl chloride begins filling the neutralizer,
the neutralizer should be manually vented back to the product still condenser.
When the neutralizer is full of monomer, the venting should be discontinued.
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(16) Adjust flows and levels of refrigerant, flows of cooling
water and by-pass EDC flow to the learn 0il cooling exchangers so that the de-
sired lean oil feed temperature to the absorber top tray is obtained. It is
intended that during normal steady operations, the lean oil by-pass around
the 34° lean o0il cooler should be closed.

(17) TFeed to the heavies still, which is already on total
reflux, should be started as soon as the vaporizer receives feed. There is
no need to start the make-up EDC flow to the heavies still feed tank until
the cracking furnaces start converting EDC to vinyl chloride and HCl., Then
add make-up EDC to hold a constant heavies still feed tank level.

(18) The HC1l gas sent out the top of the absorber will vent
to the HCl scrubber initially, but it can be started to any of the consumers
as soon as a sustained flow has been established.

B. Detailed Equipment Start-Up

1. Reboiler Start-Up and Operation: Three thermosyphon reboilers
are used in the wvinyl chloride plant; one is on the stripper, one is on the
product still, and one is on the heavies still. The principle of the
thermosiphon reboiler is to obtain a rapid circulation through the exchanger
tubes by vaporizing the liquid in the tubes and allowing the vapors to leave
the top of the exchanger and enter the side of the column below the first
tray or support plate. The vaporized material is replaced by liquid which
comes down from the first tray in-the still through a liquid leg into the
bottom of the exchanger. This vaporization creates a natural circulationcéf
liquid (thermosiphon) through the reboiler, thus eliminating any need for
pumps. The rapid circulation rate through the exchanger accomplishes two
purposes; first, a high rate of heat transfer to the liquid is effected due
to the high thermosiphon liquid velocity obtained: secondly, this high liquid
velocity makes the formation of scale or tars on the exchanger walls more
difficult and thereby either eliminates the need for cleaning the exchanger
walls or greatly extends the period of operation between cleanings over what
would be experienced in a static kettle-type reboiler.

Three very important items must be remembered when starting up
and operating a thermosiphon reboiler. First, never let a reboiler run dry
or operate with a low level. This allows some or all of the tubes to be-
come dry and heat up to the temperature of the steam. This excessively high
temperature can cause baking of the tars on to the tube, decomposition of
the material in the reboiler, or even formation of more tars which can plug
the reboiler tubes. The liquid level in the column should always be operated
at a level which can be seen in the sightglass.

Secondly, when starting up a cold reboiler, drain all-accumulated
steam condensate out of the shell of the exchanger and start the steam feed
$lowly. Gradually increase the steam until the reboiler comes up to tempera-
ture. Leave the steam condensate valve at the bottom of the reboiler open a
slight amount and purge wet steam until the tubes have a chance to warm up.
This procedure prevents bumping which occurs when live steam contacts cold
condensate and it also prevents slugging of the liquid phase in the reboiler
tubes. Eithér of these conditions can damage a reboiler if they become violent
enough.
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Thirdly, never run a reboiler with a high level, especially when
the liquid in the reboiler blocks or partially blocks the vapor outlet of the
reboiler. This will stop the thermosiphon and drastically reduce the heat
transfer. Tf this happens, the still must be shut down, the reboiler level
lowered to the proper level and the still started up again to re-establish
circulation.

If a reboiler is failing to supply the design heat flux, and
fouling is not involved, check out the steam supply and/or the condensate
trap. The trap may be inoperable and cause water to back up into the re-
boiler. When steam is at the proper pressure and the condensate trap is work-
ing, but there is still no heat transfer, chances are the tubes are fouled.

2. Start-Up and Operation of Process Pumps: All process pumps in
the VC plant are centrifugal pumps with internal mechanical seals, with the
exception of the condensate pump, which has a packing gland. Mechanical seals
are susceptible to damage, and care must be taken when starting up or operat-
ing a pump with a seal in order to prevent seal damage.

The mechanical seals used in the plant contain a ceramic and a
graphite seal ring. The ceramic seal ring should be protected from mechanical
or thermal shock or it will crack. Do not spray water (during washing down
the area, for example) on a hot seal, Mechanical shock to either a running
or an out-of-service seal will probably damage the seal. The seals used in
the plant are balanced and are Crane model 9.

The seals are equipped with a back-flush line so that the seal
faces can be flushed with clear liquor to wash out foreign matter. The seal
can be damaged if particulate matter remains on the seal faces, A high seal
flush line pressure can cause the seal to leak. Therefore, regulate the
flush flow to prevent this difficulty., 1If the seal leaks and the flush flow
is off, then the seal is probably defective.

A centrifugal pump produces the greatest head at no flow; this
is also the point where the power demand is the smallest. It is good practice
to start up a pump at the point where the power demand is the least, so close
completely the pump discharge valve until the pump is up to speed. Then
slowly open the discharge valve to keep from slugging liquid through the pip-
ing. When starting a pump on dead shut-off, the discharge pressure could
cause the mechanical seal to leak if the flush line control valve were open
too much. For this reason, always have the flush line valve almost closed when
starting the pump. The flush valve should be opened to the proper setting
when the pump discharge valve is opened all the way.

A centrifugal pump can be run with a closed discharge valve for
a short period of time only without harm being done to the seal. When run for
any length of time with a closed discharge, the liquid in the casing will heat
up due to friction and cause vapor lock. The seal will then run dry and begin
to heat up, and if the condition persists the seal will be permanently damaged
and will probably crack. This also points up another axiom: A centrifugal
pump with a mechanical seal should never be operated dry. The seal must always

be completely wetted with process liquor to prevent damage from over-heating.
Therefore, open the discharge valve as soon as possible after achieving pump
speed at shut-off.
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A centrifugal pump should not be operated at the no-load condi-
tion of reduced flow for very long, because excessive forces may bear on the
shaft, thus leading to deflection and consequent mechanical troubles.

Excessive flow can also cause cavitation with consequent reduced
output, lower efficiency and vibration, which in turn can damage impeller,
casing, packing, seals or bearings., Cavitation is characterized by a rattling
noise in the pump. It is corrected either by increasing suction pressure or
suction pipe diameter, or by reducing flow by throttling the discharge.

Pumps should be primed fully before starting. Adequate suction
head to prevent vapor locking should be provided.

If discharge pressure does not develop a vapor lock is indicated.
Try priming the pump (bleed vapor from pump casing until only liquid is with-
drawn), If this still does not start flow, cool the casing with water or
other means to insure that the liquid being pumped is not being continually
vaporized., Another item to check is the pump soction, which could be plugged
or starved., A starved suction can generally be traced to plugged screens in
the intake or to a suction pipe that is too small, A leaking seal that allows
air to be sucked in may be another cause of vapor lock.

When a fluctuating pressure is noted on a pump, pinch back on
the discharge valve to eliminate surging.

Be sure the pump impeller rotates in the right direction. If
the motor is hooked up to run in the reverse direction, it is possible that
threads will be stripped or the impeller run off the shaft. This condition
will also cause the pump output to be much less than the design value. This
rotation direction check should be done specifically after each overhaul where
the &lectrical has been disconnected.

1f there appears to be no valid reason why the specified output
can not be obtained, check the operating curves for the pump to be sure the
proper design has been installed.

Caution is necessary when using pumps on liquids other than
those for which they were designed. Thus checking out a pump designed for
EDC by using water will not give true performance characteristics.

In general, remember that the quantity of liquid delivered by
a centrifugal pump is proportional to both impeller diameter and impeller
speed, Discharge head is proportional to the square of the speed, and
horsepower to the cube of the speed. Thus, if the speed of a pump is doubled,
twice the flow is obtained at four times the head, but eight times the power
is required. The operating personnel should be thoroughly familiar with
these relationships.
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3, Fuel Gas Supplv System:

Start-Up Procedure

a. Close block valves and by-pass valves at each of the six
TRC and PRC stations (one of each for each furnace).

b. Place the 90 to 30 psig PCV on manual and pressurize the
30 psig header. 1If the PCV does not seat off (or hold 30 psig pressure at
no flow), close one of the block valves.

c. Open the appropriate pilot PCV and burner TCV block valves.
These valves should also be started on manual control.

d. Fuel gas is now ready to be fed to the furnaces (see furnace
start~up procedure for purging, ete., before start-up).

4. Furnaces: The procedures for the start-up and operation of the
three furnaces will be very similar. Therefore, their operation will be
treated in one section. Differences that exist in operations between the
vaporizer and the cracking furnaces will be pointed out, The reader is re-
ferred to the Petrochem-Isoflow Furnaces OPERATING MANUAL, 1957 edition, for
much useful general information on furnace operation and control.

GENERAL INFORMATION ON FURNACES
a. Definition of Terms
Brevity makes it advisable to use terms throughout this
manual with which the operator may not be familiar. For

this reason they are defined here.

Fluid Stream

The term "fluid stream'" is used to designate the stream
of fluid to be heated in the tubes of the furnace. The
term "fluid" is defined as any substanfe, liquid or gas,
or combination thereof possessing flow characteristics,

Pass

By a ''pass' is meant the bank of consecutive tubes through
which the fluid travels from the point it enters until it

leaves the furnace, Thus, for example, in a two-pass fur-
nace the fluid would divide into two streams at the inlet,
flowing separately through their respective tube banks and
recombining as they leave the furnace on the opposite side.

qgi\ A two-pass furnace with 32 tubes, for example, would have
<§5 two coils of 16 tubes each, one half the total flow going
Q through each coil. TIf the same furnace were four-pass

there would four coils of 8 tubes each, etc.
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The term "inlet tube" designates the first tube through
which the fluid passes after entering the furnace. A
two=-pass furnace would have two inlet tubes, a four-pass
furnace, four inlet tubes, etc.

OQutlet Tube

By "outlet tube" is meant the last tube through which the
fluid flows before leaving the furnace.

Radiant Section

By "radiant section" is meant that section of the furnace

in which the surface of the tube is exposed to direct radiant
heat from the burner flames. In this portion of the furnace
by far the major portion of the heat absorbed by the tubes
and, therefore, by the fluid, is transferred by means of
radiation (75% of total duty).

Convection Section

The "convection section" of a furnace is that portiom in
which the tubes are mechanically screenmed from ‘'seeing"’
the flame burst and which, therefore, depend upon con-
vection transfer from the combustion gases sweeping over
them for the major portion of their heat absorption (25%
of total duty).

Bridge Wall Temperature

This temperature is measured at the point where the pro-
ducts of combustion enter the convection section in integral
radiant-convection furmnaces.

Draft Gauges

Location

On Petro~Chem Iso-Flow heaters customary practice is to
connect the draft gavgge to the following points:

1. The top of the radiant section.

2, The top of the convection section on integral radiant-
convection types.

3. Both top and bottom of the convection section on sep-
arated radiant-convection types.

The furnaces are built with 4 draft taps at the proper
locations for attachment of the draft gauge connections.
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Method of Hook-Up

The most satisfactory method for connecting draft gauges
to the furnace is to bring tubing (preferably copper)

from the 1 1/2" couplings mentioned above to a point near
the dratt gauge and merely let the ends of the tubing hang
free. A length of rubber tubing permanently attached to
the draft gauge can then be temporarily coupled to any
tube for the purpose of measuring the desired draft. The
practice of puttiung valves in all tubes or pipes leading
from the draft comnections and bringing them into a common
manifold permanently attached to the draft gauge is not
recommended since cross leaks are prone to develop and thus
give erroneous readings.

Drafts Expected

A draft gauge capable of recording in the range +0.2 to
-1.0 inches of water is usually satisfactory for Petro-
Chem heaters. All drafts on the natural draft TFetro-Chem
furnace should always be negative,

Snuffing Steam

Snuffing steam connections are supplied to the combustion
chamber and header boxes of all Petro-Chem furnaces. The
amount of steam needed for purging a heater depends entire-
ly upon the operating conditions at the time steam purging
is required. The concentration of steam in turn is de~
pendent entirely upon the air admitted to the setting and
is not affected by the amount of fuel burned or the amount
of fuel present in the combustion chamber due to a burst
tube.

The correct rate of steam introduced will extinguish a

fire in a very short time. However, it will be necessary
to continue some steam flow in order to maintain conditions
and cool the setting to the point where it will not
re-ignite,

The amount of steam required after the initial introduction
to extinguish the fire can be reduced by partially closing
dampers either in the stack or at the intake to the burners.
There is a definite advantage to closing dampers at the
bottom of the furnace. C(Closing a stack damper tends to force
the fire back out through the burner block. A damper at
the intake te a plenum chamber around the burners elimi-
nates this possibility.
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Preparation for Start-Up

(1) GENERAL INSPECTION: The first step to be taken is a
careful physical inspection of the furnace. The major
points to be checked are the following:

(a) Burner Alignment & Placement-- Verify the burner
position against the suppliers prints. WMake sure
burner tips are placed correctly and that the con-
necting piping permits proper vertical alignment
of the burner core and tip. Make sure that all
air shutters and dampers function freely. 1In the
case of directional burners be certain that all
threaded joints which must turn as the burners
are rotated have been graphited. Tt is important
that the operators be able to make the necessary
burner adjustments freely after the furnace is in
operation.

(b) Instrumentation-- All flow controllers, recorders,
thermocouples, and safety shut-down devices should
be checked prior to start-up. Flow recorders
should be properly zeroed. Thermocouple leads
transmitting outlet temperatures are sometimes
reversed thereby making proper furnace adjustments
impossible. Leads should therefore be carefully
checked. After start-up, removal of the thermo-
couple from the well for a few moments will indi-
cate very quickly if the proper points are being
read. High temperature or low flow shutdown de-
vices should be tested prior to start-up. Flame
fajlure devices should be checked by simulating the
hazardous condition with the '"Fireye” system.

(c) Sampling Points-- A1l 1 1/2" couplings not used for
draft or thermocouple connections should be sealed
off with a pipe plug.

(2) BLOWING OUT TUBES

Prior to lighting off, it is important to make cer-
tain that tubes are clear and unobstructed. Some
water may remain in the tubes after the hydrostatic
test, or other foreign matter-may have accumulated.
Compressed air should be forced through the tube
coil at a high enough pressure and in sufficient
quantity to assure satisfactory flow. In the case
of multipass units, each pass must be blown inde-
pendently. The inlet valves to the other passes
should be closed and air forced through one pass

at a time. Finally, nitrogen should be purged
through the unit before start-up. All tubes must
be thoroughly dry.
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(3) BLOWING OUT BURNER PIPING

All burner piping should be thoroughly blown out
with compressed air, On multiburner units fed

from a single header each burner should be blown
independently. Control valves for all burners ex-
cept one should be closed and full pressure and

flow applied to each burner in turn. Failure to
remove mill scale and rust in this manner prior to
start-up can result In severe operating difficulties
over a period of several months, Farticles of scale
and rust interfere with the proper functioning of
the atomizing tips and result in Idéng flames. drip-
ping, and coking., Repeated shut-dowms are necessary
until all the foreign material has fiually worked
itself out of the system.

