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. ABSTRACT

Level II and Level Il Reliability Studies were done for the future Lake Charles
Dock Area VCM Low Pressure Storage Unit.

The Level Il Study was an overview of the P&l diagrams for process and utility -
piping, and resulted in three sets of marked P&I diagrams:

1. P&ID changes to be made. These were for omissions and mistakes on
the drawings. There were 62 of these items corrected.

2. Process changes. These were for changes recommended in order to
accomplish the various process steps. There were approximately 25
of these changes.

3. Reliability suggestions. These were possible changes which eould
result in a safer unit. There were approximately 15 of these. All but
three of these suggestions were implemented. It was later found that
the items not implemented had little effect on the overall hazard

- rates.

Due to the stage of detailed engineering at which this project was, the P&ID and
process changes were presented at a meeting on 10-19-79.

The Level 11l study consisted largely of the generation of fault trees for hazards,
with accompanying hazard calculations. The fault trees were based on the
implemented Level II study items mentioned above. Additional fault trees were
developed to show the implementation of Level Il study recommendations. A gas
dispersion model was not run, since the adjudged main hazard is release of highly
flammable gas, and also since the acute toxicity of VCM is not nearly as severe as,
say, chlorine or phosgene (the gas dispersion calculations are based on various
toxicity hazard classes).

Release of VCM vapor from T-1/T-2 relief valves can be expected once every 3.4
years, and release of VCM vapor or liquid from other sources at the unit can be
expected once every 14.1 years. The resultant then is that VCM release from the
unit regardless of source and regardless of amount (except for very small amounts)
can be expected once every 2.7 years.

A VCM fire or explosion may be expected once every. 68.8 years. Implementation
of the Level Il recommendations will decrease the vapor releases to once every 8.0
years and fires and explosions to once every 201 years.

General recommendations are given for design, eonstruction and operation. Then,
specific recommendations based on the Level I study of the P&ID's are given.
Finally, Level Il study recommendations are given, which could increase the
duration between T-1/T-2 relief valve releases and reduce the incidence of fires
and explosions.
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INTRODUCTION

In the PPG Industries Chemicals Group, every capital project request is to include a
Level I and Level I reliability study, or an explanation should be made why a
reliability study is not considered necessary. Funds are to be included for the
Level HI through V studies.

For this particular project, time constraints were such that it was not possible to
do a Level II study prior to project authorization. That is the reason why Level 1I
and Level III studies were done in subsequent fashion, one following directly after
the other. The studies were done during the latter phases of detailed engineering
work. : ' ' :

Reliability studies are especially important for VCM due to its high flammability

and severe environmental restrictions, and that is the overriding purpose of these
studies and this report.
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DISCUSSION

The number one top event for this unit was judged to be a VCM vapor fire or
explosion. Ranked below it are other top events, such as: storage tanks at pressure
below atmospheric; VCM vapor release; storage tanks' relief valves operating; flow
of eombustibles to incinerator area when incinerators are down, back flow from
incinerator line, and liquid into vapor lines.

Listed below are given events and under each event is shown the contributors to
that event. These contributors, in turn, are events themselves, and they have their
own contributors. This subdivision listing will portray how the fault trees were
generated at and near the top events for this unit. Items marked * will not be
further subdivided.

VCM Vapor Explosion, caused by:

System with VCM and air mixture in the explosive range, internal in
the system (such as in the main storage tanks), and

An ignition source; or

System with VCM and air mixture in the explosive range, external to
the system, and

An ignition source.
(Subdividing the Above)

A. Internal Explosive Mixture, caused by:

1. Improperly purged equipment or piping, or

2. Improper degassing or regassing of main storage tanks, or
3. Air admitted into VCM operating equipment or piping.
Internal Ignition Source, possibly by:

1 Static electricity®, or
2. Lightning*, or
3 Hot metal®,

External Explosive Mixture, caused by VCM vapor release, from:

1. Operating events, or
~Z. Equipment or piping damage due to external forces.

External Ignition Source, possibly by:

1. Hot metal®, or
2. Matches or cigarettes®, or
3. Weld sparks or oxy-acetylene burning torch®, or
4. Electrieal spark from unit equipment®, or
5. Lightning®, or
' 6.  Static electricity®, or
7. Passing trucks, automobiles*, or
8. Miscellaneous sources®.
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(Subdividing Some of the Above)
Improperly Purged Items, caused by:

