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PPG INDUSTRIES, INC. TECHNICAL REPORT LD-1873
PROCESS ENGINEERING July 26, 1978
G. P. ROBERT

VAPOR DETECTION GRID REVIEW
(P-823)

ABSTRACT

The present vapor detector system in Plant B has not been reviewed for several years.
There have been numerous plant changes which have hindered the operation of some

of the vapor detectors, thereby decreasing the efficiency of the entire vapor detection
system, In accordance with PPG's program of improving safety, the entire Plant B vapor
detection grid has been analyzed. Results are presented in this report on a unit-by-unit
basis, with discussions of potential areas of concern.
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INTRODUCTION

Because of the possible formation of explosive organic vapor clouds in the Plant B
complex, vapor detectors have been installed in key locations to detect these vapor
clouds and alert operating personnel fo hazardous conditions. An automatic system
exists to initiate a water sprinkler network to.dissipate the cloud should a vapor

‘ detector indicate its presence.

There have been numerous developments in Plant B which have hindered the operation
of some of the vapor detectors, thereby decreasing the efficiency of the entire vapor
detection system.,  This report discusses the present vapor detection system in Plant B,

Results are presented here on a unit=by~unit basis, -with discussions of potential ar as of
concern.

DISCUSSION

Because of the possible formation of explosive organic vapor clouds in the Plant B complex,
vapor detectors have been installed in key locations to detect these vapor clouds and alert
operating personnel to existing hazards,

The operating principle of the vapor detector units is as follows: The atmosphere sur-
rounding the remote detecfor unit circulates through the flame arrestor screen by *
diffusion and convection and is brought in contact with the active platinum filament.,

The identical adjoining reference filament is shielded from the sample and compensates
for changes in ambient temperature, voltage and resistance. The two filaments form two
adjacent legs of a Wheatstone Bridge ,with the other two legs located in the amplifier-
demodulator assembly. The resistance increases in proportion to the temperature and to
the amount of gas in the sample. This increase produces an imbalance in the bridge.

This imbalance is converted into a signal which is amplifed, demodulated and tramsitted
back to the analyzer module. Response is indicated on the meter, which reads percentage
of the lower explosive limit. When the preset alarm levels are reached, internal electronic
circuits are energized, which, in turn, trip the alarm relays. The relays then lock in and
energize the panel alarm or wamning lights, and also the terminals for external signals.

The vapor detectors are referenced to a calibrated ethylene-air standard. When the
detectors indicate that the monitored environment contains a mixture of organic vapors,
which are 20% of the environment's lower explosive limit, a warning alarm will sound
and an amber light will be displayed on the panel cabinet in the control room. When
any vapor detector indicates that 40% of the Jower explosive limit has been reached, it
will sound an alarm and display a red light on the panel cabinet. At this alarm point,
some of the vapor detectors_ can automatically activate water sprinkler systems, unless
the associated water sprinkler system is bypassed from the vapor detectors.
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The water acts to dissipate the vapor cloud to prevent an explosion. Vapor clouds can
_be detonated by any number of conditions, such as static charges or ignition sources.

In the vinyl chloride plant there is a system which will shut down the vinyl furnaces
if two detectors in the fumace area indicate that 40% of the lower explosive limit has
been reached. However, these alarms must be two of the fourteen detectors which
comprise the furnace shutdown system.

There have been numerous developments in Plant B which have hindered the operation of -
some of the vapor detectors, thereby decreasing the efficiency of the entire vapor detection
grid. This report discusses the potential areas of concem in each operating unit.

EDC. Currently, there are no vapor detectors present in the EDC plant. How ver,
Tocations exist in the plant where EDC and ethylene can form explosive vapor -
clouds. Ethylene has a high likelihood of forming an explosive vapor cloud, wh reas an
EDC vapor cloud is much less likely to explode. Nearby hazardous areas which offer
ignition sources are the main Plant B road to the south, Parish Road and the "Tri-Ethane" Il
expansion to the north, and to the east, Columbia-Southern Rood and the air compressor
station containing nonexplosive-proof devices.

