Figure 1 Lethality Footprints for Toxic Impact
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Figure 2 Lethality Footprints for Overpressure Impact
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Figure 3 Typical Schematic of CO2 Storage Tank
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Flow diagramm - tanks for carbon dioxide.

Instrumentation and equipment, standard Valves, standard

/3 Vent coupling 1 Filling Options
/4, C/6 Connection add. transmitter 2 Pressure building valve
/Pl Test connection pressure indicator 3 Vent SAA Safety shut-off valve,
D Pressure building coil 4 Bottom gauge (+) control line for SAA
I Inner vessel 5 Gauge bypass LI(T) Level indicator Samson Media 6
IN Insulation 6 Top gauge (-) incl. instrument panel and standard
LI(T) Level indicator Ol Evacuation connection programming,
L/11-1 Pipeline discharge 1 Discharge extra programming of Samson Media 6
L/11-2 Pipeline discharge (plugged) 12 Top filling acc. to customer requirements
NRV Non return valve 13 Gas shut-off LI(T) Level indicator WIKA with transmitter
0 Outer vessel 18 Change over output 4- 20 mA
PC Pressure controller 21 Trycock
Pl Pressure indicator 26 Pressuring
RV/0 Relief valve-outer vessel
SV1,SV2  Safety valve
Remarks:  This is only a typical schematic figure of CO2 storage tank. For CO2 storage tanks in the Desalination Plant, there will be 2

pairs of independent pressure relief valves (PRVs) installed on inner vessel. High level alarms will be installed and routed to
control room to warn the operators when the tanks are overfilled.
Temperature gauge may be installed to enhance the monitoring capability for operating conditions.
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Figure 4 Typical Schematic of Vacuum Insulated Tanker

Appendix A — Example of a Process and Instrumentation
Diagram for a Vacuum Insulated Tanker To Atmosphert
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Valve Lock

SV80 svaa
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X Emergency Shut-Off Valve

1 Pump Suction Valve

2 Pump Feed to Pressure Raising Coil

3 Recycle Valve

4 Vacuum Valve

5 Top Fill Valve

6 Bottom Fill / Decant Valve

7 Trycock Valve(s)

8 Main Vent Valve

9 Pressure Raising Valve

10 Contents Gauge Isolating Valve (Gas)
11 Contents Gauge Isolating Valve (Liquid)
12 Contents Gauge Equalising Valve

13 Vessel Pressure Gauge Isclating Valve
14 Vessel Relief Valve

18 Top Fill / Decant Hose Relief Valve
20 Back Pressure Gauge

21 Back Pressure Gauge Isolating Valve
22 Top Fill / Decant Line Coupling

24 Earth Leakage Protection Trip Button
26 Pump Start / Stop Unit

27 Vessel Pressure Gauge

28 Liguid Level Contents Gauge

29 Vacuum Gauge Head Isolating Valve
30 Main Vent Coupling

31 Analysis Valve

32 Vacuum Gauge Head

33 Non-Return Valve

34 Pump Suction Relief Valve

35 Pump Delivery Pressure Gauge

36 Pump Delivery Gauge Isolating Valve

37 Delivery Hose Relief Valve

38 Delivery Hose Vent Valve

39 Pump Delivery Valve

40 Delivery Line Coupling

43 Canopy Light / Working Light Switch

44 Ammeter

45 Engine Speed Tachometer

46 Delivery Line Relief Valve

47 Emergency Valve Actuator

48 Top Fill / Decant Hose Vent Valve

49 Pump and Motor

50 Flowmeter

53 Pressure Raising Coil

55 Metering Pressure Switch

56 Pump Suction Filter

57 Off-Prime Pressure Switch

58 Hours Run Meter

64 Emergency Shut-Off Button

65 Emergency Shut-Off Valve Operating Button
66 Emergency Shut-Off Valve “Open” Indicator
67 Remote Emergency Shut-Off Buttons (2)
70 Pressure Raising Coil Gas Phase Non-Return Valve
78 Earth Leakage Protection Warning Light

80 Closed Circuit Relief Valve

91 Vessel Secondary Relief Valve

100 Main Vent Silencer

Source: EIGA, Road Vehicle Emergency and Recovery, IGC Doc 81/06/E

Remarks:

vessel.