A. 1.
a. Improper nitrogen purging®, or
~b. Air mistakenly connected for purging, instead of
| nitrogen®.
A. 2. Improper Storage Tanks Degassing or Regassing, caused by:
a. Improper degassing operation leaves VCM-air mixture in
_ tank®, or
b. lmproper regassing operation leaves VCM-air mlxture in
tank®.
A. 3.  Air Admitted into Equipment or Piping, caused by:
" a. A leak to admit air, and :
b. Internal pressure below atmospheric.
C. 1. Explosive Mixture from Operating Events, caused by:
a Release from main storgge tanks relief valves, or
b. Partial rupture of main storage tank from
overpressure®, or
e Equipment or piping damage from thermal expansion of
liquid VCM?®, or
~d. Leak source, such as: open valve, loose pipe joint,
faulty equipment®, or
e, Broken dock hose®, or
f. Storage tank contents siphon out through broken mixing
eductor line®.
cC. 2 Explosive Mixture from Extemally-Caused Damé_gg, caused by:
\ ~a. Severe weather‘, or
I - b Sabotage®, or
AR ' c. Shifting of main storege tank base®, or
Cia ' o Strain on bottom tank nozzles®.
g # (Subdividing Some of the Above)
A. 3. a Leak to Admit Air, caused by:
1) Partial collapse of main storage tank from
vacuum®, or
~2) Other leak source, such as:  open purge
connections, loose pipe joints, faulty equipment®,
A. kR b. Internal Pressure Below Atmospherie, caused by:

1) . Main loading pump pumping to barge®, or

2)
lined up to main storage tanks®*, or

3) vCM condensers condensing
temperatures®. _

gL 012270
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Release from Main Storage Tanks Relief Valves, caused
by:

1) High VCM operational pr ssure, or
2) High nitrogen pressure®*, or

3) High source of energy (such as an external fire)
rapidly boils off VCM*.

(Subdividing One of the Above)

c. 1L a. 1)  High VCM Operational Pressure, caused by:

a) Normal source of high pressure VCM, and
b) Inadequacy of 300 CFM compressor to
hold down pressure®*, or
~e) Vapor rate from ship, higher than pressure
control system can handle®, or
d) Incorrect valving®*

3vT 30

(Subdividing One of the Above)
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caused by:
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L No refrigeration for VCM
condensers*, or

1 Vaporizer on*, or '

ol Heat exchange area in VCM
condensers reduced by nitrogen
blinding®. -

IV.  High temperature VCM to main

) building storage tanks*
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Also, if a VCM-air mixture burns instead of exploding, this in itself is an event -
which can be considered to be ranked only slightly lower than an explosion.
Further, the fire could be an ignition source for a subsequent vapor explosion.

“One other top event is the release of combustibles into the incinerator line while

the incinerator is down. The analysis earries to the storage tank area boundary,
and does not take into account safety shut-off valves, ete., at the incinerators
area; this would entail a separate study. : ‘

Failure Rates - The following rates were used, either suggested from ICI sources,
or assumed based on experience.

Item Failures/Year

Temperature Transmitter 0.20
Pressure Transmitter 0.10
Controller ‘ : 0.20
Pressure Switch - 0,03
Alarm 0.1
Control Valve 0.03
Positioner 0.03
Automatic Shutoff Valve . . 0.052
Solenoid Valve 0.02
Transducer (P/I or 1/P) 0.25

Common Mode 0.03 SL 012271




Frequencies - The assumed frequencies for items such as "operator fails",
Wignition", "VCM not completely removed", ete., may be seen on the individual fault
trecs.

Information Utilized - Main information came from the four unit P&ID's:

27A-10003
27A-10004

- 27A-10005 “
27A-10007 - ' '

Other information came from sources such as:

The Process Flow Diagram
. Instrument Loop Sketehes
Ladder Diagrams (Partial)
Equipment Specifications
Utility P&ID's
Penjerdel Refrigeration P&ID's
Other Penjerdel Drawings
Vaporizer Controls Diagrams
ICI Failure Rate Data
ASME Pressure Code Section VIII Division 2 Appendix I (concerning stop
valves in pressure relief lines)
PPG Interoffice Letter of 11-22-77 from G. B. Edwards to K. W. Richardson
(concerning Puerto Rico VCM Storage Area Reliability Study)
PPG Interoffice Letter of 8-1-79 from L. W. Carter to J.S. Murch
(concerning signals to be sent to VCM II Control Room)
Various Conversations with Specialists

Assumptions - The major assumption made in regard to fault tree construction is
that instruments and loops {except for analyzers) will be proof tested once a year.
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RESULTS

The following tabulation lists the calculated frequency of major hazards (or events)
with system as designed: :