(4) DRYING OUT REFRACTORY

In order to insure maximum life for the furnace
refractory, it is necessary that it be thoroughly
dried before the furnace is put in service, As a
general rule the brickwork can be adequately dried
by the following procedure: Run steamyupr any other
available fluid through the tubes, using the lowest
flow possible consistent with prevention of overheat-
ing of the tubes.* The purpose of this is to get
high flue gas temperatures without firing so hard as
to overheat the briclwork.

If EDC stands in the tubes without circulation even
at low firing rates the tubes will fill with coke,

Table 6.1 1ists recommended drying=out periods for
furnaces having 1linings commonly used with Petro-
Chem heaters.,

TABLE 6.1 -RECOMMENDED DRYING-OQUT PERIODS

SL 009895 Total  Time of

Drying Out Temperature

Lining Time, Hrs. Cycle, Hrs.

9" 2600°F ins. firebrick, 7" block 72 24
ins.

4 1/2"23000F ins. firebrick, 7' block 60 20
ins.

4 1/2"2000°F ins, firebrick, 2" block 36 12
ins,

& 1/2"1600°F ins. firebrick 24 8

*NOTE: A small fire should be kindled in the furnace to warm the
tubes and setting before introducing steam into cold tubes;
this will prevent severe water hammer from condensate,

|L-IH---I-----------------—---‘*
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For the first cycle the furnace should have only a low
fire, starting with sufficient flame to give a tempera-
ture of about 300°F at the top of the radiant section,
raising gradually during the day to 500°F. On the
second cycle the temperature on the thermocouple in-
stalled at the top of the radiant chamber can be raised
to 7509F, and during the third cycle it should be main-
tained at approximately 1000°F. Normally the brick-
work and insulation will then be dry enough to permit
placing the furnace in operation. However, the most
accurate indication of readiness of a furnace for oper-
ation is the shell temperature. When the fires are
started in a new furnace the moisture at the outer
surface of the brickwork evaporates into the combustion
gases but much of the moisture held deeper in the brick-
work is driven back into the insulation next teo the
shell, During this period the furnace shell remains
cold. Then as the heat density in the combus tion
chamber is increased the brickwork heats through and
the moisture from the insulation begins to evaporate.
This causes the furnace shell to heat up due to the
generation of steam in the adjacent insulation; but
when this moisture has been thoroughly evaporated the
shell temperature will again fall. If the operator
keeps some progressive accounts of the shell temperature
he will note this rise and fall during the drying out
process and when the shell temperature has decreased

to approximately 150°F or to a point where the hand can
be held on it for 8 or 10 seconds the furnace can be
considered ready for operation.

sL 009896

Definite requirements for drying out time vary with
the moisture content of the brick and insulation which
is in turn affected by the length of time the furnace
may have been idle between completion of erection and
beginning of operation. The longer a furnmace is in-
operative the more moisture is taken up by the brick-
work and insulation due to absorption from the at-
mosphere, rainfall running down the stack, etc.

e. Furnace Start-Up
With the several steps outlined in the above sections
completed, the actual furnace start-up can proceed.
The following outline will give the proper sequence for

this operation:

(1) START FLOW TO FURNACE

The circulation rate should be set as close to design
as possible. 1In addition, the operator must be sure
that circulation exists in all passes by checking
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his flow indicators or controllers. Flow distribution
between the passes should be adjusted as closely as
possible before the burmers are ignited.

(2) PLACE FTRING CONTROL ON MANUAL OPERATION

All firing during start-up must be done on manual
control., Upsets in various areas of a plant fre-
quently occur during these periods and with the

fuel feed system on automatic control any upset which
causes the temperature of the fluid passing through
the heater to drop suddenly will actuate the automatic
fuel valve. The fuel valve will then open wide and
permit severe overfiring. A similar condition will
result if the charging rate is suddenly increased,
Sometimes a furnace is lined out satisfactorily at
flow rates considerably below design. 1If the feed
rate is stepped up rapidly on automatic fire control
overfiring will again be the result.

(3) LIGHT OFF BURNERS AND HOLD ON LOW FIRE

Light off the individuval burners as described in the
sections on burner operatiomn. Trim the burners proper-
ly and hold on a low fire.

(4) CHECK OUTLET TEMPERATURE ON EACH PASS

Immediately after lighting off check the outlet tempera-
ture of each pass by noting the thermocouple readings.
In some cases where inlet temperatures are low a more
rapid and purely qualitative check can be made by plac-
ing the hand very briefly near an outlet flange to
determine any tendency toward a temperature increase.

If any outlet tubes remain cold, the fire must be
immediately extinguished until the reason for the
blocked pass is determined.

Experience has shown a wide variety of causes for flow
obstructions. On gas heaters or steam superheaters
with a low pressure drop, accumulations of condensate
or water remaining from a hydrostatic test frequently
block one of the passes. On new furnaces blinds are
sometimes left on flanges. Frequently waste material,
rags, etc,, are carried along through the system and
deposited at the inlet valve or in a return bend.
Other sources of trouble are improperly marked plug
cock shut-off valves, faulty flow controllers, vapor
locks on inlet manifolds, etc.

sL 009897




SL 009898

(5)

(6)

_——_—

CONFIDENTIA%:
t to protective order .
Sy i ct Coux

¥ : a
of lth Judieiy yigs

6-15

BRING FIRE UP GRADUALLY ONCE FLOW HAS BEEN ESTABLISHED

The circulation of the feed stock through the furnace should
be brought up to design as rapidly as possible. How-
ever, to prewent overfiring and overheating of the
fluid streams the firing rate should be brought up
gradually., During this period heat must be supplied
both to the charge stock and the cold setting. An
attempt to reach design outlet temperatures too

quickly can result in severe overfiring. The outlet
temperatures of the passes should be watched carefully
and the various fluid streams trimmed accordingly. If
one pass overheats or vapor locks, the flow to this
pass should be temporarily increased until normal flow
is restored. As charging rate and temperature approach
design conditions the pressure drop through the furnace
will increase and the unit will tend to line out.
Bringing up the firing rate too quickly does not per-
mit making the necessary intermediate adjustments

and may make it impossible to line out the furmnace

at full rate. Depending on the type of prpcess and

the furnace design involved, the time required to

reach design outlet conditions will vary. The recom-
mended increase in outlet temperature of the feed
during start-up of a Petro-Chem furnace of standard
design is 100°F per hour.

WHEN OUTLET TEMPERATURES REACH NORMAL OPERATING LEVEL
SWITCH TO AUTOMATIC CONTROL

When the furnace has been brought up to the expected
operating level the swing to automatic control may be
attempted., In some cases it is advisable to line out
the furnace on hand control before switching, parti-
cularly on new units where the automatic contrul may
not have been completely adjusted. On a routine start-
up, however, where the instrumentation is reliable
considerable time may be saved by making the swing
from manual to automatic control as the outlet tem-
perature approaches the desired level. Under such
circumstances the automatic temperature controller
may stabilize furnace outlets more quickly than would
be the case on hand control.

Requirements of Good Furnace Operation

The normally accepted operating procedure of most
refineries will result in satisfactory petrformance
with Petro-Chem furnaces. However, there are certain
important requirements, peculiar to the Petro-Chem
furnace, which must be met.
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Flame Condition

The ideal length for the flame pattern is between one-
half to two-thirds of the distance of the radiating
section. Under no circumstances should the flame be
permitted to touch or lick the tubes. In the case of
multi-burner installations the fires should be kept as
uniform in length and size as possible.

Excess Air

Continuous checks will automatically be made of the
flue gas to determine the excess air in the furnace.
The furnaces are designed for 207 excess air. Apart
from the benefits obtained from greater operating
efficiency, the bridge wall temperature is reduced as
well as the rate of oxidation of the tubes.

Overloading

Good operating practice must recognize that while ex-
cessive firing is at times necessary and the furnace
design allows for a limited percentage of overload on
a continuous basis there is nevertheless a definite
limit beyond which it is both uneconomical and unsafe
to go. Overload capacity varies with the size and
type of heater as well as the individual design.
PPG's furnaces are overdesigned for 20% additiomal
load.

g. Operating Precautions
Pressure at Top of Furnace

Standard Petro-Chem furnaces are not designed to
operate under pressure.

A negative pressure at the top of the convection section
is utilized to pull in cold air from the atmosphere to
cool the structural steel work. If the furnace is
fired too hard or allowed to operate with too much ex-
cess air the large quantity of flue gases may cause a
positive pressure to build up and thus blow hot gases
out through the openings intended for the admission of
cold air. This is particularly true with the separated
radiant convection types and with those types equipped
with an air preheater, since both have a greater con-
striction than would normally be offered by the stack.
With such units, pressure on the furnace can be easily
recognized by the burning of the paint from the header
sL 009899 boxes at the top of the radiant section,

L---u-----------------'----‘—f
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The possibilitv of building a positive pressure usually
occurs during a start-up, when the furmace is being
fired excessively, or the excess air for combustion
has not been brought down to the normal operating re-
quirements. Due to its vertical construction the Iso-
Flow furmace has a high draft at the burner level and
to control the excess air it is necessary to close the
dampers much farther than an operator would expect

on the basis of experience with other types of heaters.

Firing too hard, that is, burning an excessive amount
of fuel in the furnace, can usually be attributed to
the use of an automatic temperature controller to bring
the furnace up to temperature. Upsets in various areas
of a plant frequently occur during these periods-and
with the fuel feed system on automatic control any up-
set which causes the temperature of the fluid passing
through the heater to drop suddenly will actuate the
automatic controller and may allow it to open the fuel
valve too wide, thus forcing an excess amount of com-
bustion products through the furnace.

In order to protect the upper structural steel work,
it is important that the operator watch draft condi-
tions at the top of the furnace., Any tendency for a
pressure "to build up at this level should be cut to a
minimum by keeping secondary air damper doors closed
as far as possible, consistent with good flame condi-
tions. The furnace should always be brought up to
temperature by hand control.

In order to assist the operator in maintaining satis-
factory draft conditions in the heater, draft gages
are installed as described earlier. The draft at the
top of the radiant section should be logged each shift
and become part of the permanent operating data of the
furnace.

Flame Impingement on Tubes

Flame impingement on tube surfaces will greatly de-
crease tube life and may result in a serious tube
failure. The furnace should be checked for any siegns
of flame impingement at regular intervals and parti-

cularly after any change in load. In gas fired fur-

naces at high firing rates, the true flame pattern

may not be visible to the naked eye. However, local
hot spots on the furnace walls, especially if of vary-
ing intensity are indicative of impingement by the non-
visible portion of the flame. Mis-alignment of the
burners, insufficient combustion air, or enlargement
and corrosion of the burner ports are frequently the
cause of incorrect flame pattern.
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Afterburning

Operation of the furnace with insufficient combustion
air may result in loading the unit with carbon monoxide.
As a result, afterburning may take place at the base of
the stack where the cooling air is admitted or even at
the top of the stack depending on the amount of CO
present. The burning at the base of the stack will not

be visible from the outside and the only evidence will
be a rapid increase in stack temperature. Permanent
damage may result due to overheating of stack metal
and the upper structural steel,

The immediate remedy is introduction of more combustion
air by opening of the burner dampers in the following
sequence: (1) cut firing rate; (2) open burner dampers;:
(3) increase firing rate. If the additional air ad-
mitted is insufficient to halt burning, or if the
dampers are already in the wide open position when the
afterburning first occurs, a substantial temporary
cutback in firing rate must be made. As soon as the
afterburning has ceased and the furnace has cleared
itself of carbon monoxide, the firing rate may be in-
creased again., Corrective steps in the case of after-
burning must be immediate and drastic to avoid serious
damage. Whenever afterburning becomes a ppoblem it

is an indication that a program of more adequate com-
bustion control and flue gas analysis is in order.

Keeping Péép—Holes Closed

Peep-hole door hinges are occasionally tight enough

to prevent the doors closing completely by their own
weight, Consequently the operator should take care to
see that the peep-hole doors are pushed tightly closed
at all times. TIf this precaution is not observed, con-
siderable air leakage may occur with resultant lower-
ing of furmace efficiency. Also a greater amount of
air leaking in at one peep-hole than at another will
tend to cool off one section of the furnace, thereby
making if difficult to balance the temperatures in

the various passes of a multipass furnace.

Low Flow--Loss of Flow

The operator must at all times be watchful of lowuflow
SL 00990 or temporary loss of flow to the furnace. Check mul-
1 tipass furnaces to insure that flow is going through
all passes. There are flow controllers for all passes
because proper flow is critical.
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Testing Tubes

When placing hydrostatic test on tube coil, it is
necessary to expel all air from tubes. This is best
done by circulating water at full main volumes through
each pass until a full flow of water is noticed at each
outlet, Allow water to run out of outlets to sewer

for one-half hour, then shut off drain valves and

bring up to test pressure with test pump.

{ Cleaning Extended Surface and Outside of Tubes

The tubes in the convection section of radiant-con-
vection furnaces are equipped with extended surface
studs welded to the tubes. With continued operation,
particularly on fuel oil, this surface may become
coated with carbon, sulphur, etec., so that its
efficiency will be reduced. When this happens the
convection surface can be cleaned in several ways.

The easiest and frequently the most satisfactory
method is to pass cold EDC through the tubes after
the furnace has been shut down and at the same time
introduce steam into the combustion chamber. The
steam will condense on the outside of the tubes and
remove the deposits,

An alternate method when the furnace is shut down is
to water-wash the extended surface from the inside of
the furnace. This can be done by stationing an opera-
tor on the baffle sleeve cover plate, which is located
at the top of the extended surface. The water hose
should be equipped with a right-angle nozzle to direct
the stream down along the extended surface, thus keep-
ing the wetting of the surrounding area to a minimum.
Start-up of the furnace should be donefgradually to
permit excess moisture to steam off. The drying-out
procedure as outlined for new furnaces may be used,

If the deposit is loose in character, it can be removed
to a considerable extent by entering the furnace through
the stack access door and blowing down the convection
surface with a steam lance in a similar manner to the
water wash.