This is only a typical schematic figure of vacuum insulated tanker. For CO2 road tankers used in the
Desalination Plant, there will be 2 pairs of independent pressure relief valves (PRVs) installed on inner




Figure 5 Fault Tree for CO2 Storage Tank BLEVE

Fault Tree Cold BLEVE Failure of CO2 Storage Vessel

BLEVE of CO2 tank
3.13E-10]

OR

Loss of vacuum failure

1.60E-10)
AND
5 6
Overheating / over-
pressurization results in
catastrophic failure no. of vessels
1.00E-11] 16
AND
9 10
Frequency of
overheating / over- Probability of
pressurization due to catastrophic failure
insulation loss of vessel
1.00E-11] 1.00E+00
OR
17
Frequency of

overheating / over-
pressurization due to
insulation loss initiated
by outer vessel leakage
1.00E11

26

Frequency of outer
vessel leak

1.00E-05|

Remarks (*)

Loading failure

1.23E-10

Overfill/ over-
presurisation results
in catastrophic
failure

1.23E-10

number of filling
operations per year
329

Frequency of overheating
/ over- pressurization due
to insulation loss initiated
by inner vessel leakage

1.00E-15]

Failure of safety
system

Probability of
catastrophic failure
of vessel

1.00E-10

1.00E+00|

4

External Event

38
Pressure building

22

Failure of relief
valve #1 on storage
tank (inner vessel)

Failure of relief
valve #2 on storage
tank (inner vessel)

plate pressure relief
device failure to
open (outer vessel)

1.00€-03

1.00E-03

1.00E-04

28

29

Failure of relief
valve #1 on storage
tank (inner vessel)

Failure of relief
valve #2 on storage
tank (inner vessel)

Frequency of inner vessel
leak

1.00E-03.

1.00€-03

1.00E-05|

32

33

34

Failure of relief
valve #1 on storage
tank (inner vessel)

Failure of relief
valve #2 on storage
tank (inner vessel)

plate pressure relief
device failure to
open (outer vessel)

1.00E-03.

1.00E-03

1.00E-04

Failure system failure
3.076-12 2.63E-11
OR
8 37 39
Escalation due to over-presurisation
Aircraft Crash (per BLEVE of road results in
year) tanker [*) catastrophic failure
552617 3.076-12 26311
AND AND
14 15 16 20 41 42
Operator fails to Aircraft crashed into Frequency of Probability of
rectify problem or storage tank (per Probability of BLEVE | [ control valve failure Failure of safety catastrophic failure
ignore alarm year) due to aircraft crash | [(/yr) system of vessel
3.756-03 5.52E-17 1.00E+00)| 2.63E-01 1.00E-10 1.00E+00|
AND AND
43 44 45 46 47
Failure of relief valve| [Failure of relief valve| |plate pressure relief
frequency of control| [number of operating| |#1 on storage tank | |42 on storage tank | |device failure to
valve failure (/hr) hours per year (inner vessel) (inner vessel) open (outer vessel)
3.00E-05 8760 1.00E-03 1.00E-03 1.00E-04
AND
30 48

Failure of Trycock

8.92E-02

OR

24

Operator fails to
turn on Trycock and
cannot receive
alarm from Trycock

Operator turned on
Trycock but ignore
alarm from Trycock

-02

9.20€-03

Box 14 - For CO2 filling operation, 1 plant staff will be requested by CO2 supplier to stay wiith the road tanker driver during filling operation. Moreover, contents gauge is available for monitoring of liquid level although Trycock is the main indicator for full tank.
Box 48 - failure of high level alarm at control room may be caused (1) being ignored by operation staff; or (2) breakdown of high level alarm system. Probability of failure of high level alarm system refers to the example "high level alarm system for crystallisation plant" in Lees F. P., Loss Prevention in the Process Industries, Butterworth Heinemann, 4th Edition.
ignore high level alarm = (Errors of commission such as operating the wrong button o reading the wrong display. More complex task, less time available, some cues necessary, 0.001) x (Unfamiliarity with a situation which is potentially important but which onlyccurs infrequently or which is novel, 17)

Box 24 - fail to turn on Trycock = (Errors of omission where dependence is placed on situation cues and memory. Complex, unfamiliar task with little feedback and some distractions, 0.01) x (No obvious means of reversing an unintended action, 8) src: OGP 434-05 Table 2.7 & 2.8

