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‘cWVE‘Summary

MS of the risk evaluation was to provide QRA of

P accldental releases which could lead to
intolerable events and conseguential
exp

and probability models were
applied to evaluate the L PG spare storage fire and
explosion risk.




#oxi ely 4 x 10# incidents per sphere tank farm year
ap

oximately 3000ft exposure personnel and community

approximately 6 x 10°° incidents per sphere tank farm year

approximately within 500 ft radius blast damage to tanks,
processing unit and equipment




Exe utive Summary

imction Recommendations

afire protection strategy fireproofing or improved
coverage - flanges, valves, fittings and liquid LPG
' connected to the bottom of the sphere tanks

Include a strategy to optimize the use of the existing water
spray systems in terms of response time by considering the
Installation of remotely actuated control valves

consider include risk reduction for sampling and water draw-
off operations which involve human error factors

provision of atank water flooding connection would provide
the benefit of displacing LPG with water if an accidental
release occurs at the bottom of the tank and can not be readily 5
Isolated




and historical fire and explosion loss incident data.
| dentification and selection of LPG system failure modes
Fire and explosion conseguence modeling
Risk analysis using event tree models
Risk reduction measures




e ﬁuaﬁ'ﬁn Approach

from valve stem seals and flange gaskets
taking a sample or drawing water
L ealk@ge from transfer piping because of corrosion,

mechanical damage, or from screwed piping connection

Failure of atransfer pipe flexible joint or cargo hose at
the interface between afixed facility and atruck,
rallroad tank car, or tank ship

L eakage from a storage vessel because of corrosion

Tank overfilling, which forces liquid out the pressure
relief safety valves




T mode(Instantaneous or continuous)
Rate an ation of L PG discharge

Tm‘ Ignition

Initial mixing with air and cloud dispersion
characteristic

Performance of risk reduction measures to reduces....

Touch fire

Flash fire due to delayed ignition of avapor cloud
BLEVE(Boiling Liguid Expanding Vapor Explosion)
UV CE(Unconfined Vapor Cloud Explosion)




4 W/éuatron Approach

%nalyss Using Event Tree Models
ectiveness

Awlll Yy

Reliability
PS = Pbpas X PoLa X Por

DAB . Effectiveness Design Application Basis

OLA . Online Availability
OR . Operational Reliability on Demand




Fig

i w/duatrbn Approach

ﬁsed Risk Reduction Measure

To
o

—

$1.0 x 10-3 Further risk evaluation and risk
reduction need

1.0x10-3t01.0x 10-5 Further risk evaluation and risk
reduction warranted, should be
considered

<1.0x 10-5 Further risk evaluation and risk
need not be considered
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o~
fG‘cﬁxplﬁsion Incident Data

L

tive breakdown of In terms of
ireor explosion and/or in ter ms of resulting damage
Identifica&repr&eentative or dominant
whicq_.' led to accidental release L PG

| dentification of and, In some cases, the size
of thereleaseprior toignition

| nformation concer ning the general effect of

| nformation for the generation of
the structuring or event tree analysis




' 'f’G‘cﬁxpﬁS on Incident Data

udy of L PG releases over a 30-year period,

AP listst lowing major release causes.
Leakg“om valve stem and flange

L eakage when taking a or
L eakage from transfer piping -

Failure of transfer pipe or
L eakage from a storage vessels -
Tank overfilling, which forces liquid out the




/e percentage of accidents from 80 LPG fire

and expl Swss incidents:

Type of incidents Percentage
Flash Fire 41%
BLEVEE 21%
UVCE 19%
CVE 19%




upture
Overfilling

Freezifig of pressure release

valve in the open position

Rupture/leakage of tank
connections

Collision of motorized
vehicles during operation

M al ntenance error
Natural causes

Motorized vehicles
Electric motors and switch
gear
Electrical lights and
switches
Atmospheric discharges
(lightning)

15-180m

35

minutes
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Mocde A ssessment

T -
e from flanges, valves and fittings located at the

Fallureto | following sampling or water draw-off
operati

Failure of LPG liquid transfer lines connected to bottom of
tanks

Failure of LPG vapor lines and connected to top of tank
Liquid overflow from relief vent due to overfilling
Major tank failure




10-inch di

44i rculation

2-inch water draw-off
1-inch sampling line
| nstrumentation connection
Failurerate
(CCPS RT Data)

Potential failure rate

Many flanges
are above
control valves
and adjacent to
tanks. Also
note manway

More flanges,
connections
and valves
adjacent to
wall of tank.

Horizontal
flanged
connection
under and
alongside tank.

Numerous gaskets, bolted flanged connections, and
control valves are directly under the tank.