The furnace can also be designed to permit cleaning of
the extended surface while it is in operation. The top
tube sheets are then provided with openings to allow use
of a steam lance while the furnace is running.
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If the coating is so adherent in character that it does
not respond to any of the foregoing treatment the tubes
should be raised from the furnace and cleaned with a
wire brush. Some radiant convection heaters are fitted
with demountable top headers and special Y-type bottom
headers of which only the plug projects through the
tube sheet. This allows any tube hairpin to be hoist-
ed from the stack monorail by merely unbolting two
adjacent top hedders. The only joint that is broken
by this procedure is the concrete around the bottom
header. This break should be patched before operating
the furnace.

Always make an explosionmeter check at all burners
before light-off to check for possible fuel valve
leakage., TIf the test is positive, find and stop the
leakage before light-off.

h. Gas Burner Operation

Once the individual burners have been lit off and are
being controlled by the main gas valve, the condition
of the flames should be checked.

(1) Open completely the gas valves to the individual
burners. The main gas control valve should
directly affect all the burners without any
intermediate throttling action by the individual
shut-off valves. Only in cases where unequal
burner pressures result from a poor gas distri-
bution header, should the individual gas valves
be used to trim the burmers.

(2) Close off the secondary air shutters until the
desired excess air is obtained. For initial
operation this should be checked by an Orsat
analysis of the flue gas.

i. Gas Burner Problems

Once burners have been ignited and the furnace
operation has lined out, very little difficulty
should be encountered. However, listed below are
several causes of burner trouble along with the
necessary corrective steps:

SL 009994

PROBLEM: BURNERS GOING OUT

Cause No, 1: When aspirating type burners are operated at
pressures considerably over design, sufficient
primary air may be aspirated to lean out the
gas-air mixture to a point where it will no
longer ignite.




Solution:

Cause No., 2:

Solution:
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Close down on primary air damper.

Liquid in the gas line of both aspirating and
raw gas burners may cause them to go out.
This is particularly true at higher rates.

As gas velocities go up, liquid may be en-
trained that has been accumulating for some
time.

A knock-out drum properly drained and of ade-
quate capacity should be installed in the fuel
gas system ahead of the burners.

PROBLEM: FLASHBACK OF FLAME TO GAS MIXING ORIFICE

Cause No. 1:

Solution:

Cause No., 2:

Solution:

Operating at too low pressure. Tlame propaga=
tion velocity exceeds gas velocity at ports.

On multi-burner installations shut off sufficient
burners to raise the pressure level more nearly
to design conditions.

High hydrogen concentration in fuel gas.

Close off primary air doors completely and seal
with tape, This in effect results in a raw gas
burner. However, for continued operation a
permanent burner revision must be considered.

PROBLEM: INSUFFICIENT CAPACITY

Cause No. 1:

Solution:

Cause No. 2:

Solution:

Insufficient gas at burner.

Check gas pressure at the burner. Design pres-
sure is given in PSIC at the burner not in the
hedder or at some intermediate point upstream.
If gas pressure is too low check piping and
control valve for trash and obstructions.

Heating value of gas below design. Occasional-
ly the fuel gas as fired has a BTU value con-
siderably below design. This results in in-
sufficient heat release despite the fact that
the burner is operating at design pressure or
above,

The gas limiting orifice on aspirating burners
should be enlarged. The drilling should be in-
creased by 1/64" at a time and the results noted.
However, before any changes are made, the BTU
value of the gas should be compared with the
design and the heat load on the furnace should
betchecked. On raw gas burners check with manu-
facturer for burner port revision.
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PROBLEM:

Cause No,

Solution:

Cause No.

Solution:

Cause No.

Solution:

Cause No.

Solution:

PROBLEM:

Cause:

ERRATIC FLAME PATTERN
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Lack of combustion air. Insufficient combus-
tion air will result in long, lazy irregular
flames, with a tendency to wander. The flame
will reach toward any available oxygen, con-
sequently leakage of air around peep-hole
doors or from other burners will cause the
tlame to deviate from its normal pattern.

Open air dampers until flame steadies out.

Excessive firing, High firing rates, partic-
ularly with gas-mixing orifices or burner
ports enlarged above design will result in
long irregular flames.

Check with manufacturer for information on
allowable port or mixer drilling and gas pres-
sure for overload condition. Do not make
changes unless properly advised.

Obstructions in burner ports. When operating
at high pressures, aspirating burners may pick
up loose trash paper, insects, etc., with the
primary air and lodge them in the burner ports.

Disassemble burner and clean ports. If condi-
tion seems likely to repeat, install screen
over primary air intake. (This should not be
done unless absolutely necessary since it also
reduces amount of aspirated primary air.)

Improper alignment of burner and tips. (Par-
ticularly likely to give trouble with raw gas
burners.)

Check burner for alignment, centering, and
proper distance of tip inside muffle block.

PULSATING FIRE, "BREATHING"

Lack of draft. As the available draft is ex-
hausted in the furnace the flame begins to
pulsate badly, finally reaching the point where
it will alternately ignite and go out, sometimes
with almost explosive force,
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Solution: Reduce firing rate immediately. After pulsa-

tions have ceased, check furnace. Stack

dampers should be checked if the furnace is so
equipped. If no obstructions are found, furnace
duty should be calculated to determine if ex-
cessive overload is responsible for lack of
draft.

Difficulties may arise from a wide variety of causes and the fore-
going is not intended as a complete list of possible trouble spots.

5. Quench Tower Start-Up:

Start=-Up Procedure

a. Close all valves connecting the quench tower and cracking fur-
naces (ten vapor inlet lines).

b. Establish an operating level of EDC in the Dopp Kettles, quench
tower, and quench liquor surge tank.

¢. Start a cooling tower water flow through the primary quench
condensers.

d. Open the valve on the vapor line from the Dopp Kettle to the
quench tower and the manual block valves on the quench tower drain line.

e. Start a steam flow to the Dopp Kettle through the pressure
control valve.

f. When EDC vapors start passing through the quench tower, as
indicated by the temperature rise, start a quench liquor flow to the tower

from the surge tank,

g. The quench liquor system is now in service, ready for the for-
ward flow from the furnaces.

Check Points

a. Make certain there is a starting level of EDC in quench tower.
Hold this level by recycling quench liquor to the quench tower. This level
must submerge the gas inlet ports. Never run the quench tower dry. Care must
be used in starting up so that dirty EDC does not back down into the furnace
passes. This is prevented by letting the c¢racking furnace outlet pressure in-
crease until it ié-higher than the quench tower pressure before opening the
valves connecting the two.

b. Any large temperature increase at the top of the tower may
indicate failure in the quench liquor supply system. The furnaces will have
to be shut down if this flow is not restarted immediately.

SL 009906
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¢, In the pilot plant it was important to eliminate cooling of the
furnace gases in the line leading to the quench column. Cooling resulted in
carbon deposit formation. This will occur normally, however, at the inlet
nozzles according to pilot plant experience. This means that the rod-out
assemblies will have to be stroked to clean the inlet ports as pressure drop
increases. Always pull out the plunger as far as it will go when rod-out is

completed.

6. Dopp Kettles: At full production, both Dopp Kettles will be
floating on-stream continuously receiving periodic dumps from the quench
column and vaporizing EDC and VC back into the system. Since this is a
scraper-type kettle agitating a carbonaceous, black, tarry mass, level indi-
cation could be some problem. However, a workable system has been provided
via a pair of top-mounted sight ports, one lighted and ome for view. The ports
are cleaned internally with an EDC flush stream.

Start-up Procedure

a. Turn on all steam tracing for the liquid dump lines to the
kettles.

b. Open valve in vapor line from top of kettles to the quench
tower. Open valve in the vent by-pass between feed and vapor lines. This
allows the tarry liquid to drain completely into each Dopp Kettle after the
batch automatic valves close thus lessening the chance for line make-up. If
it is found that steam-tracing is a detriment to such an empty line part Eime,
the tracing will be left off. Perhaps the tracing will evaporate all remain-
ing solvent leaving a coating of tars-carbons on the inside of the pipe.

c. Start flow of EDC seal flushing liquor to the agitator seals.
This EDC comes from the lean oil stream. Whenever this flow is off, the agitator
must by necessity be turned off so the seals do mot run without coolant-
lubricant. Regulate the pressure control valve on the inlet line to give de-
sired EDC pressure at the seal faces of 95 psig. Regulate flow of EDC to the
seals with the 1/2" manual valve provided so that the seal is running cool,

d. Set steam pressure regulator to give desired steam jacket
pressure. Open valve in steam line to ketile to be used. Check steam trap
for proper functioning. Vent the jacket to remove non-condensables, normally
air.

e, As indicated by the quench tower bottoms temperature and level,
the dark liquor should be manually or automatically withdrawn to the Dopp Kettles,
To effect this operation, open the two Strahman ram-type plug valves in the draw
lines passing to the kettles. Leave these valves open all the time except when
the outlet gets plugged and needs "ramming" clean or the automatic valve is
out for repairs, Open the manual block valve$ in the draw lines downstream from
the level control valves; the automatic on-off control valves will remain shut
if the selector switch is on "manual' or if the level is low and the selector
is on "automatic'". Use the selector switch provided to have either '"manual"
or "automatic-batch' dumps. On "manual", the operator must observe the sight
glass and push the proper button for dumping at the proper time keeping it
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depressed until the level has decreased to the proper place. On "automatic',
alternate batch dumps will be made to each kettle whenever a pretset high

level is reached in the quench tower. The valve will automatically close when
the level reaches a pre-set low level in the quench tower. Therefore, the
level will fluctuate up and down in a given frequency of dumps depending on the
specific excess amount of quench liquor pouring into the tower.

f. Normal operation on "automatic" batch dumping will cause the
level in the quench tower to fluctuate as mentioned above, If this frequency
is too rapid, lower the flow of quench liquor slightly to see the effect; if
conversely the frequency is too infrequent and the dump liquid consequently too
concentrated in tars and carbon, raise the quench flow and watch the effect
closely. Make slow changes here.

NOTE: The design of the kettles at full production rate requires
both in operation. They will work at the end condition except when
a fresh dump is made into the kettle and EDC is being evaporated.
They will always contain a mass of hot tars being agitated around
at a high 325°F temperature to provide a heat sink. As the tars
build up to the top of the external heating jacket, they will be
dumped out the bottom into a portable "buggy" for disposal. Even
then, the kettles should not be emptied completely of tars.

g. To isolate either Dopp Kettle for some reason like maintenance,
only the Strahman valves and the kettle vapor outlet line and vent need be
closed.

h, Drain tars from the full Dopp Kettle to the portable 'buggy'
for disposal. Operator must wear gloves and face shield during this operation
to protect his person in the event of a leak. The hot tars cause very painful
burns. These dumps are made while the kettles are in operation in order to
take advantage of the 70 psig internmal pressure for dumping. A vent line is
provided to vent the "buggy" to the vent header,

i. The sight glasses located on the tops of the kettles will coat
with splashing tars. The tars can be flushed off with a clean stream of EDC,
which can be turned on to the underneath side of each sight glass with a valve.

Check Points

a. Make certain the automatic dump control is functioning and the
material is being withdrawn to the kettles. If purge liquor will not flow, the
drawline will have to be cleaned out. 1In this case, isolate the Dopp Kettle to
be worked on and use the clean-out flanges provided for getting to the pipe-
lines.

b. Make sure EDC seal flush liquor is flowing at proper rate

and pressure (15 psig above the internal pressure). Seals Should be cool to
the touch.

sL 009908
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c. Make certain the real level in the bottom of the quench tower
is being indicated on the sightglass.

d. Do not let unit cool off while it contains concentrated tars.
A1l tars should be dumped out before steam is ever turned off,

7. Absorber:

Start-up Procedure

a. Set the absorber pressure controlger at 50 psig. Open block
valves around this PRC.

b. Determine where vent HCl stream is to be sent and line up
the proper HCl transfer system. The HCl scrubber will always float on the
line.

c. Pressurize the absorber to 50 psig with N,.

d. Make certain operating levels are in intercooler tanks and
in the bottomsgof the absorber, stripper, and product still. Now the refrigera-
tion unit and lean oil flow (Flywheel No. 2) can be started.

e. The intercooler pumps must be started in order for the control
valves in the gravity overflow lines from the trays to open up to the inter-
cooler tanks. Open valves in the draw tray lines to the respective intercooler
tanks, Select the draw tray to be used at this time. Open the intercooler
tank vent lines to the respective draw tray. All other valves in liquid draw
lines and tank vent lines should be closed. Unblock the intercooler level
control valves, Set level controllers at desired control point for the inter-
cooler tanks. Start intercooler pumps.

f. The absorber is ready to accept vapor and liquid feed streams
from the quench system,

g. When vapor feed to absorber commences see that the pressure
control valve is holding the set point value. This is the main pressure con-
troller for the front end of the plant.

. Lean oil temperature to the absorber top tray should be regu-
lated so that the EDC will not freesle on the tubes in the -40° lean oil cooler.
Close control of this temperature will be obtained by automatic regulation of
the suction damper in the 14" line to the refrigeration compressor. Fine con-
trol of the lean oil temperature may be obtained by manually adjusting the
flow of hot liquid by-pass around the 34° lean o0il cooler. If there is danger
of a freeze-up, the by-pass allows a warming-up of the effluent stream.

i. 1If it is found during operations that the proper draw trays
are not being used, the other available draw tray to each intercooler unit will
be used. At any ome time, only one tray should be open to each intercooler
tank.

SL 009909
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Check Points

a. See that proper control over the lean o0il temperature is
obtained. This temperature must be maintained at -299F as it enters the
absorber. EDC freezes at ~32.2°F. Check the field-indicated temperature
and the temperature recorded on the control board for agreement. They must
agree or be checked.

b. Be sure the draw trays are taking the full absorber downflow
stream. If not there may be plugging or vapor lock in the draw line. Flow
indicators measure the flow to the intercoolers, but will represent more than
the overflow if the manual by-pass valves are open back to the intercooler
tanks for recirculation.

¢. The HCl vent transfer system from the absorber must be con-
nected up properly with the correct valves open. Otherwise excessive and detri-
mental back pressures may be built up on the absorber.

d. Check the absorber level control valve in the field for proper
functioning. This controller is not in the control room.

8. HCl Stripper: Careful operation of the stripper is important,
since whatever HC1l gets through the stripper bottomsswill end up in the vinyl
product and will have to be neutralized with flake NaOH. The reboiler steam
flow will be controlled on the basis of control chemical analyses made on
the stripper bottoms stream for HCL.