Box 35 - operator turned on Trycock = 1- Box 24

Box 36 - ignore Trycock alarm = (Errors of commission such as operating the wrong button or reading the wrong display. More complex task, less time available, some cues necessary, 0.001) x (A low signal-noise ratio, 10)

src: OGP 434-05 Table 2.7 & 2.8

AND

Failure of high level
alarm operation

4.20€-02

35

36

Operator turned on
Trycock

Operator ignore
alarm of Trycock

9.20E-01

1.00E-02

Box 32, 33 - Inner vessel leakage leads to loss of vacuum insulation. The increase in pressure in the insulation space would trigger the plate pressure relief device on the outer vessel. In case the plate pressure relief device fails to open, temperature and pressure in the inner vessel would increase.
Over-pressurization and BLEVE can only occur if pressure relief valves on the inner vessel fail to open.
Box 37 - refer to fault tree for "Cold BLEVE Failure of CO2 Road Tanker within the Desalination Plant"

Box 43, 44 - reference to Lees; conservatively assumed the valve is under operation all the time. In fact, the pressure building system operates on demand.

src: OGP 434-05 Table 2.7 & 2.8




Fault Tree

BLEVE of CO2 road
tanker (/yr)

9.72E-12

OR

Figure 6 Fault Tree for CO2 Road Tanker BLEVE (offsite)

Cold BLEVE Failure of CO2 Road Tanker along Transport Route within the Cumulative Impact Zone

2

Loss of vacuum /
Overheating failure

{yr)

1.50E-14

AND

overheating results in

no. of deliveries

time fraction a road
tanker traveling
within cumulative

catastrophic failure (veh/yr) impact zone (/veh)
2.00E-11 329 2.28E-06
=(1/50)/(24*365)
AND
14 15

Frequency of
averheating / over-
pressurization due to

Probability of
catastrophic failure

Vehicle fire failure

(fyr)

3.29E-13

AND

10

length of road

Vehicle rollover failure

(fyr)

9.38E-12

AND

11

12

13

Frequency of

Fire leading to segment overheating / over- length of road segment
catastrophic failure no. of deliveries (cumulative impact pressurization due to (cumulative impact
(/km) (/yr) zone) (km) leak on either vessel no. of deliveries (/yr) zone) (km)
1.00E-15 329 1.00E+00 2.85E-14 329 1.00E+00
AND AND
16 17 18 19 20 21 22 23

Escalate to a large

Fire service fail to

Probability of safety

Probability of
catastrophic failure

Frequency of leak on
either inner or outer
vessel in rollover

Failure of relief valve #1
on storage tank (inner

Failure of relief valve #2
on storage tank (inner
vessel)

Operator fails to rectify
problem / open valve
for emergency venting

1.00E-03

1.00E+00

insulation loss of vessel truck fire (/km) control the fire device failure of vessel accident (/km) vessel)
2.00E-11 1.00E+00 2.00E-09 5.00E-01 1.00E-06 1.00E+00 2.85E-08 1.00E-03
OR AND AND AND
24 25 26 27 28 29 30 31
Frequency of Frequency of
overheating / over- overheating / over- Driver fails to put
pressurization due to pressurization due to out the fire with Failure of relief Failure of relief
insulation loss initiated insulation loss initiated vehicle fire valve #1 on storage | |valve #2 on storage Truck rollover conditional probability
by outer vessel leakage by inner vessel leakage | |Truck fire {/km) extinguisher tank (inner vessel) tank (inner vessel) frequency (/km) of leak
1.00E-11 1.00E-11 4.00E-09 0.5 1.00E-03 1.00E-03 1.90E-07 1.50E-01
AND AND
32 33 34 35 36 37 38 39 40

Frequency of outer
vessel leak

Operator fails to
rectify problem or
ignore alarm

Failure of relief
valve #1 on storage
tank (inner vessel)

Failure of relief
valve #2 on storage
tank (inner vessel)

Frequency of inner
vessel leak

Failure of relief
valve #1 on storage
tank (inner vessel)

Operator fails to
rectify problem or
ignore alarm

Failure of relief
valve #2 on storage
tank (inner vessel)

plate pressure relief
device failure to
open (outer vessel)

1.00E-05

1.00E+00

1.00E-03

1.00E-03

1.00E-05

1.00E+00 1.00E-03

1.00E-03

1.00E+00

Box 23/33/37=1 - assume the driver does not have sufficient time to respond

Box 40 =1 - assume plate pressure relief device is not installed

Box 4 - according to findings of the HAZID workshop, BLEVE may occurs when both inner and outer vessels are punctured in a rollover accident. However, the initial conditions are the same as or similar to the operating conditions when both vessels is ruptured or punctured at the same time.