(3 PO Kelease
ailure During Sampling
and Water Draw-Off
Operations

F=10+20

F=.00045 Accidents/tank-year

2.0 .000325

ILPG Release Failure During
Sampling Operations

Esti n$d fallure rate or

000045/tank year 1| F= 000025 ; 21 | F=000025 22 {P=.0001

Control Valve Operator Error in Control Valve Operator Error in Flexible Sampling
Failure to Close Following Procedure Failure to Close Following Procedure Hose Creates

Estimated failure potential Rt Rewt s | | Rt e
0.009/tank farm year

212 | F=.005

Outside Control
Valve Failure to
Close

Inside Control Valve| | Outside Control Inside Control Valve|
Failure to Close Valve Failure to Failure to Close
Close

P = Conditional Probability

. Flexible Samplin; Operator Error
F = Failure Rate or Frequency Hose }-aﬂt: i (Pzi ¢) Fails to
' Isolate Release




PLs Mode A ssessment

> —

majority of spherical tanks there are five liquid
| onnections to the bottom of the tank

which are 1-inch or greater

6-i | line
10-inch discharge
4-inch recirculation
2-inch water draw-off
|-inch sampling line
Estimated failure rate
Estimated failure potential
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gt F‘eMode‘Assessment

1Iling prevention
High level/alarm | Overlingof -y 0 ey
_ _ Storage Tank
High-high level/alarm

High’mre Tr/alarm
Manual shutdown

Fal | urerate Level/Alarm Fails to Respond to

0001 falurefy

Failure of Operator Error—

Instrumentation High Level Alarm(s)

Estimated failure rate

0015 faihuresyr 0015 failures/yr

i ! Failure of High Failure of
Estimated failure Lol Alrm | [FighHighLeve

potential ==
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Mocde A ssessment

T -
Tank Fallure : Primary factors which contribute to
| otential include the following

5 :
IHSJT\ philosophy and quality

Maintenance philosophy and quality
Operational philosophy and quality
Safety standards

Estimated failure frequency

Estimated failure potential frequency




Incident
1.D.  Probabiity Outcome

1 2.90E-04 Controlled Incident

| 1.94E-04 Uncontrolied Torch Fire
Assume 30 Probaﬁﬁy of
Transition to Major Tank
Failure and BLEVE Potential

Controlied Incident

Unconfined Vapor Cloud

{ 5.11E-04 Flash Fire
: Assume .50 Probability of
Transition to Major Tank
Failure and BLEVE Potential

8.09E-03 Unignited Release

0.022




S1 Leakage fr hﬁ,Valves,
Fitting_sﬂ\/! of Tank

S2 Failure to |solate Following
Sampling or Water Draw-Off

S3Fracture of LPG Liquid Transfer
Line Connected to BTM of Tank

5.16 x E-06

5.75 x E-06

5.89 x E-05

1.70 x E-04

1.04 x E-04

1.32 x E-04




& Risk Analysis

i —

M !I reball Diameter

MaX|mum Fireball Height
Fireball Duration

Individual Risk Zone Radius
BLEVE Combined Likelihood

- 455m
: 748m
: 21.7secC

:927/m
:4.24 x 10*




" R '
U ISk Analysis
T -
Mi ned Vapor Cloud Explosion(UVCE)

SCim-}psi) :

106m(5-7psi)
146m(3-5ps)

218m(1-3psi)

90-100% PD, Major injury or fatality

. 7/0-90% PD, Moderate exposure to

Individuals

. 50-70% PD, Minor exposure to

Individuals

. 25-50% PD, Minor or negligible

exposure to individuals




Flanges,

o alves,

fittings and
piping are

fireproofing
4 nor water




Dro ISk Reduction Measures

R

ely Actuated Water
C/V

Many fire protection
water spray control
valves are located close
to tanks and adjacent to
LPG piping.




‘,r'op‘id( Reduction Measures

Mrol valves should be specifically designed
for fire ser use and firerate. They should be

fall safe:@nel incorporate the following design feature




. l'()[‘idt Reduction M easures

R

INng Risks During Sampling/Water Draw-off
11 .sampling lines out from under the tanks
E 11 t%ﬂ easible, remotely actuated valves could be

prov

A

snould be developed for the sampling and truck loading
flexible hose

Water draw-off lines should terminate at |east
of the shadow of the tank
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[‘iﬁ Reduction Measures

T -
“I.:I ooding Connections

T;}iﬂmn of awater flood connection on the LPG

P fill line connected to the bottom of the tank
should beconsidered. Thistype of provision could be
part of a contingency plan given a situation where
release of LPG liquid occur from atank bottom piping
connection, flange, valve, or fitting which cannot be
readily isolated.




