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Parameter Value Unit
Molecular weight 170 g/g-mole
Boiling point 423 K
Critical temperature 677.8 K
Critical pressure 15.29 atm
Critical volume 855.4 cm3/g-mole
Vapor heat capacity 1315 J/kg-K
Ratio of Specific Heats 1.034 -
Liquid heat capacity 1782 J/kg-K
Heat of vaporization 250000 J/kg
Liquid density 0.775 g/cm3
Heat of combustion 45200 kJ/kg
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Frequency Failure Data

Code Ratio Base
(time per year)
P1 Power Failure (PEA) 10
P3 Limit switch failure 1x10"
P4 Level switch failure 8.2x10°
P5 Operator Error 1x10°
P6 Pressure control fault 1%x10"
P7 Solenoid valve fail to close 1%x10°
P8 Level alarm failure 8.2x10°
P9 Vent Gas failure 2x10°
P13 Inter-unit pipe (general) 35x10"
P15 Emergency gen. Fault 1%x10°
P20 Mechanical failure 7x10°
P21 P. Trip signal 0.2/D or 5.4 x 10°*/Y
P27 No immediate ignition 0.5/D or 1.4 x 10°/Y
P28 Immediate ignition 0.9386
P29 Sudden Weather Change 1x10°
P30 Third Party Error 1x10°

ﬁuw : Smith and Warwick, 1981
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Frequency Failure Data

Code Ratio Base
(time per year)

L1 Pressure vessels (general) 0.026
L2 Pressure vessels (high standard) 256 % 10°
L3 Pipes 1.71x10°
L4 Pipejoints 427 x10°
L5 Gaskets 427 x10°
L6 Bellows 0.043
L7 Diaphragms (metal) 0.043
L8 Diaphragms (rubber) 0.068
L9 Unions 3.42x10°
L10 Hoses (heavily stressed) 0.342
L11 Hoses (lightly stressed) 0.0342
L12 Relief valves (leakage) 0.017
L13 Relief valves (blockage) 427 x10°
L14 Valves (hand-operated) 0.128
L15 Valves (ball) 427 x10°
L16 Seals (rotating) 0.0598
L17 Seals (sliding) 0.0256
L18 Seals (“0” ring) 1.708 x 10°
L19 Filters (blockage) 8.544 x 10°
L20 Filters (leakage) 8.544 x 10”
L21 Pins 0.128
L22 Nuts 1.708 x 10
123 Bolts 1.708 x 10
L24 Boilers (all types) 9.398 x 10”
L25 Pressure-indicating controller 1.15
L26 Pressure-recovery controller 1.29
L27 Flow-indicating controller 1.51
L28 Flow-recording controller 2.14
L29 Level-indicating controller 2.37
L30 Level-recording controller 2.25
L31 Temperature-indicating controller 0.94
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Frequency Failure Data

Code Ratio Base
(time per year)
L32 Temperature-recording controller Trip 1.99
initiator
L33 Impulse lines (blocked or leaking) 0.09
L34 Pressure switch 0.13
L35 Cable (fractured or severed) 0.03
L36 Loss of electric power Steam shut-off 0.05
system
L37 Relay (complete with wire) 0.08
L38 Solenoid valve 0.30
L39 Loss of electric power 0.05
L40 Trip valve 0.25
L41 Air Supply line (block, broken) 0.02
L42 Loss of air supply 0.02
Pump shut-off system
L43 Relay, etc., as above 0.08
L44 Pressure relief valve 0.02
L45 Flame-failure detector 1.69

s : Less, 1983 waz King ,1990
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