Start-up Procedure

a. See that proper start-up level of EDC is in reboiler.

b. ©Select the tray that will be used to receive the excess quench
liquor from the quench liquor tank and close all alternate feed line valves.

c. Open block valves around the level control valve in the feed
line to the stripper from the absorber.

d. The York refrigeration unit and Flywheel No. 2 may now be
started. Turn on the stripper feed pump. Open the block valves on the liquid
overflow line to the product still feed tank and the equalization line from it
to the stripper.

e. OStart-up stripper reboiler. Open block valves around the
steam flow control valve. Open the 100 psig steam to the flow control valve,
then set it at a steam flow to give desired stripper boil-up rate. Check the
steam trap for proper operation.

f. Stripper is now ready to receive the EDC-VC-HCl stream from
the bottom of the absorber.

SL 00991y




CONFIDENTIAL:

3 order
ct to Proteqtzve _
£8::2§ Judicial pistrict Court
NOW 91-1145

6-28

g. Make fine adjustments with the steam flow controller set
point so that the stripper bottoms will analyze less than 10 ppm in HC1 con-
tent., Remember, the temperature is already fixed by pressure and composition
of liquid which must pass through this point. Therefore, boil-up rate is the
only variable available to do the HCl stripping effectively.

Check Points

a. Maintain proper level in the reboiler sight glass. This
should be done automatically due to the overflow arrangement.

b. Very careful handling of the flow controller must be exercised
to establish the proper boil-up rate so that the stripper bottoms stream will
be essentially free of HCl. WNo more than 10 ppm HC1l should be in the bottoms
liquor. The operator can prevent a ldes of flake caustic handling if the
stripper is operated correctly.

c. Make sure that the material equivalent to the EDC and VC
in the furnace discharge plus the EDC lean 0il is being sent through the
stripper .reboiler and on to the vinyl still. This stream cannot be tempera-
ture controlled, since concentration and pressure have already been set. The
concentration at this point should be 12-15 wt. % VC.

d. Check the steam trap at the reboiler for proper functioning.

9. Product Still: This still is designed to operate critically at
both the top and bottom of the column. This is, EDC and other minor heavy
constituents must be kept out of the still product, and in like manner VC
must be kept out of the bottoms. The production of pure vinyl product is
the controlling limitation, so it should be met first. However, it should
be pointed out that in general all VC appearing in the still bottoms will be
lost from the system either by (1) being sent to the absorber and vented with
the HC1 or (2) being sent with the recycle EDC to the chlorination step and
there coaverted to 1,1,2-trichloroethane which represents a loss to the system.

Start-up Procedure

a. Set the pressure controller at 75 psig. Turn on 100 psig No
supply and open the block valves around the pressure control valves. The
still will now pressurize up to the 75 psig set point.

b. Make sure recycle EDC chlorine is available up to the chlorine
flow control valve.

c¢. See that cooling water is on the still condenser.

d. Open valve in feed line to proper tray. This initially will
be tray 30. Close valves in alternate tray feed lines (trays 22, 26 and 34).

e, Start-up charge of EDC should be in reboiler. Drains should
be closed. A start-up level should also be in the reflux drum.

SL 009911
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f. The recycle EDC level control valve, should be blocked off.
g. Fodlow the reboiler start-up procedure,.

h. The VC in the column will pass overhead to the condenser and
reflux drum. If there is no VC inventory in the still at start-up, then pump
some to it from storage. Otherwise, the column will have EDC from bottom to
top and it will not be possible to use the automatic temperature controller.

i. When there is a level build-up in the reflux tank, start re-
flux to the still. To do this turn on the reflux pump and open the block
valves around the reflux FCV. Set the FRC so that some level is maintained
in the tank. Increase the reflux flow to the desired set point as soon as
possible. This will take some time for at least two reasons, TFirst, the
still is cold and it has to be warmed up. Secondly, the first overhead product
will contain a lot of EDC and some time will be required to work the EDC and/or
other impurities out of the reflux tank. The still cannot be put on full re-
flux at once or it will flood. All impurities must be removed from this
reflux tank or the first material produced will have to be reworked later on.

j. Leave the still on total reflux until the top tray temperature,
at 75 psig is 100°F and the reflux receiver is over half full,

k. The still is now ready for the York unit and Flywheel No. 2
to be started.

1. After VC is being sent to the product still and the reflux
tank level starts increasing, open up the proper valves so that VC product
can be piped to storage via the following route: (1) from the level control
valve through the product cooler to one of the flake caustic neutralizers;
(2) from the flake caustic neutralizer to be used to one of the eight monomer
day tanks. Be sure to pass through both phase separators.

m. As product VC fills the reflux receiver past half full, open
the isolation valves around the level control valve and slowly bzimg up the
set point on the level control valve to the desired level control point. Until
the flake caustic neutralizer on line is filled completely with VC, vent the
top of the neutralizer through the line provided to the vapor line to the still
condenser,

n. The EDC khat does not crack in the furnaces (the recycle EDC)
will begin to build up in the wvinyl still reboiler. To lower and control this
level at the proper value, adjust the set point on the controller and open
block valves around the control valve. Open mp any other valves in the line
between the product still reboiler and the heavies still feed tank. The re-
cycle EDC stream will now begin to flow.

0. Open up block valves around the chlorine FCV and adjust the
chlorine flow to the proper setting for the recycle EDC chlorination,
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p. Check to see that the product still controller is giving the
approximate temperature desired in the vinyl reboiler. Refine the set point
value by obtaining analyses on the still bottoms. Raise the set point (higher
temperature) if too much VC is in the reboiler liquor. The VC should be
0.5 wt. % or less at this point.

q. Check the pressure controller to see that the still pressure
is at its control point.

r. Have F-12 system adjusted on the vent condenser if the proper
temperatures are not being obtained. Troubleshoot with the process éntet and
outlet temperatures. Also, the liquid refrigerant temperature and the F-12
vapor pressure in the exchanger shell will be helpful in checking out a poorly
functioning system.

s. The proper still feed tray location will be determined after
operations have commenced. Sample analytical traverses will be obtained from
the trays so that the feed composition can be matched to a particglai“ tray.

Check Points

a. See that the reboiler steam trap is working.

b. Adjust the temperature controller set point sof{that the bottoms
VC concentration is as low as practicable without causing heavies to appear
in the VC overhead product. Remember, keep EDC out of the overhead VC product
as a first priority.

c. The vent condenser must be in operation to keep the VE losses
at a minimum.

10. VC Neutralization, Product Cooler: Product VC from the still will
contain some HCl., Tt is neressary to remove this by neutralization with flake
NaOH. This is where it pays to run the stripper bottoms as free of HCl as
possible.

Start-up Procedure

a., See that cooling water is on the jacket of the product cooler.

b. Select one of the two dried flake caustic product neutralizers
for service. Be sure an adequate charge of NaOH remains in the neutralizer
selected. 1Isolate the other one with the valves provided. Open up valves
around the neutralizer to be used so that liquid flow will be from the cooler
through the phase separator (which should be about 1/2 full of water) to the
bottom of the neutralizer, then out the top of the neutralizer to the downf
stream phase separator and on to the storage tank area,

c. The vapor vent line from the top of the neutralizer to the
stil” T~ ~hanld be opened.
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d. Be sure the drain valve at the bottom of the neutralizer is
closed.

e. The product cooler phase separators, and the on-line neutralizer
are ready for feed.

Check Points

a. The VC passing through the downstream phase separator must
be perfectly clear. If entrained solids are present, switch to the other
neutralizer. Drain the VC liquid from the offending neutralizer. Recharge
the neutralizer with fresh NaOH and fiber glass packing.

b. Closely follow the water analyses of the effluent VC from the
flake neutralizers. These analyses will be used to determine when a neutralizer
is no longer able to retain the water of neutralization. The analyses will also
show when the neutralizer is losing its effectiveness to neutralize the HC1
present in the VC product.

c. Some water may have to be added to the upstream phase separator
to open up a blocked neutralizer.

11. cChlorination of Recycle EDC: More than the two-minute minimum
retention timecof recycle EDC with chlorine at a temperature of 180°F has been
allowed for the chlorination of unsaturates, especially chloroprene. IT WAS
FOUND THAT CHLOROPRENE IN VERY SMALL AMOUNTS IN THE CRACKING FURNACE FEED HAD
A DEFINITE, DELETERIOUS, EFEECT ON THE CONVERSION, IT MUST BE REMOVED FROM
FEED TO THE FURNACES.

Start-up Procedure

a. Bring gaseous chlorine to the flow metering station. This
will come from the chlorine vaporizer in the Tri-Ethane plant.

b. Open up the block valves around the flow control valve.

c. When recycle EDC is flowing, add chlorine by adjusting the
automatic controller to the proper flow rate. Use analyses of the chlorinated
recycle EDC stream to determine whether further adjustments are required in the

chlorine flow.

Check Points

a, 1f furnace conversion ever falls off necessitating a higher
cracking temperature, SUSPECT CHLOROPRENE,

12, Heavies Still: This still is designed to remove the heavies from
the recycle EDC. Tt will also remove heavies ftom the make-up EDC from the EDC
plant until the second cracking furnace is installed. Then a new heavies still
will be installed in the EDC plant to remove the heavy impurities from the make-
up EDC. The purified EDC make-up stream will then be added to the heavies still
reflux tank,
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Start-up Procedure

a. Make certain cooling water is on the still condenser and
that 200 psig steam pressure is available at the temperature control station.

b. Open the proper feed tray valve. For initial start-up opera-
tions open the valve to tray 27. The exact feed valve to use will be determined
by operating experience and analyses.

¢. Open manual valves on each side of still reflux control valve
and on back through the reflux pump to the reflux drum. Leave the reflux
pump discharge valve closed.

d. Open manual valves in the still feed line between the feed tank
and the still. Leave the discharge valve on the still feed pump closed.

e. Check the still reboiler level. The initial start-up level
for the reboiler is at the top of the sight glass.

f. The start-up level should be in the still reflux drum. A
higher level can be used if the unit was recently shut down.

g. Turn off the nitrogen pad that has been held on the unit since
it was cleaned for start-up (or after a shutdown was made).

h. The still bottoms discharge line should be blocked off.

i. Tutrn on steam to the reboiler, Follow the reboiler start-up
procedure. As the reboiler temperature starts to rise, the still pressure will
come up. When a slight positive pressure is obtained, open the still vent line
to bleed off the inerts.

jo As the reboiler temperature comes up, the level will drop. If
the level goes below the normal operating level, add some reflux to the still
from the still reflux drum. Watch the reboiler level closely, as it can easily
change during start-up.

k. Slowly raise the steam flow until it is approximately at the
desired operating value,

1. As the still vapor line comes up to 183°F and a level rise is
indicated in the still reflux drum, start the still reflux flow. Begin the flow
low and increase it to hold a constant level in the reflux drum. Increase the
reflux until the proper flow for a 1l:1 reflux ratio is obtained. Base the re-
flux ratio on the still output., Regulate the reboiler steam flow to hold a con-
stant level in the reboiler at the set reflux rate by remote-manual opening or
closing of the temperature control valve.

m, Close the still vent after the temperatures are established and
open the nitrogen pad to the still condenser. All inerts should be vented from
the still.
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n. The still is now on total reflux with no feed or bottoms with-
drawal.

0. Put the steam controller on automatic if enough heavies are
present for automatic control.

p. Start feed to the still from the feed tank. Slowly increase
the feed to the still until the still feed is equivalent to the vaporizer feed.

q. Increase the set-point on the temperature controller to the
desired reboiler temperature. This must be done slowly as the reboiler can be
boiled dry if a sufficient quantity of heavies is not present.

r. When the desired reboiler temperature is reached and the level
begins to rise above the set level, begin bottoms withdrawal by opening the
block valves around the level control valve and turning on the still bottoms

pump,

s. The still bottoms should be transferred to the still bottoms
storage tank in the EDC plant.

t. At this time the EDC make-up stream should be adjusted to hold
the heavies still feed tank level constant.

Check Points

a. Make certain cooling water flow is on the condenser.

b. When the still is in operation a N, pad should be on the units
to keep constant pressure,

¢. The reflux flow should be adjusted to give a 1:1 reflux ratio.

d. The reboiler level should be below the vapor inlet from the
reboiler,

e. The still production rate will be twice the EDC recycle flow.
This fact should be remembered when flows around the still are being set.

Trouble Shooting

There can be many operating difficulties associated with distilla-
tion columns, particularly when they enter service for the first time. Such
problems include flooding, entrainment and similar occurrences that interfere
with proper fractionation. How can the operator recognize and correct these
situations? Temperatures, pressures, and product purity are the diagnostic
tools for the difficulties described below:

You must have vapor pressure-temperature data on the materials

being fractionated when you are operating distillation columns. Pressures
(read on process gages) can serve as a temporary guide to performance when key
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temperature control is inoperable or not dependable. Grabbing samples from
various trays for check analyses is another conventional technique for deter-

mining performance.

Operators should check the temperature profile across the column
to be certain that it is consistent with the anticipated pattern. Excessively
high temperatures in upper parts of the column may indicate vapor bypassing,
due to excessive velocities or inadequate liquid tray-loading. Insufficient
liquid on trays can be caused by inadequate weir height or missing or leaky
valves,

Note that inconsistent temperatures may not always indicate process
upsets. Checking thermocouples or seeing that thermowells are properly installed
can 8ometimes eliminate what at first appears to be a -process probelm. Be cer-
tain that thermocouple immersion liquids are provided where required and see that
insulation is sufficient to stop heat leaks around thermocouples or thermometer
bulbs.,

€olumn flooding is most frequently confirmed by differential pres-
sure readings. When much higher than normal 4p's prevail, particularly with
fluctuation or surging, it is very likely that there is flooding. Typical
techniques for "dumping" flooded columns are:: withdrawing or curtailing feed,
dropping reboil heat, or temporarily increasing pressure,

Usual cause of flooding is excessive liquid downflow at high vapor
loading. Plugged trays can also cause this condition. Too cold a feed can
also result in flooding and poor column operation. Finally, don't overlook the
possibility that the bottoms thkeoff line from a still may be plugged, causing
the liquid level to rise above the reboiler vapor inlet to the column.

Entrainment of liquid can be traced to excessive vapor velocities
through the valves or the column proper. This can be reduced by cutting back
reboil heat. Engineers should recheck liguid and vapor velocities to be certain
that design condiderations have not been overlooked. In/general, the columms
have been sized at 40-607 of loading conditions.