The ethylene metering station is not equipped with any vapor detectors. Ethylene has the
potential of forming a highly explosive vapor cloud. The ethylene metering station is
immediate o Parish Rood to the north, which offers a nearby source of ignition. Th pre-
vailing winds from the south increase the probability that a vapor cloud formed here would
cross Parish Road. Vapor detectors located here could help alert operating personnel to
a hazardous condition.

VDC. There are many vapor detectors which are not going to be necessary when the
"Tri-Ethane" 1l plant starts up. At that time some of the vapor detectors could be
relocated to monitor areas which are marginally protected,

One location which is not protected by vapor detectors is the north VDCM day tank.
Otherwise, the VDC plant appears to be well protected. The water sprinkler systems are
usually bypassed from the vapor defectors because of erroneous alarms which have sounded
due to instrument malfunction or because of detection of vapors from releases to the atmes-
phere during sampling. Standard operating procedure is to investigate vapor detector
alarms when they sound and manually trip the water sprinkler system based on operator
judgment.

EC. Ethyl chloride ‘is one of the most flammable chlorinated organics in Plant B.

There have been occasions in the past where vapor clouds containing EC have formed

which have not been indicated by the vapor detectors. (See appendix - Reports of
Abnormal Operating Incidents.) Traffic on Parish Road, located on the north boundary

of the EC unit, is a potential ignition source. The prevailing winds out of the south
increase the probability that a vapor cloud could cross Parish Road undetected. A perimeter
vapor detection system would add protection to the EC unit from this hazardous condition.
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VC. The VC process area has'a large number of vinyl chloride monitoring devie s
for personnel protection as well as vapor detectors for protection against unobserved
vapor clouds. The only direction which appears not to be well monitored is the west
side of the process area. The west side of the process area has traffic and a maintenance

.shop as readily available ignition sources.
p Y

The three nearby vinyl furnaces are possible  ignitionsources. Any vapor cloud moving
toward the furnaces could be drawn into the air intake section and would contact the
direct fire from the burners or the high temperatures within the furnaces which are above
the auto-ignitiontemperature of the vapor cloud. There is one unprotected entry to the
furnaces, A vapor cloud could conceivably form at the segregated sewer sump from a
process spill which is not detected elsewhere or not believed to have advanced to the
segregated sewer sump. With the winds out of the east, a vapor cloud could reach fhe
furnace from here without being detected.

VC/EC Storage. There have been modifications in both the VC and EC storage areas.
The area beneath the day tanks has been separated with concrete dividers to direct

spills or burning EC or VC out of the area to limit fire or potential fire exposure to a
minimum number of day tanks. Previously, the vapor detectors were located along the
perimeter of the day tank storage area. Due to the present arrangement, a leak or

spill of VC or EC could go undetected for some time. Due to the high specific gravities
(SG = 2.2, air=1.0) of VC and EC, the vapors from an unprotected compartment would
have to overflow into an adjacent equipped compartment in order to be detected. Vapor
detectors should be located within the individual compartments or in_the commen drainage

systems.

EC/VCM Dock Storage . The two EC spheres and the No. 3 VCM sphere at the dock

are protected by vapor detectors located at the bottom around the spheres and at the
loading pump pads. Detection of flammables in the dock storage area causes an alam

to be sounded in the tank area and in the VCM control room. The alann_t_:_lic_:mt to the
control room has historically been very troublesome and is out of service much of the

time. Even if the alarm does function in the control room, several minutes could lapse by
the time the lead operator could get to the dock to investigate the situation. In addition
to improving the alarm circuit, consideration should be given to vapor detector activation

of the water deluge systems at the dock,

Per/Tri. The only vapor detectors in the Per/Tri plant are located by the Dowth rm h ater
and Dowtherm circulating pumps. The Dowtherm heater is an ignition source for a vapor
cloud. It is protected by a vapor detector only on the east side. A vapor detector
located between the Dowtherm circulating pumps to the south of the Dowtherm heater
offers some protection for the heater, in addition to monitoring the environment around

