Appendix 11.2.3

Derivation of Failure Frequencies



length of access road
(km)

no. vehicle
movements per day

no. of days per year

0.1

10

365

U

severe car accident per
km.year

total distance travelled
per year

probability running into
gas facility

probability damage to
gas holder

6.37E-09 365 0.5 0.5
probability of car crash probability rupture
per year failure in car crash
5.81E-07 0
failure due to car crash spontaneous failure frequency for probability of failure in
. |no. of gas holder#
per year per year per vessel earthquake per year earthquake
0.00E+00 5.00E-06 1 1.00E-05 0.01
. . vessel rupture failure
external event failure per spontaneous failure .
in earthquake
year per year
per year
0.00E+00 5.00E-06 1.00E-07
Cold catastrophic failure
for vessel per year
5.10E-06 # only 1 gas holder in operation at any one time
(J  ANDgate I:j OR gate

Cold Catastrophic Failure for Gas Holder




length of access road [no. vehicle no. of davs per vear
(km) movements per day ' ys pery
0.1 10 365

J

severe car accident

total distance

probability running

probability damage to

per km.year travelled per year into gas facility gas holder

6.37E-09 365 0.5 0.5
probability of car probability leak failure
crash per year in car crash

5.81E-07 1
failure due to car partial failure per year no. of gas holder# frequency for probability of failure in
crash per year per vessel earthquake per year earthquake

5.81E-07 4.00E-05 1 1.00E-05 0.01
external event failure . . failure in earthquake

partial failure per year

per year per year

5.81E-07 4.00E-05 1.00E-07
Leak failure of vessel
per year

4.07E-05 # only 1 gas holder in operation at any one time

U AND gate U OR gate

Partial Failure for Gas Holder



length of access road
(km)

no. vehicle
movements per day

no. of days per year

0.1

10

365

C

)

severe car accident per
km.year

total distance
travelled per year

probability running
into gas facility

probability damage to
gas holder

6.37E-09 365 0.5 0.5
probability of car crash probability of jammed
per year crown in car crash
5.81E-07 1
failure due to car crash blown seal failure per frequency for probability of failure in|
no. of gas holder#
per year year per vessel earthquake per year earthquake
5.81E-07 4.00E-05 1 1.00E-05 0.01
external event failure blown seal failure per failure in earthquake
per year year per year
5.81E-07 4.00E-05 1.00E-07
Leak failure of vessel
per year
4.07E-05 # only 1 gas holder in operation at any one time
U AND gate Ej OR gate

Blown Seal Failure



length of access road
(km)

no. vehicle
movements per day

no. of days per year

0.1

10

365

C

J

severe car accident

total distance

probability running

probability damage to|

damage due to
subsidence, per m

Length of pipeline

fraction of time
carrying out drill &

per km.year travelled per year into gas facility gas pipeline or vear (m) blast works

6.37E-09 365 0.5 0.5 2.91E-08 60 0.00

probability of
probability of car probability rupture subsidence per year probability of
crash per year failure in car crash (existing/operation rupture failure
phase)

5.81E-07 0.1 0.00E+00 1
failure due to car failure due to
crash per year subsidence per year

5.81E-08 0.00E+00

spontaneous failure |Length of pipeline frequency for probability of failure
j per m per year (m) earthquake per year in earthquake
1.00E-07 60 1.00E-05 0.01

external event failure spontaneous failure failure in earthquake
per year per year per year

5.81E-08 6.00E-06 1.00E-07
Rupture failure per
year

6.16E-06

U AND gate U OR gate

Rupture Failure for Pipeline (before compressor house)




length of access road
(km)

no. vehicle
movements per day

no. of days per year

0.1

10

365

G

D,

severe car accident

total distance

probability running

probability damage to|

damage due to
subsidence, per m

Length of pipeline

fraction of time
carrying out drill &

per km.year travelled per year into gas facility gas pipeline per year (m) blast works

6.37E-09 365 0.5 0.5 2.91E-08 60 0.00

probability of
probability of car probability leak subsidence per year probability of leak
crash per year failure in car crash (existing/operation failure
phase)

5.81E-07 0.9 0.00E+00 0
failure due to car failure due to
crash per year subsidence per year

5.23E-07 0.00E+00

leak failure per m per|Length of pipeline frequency for probability of failure
j year (m) earthquake per year in earthquake
5.00E-07 60 1.00E-05 0.01
external event failure ) failure in earthquake
leak failure per year

per year per year

5.23E-07 3.00E-05 1.00E-07
Leak failure per year

3.06E-05

(T AND gate ] oRgate

Leak Failure for Pipeline (before compressor house)