Foaming-over is another problem in distillation. This is ascribed
primarily to properties to the materials being handled under the turbulent con-
ditions in the column. Column design (tray spacing) should consider this potential
difficulty. Defoaming agents such as silicones have eliminated the problem in
many cases. Experience with EDC stills indicates that foaming will be little
or no problem.

Packed columns are particularly vulnerable to certain of these
operating difficulties. If packing is not properly loaded into the tower and
proviéion made for even liquid distribution, poor separating efficiencies,
i1f not flooding, may result.
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13. HCl Transfer, Absorption: It is intended that HCl will be distri-
buted to an outside consumer (via the carbon filters and No. 3 HC1 compressor)
and to the Ethyl Chloride and OHC plants (via a manual loading valve and No. 5
HC1l compressor). The HCl scrubber will be floating on the line at all times
to catch upsets and mis-match of HCl1 consumption and production.

Start-up Procedure

a. Open the block valves on each side of the absorber pressure con-
trol valve.

b. Close the block valves to the carbon filters and open all block
valves to the HCl scrubber (HCl, water, and cell liquor). Also close the block
valves to the manual loading station which goes to No. 1 and No. 2 HCl compressors.

¢. When a sustained HCl flow has been established, open the block
valves to No. 3 compressor and slowly open the pressure control valve on manual
control until a sufficient amount of HCl is passing through the compressor.
This will have to be coordinated with the rate of conversion in the cracking
furnaces and the subsequent rate of rise of HCl flow from the absorber.

d. Put the pressure control valve to No. 3 HCl compressor on auto-
matic control,

~ e, Check the HC1 gas stream from the carbon filters to ascertain
whether one or two filters are needed.

f. As the HCl1 flow increases, an increasing amount of gas will
be passing to the scrubber. Open the block valves to the manual loading station
and then slowly open this control valve until no HCl is being scrubbed. This
valve will have to be manually adjusted from time to time to avoid scrubbing
HC1 gas.

g. The block valves to the back-pressure control valve leading
to the scrubber should remain open at all times. This valve will open whenever
the pressure downstream of the absorber pressure control valve exceeds a preset
value.

Check Points

a. Check the sprubber effuent stream passing to the scrubber to
make certain enough cell liquor and water are being fed to the scrubber.

b. Keep all block valves on the cell liquor and water lines open
so that these two flows will start automatically at the proper signal. The cell
liquor flow control valve and pump are actuated by an HC1l flow to the scrubber,
while the temperature of the scrubber effuent to the sewer determines the amount
of water flow through the water temperature control valve.
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14, Product Storage and Transfer: Eight storage tanks have been pro-
vided as day tanks for VC storage. As each of these tanks is filled, it will
be analytically cleared and pumped to one of the three spherical tanks., All
eight day tanks are piped up identically.

Start-up Procedure

a. Make sure that everythingris operable on tanks, i.e., gauges,
relief valves, level indicators.

b, Air in tanks must have been purged out with nitrogen.

c. Fill tanks to 90% of capacity only.

d, TUse product storage transfer pumps to transfer the {PC from one
tank to another, to circulate a tank's contents, or to transfer the VC in a day
tank to a spherical tank.

e, Make certain the proper valving is used in making a transfer.

f. If a tank does not meet the monomer specifications, transfer
the batch back as feed to the vinyl still via the rework pump and rework line.

The batch will have to be worked off slowly so as not to flood the still.

Check Points

a. Check for leaks from the system on a continuing basis since
much monomer can escape in a short period.




CONFIDENTIAL:
Subject to Protective Order
f l4th Judicial District Court

No., 91-1145
6-37

15, York Refrigeration Unit

Start-up Procedure

It is assumed that the unit has been charged with Freoun-12., All
exchangers will have a normal operating level and be completely valved off.

a. Start the pump-out compressor. If the low stage suction pres-
sure is too high, the compressor motor will not be capable of accelerating the
ocompressor to design speed. A pressure switch will prevent the motor ifrom
starting if the suction pressure is above 44 psig. All of the compressor suc-
tion and discharge valves must be closed to pump out the casing. The compressor
must be started with the suction valve closed, but it must be throttled open
immediately on starting to prevent shutdown on low suction pressure.

Start-up under this coundition must be done with the "start-uyp
normal" switch for the 2nd, 3rd, and 4th stage switches in the "start-up"”
position to keep the side suction line butter{ly wvalves closed until the com-
pressor is up to full speed. Then the switches can be put in the "normal"
position., Some "hot" start-ups may also require manual throttling of the side
connection hand valves to prevent motor overloading.

b. Energize the control system and compressor oi% heaters at
least four hours prior to start-up. Set the thermostat at 160 F. This boils
the F-12 from the oil to prevent foaming during operation.

¢, Make sure cooling water is on the F-12 condenser, gear oil
cooler and compressor o0il cooler.

d. Upen the cylinder-operated valves in the F-12 vapor line frou
each refrigerated exchanger to the K,0. drums.

e, Check the five drain valves on the bottom of the compresso:
casing to assure that all liquid has been eliminated.

f. Turn auxiliary oil pump switch to "aute'" position,
g. Start the compressor. Manually throttle the suction damper
open immediately after pushing the button. Put the switches for the 2nd, 3rd,

and 4th stages in the "normal' position.

Start opening the block valves for the level control valves
which supply liquid F-12 to the heat exchangers.

h., Check to see that compressor oil pressure is being maintained
and that the o0il is not foaming excessively.

i. Reduce the system temperature by manually adjusting the suction

pressures (all stages). When the system pressures start lining out and the unit
is not surging, put the pressure controllers on automatic control.
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EEZURRING RESTART PRCTECTION

NEMA STANDARD

2 ghtarts cold or amblent
or

1 start @ rated temperature
Lo normal ralsal hempersm-

Any subsequent starts require that motor returns Lo
wure bafore they can be madce. Thirs iz accomplished by an elech»ical +imer
that must ime out after the attemptel charts, The timer cn the G.E. zhaprior
iz adjguatable from 3 to 103 minube.: T4 came Trom Lhe Laciory ewd al o

hich G, B. engineering in Houston suggsshed for our moior,

o
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(. Special Plant Procedures

1. Initial Start-up: As in any new plant, the initial starb-up will
Ziffar from a roubine shut-down/abar+-up in many ways. The Jollewing ifems ave
pointied out as being especially associated with new start-ups:

a. The system must be cleaned, driei and purged ho ris® 25 o waler
and cxygen, It is particularly helpful to circulate EDRC throush the pyobem arn
operate the vinyl still reboiler se that the water can be azeotropsd nverhas. oo
the reflux receiver, where it can be phasgad off and discarded with zoms imprevioins

i Sube in a furnacs cesme te Do
ﬁy, howeyer, will aub

b. A new or freshly deccked cracking
guite active in converting EDC tc VO, This achivi Lal
and shabilize at a given conversion av the turs bocomes finaelv goaleld wihv a Wa;r~
of rarbon. The temperature to produze 50% conversion lies in the range 9°0-0777 1,

. o
e de
SONEC LT

C. Particular athtention muz be glven Ho keep water fom wenbfs
the system abt all times, Waler thal leaks inte the cystem will collasd Ir %
vinyl reflux receiver. Never leave permanent & Gie-in ol sheall Or Waser Ho Hoe
Pprocess side,

2. Decoking Procedure for Furnaces: In the pilot plant it wasz nuecessary
on occasion to decoke the furnace tube when carbon bulld-up rvaused excasaive Hube
pressure drops. With good steady operation below 60% conversion, theugh, cokirs
of the cracking tubes should be of minor concern. The Pherco-Chem recommendeod
procedure for tube decoking is given below.

a., Type of Deposits

Deposite can be of a powdery type, scarcaly adheren® & e
1Y b ¥ type, y

pipe intarnal walls, or of = ~ompact type, highly adharent to the pips wai' o
They may build up within either the vaporization Dvrnace during heabins o

product,part of which, no® aracked in the cracking furnazes, is recyeles. or
within the cracking furnaces owing to the process in course,

Product overheating may likewise copiribube fie 10170
depogits, whick, when increaging in volume, will result in more or lans sawio -
resgure drops.

b. Decoking Intervals

The *ubes decoking operation must be —arriel ouoh ah z
intervals depending upon the flow nature, purity, rate, oubtiet tempsrature, ard
particularly upon the furnace operation system. In our case, the freguanaey ¢
the decoking operations might be such as to require cleaning o the cracking
furnaces every two hundred hours at full load operaticn, whe
intervals might be far longer for the wvapcrization furnace,

r283 hhe decckirs

- D '

Tt mus*, however, he cengidered thal tha above dats aras
maraly indicative and subjech 4o broad variations, as a furnace neb overloaded
ani correctly operated may be operated for ag Wnng ai a year withouot dercking.
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c. Conditions Requiring Decoking

In order 1o establish when decoking has 4o be carriazi ous.

the furnaces are fitted with the below lizted instruments(besides those rcermall
required for the operation of furnaces):

Vaporization Purnace

(1) One indicator of pressure diflsrential tehween che
incoming and the ontcoming flow.

Cracking Furraces

(for each furnace)
(1) One flew rezcrder-regulstor for eact pass,
(2) Ons oubtle® femperaburs iniicator For saun pase.

(3) One recorder of prassure differential betwesn ihe
incoming and the outcoming f£low,

(4) oOne tube metal temperature for each pass,

The decoking operations can e started under the Tollowing

conditions: -

For the vaperization furnace: when the preszure drop ir
the ~oil exceeds by approximately 20% the normal pressurs
drop under nlean pipe conditicns.

oy the ecracking furnarez:  both when hhe prassurs &
realing shows suvh a valus ae to indirate the mehal
erature is reaching the maximum allowed Lemperat:ire,
when the I'low di€ferential hetween the L passes rican #ieo
an abnormal walus, *hat wmigh', be indicalbively Sive' an
approximately 30% atove normal. Als=o, the tobe pehal
temperatures should be a primary indicstion.

Of course, the above data are wiven jugh as an indicabicr,
and they can bte changel according Lo prachical experiencs,

a. Opsrating Principles of the Suggeshed Dmcowing Progcess
! EE

It is felt a convenient deccking method for the AL-
:hloroethane vaporizer and nracking furnaces is by thermal means, This meihesd,
speedy and scarcely expensive, is based upon the slternate circulabion of shcam

and air within the process pipes, awternally heated v the furnace burners,
Thus, the chemical reactions of water-steam and air-crvgen wish bthe Loh roke

takes pla~e ath a controllad tempersad: k aculon Tha meitaning
deposit sealing action is adde? ae v m the drageing avtlon of gteam{spallir
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e. Decoking Method

Each complete pass (convection and radiant aress) of ithe
cracking furnaces shall he decoked separately., When one of the four passss ol
the above furnaces has to be decoked, it will be possible, for instance, *ec
decoke one of the passes of one furnace while maintaining in the cther passes of
the same furnace a steam flow such as to avoid overheating of the pipe metal.

After it is eztablished at what frequency decoking is re-
quired, it may be desirable to decoke all passes at the same time. However,
it iz suspected that such close ccnirol will be required for +this,that it
will be discouraged unless decoking frequency has become a problem in mesting
production demands.

Temperature points are provided for checking the Lemper-
ature of the outcoming decoking fluid. Theze are also the process temperaturs
points already mentioned.

f. Piping System for the Decoking Process

In order to reduce the time required for the decoking of
a furnace, it is advisable to prepare beforehand the steam and air supply system,

This system is paridicularly interesting owing to the fach
that it enables supplying steam in the two directions of circulation to the pasees
to be decoked and decoking air in a forward direction.

g. Description of the Decoking Process

(1, After the furnace has been shut down and purged,
connect the air/steam =mupply system to the pass %o be Jecoked, ard put in
operation the air and steam Ilow inticators, the gauges and the cocling wabar
gystem. There are many Figure . ©linis which mugh be manuevers3 proparly. Alszc,
the steam inlet ellows tc the furrazes muss be put in place,

After the furnsce iz shub down and purged with N.. an

igolated from the rest of the system: ‘
a) Tnztall removable spools for stmam-air

entrance intce the conveciion colls of each paszs.

b) Close the Figure & blinds downstream of the
EDC flow contrel valves zo that sheam will net back down
into the valves and so no EDC by chance can leak through.
Of course, close the block valves arcundi these two con-
trol valves.

THIS PERMITS THE INJECTION OF STEAM OF STEAM AND ATR INTO THE FRONT
END OF EITHER CF THE FURNACE PASSES WITH FLOW METERING FOR AIR AND FOR STEAM,

¢} Install the removable spool pieces in the
pass oublet pipes which carry the decoking producitz o thre
coke knock-out drum.
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d) Close the Figure £ blinds on the outles
of each pass which carries the process stream forward
to the Quench Tower so that no steam will enter this .
system. Open the manual valves in tha lines geing into
the header entering the coke knock-out drum,

YOU ARE NOW SET UP T( KEEP WATER OUT OF PROCESS PIPING EXCEPT THE
FURNACE PASSES AND TO CARRY DECOKING PRODUCTS TO THE COKE KNOCK-OUT DRIM WHILE
FLOWING FORWARD,

&) The quench wabter entering the knock-out
drum shouiéd be turned on. Alsc, turn on water at each
funnel sampling point so that when the outlet decoking
gas i3 sampled 1% wiil be immediately quenched into the
funnel an? drained awsy allowing a visual check on the
progress ¢f the deccking spalling.

NOTE: All of the Figure '8' blinds an? remcvahle gpocl pieces must be put bas
as they were prior to decoking after the decoking is completed. No decoking
connection can be left permanently altached o the process piping because of
danger of steam leaking into the system.

If to complete the spalling, it becomes necessary to reverse the steam flow
through the furnace passesg, these things must be done:

(a) Make sure steam is available at the respective pass outlet.
(b) Two operators are required for this operation of switching.

(¢) When hhe forward flow is coming through, open the reversal steam
flow to the degires rahe, Tt will cimply be purging into the coke knock-cut drum
with the forward flow produchs,

(d) One operator is stationed at “he header entering the coke KO drum
and the other is near the forward flow shations.

(e) To reverse the flow, the operator near the header going to the KU
drum must close the valve in the line from the pass outlet to the coke KO drum
while the other operator opsns the valve from the same pass inlet to the coke
KO drum. The forward flow of gteam will prebabvly not have to be turned off
since it will simply flow to the coke KO drum with the reversal steam flow
coming out the front end of the furnace to the drum. It must be determined Tirsth
that the step (e¢) flow acts properiy as well as the forward flow feed when
reversal is tried - i.e., they simply by-pasz their jcb and go direct to the
coke KO drum.