Item ' Rate, Once Per x Years

1) VCM Vapor Explosions or Fires . 68.8
2) Major VCM Vapor Release 2.8
3) VCM Vapor Release 2.7
" 4) VCM Vapor Release from T-1/T-2
" Safety Valves 3.4
5) High Pressure Due to Nitrogen 476
6) High VCM Pressure in T-1/T-2 3.5
7) High Temperature VCM to T-1/T-2 45,7
8) Normal Source of High Pressure VCM 0.018 (see page All)
9) Flow of Combustibles to Incinerator
Area after Incinerator Shutdown 32.5
w ¥3) Oxygen in T-1/T-2 Vapor Space (possible
catalyst for polymerization) 37.8
\' 34) Backflow from Incinerator Line 9.2
w I5) Liquid to C-4/C-5 20.9
~ 16)  Liquid to C-6 5017 -




The Reliability Team has used conservative figures through most of the
caleulations. Thus it may be quite safely assumed that the hazard rates
represented above are the most often that they may occur, and most probably they
will oecur much less frequently; say 1-1/2, 2, 3 or more times less frequently. But
in order to come up with one rate for each hazard, and owing to the uncertain
nature of reliability calculations due to published failure rates and assumed
frequencies, a conservative approach was used.

The following general recommendations are offered, whfch should help to stretch
out the hazard rates and justify the statements of the above paragraph:

A.  Design o
rn
1. Specification of high quality equipment, especially instruments, and \,_,‘2
secondarily, electrical compgnents. 2 g,
2. Careful attention made on area electrical eclassification and its =%
implementation. w « K
3.  Special care to see that T-1/T-2 nozzles will not break due to thermal Z 00 G
or other stresses. This is especially true of the 14" pump suction R R
lines. YA A
Ny, Design of piping anchors at the dock so that if a ship's motion A
straightens the hoses, the hoses will break instead of the pipeline el
breaking beyond a safety shutoff valve and allowing a very large Wil
quantity of VCM to be released. v
5. Careful design of purge points for equipment and piping, to insure < -
that purging can be done quickly and completely. 5
[+
6. Careful analysis of the procedures used for degassing and regassing it

the storage tanks, in order to determine if all the proper connections
are allowed for, if they are in the proper locations, and if they are
the proper size.

7. Design of instruments (valving, location, isolation, ete.) and loops and
electrical diagrams such that proof testing can be carried out
periodically, safely, and with a minimum of spurious trips and alarms.

8. Issuing clear, unambiguous design documents. ,
N9, Elin;ination of static electricity hazards by good design (grounding,
: etc.).
B. . Construction

1. Selection of a competent and experienced general contractor.

2. If a schedule must be met, and it is felt that a proposed shortcut or
solution will jeopardize a reliability feature, then deal with it by
authorizing required overtime or paying a premium for quick delivery,
rather than ereating a situation that risks the entire unit.

3. Close monitoring of field work to see that work is done according to
design.

4. Calling quick attention to design or work that seems to create a
possible hazard, in order that it might be evaluated and acted upon if
necessary.

sL 012274 -8-




C. Operation

. 1. Issuance of a complete and understandable operating manual.

2. Careful training of operators.

3. Avoidance of the stigma that operation and monitoring of this unit is

a second-class or helper's job, thus leading toward carelessness and
bad habits.

4. Operators should know what to do if an emergency arises during any

of the various operations at the unit (degassing, cooling transfers in,
pumping to barges, ete.).

5. Elimination of as many ignition sources as possible in the vicinity of
the unit. This would be elimination of flames, smoking, matches,

etc., and striect enforcement of burning and welding permits, also
limits on vehicles in the area.

6. Adherence made to the proof testing periods for instruments and

loops; testing to be done by high quality technicians; components

after testing to be carefully reassembled and/or re-installed, if such
is necessary- (this should be at a minimum).

7. Regular testing of fire loops, monitors, sprays, ete.

The following specific recommendations have been made for the P&ID's,

These
were a result of the Level Tl study and no figures were generated for them; rather,
most Level I reliability studies made of the same P&ID's by other teams would = &
have come up with similar suggestions, The changes resulting from thoseg ~ ¢ 51
recommendations are included in the hazard rates in the results tabulation. Th = *. o
items not completed are not considered serious. AR =
t o :_'3
27A-10003 A
—_—— i
1. A discharge high pressure switch for each of the vent compressors C- Vv : oo
4 and C-5, located between the compressor and the discharge shutoff ¢
valve - (Done). : 3
0%
2. An alarm signaling high temeprature at E-2 outlet and sounding in the oor
local control room - (Done). or
3. Discharge check valves for P-1, P-2, P-3, P-4 should be a quality,
reliable brand - (Done).
27A-10004
1.