(km)

length of access road [no. vehicle

movements per day

no. of days per year

0.1

10

365

(

J

severe car accident
per km.year

total distance
travelled per year

probability running
into gas facility

probability damage to
gas pipeline

damage due to
subsidence, per m
per year

Length of pipeline
(m)

fraction of time
carrying out drill &
blast works

6.37E-09

365

0.5

0.5

20

0.00

J

probability of car
crash per year

probability rupture
failure in car crash

5.81E-07

J

failure due to car
crash per year

0.1

2.91E-08

probability of
subsidence per year
(existing/operation
phase)

probability of rupture]
failure

0.00E+00

failure due to
subsidence per year

5.81E-08

external event failure
per year

0.00E+00

spontaneous failure
per m per year

Length of pipeline (m)

frequency for
earthquake per year

probability of failure
in earthquake

1.00E-07

20

1.00E-05

0.01

U

spontaneous failure
per year

)

failure in earthquake
per year

5.81E-08

]

Rupture failure of
pipeline per year

2.16E-06

(UJAND gate

2.00E-06

I:j OR gate

Rupture Failure for Pipeline (outlet section)

1.00E-07




length of access road [no. vehicle no. of days per vear
(km) movements per day i yS pery
0.1 10 365

C

J

severe car accident

total distance

probability running

probability damage to

damage due to
subsidence, per m

Length of pipeline

fraction of time
carrying out drill &

per km.year travelled per year into gas facility gas pipeline per year (m) blast works

6.37E-09 365 0.5 0.5 2.91E-08 20 0.00

probability of
probability of car crash| probability leak failure subsidence per year probability of leak
per year in car crash (existing/operation failure
phase)

5.81E-07 0.9 0.00E+00 0
failure due to car failure due to
crash per year subsidence per year

5.23E-07 0.00E+00

leak failure per m per L frequency for probability of failure
j year Length of pipefine (m) earthquake per year in earthquake
5.00E-07 20 1.00E-05 0.01
external event failure . failure in earthquake
leak failure per year

per year per year

5.23E-07 1.00E-05 1.00E-07
Leak failure of pipeline
per year

1.06E-05

U AND gate I:j OR gate

Leak Failure for Pipeline (outlet section)




length of access road
(km)

no. vehicle
movements per day

no. of days per year

0.1

10

365

.

D,

severe car accident
per km.year

total distance
travelled per year

probability running
into gas facility

probability damage to
gas pipeline

6.37E-09

365

0.5

0.5

J

probability of car
crash per year

probability rupture
failure in car crash

5.81E-07

0.1

J

failure due to car
crash per year

damage due to
subsidence, per m
er year

Length of pipeline
(m)

fraction of time
carrying out drill &
blast works

0.00

2.91E-08

probability of
subsidence per year
(existing/operation
phase)

probability of
rupture failure

0.00E+00
J

failure due to
subsidence per year

5.81E-08

spontaneous failure
per m per year

Length of pipeline
(m)

1.00E-07

external event

J

spontaneous failure

0.00E+00

frequency for
earthquake per year

probability of failure
in earthquake

1.00E-05

0.01

)

failure in earthquake

Rupture Failure for Pipeline (offtake/pigging station)

failure per year per year per year
5.81E-08 8.00E-07 1.00E-07
Rupture failure of
pipeline per year
9.58E-07
O AND gate T oRgate




length of access road [no. vehicle no. of days per vear
(km) movements per day i yS pery
0.1 10 365

C

)

severe car accident
per km.year

total distance
travelled per year

probability running
into gas facility

probability damage to
gas pipeline

damage due to
subsidence, per m
per year

Length of pipeline
(m)

fraction of time
carrying out drill &
blast works

6.37E-09

365

0.5

0.5

2.91E-08

0.00

J

probability of car crash|
per year

probability leak failure
in car crash

5.81E-07

J

failure due to car
crash per year

0.9

J

probability of
subsidence per year
(existing/operation
phase)

probability of leak
failure

0.00E+00

failure due to
subsidence per year

5.23E-07

external event failure

0.00E+00

leak failure per m per
year

Length of pipeline (m)

frequency for
earthquake per year

probability of failure
in earthquake

5.00E-07

8

1.00E-05

0.01

J

leak failure per year

)

failure in earthquake

Leak Failure for Pipeline (offtake/pigging station)