Since the initial conditions do not fall within the BLEVE zone, BLEVE is unlikely to occur. On the other hand, damage to either vessel leads to loss of vacuum and change of initial conditions. Therefore, leak failure of either vessel is considered in the fault tree.
Box 31 - refer to "QRA of transport of LPG and Naphtha, Methodology report, DNV, 1996"
Box 38, 39 - Inner vessel leakage leads to loss of vacuum insulation. The increase in pressure in the insulation space would trigger the plate pressure relief device on the outer vessel. In case the plate pressure relief device fails to open, temperature and pressure in the inner vessel would increase
Over-pressurization and BLEVE can only occur if pressure relief valves on the inner vessel fail to open.

10




Fault Tree

BLEVE of CO2 road
tanker (/yr)

3.07E-12

OR

Figure 7 Fault Tree for CO2 Road Tanker BLEVE (onsite)

Cold BLEVE Failure of CO2 Road Tanker within the Desalination Plant

2

Loss of vacuum /
Overheating failure

(/yr)

1.13E-12

AND

time fraction a road
tanker staying at the

desalination
overheating results in no. of deliveries plant(/veh) (1.5 hr
catastrophic failure (veh/yr) per delivery)
2.00E-11 329 1.71E-04
=(1.5)/(24*365)
AND
14 15

Frequency of
overheating / over-
pressurization due to
insulation loss

Probability of
catastrophic failure
of vessel

2.00E-11

1.00E+00

OR

24

Frequency of
overheating / over-
pressurization due to

Vehicle fire failure

(yr)

6.58E-14

AND

Fire leading to
catastrophic failure

(/km)

no. of deliveries

(fyr)

length of internal
access road (km)

1.00E-15

329

2.00E-01

AND

Escalate to a large
truck fire (/km)

2.00E-09

Vehicle rollover failure

(yn)

1.88E-12

AND

12

Frequency of
overheating / over-
pressurization due to
leak on either vessel

no. of deliveries (/yr)

length of internal
access road (km)

2.85E-14

329

0.2

AND

21

22

23

Fire service fail to
control the fire

Probability of safety
device failure

Probability of
catastrophic failure
of vessel

Frequency of leak on
either inner or outer
vessel in rollover
accident (/km)

Failure of relief valve #1
on storage tank (inner
vessel)

Failure of relief valve #2
on storage tank (inner
vessel)

Operator fails to rectify
problem / open valve
for emergency venting

5.00E-01

1.00E-06

1.00E+00

2.85E-08

1.00E-03

1.00E-03

1.00E+00

25

27

Frequency of
overheating / over-
pressurization due to

Driver fails to put
out the fire with

28

29

31

Failure of relief

Failure of relief
valve #2 on storage
tank (inner vessel)

Truck rollover
frequency (/km)

conditional probability
of leak

1.00E-03

1.90E-07

1.50E-01

insulation loss initiated insulation loss initiated vehicle fire valve #1 on storage

by outer vessel leakage by inner vessel leakage Truck fire (/km) extinguisher tank (inner vessel)
1.00E-11 1.00E-11 4.00E-09 0.5 1.00E-03

AND AND

32 33 34 35 36 37 38 39 40

Frequency of outer
vessel leak

Operator fails to
rectify problem or
ignore alarm

Failure of relief
valve #1 on storage
tank (inner vessel)

Failure of relief
valve #2 on storage
tank (inner vessel)

Freguency of inner
vessel leak

Operator fails to
rectify problem or
ignore alarm

Failure of relief
valve #1 on storage
tank (inner vessel)

Failure of relief
valve #2 on storage
tank (inner vessel)

plate pressure relief
device failure to
open (outer vessel)

1.00E-05

1.00E+00

1.00E-03

1.00E-03

1.00E-05

1.00E+00

1.00E-03

1.00E-03

1.00E+00

Box 23/ 33/37 =1 - assume the driver does not have sufficient time to respond
Box 40 =1 - assume plate pressure relief device is not installed
Box 4 - according to findings of the HAZID workshop, BLEVE may occurs when both inner and outer vessels are punctured in a rollover accident. However, the initial conditions are the same as or similar to the operating conditions when both vessels is ruptured or punctured at the same time
Since the initial conditions do not fall within the BLEVE zone, BLEVE is unlikely to occur. On the other hand, damage to either vessel leads to loss of vacuum and change of initial conditions. Therefore, leak failure of either vessel is considered in the fault tree.
Box 31 - refer to "QRA of transport of LPG and Naphtha, Methodology report, DNV, 1996"
Box 38, 39 - Inner vessel leakage leads to loss of vacuum insulation. The increase in pressure in the insulation space would trigger the plate pressure relief device on the outer vessel. In case the plate pressure relief device fails to open, temperature and pressure in the inner vessel would increase
Over-pressurization and BLEVE can only occur if pressure relief valves on the inner vessel fail to open.
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Figure 8 Fault Tree for CO2 Road Tanker Rupture Failure (offsite)