For the dip-pipe in T-3, from 1" line 1604: size the vapor relief holes
at the top of the dip-pipe according to how much vapor might be

generated when VCM moves from T-7 to T-3 through level control
valve LV-6215 - (Done).

2. F-1 filter cartridges to be compatible with VCM - (Done).

3. From the LT6215 signal at T-7:

Add a local level indicator (from level transmitter).
b.

Add a local high-low 1 vel switch and local alarm (level switch
and alarm in control room).

SL 012275 -




27A-10005
1.

27A-10007

1.

2.

The 6" line 1551 which feeds material from E-2 to tanks T-1 and T-2:
A check valve in this line would prevent possible siphoning of tank
contents through an eductor if the line had a break or open valve

down near ground level (no check valve).

Adequate thermal expansion to be allowed for in all three major lines:

8" - 1575; 10" - 1546; 4" - 1569. (Done) e

On the 8" vapor line, locate a high pressure switch between shutoff
valve XV6815 and the vapor hose, to sound a local alarm (pressure

~ indicator).

Rigidly anchor ends of lines at hose connections. (Done)

The 3/8" nitrogen fail-safe hose must be lengthened or shortened by
the same length as the 10" VCM hose, or it will not work. (Operatlng

procedure)

Low pressure switch PSL 6490 on 10" VCM line must have a proper
setting to satisfy a valid low pressure condition arising from either
low or high pressure loadings. (Done)

27A-10008 (Utility Diagram)

L.

2.

Low pressure switch and control room alarm for instrument air. (No
switch or alarm)

Low pressure switch and control room alarm for nitrogen. (Pressure
indicator only)

27A-10009 (Utility Diagram)

)

Check to see if a 6" firewater supply line and 6" ring header around
T-1 (or T-2) can furnish adequate water pressure for twelve 2-1/2"
Elkhart nozzles, sufficient to cover the tank surface during a fire.

(Done)

o
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LEVEL Il STUDY RECOMMENDATIONS

A. Improving Reliability of C-4, C-5, and C-6

C-4/C-5 not pumping nitrogen from E-3/E-4 condensers contributes about

65% of the total hazard of VCM vapor release. Since the "normal" trend ,
toward high pressure in T-1/T-2 is quite slow (a 2 or 2.5 PSI increase may l
take from 1 or 2 days to over 2 or 3 weeks, depending on weather, tank ~
levels, nitrogen content, etc.), almost any situation can be corrected before ‘
C-6 emergency compressor must be used to reduce tank pressure which has |
risen to above, say, 3 PSIG. Of the demands put on C-6 to reduce tank |
pressure, calculations indicate that most of the demands pass through, tha |
is, C-6 does not get the job done. ' g

To reduce the demands on C-6, the following recommendatiqns are made.
1. Operators frequently check that the valves from E-3 and/or E-4

through to the compressor discharges are lined up correctly,
particularly after changing condensers.

2. Both compressors and their support systems (motors, belts, wiring,
safeties, ete.) be maintained in top operating shape.

A 3. Test and check relief valves twice a year. r !
4. Test and check shutoff valve XV6806 twice a year as well as its
solenoid valve XY68068. Possibly a position indicator and alarm on
XV6806 would indicate if it had closed.

The above recommendations could reduce demand on C-6 from C-4/C-5 not
pumping to about 60% of normal calculated demand.

Upon inspection of the P&ID's, it can be seen that in order for C-6 to !
perform correctly, the following obstacles must be overcome: :

1. High pressure alarms' failures.
2. Operator fails to turn on C-6.

o)
S
. tn
3. C-6 not able to run due to possibly: g
or -
a. Down for maintenance. =5
b. E-8 eooler not running. < “
e.  Broken belts z o g
a Motor failure Ch~ ™
e. - Safety shutdown ‘ : <53 =t
1. Power failure we = QB
g P-7 oil pump off O v
h. Compressor mechanical failure. . QS
. o W e,
W
e O
%o
o
O O,
(0
‘é =t
-1 l... T
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C-6 running, but not pumping vapor to the incinerators, due to
possibly:

a. Incinerator is shut down.

b. Shutoff valve XV6806 is closed.

c. Control valve FV6005 is closed.

d. Discharge valve on compressor is c¢losed.

e. Compressor relief valve is open.

f.  Flow is going through the recycle loop back to the suction tank
T"s-

5. Suction valves on C-6 not lined up from T-1/T-2 through to C-6.

To reduce the unavailability of C-6 to reduce tank pressure, the following
recommendations are made:

1. All applicable operators should be well instructed in all phases of this
unit. The possibility of not turning on C-6 when it should be, would
thus be lowered.

