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I 4. General Failure Modes for Chemical Processing
8

Equipment )
1. Material balance failures (species related)
A. Routing-(wrong flow path)
B. Flow
1. Low
2. High
3. Wrong direction
C. Leakage
1. Internal
2. External
D. Species{not normally present in system or en-
virons)
E. Reaction
1. Undesired side products
2. Incorrect conversion
3. Wrong location
4. Wrong reaction

2. Momentum balance failures {pressure related)
A. Reaction
1. Gas release
2. Gas consumption
B. Pressure sources
C. Species (Vapor pressure)
D. Pressure sinks
E. Leakage
1. Internai
2. External
F. Phase changes

3. Energy balance failure (temperature related)
A. Reaction
1. Endothermic
2. Exothermic
B. Internal heat sources
C. Phase changes
D. External heat sources
E. Frictional heat sources (rotating equipment)
¥, Leakage
1. Internal
2. External
F. Fouling of transfer surfaces

A2 AMAHtop event) S #AlEH = AlAH 9
failed(or successful) 4 el & A dsl= Aol
o] Al2E o] FzhH 4] AbH o] A ol
®t}, Critical transition table2 23 2o 8 F7¢
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POL1 : Pressure of hot nitric acid stream
P10 : Cooling water pressure

PC1 : Internal mode of control valve 1
PC2 : Internal mode of control valve 2
PHX : Internal mode of heat exchanger
PLP : Pump shutdown transmission line
POP : Internal mode of pump



PTC : Internal mode of temperature con-
troller

PTS : Internal mode of sensor

t : Discrete time

tP : Time leg of temperature control loop

TO1 : Temperature of hot nitric acid

TT3 : Temperature of nitric acid feed at (t
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VM2 : Mass flow of hot nitric acid to heat
exchanger

VM8 : Mass flow of cooling water to heat
exchanger

VP6 : Qutput signal of sensor

VP7 : Qutput signal of temperature con-
troller

VP9 : Cooling water of pressure from pump

VPP : Pump shutdown signal

VT2 : Temperature of hot nitric acid

VT3 : Temperature of nitric acid feed at
time t
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TEMPERATURE
VPT =~ CONTROLLER

VMP
VP7
VP9
VPP
.- ]
!
P10 VP9

OUT | W2 | VT2
IN
POl | +1 0
VPP | -10 0
TOL 0 +1
FAILURE : REVRESED | VPP TO VM2 GAIN
VALVE ACTION(VPP) CHANGES TO +10
OUT | W5 | VT3
IN
2 0 +1
VT2 0 +1
WP +1 -1
FAILURE : EXTERNAL 0 +1
FIRE(PHX)
OUT | TT4 | VP8
IN
VT3 +1 0
FAILURE : SENSOR | CHANGE VT3 TO VP6
BROKEN(PTS)}| GAIN TO O{ZERO)
outT | vP?
IN
VP6 | +1
FAILURE : EXTERNAL | +1

FIRE(PTC)

LOW AIR PRESSURE(PTC)

-1

INSTALLED WITH
REVERSE ACTION(PTC)

CHANGE VP6 TO VP7
GAIN TO -1

CONTROLLER B OKEN

CHANGE VP6 TO VP7

(PTC) | GAIN TO O(ZERO)
OUT [ VMP
IN
VP9 +1
VP7 +1
FAILURE : REVERSE | CHANGE VP7 TP VMP
ACTION(PC2) | GAIN TO -1
ouT | VP9 VPP
IN
PIO +1 0
FAILURE : SENSOR ~10 +1
SHUT DOWN(POP)
LINE PLUGGED | CHANGE SHUTDOWN TOQ VPP
PUMP(PLP)

GAIN TO O(ZERO)
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