peryear per year
5.23E-07 4.00E-06 1.00E-07
Leak failure of pipeline
per year
4.62E-06
U AND gate I:j OR gate




length of access road
(km)

no. vehicle
movements per day

no. of days per year

0.1

10

365

U

severe car accident per

total distance

probability running

probability damage to

km.year travelled per year into gas facility naphtha tank
6.37E-09 365 0.5 0.5
probability of car crash probability rupture
per year failure in car crash
5.81E-07 0
failure due to car crash spontaneous failure frequency for probability of failure in
per year per naphtha |no. of naphtha tanks
per year iank earthquake per year earthquake
0.00E+00 1.00E-05 2 1.00E-05 0.01
external event failure spontaneous failure failure in earthquake
per year per year per year
0.00E+00 2.00E-05 1.00E-07
Cold catastrophic failure
for naphtha tank per
year
2.01E-05
U AND gate tj OR gate

Cold Catastrophic Failure for Naphtha Tank




length of access road |no. vehicle no. of davs per vear
(km) movements per day ' ys pery
0.1 10 365

C

)

severe car accident

total distance

probability running

probability damage to

per km.year travelled per year into gas facility naphtha tank

6.37E-09 365 0.5 0.5
probability of car probability leak failure
crash per year in car crash

5.81E-07 1
failure due to car partial failure per year no. of naphtha tanks frequency for probability of failure in
crash per year per naphtha tank earthquake per year earthquake

5.81E-07 1.00E-04 2 1.00E-05 0.01
external event failure ) ) failure in earthquake

partial failure per year

per year per year

5.81E-07 2.00E-04 1.00E-07
Leak failure of
naphtha tank per year

2.01E-04

U AND gate U OR gate

Partial Failure for Naphtha Tank




length of access road
(km)

no. vehicle
movements per day

no. of days per year

0.1

10

365

G

)

severe car accident per
km.year

total distance
travelled per year

probability running into
gas facility

probability damage to
process area

6.37E-09 365 0.5 0.5
probability of car crash probability rupture
per year failure in car crash

5.81E-07 0
failure due to car crash spontaneous failure no. of process spontaneous failure L frequency for probability of failure in

per year per process Length of pipeline (m)

per year essel vessels per m per year earthquake per year earthquake

0.00E+00 1.00E-05 2 1.00E-07 50 1.00E-05 0.01
external event failure per| spontaneous failure . failure in earthquake

leak failure per year

year per year per year

0.00E+00 2.00E-05 5.00E-06 1.00E-07
Cold catastrophic failure
per year

2.51E-05

O  ANDgate I:j OR gate

Rupture Failure at

Process Area




length of access road |no. vehicle no. of days per vear
(km) movements per day ’ ys pery
0.1 10 365
severe car accident [total distance probability running probability damage to
per km.year travelled per year into gas facility process area
6.37E-09 365 0.5 0.5
probability of car probability leak failure
crash per year in car crash
5.81E-07 1
failure due to car partial failure per year|no. of process leak failure per m per Length of pipeline (m) frequency for probability of failure in
crash per year per process vessel |vessels year earthquake per year earthquake
5.81E-07 1.00E-04 2 5.00E-07 50 1.00E-05 0.01
external event failure . . . failure in earthquake
partial failure per year| leak failure per year
per year per year
5.81E-07 2.00E-04 2.50E-05 1.00E-07
Leak failure per year
2.26E-04
J AND gate tj OR gate

Partial Failure at Process Area




length of access road
(km)

no. vehicle
movements per day

no. of days per year

0

0

365

G

J

severe car accident
per km.year

total distance
travelled per year

probability running
into gas facility

probability damage to
gas pipeline

6.37E-09

0

0.5

0.5

O

probability of car
crash per year

probability rupture
failure in car crash

0.00E+00

J

failure due to car
crash per year

0.1

damage due to
subsidence, per m
per year

Length of pipeline
(m)

fraction of time
carrying out drill &
blast works

2.91E-08

0.00

J

probability of
subsidence per year
(existing/operation
phase)

probability of rupture
failure

0.00E+00

)

failure due to
subsidence per year|

0.00E+00

external event failure

0.00E+00

time taken for each
replenishment
operation (hrs)

no. of replenishment
operations per year

no. of hours per year

36

8760

C

3.00E+00

spontaneous failure
of loading arm per
operation

no. of replenishment
operations per year

failure of either Excess
Flow Valve or Non-
Return Valve (per
demand) *

Fraction of time for
replenishment

6.00E-05

36

0.14

1.23E-02

O

spontaneous failure
of loading arm per

frequency for
earthquake per year

probability of failure
in earthquake

1.00E-05

0.01

U

failure in earthquake

Rupture Failure for Naphtha Loading Arm

per year year per year
0.00E+00 3.72E-06 1.00E-07
;{:;ture failure per * failure rates for Excess Flow Valve and Non-Return Valve are 0.13 per demand and 0.013 per demand respectively
3.82E-06
O AND gate ] oRrgate




length of access
road (km)

no. vehicle
movements per day

no. of days per year

0

0

365

.