CAUTION ON REVERSAL: Make sure the steel convection tubes are nos
subjected to temperatures abave 690°F,
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(2) Insulate “ubes noh te be decoked bty conveying through
them such a sieam flow as %o have <he Lemperature noi excesding 900°F during
the whole process.

(3) Keep a burner operating at low rate and raise the smoke
temperature up to approximately 300°F within one hour time.

(4) Incrsase beating gradually, always at a rate of approx-
imately 300°F per hour, until a smoke temperature of approximately 1350%% (a*~
the top of the radiating secztion) is reached,

(5) Increase the steam Tlow proporsiorately, se¢ as to have
its outlet temperature not exceeding 1COO“F.

(9]
(6) Kesp the smoke temperabture at 1350 ¥ during the steam
spalling-decoking. During thisg period the steam flow in passges being decokeld
shall be as follcws:

- for the vaporization furnacs ....cseceess..2PProx.
- for the cracking furnace ......ceo00000000.8DProX,

(7) In principle, a large part of the coke deposits shall
be removed, and in order to improve the removal and detachment of these particles
the below listed recommendations are given:

-~ quickly invest *he direction of circulation in the coil; watch that
the %esign temperatures of the convection sections are not exceeded
(69C7F) by thin reversal of flow;

- quickiy rzdu-e and insrease the steam flow;

- reduse arc ralse hthe smeke temperature by alternately reducing
and increaging tne burner rahe:

ke

- add a small air guantity over tew minute periods.

(&) During the steam spalling-decoking rperations examine
the nature of the coke deposits removed from the coil, and it they are too greaszy
reduce the steam flow tn aveid erc:zion,

(9) The devoking operations progress can be checked by look-
ing at the below listed details. Use is made o sample peoints and funnel drains
at the furnaces to see a quenched pass sample.

appearance of the effluen®t at the initial and final decoking stages
(milky gray):

appearance < the 2 fiuent during the removal of fine particles
(light gray i ¥lack).

1

appsarance o’ hne eifluent during air blowing in (reddish).

the mere or lags copeiderabls quanhity of ccke particles,

I
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10 When w0k e pariicles are no longer sesn ah the o
let sampl= %ap, ant ih i- ain 3 tha% the pesgsitle Cine powder cellect
not caused by a foc high steam speed, the shteam fMlow shall be reduced,

o (11) #educe heading unbtil a smoke temperasurce oi approximately
12007F is reached, anw adjust as Lfollow: the sieam flow Lo the tudba pass being
decoked;

- vaporization furnacze ..... Ceesavaaanaeoaa.APPTOIN,

- cracking Dfurnace, 2ach PAST L ..ooneeece..APPTOX.

12} dradualily irsroducz some air to reach a siteam/air
weight ratio cf appwmy1mat 2liy 91,

'3 Qarefully theck the htemperature ¢f the pipe mesal and
the appearance ol ﬁame: or mome pipes hel spaud. cometimes n Jvahhe 7ili te
noted, indicating *hat orks Sepriits are burning, I¥ this operation 1z car
out by nigh*, the poziition of thre not apote will %e more noticeable.

T
uJ

RN

ried

Xl

{1%) mop'+ let the pipe mesal temperature exceed the below
listed values:

o s
- for carbon 8bEeel .......ccererivovosooess.BPProx, 690°F vaporizing
furnace, and uracking furnace convection sections,

o .
seeesisneesrenss.approx, 800°F cracking

f1. = *he ohther nand the furnace temperature mus3 be keps
sufficisently leow el plpss tesrming red with th2 evscepition of Hhe heh zpots

where ccke i1y suer oo,

{16 e plps “emperature check might nhe done, for pipe:
that are visible, Tv maarn: of an cpllza® pyrometer,

(177 By means oY tﬁe Orsat apparatur check the CD, contents
in the effluent ans keep 1% at 19% by refthing the tvmpera“wrm in order

tain an even combustion (maximum cutie® tempseratire nﬂO ).

(18) Whern ne 70, is containad in the sffluvent and when no
hot spots are anylonger nctel in Lhe pipes, the following checks ars o be made:
- shut off the extinguls'ment watar and plare a burning brand at the
ant outlet point., IF the brard is extinguished this means that
decoking iz nob yet complebe, whereas 1f the brart becomes even more
incandegscent d@ukang can be considered as complebed,

- in the latfer cass chut off the air supply and raine the sieam Lflow

tn the sams lew=) a+ in the initial shage, in order ito remove hhe
wgidual ashas,
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- phop neshing while mairfeining the zape steam Tlow ir order o zool
the irraze, When a hemperaiturs of approrimasely 480%m iy raashs.,
nmlear thz tube by N, purge and then carry out a K. pressure test,

- Sismantle tne alr/steam dccoking system and, if resded. clean tre
phrer pazzer as above ceraribsd,  Atwsye disconnent the oheam Lins
from the Turnaces alwer Yacoking i Dindaled

g. Major Prezsubionz

{1} Aveld overneating tubsn, %a*“ﬂ clesaly Lor lowzal hotb
aprhn. Do red exceed 13007 mehal temparature, s
cphuical pyromeler lg swallable.

L PUE Y . L. 2L R ) T ; B e o ~§ R R
Vb Avedld mroaned ‘2 J’“M'-_“ len Shrough dubtes, Ocke partiaslers
ree iy care mauss serious ernzicorn ¢ rebure

e

{7y 12 heahar has a separated convectlion sention, maintain
stesm flow A% all Hims=sz throush convection seection Hao
keep outlesismpzratiure halow 9O0UF

{4) in reversins steam flow Shrough the furnaces, make sure
that the gteam temperature dees not excead 690°F a= it
prasmren threugh the carbon sheel convection pasees, Keep
‘e walozity high enough o kesp below 69097,

{5) Ax 5 ve coler iz mere pronounced at night, some operabor:
periar B sondush turning in the dark.,

aown

) Wy Cemparature past he kaph a0 Ghat hubes
Serwalle deonoh fhen rad, Tha oonly hed anﬁ‘ o hates
mevgin pe where coke 18 irrning,

.0 Farmase BUSL senoey
Chae efficiency ol the furnsoe e conbrolled v othe amonoh
of sxeese alir usel ir comboghion,  Generally bthe Turrnace chould be eperated +1ii
a minimum of exears silr arlong ar bhe Tlamesz Jo ret roach exeaspive lenghh or
impinge orn the tubes ov nre, These furnaces are desigred Yor 20% exeess air,
Visual ezamiration of the Tlames in a furrace iz not &
satiefacﬁorv means of arriving at excess alr and the Crsat shoula be depended

A
4

upon oo give *ki~ irformaticrn.

et at the
.‘N

arcund fieult

the Too-Flew Furnaces

1.qu73 id in

the tubhes f

prtain a tru2 ave rag flue gas

reading hefors wra cocling aiv is “L_c‘"ﬂmd at the hage o the stack. Por cal-
culating ef7lciencliar sqd thack ilowe Lhe Hemperabture of $he Clue gaz sheuld be
taken in the scSack alry e Plare ard the Plue gar samplies should bhe haken an
whis same 1(\’"’*\,m” i important that the thermocouple and tre
gas sarpling prooe wnan gam< “ighance into the stank.
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Ju
of 14th Judiciy |y

wacessary for the desired percentage oxygen in she fius gus.

sre  provided FTov oparation cf Uha Gl Gonpes
For mormaal. consrol

- - a . ’ -
drive. ¢ne i omabtic {supply) und one
-

3 a Y :
dmseription of the position of theme switchez for rericus

)

anual Gperition

zl and Lock lever pulled up tight when hand Jover is aoh beoi_
cparshad,

©) with the hand lock lever released, positicn the Drivae by owaaw ]
operation of the hand lever. Pull the hand lock lever up ti:ls

.

to nold the Drive in any position.

. L+
Tranadi

ar from Manual teo Automatic:

'

R

ing pressure to the pesit
between the upper and lcwe

stops,

by Turn by-pass valve to"Closed-Autc”

] [FYT s T . o

¢, nalazze hand lock lever,
At " L. s LI i men ) ey do ML F -
: ! Toeur poniyionar Supply volve nolAvmo-Opan.
A [ PPN L 2 e A F PR N :

2 Tme Drive Lo net g2t for avtomatic operstion

hosomitis Oparation:

) Hupply vilve in "Auto-Open' position.
Y Dy-pass valve in "Closed" position.

¢) Hand Lock lever released.

)} The Drive piston iz now positioned antomaiicails

SL 009930
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7-1
VII ~ SHUTDOWN PROCEDURES
A. Overall Shutdown Procedure (Furnaces, Flywhesl #1, Flywheel #2)

1. Notify EDC and the HCl-consuming plants of the intenderd
shutdown.

2. Shutdown the Dopp Kettle agitator and seal liquid. The
agitator must be off before this 1iquid is stoppeil.

3. Lower the furnace exit temperature on automaii~ Lo Q02°F ari held
for 15 minutes, then drop 100°F move and hold for 15 minutes, Fu' +he
fuel temperature control valves for each cracking furnace on manual
control. Open the by-pass arouni each feed flovw rcontrol valie for
each cracking furnace pass and establish the same flew ar on actomakh]
Shut off burners and pilots on cracking furnsues,

e

L. Put the vaporizer feed FCV on by-pass conirol in provids an LU
flow after the time-delayed shutdown of the FCV. Shut off the burners
and pilots.

5. Add Np to .the quench tower and absorber to keep the flywheels CK
on pressure,

6. Lower the quench tower level to the bottom of the sightglass by
dumping into the Dopp Ketiles.

7. Turn off the furnace feed pumps and start adding Ng inte tha vep-
orizer simultaneously.

8. Close all cracking furnaces pass outle® valves and shub the Y. 07,

9. Decrease the gquenrh liquor flow until the need for i1 has eac.l,
Then shut it off, turn off the quench liquor pump, andi close Lhe Liock
valve around the quench liquor FOV.

10. Shut off steam to the stripper reboiler and product shtill rubhollay.
11. Shut off the York refrigeration unit.

12. Shut the Flywheel #2 pumps down; these are the produch s#ill fwe?
pump, the lean EDC pump, and the stripper feed pump.

13. Turn off the intercooler pumps. This shuts Lbh= tray overflow valves

14. Turn off recycle ENC chlorination when rseycle ENC flow falls nff.
Close block velves asround the FCV.

15. Close block valves around the recycle EDC LTV, “he product vinyl
take-off to neutralizers ICV, upper intercooler return 10V, the lower
intercooler return LCV, the absorber bottoms 1.0V, the produnt shill feed
FCV, lean oil FCV, and the vinyl stlll raflux ¥JV.
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16, Maintain a positive pressure on all the columns (ZOmMO PSIC) Ty
carefully bleeding in N,, where nesded, manuaelly. Do not lei equip-
ment go on vacuum.

17. Close off block valves around the absorber PCV and the I .V on the
liguid line from the quanch liquor surge tank to the siripper,

18. Keep positive No pressure (20-40 PSIG) on the furnacs-guench-
absorber system by adding N, as required,

19. If this is a short shut-down, leave cocling waber clrrulablng
through heat exchangers, and leave gtaamon Dopp kettles. T a long-
term downiime is foreseen, shut off cooling water flow 4o v :hangers
and dump tars out of Dopp keilles intc the tar "buggy." Shub ewn Jopp
kettles,

20. Check to =zee that the ECl Scerubbear has been sghul down. Closn Llonk
valves around all 3 PRV'e on the HOL hmader

2l. Close valves in VC transfer line beling used to ithe storags arsa.
22. Close block valves around main fuel gas PCV (90-30 PSIG).

23, 1Isolate the EDC safety drier in use from the spetem 1L a2 long-term
shut-down is expectad, Shutdown the heavise still and stop the make-up
stream, -

el. Expansion charters in VC lines are provided where needed so that
vhen equipment or lines are isolated between two valves, liquid ewpan-
sion when the temperature riges will not cause ruptures. Thosa frr VO
will ne=d periodic £11lling with nitrogen as the pad is dilexolved in the
VC and carried away.

25. TFor long-term shut-downs, shut down all utllities in bthe Ucllowing

order:
a) Refrigeration mechine
b Steam supply
c Cooling tower water
-} Ingtrument alr
] Elactrical system

B. Detalled Equipment Shut-Down Procedures

1. Fuel Gas Supply System:

8) Close manual valves in fuel gas lines to furnace burners and
pllots,

b) Close block valves around all thrse temperature control valven.

e) Close block valves arount the 90-30 PYIG pressure raducing

S
)
)

© station,
~f
%)
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VYaporiz=r and “re-king Turpaoecy

a' Lowser ihe lurnacs evlt LumpwraT urs o6 automi L
nela for 15 minwi=s, Rl Lowel W00 Taapara ure
hold fov L5 minuts.. It Lhe ;ual SAAPEETLT
manual corbrol., Cpen the U Tyepan: valve

block valves oy each crasging Jairna s pass

sam= K310 flows throusd %ha he-pars,

YLoock walvwon L

1 o
e f

t)  Tlose the mannal

furnace burner. Hﬁﬁwgkc_“w L
If noi, ~lose the maln Lurner Mawon vao ..
on the gas to the pilc:

o) PL{ the vaporiser Lecs 500 or

allow The EDC flow So . niinue gl

F‘J Vn

Gy  Shut off the gas Tlow 4o Lhe turmery

e) After the quen.h Sower leval 10 lowere:
czzles, shut off the furnace leed pompe.

)  gimultanecusly wlose thw Tlock valis
open the N,purge lineq into lhe wvaporirer pasc
gtepzs togelner so that Lthare wmll e ne Jlow Inhaerrup'

Quen i Tows:y

K

H
fuas

R At o
LT,

! A3, v RIns TTary
I““r“m gh bhem Dor gevarel minu’

¢) Woen no mors vapow. dio, pohe
Ofi e quench liguor pump, and t
ach,

&) Work off the quunch Lower 3

It may be necezsary he recyde some g

ald the flusking of ‘ars/carion matsrisl -
dumping o the kettler shoull he por-il)
off',

Lepp Kettles:

The Dopp kehtle agi ord aepane on BT Dl
double mechanircal sealr 1ro Flywhasl #2. Thare fops,
Flywheel #2 i shub down, the Dopp agliabcrs mus . al-

a) 3wt off egifalors whenover iywhesl #0
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t) Shuteoff the Strahman valves ab the guench
line émpty into ketitles

¢) Leave steam on ketiles and wvapcr Line opern -

d) Before siteam is ever turned off the kabtile
out into the tar "buggy" for dicpeozal. Fliusk

-

e) Turn off steam and closs vaper Linesz

NOTE: To take kettle off the line for maintepancs pwop.= ¥ &aear
vessel, the kettle must he flushed with DT to wash cub “ars an? puryg
nitrogen before opening up. Purge wiith alr belcrs snlering!