All mechanical aspects of C-6 should be kept in top shape. Safeties
should be tested twice a year.

As in #4 above, test and check shutoff valve xvsaos twice a year as
well as its solenoid valve XY6806. Possibly a position indicator and
alarm on XV6806 would indicate if it had closed.

Test and check control valve FV6005 twice a year as well as its
solenoid valve FYG005A, transducer FYG005B, and the flow controller

in the VCM control room. . A remote indication of stem position would

-also be useful. Use bypass if valve failure is indicated.
The compressor relief valve to be checked twice a year.

The suction recycle control valve PV 6427 should be checked four
times per year, as well as its associated control items, PT6426, PIC
6426B, PT6427, P1C6427, PYG327A, and PY6427B. The control valve
fails open, so it is especially important to maintain these loops in top
shape.

The above recommendations would reduce the unavailability of C-6 to about 15% of
its normal calculated value. .

Thus, all recommendations taken tbgether for C4, C-5 and C-6 could result in the
contribution of this part of the high VCM pressure lowering the hazard of VCM
release from T-1/T-2 safety valves to about 10% of its normal calculated value.

B.

Reducing Backflows from Incinerator Line

Backflow from the incinerator line into the low pressure storage tanks can

result from any of several events. The EDC tank vent ecompressors at the

dock storage area have somewhat increased the probability of backflow.
Normal backflow would only contain nitrogen and mixed organic vapor.
However, with other possible failures xygen, HCl, or water could als be
present. These could cause polymerizati n, tank corrosion, contamination,
r other serious results.

SL 012278
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C.
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It is recommended that én anti-backflow device be installed on the
incinerator line. This would reduce the probability of backflows by

approximately 85%. The device could be installed using an existing valve
and flow measurement element.

Reducing Liquid Flows into Vapor Lines

Several possibilities exist if condensers, tanks, vent lines, ete. are
incorrectly valved of getting liquid VCM into vapor lines. The most serious
result of this would be to get liquid into one of the compressors - C-4, C-5,
or C-6 - which could cause an explosion and vapor release. The frequency of
getting liquid into C-6 or into C-4/C-5 through the knockout drum is very
low and no revisions are necessary. However, the frequency of getting liquid
into C-4/C-5 through the discharge side is very high, once per 22.1 years. If
the discharge valve of the compressor in service has just a slight leak, liquid

would get into the cylinder. Subsequent start-up would result in a probable
explosion.

To reduce the frequency of getting liquid into C-4/C-5 through the
discharge, the following recommendations are made:

1. Install liquid sensors in the vent line from T-7, the non-condensible
lines from E-3 and E-4, and the incinerator line and connect these
sensors to alarms. OR

2.

Revise the discharge piping on C-4 and C-5 such that the piping
makes a loop higher than the first pipe budge and then ties into the
top of the incineration line. bridgd

Failure rate data on the liquid sensors is not available but it is estimated
that the hazard rate will be reduced by at least a factor of 10 reducing the

hazard frequency to once per 221 years. Revising the discharge piping would * -

reduce the hazard to essentially zero. The liquid sensors are recommended
as they provide adequate protection.
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CONCLUSIONS

The implementation of the Level Il study recommendations will result in the
reduction of hazards as follows:

Rate, Once Per X Years

Before After
VCM Vapor Explosions or Fires

Major VCM Vapor Release

VCM Release for T-1/T-2 Safety
Valves

68.8 201
2.8 8.5

3.4
9.2
20.9

10.3
54.0
209

Backflow from Incinerator Line
Liquid to C-4/C-5
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APPENDIX

(Fault Trees)
PAGE NO. . CONTENTS
Al C-6 Compressor )
A2 C-4/C-5 Compressors Removing l\l2 from Condensers
A3 , Vaporizer Running; Deriming
Ad High Nitrogen Pressure
A5 High Temperature VCM to Storage )
-A6 Lack of Condensing for VCM Vapors
-A7 Lack of Condensing for VCM Vapors
A8 ~ Pressure Below Atmospherie
A9 Degassing and Regassing T~1/T-2
— Al0 Purging and Repairs of 1{; b*’:i’t‘p O
All Summary Trees & 'J;’ri&-g ;}iiﬁ’é@ 2
A1z Summary Trees %, Qij}f Zif':ﬁ.f;,; .,
~A13 Incinerator Shutdown gt %ii
Al4  heinerator Line Backflow Summary ¢
Al5 Incinerator Line Backflow
A6 T-7 Qverfills
Al7 Liquid to Compressors
Ala )
A2a) Mustration of Changes Resulting from following
' Recommendations from Level II Study
Alla)
Al2a)
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