the pumps. It is unlikely that a vapor cloud would approach the Dowtherm heater from
the north or west, The present protection appears to be adequate, although not foolproof.
For instance, there is no water sprinkler that exists near the Dowtherm heater, A vapor
cloud approaching the heater would probably approach from the east, due to the location
of process equipment. A water shield system on the east side of the Dowtherm heater could
prevent an unnecessary explosion or fire from occurring,
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There are compounds which exist in the Per/Tri plant, such as EDC and Dowtherm,
which can form explosive organic vapor clouds. In some locations they could be re~
leased above their flash points. However, these compounds do not readily form
vapor clouds and will dissipate before they can be detected. Vapor detectors would
be able to discover only excessively large vapor clouds, unless an exorbitant number
of vapor detectors were employed.

OHC. The OHC plant is protected by several vapor detectors which are all located 18
inches above ground. EDC vapors (SG = 3.35, air = 1.00) would guickly sink to this
elevation, However, ethylene (SG= 0.975) would not sink since it is slightly light r
than air. As such, an ethylene vapor cloud would mix with the air and be moved by
VS wind currents toward an ignition source. Vapor clouds which are ethylene rich that
Awo Ct wry occur at elevations above ground may not be detected at all. Ethylene can form one
of the more dangerous vapor clouds of all materials in Plant B.

Tetra . Currently, there are no vapor detectors present in the Tetra plant. However,
Tocations exist in the plant where EDC and ethylene can be released above their flash
points, and an explosive EDC or ethylene vaper cloud could conceivably exist.

The Tetra plant is next fo a road which offers a nearby source of ignition.

Bottoms. There are no vapor detectors located in the Bottoms plant., There are com-
pounds, mainly EDC, which ean exist in the Bottoms plant above their flash points.
However, the likelihood of forming an explosive vapor cloud in the Bottoms plant is
relatively small due to low pressure operating conditions.

Should a vapor cloud form, it would be difficult to discover without a multitude of vapor
detectors.

incinerator.  The incinerator is protected by two vapor detectors which are located to
the northeast and northwest, It would be difficult for a vapor cloud to escape both of
these detectors if they are operating properly.

CONCLUSIONS AND RECOMMENDATIONS

THRARA T Tl VA STANDING W.o, ~~-
TVut Im Mol Suet \T awways HAPPENS,
1. The vapor detectors in most units are serviced every six months. For more reliable
N performance, the manufacturer recommends that they be calibrated at least every

three months with a standard calibration gas. T

- 2. There are units whose standard operating procedure is to bypass the automatic
) initiation of the water sprinkler system, thereby preventing unnecessary showers due
v - to instrument malfunctions or detection of vapors released to the atmosphere during
T sampling. This prévents unwanted rapid cooling of the OHC reactors and keeps the 15 Tue
containers dry inside of the MC stabilizer storage shed, However, an unnec ssary Awy p7y,

~yapor cloud explosion may occur without water dissipation. A recommended option K= ?
to the system would be to operate these sprinkler systems similarly to the vinyl

~5-
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furnace shutdown system, If two vapor detectors alarm, thereby indicating that
40% of the lower explosive limit has been reached, then the water sprinkler system
would be activated.

3. Detection of ethylene vapor clouds away from direct sources of ethylene release
would be more effective if the vapor detectors were located at least six feet
above the ground.

4. From the information provided in this report, each individual unit should reassess
their vapor detection system and modify it to afford adequate personnel protection
from explosive organic vapor clouds.

5. Perimeter location of vapor detectors should be considered, especially in the EC
and VCM units. The estimated cost of installing each vapor detector is §$1700.
Approximately $800 of the cost is for the equipment and its installation. The

remaining $900 is for an average length of 200 feet of conduit necessary to run
from the detector to the control room,

Author: ﬁmm W Date: 7/‘6//’5’

Approved: DD anxi \(-4 . Date: 7/ ?-b/7£‘
Approved: Q Bm(@g@uak% Dafe J/ZI/TJ'
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Compound

~mel Chloride (VC)

Dowtherm

Methane
thylene

Ethy| Chloride (EC)

me!ldehe Chloride (VDC)
thylene Dichioride (EDC) J

Monochloroacetylene (MCA)
Nitromethane (NRE)

Methyl Ethyl Ketone (BTE)
[sobutanol (IBL)

1,4 Dioxane (DOX)

—_Ten_‘hory Butyl Alcohol (TBL)

Tolu ne
Secondary Butyl Alcohol (SBL)
Tertiary Amyl Alochol (TAL)

TABLE 1

FLAMMABLE COMPOUNDS IN PLANT B

CF.) (°F.)
Boiling Flash Point
Point (Open CuP)
-259
-219
8 -108

54 - 45

89 50

182 65

500 255

CF.)