Fault Tree

Rupture of CO2 road
tanker (/year)

8.25E-07

OR

Rupture Failure of CO2 Road Tanker along Transport Route within the Cumulative Impact Zone

Rupture in road
accident (/year)

3

Spontaneous
rupture failure of
vessel (/year)

9.39E-11

AND

Rupture failure of
double containment
vessel

no. of deliveries
(veh/yr)

time fraction a road
tanker traveling
within cumulative
impact zone (/veh)

1.25E-07

329

2.28E-06

8.25E-07
AND
4 5 6
length of road
segment
Cold rupture due to (cumulative impact
road accident (/km) no. of deliveries (/yr)] |zone) (km)
2.51E-09 329 1.00E+00
AND
10 11 12
probability of probability of
truck accident rupture (inner rupture (outer
frequency (/km) vessel) vessel)
5.90E-07 1.00E+00 4.25E-03]
OR
13 14
Truck impact frequency | |Truck rollover
(/km) frequency (/km)
4.00E-07 1.90E-07

Remarks:

Box 11 - assume inner vessel does not provide additional protection in collision
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=(1/50)/(24*365)




Figure 9 Fault Tree for CO2 Road Tanker Large Leak (offsite)

Fault Tree

Leak of CO2 road tanker
(/year)

7.77E-07

OR

Large Leak Failure of CO2 Road Tanker along Transport Route within the Cumulative Impact Zone

Leak in road accident
(/year)

7.76E-07

AND

8

Spontaneous leak
failure of vessel
(/year)

6.01E-10

AND

length of road

7a

Leak failure of
double containment
vessel

Probability of large
leak

no. of deliveries
(veh/yr)

time fraction a road
tanker traveling
within cumulative
impact zone (/veh)

1.00E-05

0.08

329

2.28E-06

segment
Leak due to road no. of deliveries (cumulative impact
accident (/km) (/yr) zone) (km)
2.36E-09 329 1.00E+00
AND
10 11 12

Vehicle impact
frequency (/km)

probability of leak
(inner vessel)

probability of leak
(outer vessel)

5.90E-07

1.00E+00

4.00E-03

OR

13

14

Truck impact frequency

(/km)

Truck rollover
frequency (/km)

4.00E-07

1.90E-07

Remarks:

Box 7a - leak failure rates for pressure vessel : major failure (50mm leak) = SE-6 per year; minor failure (<50mm leak) = 5.5E-5 per year; major failure ~8% of leak failure
(ref. src: Failure Rate and Event Data for use within Risk Assessments (28/06/2012))
Box 11 - assume inner vessel does not provide additional protection in collision
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=(1/50)/(24*365)




Figure 10 Fault Tree for CO2 Road Tanker Small Leak (offsite)

Fault Tree

Leak of CO2 road tanker
{/year)

2.91E-05

OR

Small Leak Failure of CO2 Road Tanker along Transport Route within the Cumulative Impact Zone

Leak in road accident

3

Spontaneous leak
failure of vessel

(/year) (/year)
2.91E-05 6.91E-09
AND AND
4 5 6 7 7a 3 9

Leak due to road

no. of deliveries

length of road
segment
{cumulative impact

Leak failure of
double containment

Probability small

no. of deliveries

time fraction a road
tanker traveling
within cumulative

accident (/km) (/yr) zone) (km) vessel leak {wveh/yr) impact zone (/veh)
8.85E-08 329 1.00E+00 1.00E-05 0.92 329 2.28E-06
=(1/50)/(24*365)
AND
10 11 12

Vehicle impact
frequency (/km)

probahility of leak
(inner vessel)

probability of leak
(outer vessel)

5.90E-07

1.00E+00

1.50E-01

OR

13

14

Truck impact frequency

{/km)

Truck rollover
frequency (/km)

4.00E-07

1.90E-07

Remarks:

Box 7a - leak failure rates for pressure vessel : major failure (50mm leak) = 5E-6 per year; minor failure (<50mm leak) = 5.5E-5 per year; minor failure ~92% of leak failure
{ref. src: Failure Rate and Event Data for use within Risk Assessments (28/06/2012))
Box 11 - assume inner vessel does not provide additional protection in collision
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