5. Primary Quench Condencer:

a)

If this is the case,

Secondary Quench Condenser:

8) This refrigerated condenser iz Caown wian Lhe Vorr
eration unit is turned off, gae earli part of this wolie
timing on refrigeration shut-down.

b) To ghut off F-12 -liquid supply t» sxrhangsr, closo
tlock valves.

=) Drain P-12 from sxchanger shell to refrigerabhion oulen
for soms reason work is to be done on the gh=ll.

23 T necsspary, iccolate axonangory rom

cloging the cylindsreoperated valve In She
K. €. drum,

Quench Liquor Surge Tank:

a) Wnen level rise ceasss, indinating ve forwara Llew o7
V&, close block valvs: around the ™77 on the oot lip. "
stripper,

b) Leave the quench liquor pump on )
by quench towar opersbionsz.

Absorber:

a) ‘Turn off pump the ghripper faed

trivution to the lean EDT {flow. ~Shut these pumpﬁ
forward flow of EDC and VO have ceased, Hew cavarag:
parlier section. Thiz ghould Pe done immediahsiy

unit has been zhut down.

SL 009934




t) Isolate the absorber PCV with block valves (abserber yenw

¢) Turn off upper and lower interccoler pumps when lean cil

is stopped. This shuts automatic valves in the sravity ove~li~

lines to the intercooler tanke.

hl

P

oW

T

d) Close block valves arouni the inberccoler gurgs tari 300"

e) Close manual valves in tray sump ovarilow line:,

f) Leave the intercooler tank ver:! linsa opsn. “hess are
only for special reasons, such as main‘enane.

g) Turn off F-12 wvalve in lins uprbream o Lhe uppes Snhe
LCV. To isclate exchanger from compre-ssor sushion, ~lose
cylinder-operated valve in vaper cubled Lins to Lhe X.o. .
This will not normally Ye nesesssary.

h)  Turn off F-12 valve in line upsiream of the lower inier:o
LCV. To isolate exchanger from comprazsor ruchlon, olcis the
cylinder-operatad valve in vapor cubtlet line ho the X.0, Arvum.
will not normally te necegsary.

SHE S

L ‘x:‘ s

1) Close manual valve in line that supplies liquid 12 “ fhe

absorber vent condenser., Thiz exchanger also has a nylindsr-
cpar>tad valve in 1ts ¥-12 vapor vent line for Lscolation.

B ﬂtrigg&ry

w)  When the York unit has been shut down, shut off steam % &

reaboller spd isolate the gheam ROV,

Srlippar

By Turn cff the product siill feedl pump when “he pesh rU G

oll eireulatlon system is shub down.

Produet Vinyl Still-

&)  When formward flow of EDC ani V0 cmape:, shuh off e pe o0,

EDC chlorination FOV and 1solate 14,

b) Closs block valves around the racycle EDC LCV.

¢) When the York unit hac been ghulb down, shul off sheanw Lo

reboller by cloeing Vblock wvalves arounl the oieam 77V,

L

d4)  Shut off refluv flow to ptlll Yy r~loring tlook valwve ! nrour’

the reflux FIV after lowering set polnt of contiroller o oar
ghut the FCV itgalfl first,

¢) Closs tlock valvas around produst Clew ho nesbralisesq 1000

Turn off reflux pump.

SL 009935
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W

2. Cloge inlet valves to storags tank in use st time of oFo-
down,

b)  Regensration Cycie
1. Switeh VC flow to neutralizer conbtaining Srash Na.- ohar.

2. Isolate gpent neutralizer Irom gystem.

3. Force the VC in the spen®t neutraliszer to the inl-™ ¢
othsr neutralizer by adding N, prasecure %o ' top.

k., Vent neutralizer to s%ill wven* hwader, Purge w. . rim g0
to make neutralizer gafe to work wiih,

5. Unboli and remcve the top Slange cover en pedlraliro:
take out the fiber glass packing. Unbelh unpacking man.ols
flange on eldi~ just above suppori plave,

6. While wearing proteciive clobhaz, including fa-e shi-li,
apron, and gloves, manually unload the flake nmue®le theough the

manhole,

7. Flush eny remaining spent NaOH to sewer with proce..: we'

Be very careful during this operation because causiic zoda hao

& very high heat of solution - - thus the water in the cauz*.l .
bed will Tbecome very hot and might meke caustic solution spialiwr
on tm opwrator, KFace shleld and gloves are regquirsi ¥or -
wagh-out operation.

2. Try we' neutralizer with steam and then air or nﬁ%rmtun
Rechisoge neubralizer with proper amount off flake cau: . ll i,

wow hor of the bed with fresh fiber glazp, Jlogw up "~ 1
tralizer, Make sure it is dryu

9. Purge neutralicer with nitrogen to remove asir, -0 o0
purge velves and vent valves.

le. Neutralizer is now ready for aarvine.

16. HCl Scrutber:

a) When the absorber PCV ia clowmal, flew ho gorubber will ~eat,

b) Close block valves aroun? all dishribuiion hwadlss Pt =),

Yo

©) Block off watsr and cell liquor automaiic valves hu « ruy

17. York Centrlfugal Refrigeration Syefam: Pleage refer o fhe on®
operating proceliures prepared by York for this syebem, “he opeira
muet be thoroughly familiar with the shut-down prowsiurs: ir ~»h.r
prevent migtakes whish could cause sevars damags ‘o the umpres
and/or auxiliary equipment,




a) Push "stop" button on the control panel. The cil heaber
circuit should continue to be energized when th: compresgor i:
stopped.

b) Close the block valves on the liquid F-12 LCV's for esch
exchanger. The LCV's should have closed automatically.

¢) Close the valves on the P-12 vapor lines from esch exchanger,
d) Isolate the compressor.

Heavies Still:

a) When the level in ‘he feed tank is worked down %o nal® full,
shut off the still feed. Close block valves around Hhe PV, Shub
down still feed pump.

b)  When the bottoms level contrel valve closes, turn ofi sbesm
to the still reboller. Turn off the bottoms withdrawal af this
time.

¢) Gradually reduce the reflux flow by lowering set point on the
FPRC., Maintain a constant level in the reflux drum,

d) When the reflux flow is essentially off, close the reflux flow
control valve and close the manusl block valves arocund the aubcomabi~
valve, Shut down the gtill reflux pump.

@) The nitrogen pad should be on the still condanzer and ths vent
of the gygtem to prevent a vacuum from forming.

£} 8hut off cooling water to the still condenser afber column
cools down, but only for long-term shut-downs.

C. Emergency Shut-Down of Equipment

In the event that trouble arlses in the VC plant that canne’ te handles
by ncrmel operating procedures, it may be necessary to make an emsrgency shub-
down of one or more pleces of equipment. Emergency situationsg may involve fire,
explogslion, vessel or line rupture, instrument alr failure, elestrical failurs,
water failure, steam falilure, etc., PBach emergency will dictate its own procediure
to be followed and 1t should be handles accordingly. Following is an explanaftion
¢ some situastions that may arise and a general outlin: of whet should te atbendel

1. Furnaces: If an explosion, uncontrclled fire or tube rupture occcurs
at the furnaces, s rapid furnace shut-down should be effected, To e
this punch "Total Shutdown" butten; turn on enuffing steam to the
offending furnace(s) using manual loading stations in the control room or
by manually opening the valves in the field; lower set-point on vaporizer
EDC feed controller to zero to shut this valve; then try to get & nitro-
gen purge started through the furnace tubes., In the cage of a tube
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rupture, the vaperizer FOV will closs wivth no time delsy. o~ .
it will remain cpen, and the valv: will have tc be sruh oy L.o.orls
the set-pcint indicator %o effect an immediate valve ciosurs,
tube rupture, Lollow the ~tepe alddivioral Ly lowiier cw_.

If an uncontrolled fire (nmormel Lurper opsrsticn in Turma -
"econtrolled fire") occurs and is supperted bty tre Zael gz o
source of fuel gas can be fturned ciT Ly .leooing vhe maln ool
at the panel.

A tube rupture or troken fitiing -
will, of course, allow sysTem presst
vapor and possibly liquic in the guen.
plant will want te "dump" ta.k Lo Y-
When it appmare this Lg th- ~ane
the seccndary quench condense-
turned off ani ths
M.CIP uhm p"i f*"‘..s.u

PURNACE TUBE RUPTURE - FIRE (DMetallel Emsrgency 3t

Tube rupture in cone of the three L L e hhe mo-
cause of Ffire in the plant. Certainly it is +he : tible spot.
how EDC will act when spilled out inte the “hr"a‘- selbting is not knewm,
it iz a combustitle s¢ we ~an expert a fira, Porbunabely dhe amourt
available fn the I7 ~elnv i 1imitad tc that erier |
porne of the burne -

5.  Visuel cresrvation of stack cmoke)

L. owabemed o (wlih osviematdle shote towr

SN ENEAR

{2} Wigk BEridgewall Temperatare {preaizl.

WHEN TUBE RUPTURES :

Notify plant fire Zlepartmen-

gpen snpuffing steam te firebcn oo

Qrder

couft

Shut down all furnaces if not alresdy shul lown by adema:!”
detection gystenm Ty pushing all three 5 >
on panel,

Close vapor line from secondary quenth
Shut cown quenen liquer pump frov paned

Pellow throuet with plari shot-down,
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2. Quench Tower: The quench tower ig quite imperiant 4e the o p~
because it prevents tars and carbconacsous matter Irom paseing Scraq~
into the purification end of the plant. Therefors, there shewlc :-
concern whenever anything orrurs S eunp Uhe Yiow of gueroo 10
the tower, If this flow is lost permanerdily., tne JUrnass:s .0 .
shut down as quickly ent as orderly a: puiiible by Hhe opsrs ...

3. Primary and Secondary Quanch Condens.»s: Lege of tecline m.olas
to either of these partiel condensers will result in legy of ‘Kw 6o
liquor. The primary condencer normallyv provider me:t of 4he guar
liquor condensate for +the surge “ark., Hrweyar, 10 It ir loo7. W
gecondary condenser will trv to pick up the D017 paviial ee ewmoat
and may therefcre vecome incperable duc i in elvver an
is best to shubt down ihe Jurnaces sc tnay hhe Taulty cent oo
repaired, If the secordary condensar 1. leob Bl WL
shut-down if it can t= Treousgni bace on seoon, cince Svs ity o0 om

comparison to the olaor Xrecrn evcbanosrs,
L., Absorber: Several si-uations car be vizualized which mignt e e

ag & basls for shuttinge down whe akbscrver. I ~ko absorber PRY I ow
control over the control valve, the vulve may aither lose ov cpan, |
valve fails open the absorder will ven®, down o the pregsure ¢r *re 3
tribution header. The absorber will not operats efficiently hers bLub i
can be done if repairs to the control syztem will nobt take loung. (pova
on by-pass manual control in the meantime if valve and/or confrollsr r
out:,

If the contro. system fails shut, then tne svsorbsr ghoulld oe
immediately vente: bty using the by-pass around the POV, IL the iatey
pergiste, the furnaces should be shut down. OCtherwise the relie’ va. .
will opsr and vent ine gvasem down.

i

Loss of refrigerant to the ven® conden~er will neh mat=rialiv
the absorper operations par ze, EDIJ and VW lorses to the @
stream will be higher, howaver,

Loss of elther intercooler system ig seriocur, and if ~ho v 0o
can't be repaired guickly “he furnac=: shoul T= phu' cown b Te o v
heat load on the absorber. It may te pe2zitla vn operal- o cno dr
cooler for shor: periods of time, bubt VI-ENC loszas will tw inores o

Lose of cooling medium tec any one of the lean oil woolere (ihar oo
three direct coolers and an interccoler In this: leonp) will rescl! v
higher tray temperatures in the ahserber. EPT sn: V' lowzen out Yo o p
of the absorber will consequently be higher, Tne »,._nq wnodmr oho
be put back on linw as soon au possitic., I2 this can't bLe uans,
furnaces should be cuw back in rate or 3hut down completel v,

Stripper: Loss of sheam to the stripper redoiler will mear. =7 lwmeiat
increase in the amount of HT1 pascing e the vinyl 5311, 57 -0 o eam

supply to the stripper ~annot be restorsd very gquicklv, hthe »arnso-
will have to be shut down.

SL 009940
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High HC1 content in the vinyl still product could =asily overl. .
the flake caustic neutralizers, resulting in off-graie product raing
made.

6. Vinyl Still: Loss of steam %o the vinyl atviil .

in an immediate rise in the amount of vinyl chlorids in

bottoms. If steam cannot be restored reasonably scon, ,
should be shut dewn. Turn off refliur tc¢ the still t¢ prevent t.r
losses of vinyl chloride out the bottom ¢f the still, Try i koo
recycle of high vinyl chlorias-content EDT 4o the heavies '
tank at a minimum,

Logs of cooling water e the vinyl connsnser is a seriou-
and if not remedied immedistely will resul™ in hsavy ventine
the PCV. GShut down reboiler % .
reflux on until column har =culed o 1i%tle, tren turm rellio:
dovn furnaces to shep input o V2 to osyalaw

o

. iy - H4 - b i @ -
o redues Feadt fepuat o gfll1

Loss of refrigeration tc *he still vent condenser is not zewicur,
but will mean higher V0 losses fron the siill. FRepair 2183 ioudy ar
goon a8 possible,

7. Recycle EDC Chlorination: It ie important 45 continuously
chlorinate the recycle EDC siream ¢ remove arloroprens, 15 bhe v’
o

gystem fails in any way, open up the by-pass valve to the IV w0
¢hlorina®ion can cortinue, Repair chlorine system as scon &) poasi’

8. Leozs of kefrigsration: If the refrigeration system failz,
Turnacas must te srub down immediately. Shut down strippsr ani
g£till retolilers vo lensen heat input inte the system. Snu® ~owe
Tiywheei #,

g, Llogs of focling Water: the cooling water svatem fal i
T immediately. In pari. .

furnaces apd refrigervatior svestem shoul? te shur down righs

off the stripper and vinyl oclump reboilirs as foor as poain

remainder of the plant should then bte shu’ down as ordarly

If the cooling tower fan should rai., i+ is #till
the plant. The cooling wazer temperaturse will rise an:
rise in condenser and cocler temperatures will result., Db
operate poorly as best under this cendition. arl 1¥ not rems.lat g,
the plart should be shut down.
1Q. Loss of Steam Supply: If steam supply is g ¢ bt
shut down. There are sevaral good reasons for this statemernte (077
snuffing steam safety protection in the furnates wil: be lozt. 7
HC1 concentration will immediately increase ir the fera to the v
g4i11, (2} the vinyl still cannot be operated at all withoud rix . ils-
steam,

SL 009941
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11. Loss of Electricity: The loss of electrical power wili nuow .2
a rapld shut-down of the plant. Some instrument air may be aveilatl-
for a brief period, but manual tlock valves,should be closed where
necessary.