J

severe car accident
per km.year

total distance
travelled per year

probability running
into gas facility

probability damage
to gas pipeline

6.37E-09

0

0.5

0.5

J

probability of car
crash per year

probability leak
failure in car crash

0.00E+00

J

failure due to car
crash per year

0.9

damage due to
subsidence, per m

Length of pipeline
(m)

fraction of time
carrying out drill &
blast works

er year
F 2.91E-08

0.00

v

probability of
subsidence per
year
(existing/operation
phase)

probability of leak
failure

0.00E+00

failure due to
subsidence per
year

0.00E+00

external event
failure per year

0.00E+00

time taken for each
replenishment
operation (hrs)

no. of
replenishment
operations per year

no. of hours per year

36

8760

3.00E+00

partial failure of
loading arm per
operation

no. of replenishment
operations per year

failure of either

Excess Flow Valve or

Non-Return Valve
(per demand) *

Fraction of time for
replenishment

6.00E-04

36

0.14

1.23E-02

J

partial failure of
loading arm per year

frequency for

earthquake per year

probability of failure
in earthquake

1.00E-05

0.01

U

failure in earthquake

per year

0.00E+00

J

Leak failure per year]

3.73E-05

3.72E-05

U AND gate

Leak Failure for Naphtha Loading Arm

1.00E-07

* failure rates for Excess Flow Valve and Non-Return Valve are 0.13 per demand and 0.013 per demand respectively

O

OR gate




length of access road |no. vehicle
no. of days per year
(km) movements per day
0 0 365

G

J

severe car accident
per km.year

total distance
travelled per year

probability running
into gas facility

probability damage to
gas pipeline

6.37E-09

0

0.5

0.5

damage due to
subsidence, per m

Length of pipeline
(m)

er year
%91 E-08

OJ

probability of car
crash per year

probability rupture
failure in car crash

0.00E+00

U

failure due to car
crash per year

0.1

.

probability of
subsidence per year
(existing/operation
phase)

probability of rupture

0.00E+00

U

failure due to
subsidence per year

0.00E+00

]

external event failure

0.00E+00

Jtime taken for each
replenishment
operation (hrs)

no. of replenishment
operations per year

no. of hours per year

36

3.00E+00
U

spontaneous failure
of cargo line per
m.year

Length of cargo line

(m)

Fraction of time for
replenishment

10

1.23E-02

1.00E-07
J

spontaneous failure
of loading arm per

frequency for
earthquake per year

probability of failure
in earthquake

1.00E-05

0.01

J

failure in earthquake

]

Rupture Failure for Naphtha Cargo Line

per year oar per year
0.00E+00 1.23E-08 1.00E-07
Rupture failure of
pipeline per year
1.12E-07
D AND gate G OR gate




length of access road |no. vehicle
no. of days per year
(km) movements per day
0 0 365

G

J

severe car accident
per km.year

total distance
travelled per year

probability running
into gas facility

probability damage to
gas pipeline

6.37E-09

0

0.5

0.5

damage due to
subsidence, per m

Length of pipeline
(m)

er year
%91 E-08

OJ

probability of car
crash per year

probability leak failure
in car crash

0.00E+00

U

failure due to car
crash per year

0.9

.

probability of
subsidence per year
(existing/operation
phase)

0.00E+00

U

failure due to
subsidence per year

0.00E+00

]

external event failure

0.00E+00

Jtime taken for each
replenishment
operation (hrs)

no. of replenishment
operations per year

no. of hours per year

36

3.00E+00
U

partial failure of cargo
line per m.year

Length of cargo line

(m)

Fraction of time for
replenishment

5.00E-07

10

1.23E-02

O

partial failure of

frequency for
earthquake per year

probability of failure
in earthquake

1.00E-05

0.01

J

failure in earthquake

]

Leak Failure for Naphtha Cargo Line

per year loading arm per year per year
0.00E+00 6.16E-08 1.00E-07
leak failure of
pipeline per year
1.62E-07
D AND gate G OR gate