Auto-Ignition

Temperature

1000
1010

66

840

OTHER FLAMMABLE COMPOUNDS

214
175

- 226

214
180
231

212

215

~ Spontaneously flammable in air

112

95

60

75

800

{Volume %)

Explosive

Limits
{Lower-Upper)

5.3-}4
2.75 - 28.6
4 -22
3.6-12
7-16
6.2-15.9

Vapor
Densim

0.55
0.975
2.15
2.22
3.35

3.35

2.1

L
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THE CURVES DEPICT THE RELATIVE RESPONSES FOR
SEVERAL GASES AND ARE NORMALIZED FOR PROPANE
(PROPANE = 1.00).

DATA WAS  TAKEN FOR SEVERAL KUNDRED B800-080
ELEMENTS WITH 5.50 VOC BRIDGE VOLTASGE.

£5-14-71

TABLE OF CONVERSION FACTQRS CONVEPSTONS :
GAS : K /Kt 1) IF THE INSTRUMENT IS CALIBRATED FOR

67 PROPANE, MULTIPLY THE METER READING

. /9 . BY THE "“K" FACTOR TO DETERMINE THE

-00 EQUIVALENT RESPONSE FOP THE OTHER GAS.
.02

17 IF THE INSTRUMENT IS CALIBRATED FOR

.29 ANOTHER GAS, MULTIPLY THE METER READING
.33 BY *3/K" FACTOR TO DETERMINE THE

.87 EQUIVALENT RESPONSE FOR PROPANE.

.64

.82 EXAMPLE :

D)
.27
.00
.58
.bo
2
.75
.hE
.61
.55

METHANE
HYDROGEN
PROFANE
ETHYLENE

VINYL CIILORIDL
BUTATIENE
ACETYLERE
PROVYLENE
HEXANE

HEPTENE

JRN RN P P [ N U B PN PN

OO O O = —f—

To use a 50% LEL mixture of Propane to
calibrate the instrument to read correctly
on Hexane:

2) Multiply the correct propare response
(50%) by the 1/K factor for Hexmne (1,64)

50 X 1.64 = B2
t) Apply the 50% LEL Fropane mixture to ths

detector a2nd adjust the instrument to read

SL 087361 B2% on the meter.




VAPOR DETECTOR LOCATIONS

VDC

VDC Vaporizer

VDC DH Phase Separator
VDC Reflux Pump

VDC Reactor

VDC DH Product Pump
Vaporizer Feed Pump
Southwest VDCM Storage
Northwest VDCM St orage
VDC Storage Tank

South End Stabilizer Dike
Scrubber Seal Pot

NRE Dike

Southwest DOL/IBL Dike
Control Room Sewer

VDCM Reactor Heater

C 0O NOLMPEWwNN

—t S ok
oW -
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VAPOR DETECTOR LOCATIONS

PER/TRI

1 Dowtherm Heater

2 Dowtherm Pump
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VAPOR DETECTOR LOCATIONS

QHC

Recyete Compressor #1
Recycle Compressor #2
Recycle Compressor #3
Recycle Compressor #4
Recycle Compressor #5
Gas Scrubber #1

Gas Scrubber #2
Reactor #1

Reactor #2

Dowtherm Heater
South Acid Pit

North Acid Pit
Northeast Incinerafor
Northwest Incinerator
Northeast Reactor #3
Southwest Reactor #3
Fresh Air Duct
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VAPOR DETECTOR LOCATIONS