12. Loss of Instrument Air: The lozs of instrument air will aliso
necessitate & rapid plant shutdown. The entire plant should shub down
automatically in the fail-safe rosition, but check to meke sure. Flonk
each control valve station. Immediately put a no purge through the
furnace tubes,

‘13, Loss of Purge Nitrogen: Check before shubting down to azzeain
if the return of the normal supply will te scon. IL nod, shul ihe
Plant down. Make sure no foreigrn matsrlal {organics In pax®l ~ul ar

gete into the N, header. plieigntn

sL 009942
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VITI, ANALYTICAL
A, Sample Points

The sample points hawve heom morherod an
Please refer to the flow sheelbs gine - vt lios |
of the sample taps. Some of the sarmple taps wili
are included in case a sample is desired gt . Toter

In describing a sample, «lways use -tu
as its description. This informatic svoald glws:
tag. The complete description reguesced baie &
of a sample mix-up.

B. Control Samples

1. Sampling Schedule: Tt: sore:
Table 8.2. This schedule will oe reviscd
experience gained in operating the phant,
obtain as much information as pussibee i3

When there is trouble i: the 13- < cvive anadvees we o o
quired. Do not hesitate to take amd vu Yhe Y. guiis @ At-lvses . he. - e 0
answers so obtained may save a lot aof useless eifir: Tater gn, v wi
the operator make the right process correction som-r,

2. Sampling Technique: The glags sample bBatiles s,
or clear glass. Thev must be clean snd over dried. 78 will
care of by the laberateory. Lach bottle should re Scalcod witt
bottle has been exposed te The atmesphere. Jdo not us- ne botvi

must have polyethvlene limers, or equivalent,

Te take 2 sample, fivst wipe the sam;
collected moisture and then puarge the Tap 1°¢ & .y
that use them). Turge at least a sufficitmi guan*.?
replace stagnant liquid in the sample tap fitzimas oor
move the bottle cap and completely fill the bt .o, ! 3
as little time as possible between cper ing the botnie 4.0 reas i

Some of the samples will hswe to be raker 1 stai-tfe =-
sample bombs., Bombs have been purchased in sufric et guantity oo
one service only. Each bomb will be tagged wivh tne nam- of ¢
to be used for. The bombs are equipped with ¢ sta dley oo maintais o
space, Always fill the bombs in a vertical positicn. 17 arder Lo obte o

Pe St

3]

[

true sample a high pressure liquid stream will be c¢.rculated thru.gh tne bomb

to some low pressure process stream, i.¢.., . pump disrbharge o2 pame £
Any time a bomb is filled it should be checked {ritrimg or shaking) 1o “e

that it has some vapor space in it. If there is neme. carerully drsir o &

amount of sample from the bomb.

SL 009943
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3, Analvtical Methods: A copy o7 w3t o the & et ovas et

used in the control tests is v luded 10 the A-zlvr ical Mo oat ! il
plant. Table 8.2 gives the sample paivnts «nd the a alvees 1oz wiil e
on the control analvses,
L. tTaboratary Sawples
1. Sampling Schedulie:s The wita 1an 1wt o4 die s

sampling and testing during the i-it.sl star -ap period.  Tnem o2 ore o lor.
operation lab schedule will be prepared (0. sampling taiposen. 10 v ¢ e
necessary, usually, for the midnizht cperatir Lo take heSe ramd brs '
them to the laboratory., Ar the serv trme. tie o srzter vl rg e o 10

lab all used control containers o7 wil?  “ra, v re omess e o o0 o
clean, dry, sample containers,

2. Sampling Froceduress "¢ re qe oot e o e
carefully to avoid water contanin-' i, L, ed v Lveuc S awmag
from the bomb., The process strednc ool v v 0T wdte i o nn, e
trace of water from an exaterna’l s 0w 11 ve w2 s d

course, will give an incarrecy det ro om0y,

Most of the sample tecn.ique~ na.g Deer deseiibed abere, b
addition, furnace gas samples will be take 1910 steelal glase traps 11ilew
with ether, The traps will be 1mmersed ip & mixte e uwi dry 1ee and methylen-
chloride. The glass trap has two fittiugs, an inle! and ap oarlet,  When ot
in use but in the process of cooling down, 4 pirete of {iewible tubing will
connect both openings. When a furnace gas sample 15 ready to be taken, crac.
the sample tan te parge L, thern comect the flexible tuhing o the tap and
the inlet fittinmg o the trap and slowly bubble Lhe furnace gos miaturef vt
the chillied etber. Keep the trap 1n tne dryv ice bath, Sample habibling mu. !
be slow enough that no P hHnles escape out the top of the ether bath, Whe o
sufficient amouni of sampie has been taken, close the samplc Lap aaud 1ceon
the flexible t.riny terween the vrict and ot Ter oo thy W oo, e b
dry ice bath direwtiv to Tanorar sryv 1ol analvsia.

Be sure to abtach o nunbered sanpls tag 111 iy o 00
te the sample., (m the sample tav rlace L des, i 1piiom f fp-
with date, time and the sample palnt s .

3. Who Takes The Lab Samples’ ¢ . touortasnt oo @ & nondenntls
appreoach be followed in taking the plant enaervii: ol sawples. fn1s reg il
the assignment of specific shilts Lo vhiamn (pe vequired sampien, 1 gene lal
all laboratory samples will be taken by tie 11:30-7230 nperor.1 at hod0 4N,
The furnace gas samples will be taki o “he dev shito, Thy san, le~ 1 ot
storage tanks will be taken whenever a rLaak 15 friled.

gL 009944




TABLE 8.1
Sample Points for VC Plant

Sample

Point No. Container Description Location

After Filters

Furnace Discharge (Cracking?
Furnace Discharge (Cracking)
Furnace Discharge {Cracking)
Furnace Discharge vCracking)
Discharge Tine te Dopp Kettle
Kettle Discharge Line

Furnace Feed

Furnace Qutlet Pass #1
Furnace OQutlet Pass #2
Furnace Qutlet Pass #3
Furnace Outlet Pass #4&
Quench Tower Bottoms
Dopp Kettle Bottoms

<I<:<}$I§<<{<
W~ W
e -NeBeRoRe R "

Quench Tower Overhead
Primary Quench Condensate

Primary Quench Condense:
0ff-Gas

Quench Liquor before
Driex

Quench Liguer After.
Drier

Secondary Quench Conden-
sate

Secondary Quench Conden-
sate Off-Gas

Upper Intercooler Liquid

Upper Intercooler Liquid
After Driers

Upper Intercooler Before
Surge Tank

Absorber Condenser Cou-
densate

Lower Intercocler Liquid

Lower Intercooler Liquid
After Drier
Absorber Bottoms

Absorber Overhead Gas

Stripper Overhead Cas
Lean 0il/VC Still Bottoms
Stripper Bottoms

VC Still Feed

Recycle EDC Before Cly
Recycle EDC After Clo

Heavies Still Feed

Inlet to Tramary Quench
Caoudenser

Liquid Qutlet from Primary
Quench Condenser

Vapor Outlet 1vom Trimarv
Queirch (ondenset

Discharge Queunch Viquoer
Fumpe

Quenich Tigquar FOv

Liquid Qutlet f{iow Sccondarvy
Quench Condenser

Vapor Qutlet from Secondary
Quench Condenser

Discharge Upper Intercocle:
Pump

Upper Intercooler Surge
Tank LCV

Liguid Inlet Tine to Upper
Intercooler Surge Tank

Liquid Out of Absorber VYent
Condenser

Discharge Lower Tnteis oler
Pump

Lower Tntercoaler Surge
Tank [LV

Discharge of Stripper teed

. ‘f)ump

Vapor Inlet to Absorhbe:
Vent Condenser

Stripper Vapor Line

Outlet of 900 lean oil Cooler

Stripper Bottoms Drain lLine

Discharge of VC Still Feed
PFumps

After vC 81111 iCV

Outlet of Retention Tank

Suction to Heavies Still
Feed Pumps

LONPIDENTIAL:
Bubdect to Protective Order
of 14th Judici 1 Bistrict Court
No. 91-1145
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TABELE 8.1 (Cont‘d)

Sample Foints for VC Tlant

Sample

ioint No, Container
V=30 B
V31 S
v~32 S
v=33 5
V-34 S
V=35 B
v-36 B
V- 37 B
v-38 S
-39 S
Al S
V=41 S
V=42 S
V-

C=Chilled Ether
B=Brown Bottle
S=Stainless Bomb

SL 009946

Descripticn

Loctation

Make-Up EDC

Vi 5t1l1? Retlux

VC Still Vent Gas

VO Product After {hase
Separator

V(C Neutralized Froduoct

Heavies Srill Bettewms

Heavies Lo EDu 1lant
Heavies Still Reflwux
VC Day Tank #1
VC Day Tank #2
VG Day Tark #3

VC Day Tank &

VC Sphere #1
Freon

LV on 1nlet to teed Taok
Discharpe ol hellax
St1ll T
Discharge ol Frias:
“Before Neatralizer
After Trodo bt 7 ilters
Surtie U1
Stilt korton~
Dlsehatge ol
he {1ux tunp Swuction Line

Uil »
cepatatod
to Heestes

batng

Bollaime T oangs

Nischarge of lreduct [yanc-
fer Tumps
brachatyge ot vrodoaus Trans-

fer & ooaps

Vischacgs ot brodoot Prane
ter 1iunps

Mischarge aof troduct Trans-
fer tumps

Discharge ot Leading Tumps
Freon Keceiver

r
coﬂwf::,ectwe y CO%°
T e ?.‘: 1 Disté‘
Judicify

wo-
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TABLE 9.1
DESIGN DATA

FOR
DISTILLATION COLUMNS

HEAVIES PRODUCT ABSORBER
STILL STILL

TOP

PRESSURE (PSIG) 75

BOTTOM
PRESSURE (PSIG) ' 81

% FLOODING
AT FULL RATE

ABOVE FEED TRAY 65
BELOW FEED TRAY : 64

MINIMUM EFFICIENT
OPERATING RATE (%) 40

REFLUX RATIO 1.35:1

CONFIDENTIHL:
f’rotecti ve Ordﬂr




VINYL CHLORIDE PLANT

Vessel - Quench Liquor Tank (65A-60-694) and Product Still Feed Tank (65A-60-697)
Length - 24.0' Tangent to Tangent
1.D, - 11' 10 3/8"

Level Volume Level Volume
Gals. Gals.
27 16,788

63 16,985
110 17,182
167 17,376
232 17,570
305 17,761
384 17,952
469 18,140
560 18,327
657 18,512
758 18,695
865 18,876
976 19,055
1,091 19,233
1,211 19,408
1,335 19,580
1,462 19,751
1,59 19,919
1,729 20,085
1,867 20,248
2,009 20,409
1,154 20,567
2,302 20,722
2,433 20,874
2,608 21,024
2,764 21,170
2,924 21,313
3,086 21,453
3,251 21,589
3,419 21,722
3,588 21,851
3,760 21,976
3,935 22,097
4,111 22,215
4,289 22,327
4,470 22,435
4,652 22,539
4,837 22,637
5,023 22,730
5,211 22,818
5,400 22,899
5,591 22,974
5,784 23,042
5,978 23,103
6,174 23,154
6,371 15,188 23,195
6,569 16,389 10 - 23,221
16,589 10 3/8 - 23,230

Subj tCONFTnENTIAL:
ect to Protective Orde
SL 009954 £ lath Judicial Distriet Cg;'rt

No, 9]1-1145
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7,578
- 7,783
7,989
8,196
8,404
8,612
"8,821
9,031
9,241
9,452
9,664
9,876
10,088
10,301
10,514
10,727
10,940
11,154
11,367
11,581
11,785
11,999
12,213
12,426
12,639
12,852
13,065
13,278
13,490
13,701
13,912
14,123
14,333
14,542
14,751
14,959
15,166
15,372
15,578
15,782
15,986
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VINYL CHLORIDE PLANT

Vessel - Upper and Lower Intercooler Surge Tanks (654-60-696,695)
Length - 14.0' Tangent to Tangent
I1.D. - 511"

Level Volume Level
Ft.
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VINYL CHLORIDE PLANT

Vessel - Product Still Reflux Tank (65A-60-698)
Length - 16.0' Tangent to Tangent
1.D, -6' 4 7/8"

Level Volume
Ft. Gals.
0 11
29

52

80
112
148
186
228
272
318
367
418
470
525
581
640
699
760
822
886
951
1,017
1,084
1,152
1,220
1,290
1,360
1,431
1,503
1,575
1,648
1,721
1,795
1,869
1,943
2,017
2,091
2,166

el

E
l"d
wlf
bk

s |

HOLD@\IO\U‘I-L\QJI

[y

e

[org—
; P
ﬁ&hahac>hac>u:a:~:c\U1a-u:mapac>

pb

1
2
3
4
5
6
7
8
9
0
1
0
1
2
3
4
5
6
7
8
9
0
1
0
1
2
3
4
5
6
7
8
9
0
1
0
1
2

. —
AP OUNHOROWVLODNO WL S

009956




VINYL CHLORIDE PLANT CONFIDENTIALY ardes

) Fele
ubject to Protective !
Vessel - Heavies Still Feed Tank (65A-60-711) ofslizh Judicial pletriet Geuft
Length - 24.0' Tangent to Tangent Bo. 91-1145
I.b, - 11' 10 5/8"

Level Level Level
Ft.
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CONTIDENTIAL:
Subject to Brotective Order
of lath Judicial District Courf
Ho.. 91-1145.

VINYL CHIORIDE PLANT.

Vessel - Heavies Still Reflux Tank (65A-60-708) SL 009958
Length - 24.0' Tangent to Tangent
1.D, - 11' 10 3/4"

Levél Volume Level
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