£

South Reactor Pump
North Reactor Pump
North Catalyst Building
North Process

EC Product Pumps

Scrubber

Primary Stripper Feed Pump
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- VAPOR DETECTOR LOCATIONS

ve

Mid Furnace

Northeast Furnace

Southeast Furnace

Southwest Furnace

Northwest Dopp

Neutralizer

Northeast Process

Southwest Process

Northwest Process

Southeast Process

Mid Sewer

Southeast Cracker Main Road
Southeast Dopp

South Process

East Vent Compressor

South Vent Compressor

East Carbon Filters

South Cracker Main Road
Southwest Cracker Main Road
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VAPOR DETECTOR LOCATIONS

VC/EC STORAGE

Northwest EC Day Tank
Southwest EC Day Tank
Southeast EC Day Tank
VDCM Transfer Pumps
EC Transfer Pumps
Northwest VC Day Tanks
Midwest VC Day Tanks
Southwest VC Day Tanks
Southeast VC Day Tanks
Mideast VC Day Tanks
Northeast VC Day Tanks
VC Transfer Pumps
Northeast Sphere 1
Southwest Sphere 1
Northeast Sphere 2
Southwest Sphere 2
Loading Pumps

Mid Loading Rack

North Loading Rack

South Loading Rack
Northwest VDCM Day Tanks
South VDCM Day Tanks

SL 087372
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REPORT OF ABNORMAL OPERATING INCIDENT

Date: /D~ 25 - 7¢
Location: E T/—(L{L @/LO& D& >L QAN T

Describe fhe Incident: gc: TAL  RLEW_ o EC. (/c-f\’

CONDC—MS'a.c- rzc-codch (pump wwo wh—.ﬁ r—Rom '77—/c

N3 . L A EE

. f\)g«w“l‘:P;ST A\ 1/31'{2.. CrLao ~//~"P02.. Cfr)u‘D wA——f

?acmseo RUT w2AS 739 T “"-n.-c?..ﬁ /17 VAL L7 Tols,

QLO\JD W pJOTIeCY /'{i QECAROR. Arp Pdmo SHV T  Dowiad RER S
C Ceovo  Remerlgn Tes Vel Pr..AM/, ; | |

Describe rhe Hazard or Loss Pofenhal \A)\HP BL(—-\}\) t/APofz; Dy /?c-c ey TowALD

VC HJR.MAFG'S Fl?cmn EC. >/.AN ]HG:‘ LOCATION OF Tl S

bﬁ"l’t"’("\'oﬂ-’ ELE’ME'A/TS LS 5u<:[-{ THAT 17 5 PossiBies  To MAye A

BREAY N TueE EC  PpanT (( Vent Ry Pomp, Ru . Soc S e LECR o n
{ 4 rd By

'

R/- Qcm:.&'ﬂ-s') AL LIST  ptAadE TTere LA L Fe T Eg [, Tere UAPoA
! 4

Le Tectons, "Le Jppens RPEhcHEs THE FURNACES AMD MO TOINA §yiTem
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QOPERATING INCIDENT

REPORT OF ABNCRMAL

Date: November 8, 1975 - a.m.
ETHYL CHLORIDE UNIT

Location:

Describe the Incident: A crack 4 = 6" long developed in the head (process side) of the

Freon Vent Condenser - SAC #71-786, releasing a large amount of HCI. The cloud was so

thick that the Operators could not isolate the leak and the unit had to be shut completely

down. No vapor detector alarms went off. The leak was spotted by an Instrument Mechanic

in the VC unit who notified the control room via radio.

Describe the Hazard or Loss Potential: The vent stream contains approximately 60% HCI,

30% C; Ha and 10% EC. A large flammable vapor cloud could have resulted and been ignited

if the Operators had not acted quickly to stop the release. The control room water curtain and

the VC furnace hydroshield were tripped. A shift mechanic donned a Scott Air Pack and helped

the lead operator and operator to shut the unit down.

Describe the Action Taken to Prevent Recurrence: A Kynar lined head was installed to

replace the steel head. This, however, does not solve the corrosion problems which have

plagued this section of the EC unit since its startup in 1966, A study will be made to locate

the source of the problem and correct it,
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