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[D-14] Excitation of an
ammonia system
(e.g. physical, mechanical,
thermal agitation, etc.)

[D-34] Contamination
(e.g., ammonium carbamate, +—
debris, slag, etc.)

D

4th Why

[D-13] Failure to identify the
right amount before purging

[D-16] Oversaturation of ammonia
in water

[D-17] Unsafe location
[D-18] Agitation/spilling
[D-20] Downdrafting
[D-21] Backdrafting

[D-32] Valve not seating properly
[D-33] Valve unattended <
[D-35] Packing leak <

o~

[D-37] Valve not reseating
[D-38] Control not adequate
[D-41] No redundant valve

[D-42] No oil pot

[D-43] No self-closing/
spring-activated valve

[D-46] Valve not seating properly+

[D-47] Defective valve «}_D
[D-48] Corrosion (pitting on the stem)+

[D-49] Failed actuator «

[D-53] Premature connection breakage +<:>

[E-7] Thermal expansion not -
accounted for

[E-8] Improper working procedure 4

[E-9] Requirements missing <—>—D

[E-10] Insufficient training +

[E-11] Operational error/malpractice+«

HO

[E-26] Electrical wear

[E-27] Corrosion :}D
[E-29] Calibration overdue <—<:>

[E-32] Contamination (e.g. debris) <——<:>

[E-17] Fire
[E-18] Industrial Heater

[E-21] Mechanical wear

[E-22] Vibration
[E-23] Corrosion

[A-35] Wrong spring <—D+— [A-34] Manufacturer defects +

mD,_L

HO
i-—[D-31] Release during manual purge +y

}DJ‘%[D-%] Release from auto-purger<

«—[D-40] Inadequate design of system +—

3rd Why

[A-3] Temperature sensor failure

J

[A-7] Overcharged system +

)

[A-4] Wear & tear

<
<

[A-8] Liquid supply solenoid valve failure

)

[A-9] Failed/faulty/improperly set _]
liquid expansion valve

[A-13] Overtaxing system

[A-14] Improper sequence of operation +

[A-15] Malfunctioning/
inadequate control system

)

[A-16] Improper programming +

[A-36] Mechanical failure
(e.g. spring failure, stuck valve)

[A-37] Insufficient size (piping/valve) +

[A-38] Wrong application <—>—<:>

[A-39] Wrong set point +
[A-40] Plugged «

HO

[A-42] Poor valve condition
[A-43] Valve not fully closed

[B-3] Cylinder not secured <—<:>

[D-3] Failure to remove oil prior
to decommissioning

[D-4] Thermal expansion
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[D-6] Inadequate decontamination
(using water/gas/etc)
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[A-5] Pressure fluctuation
(compressor running)

A

<+

[A-6] System flooding

J%
-

[A-1] Liquid slugging

)

[A-10] Failed suction side controls +

[A-11] Undersized liquid separator <+

F T

[A-12] Improper operation <+

[A-19] Improperly purged compressor _
(isolated)

[A-20] Aged packing/seal

[A-21] Pressure fluctuation during -
and soon after pump down

[A-22] Corroded valve stems +
[A-23] Loose seal (not set right) +

<«

[A-24] Not exercising valve

[A-26] Cyclic loading +
[A-27] Cavitation

[A-28] Erosion

<
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(Liquid in the suction line)

[A-17] Leak in mechanical seals
& mechanical joints

[A-18] Valve packing leak +—

S
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[A-29] Physical impact
[A-30] Hydraulic shock «
[A-31] Liquid slugging «

[A-33] Incorrect/malfunctioning -

[A-50] Contaminated refrigerant «+

[A-51] Improper material for the service «+

[A-52] Improper secondary o
coolant chemistry

[B-2] Cylinder falls and damages valve
[B-5] Cylinder valve struck

[D-2] Desaturation of oil <+
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[D-7] Lack of purging with inert gas

[D-10] Inadequate
decommissioning procedure
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[D-12] Purging with inert gas for _
welding/repair

[D-15] Venting down to water«—D

[D-19] Venting to atmosphere +

F—

[D-24] Premature connection breakage <—<:>

[D-45] Valve failure

[D-50] Faulty connection between
pump & compressor
[D-51] Faulty oil pump

[D-52] Procedure not followed or
inadequate procedure
(closing too tight)

C R
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[D-55] Wrong normal position

HO

[D-56] Physical damage to valve that
has not been exercised for long time

[E-5] Heat source present

[E-6] Ammonia over-capacity
in system

[E-12] Undersized receiver ﬁ—D

___[E-14] Unsuitable Environmental/ _
ambient conditions
[E-15] Non-climate
controlled conditions
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#— [E-16] External heat sources «

[E-20] Mechanical failure +

[E-24] Manufacturer defect +
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r [E-25] Electrical failure +
|
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i<——[E-28] Improper calibration & testing +
|
[E-30] Incorrect setpoint +
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[E-31] Faulty switches +
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[E-37] Incorrect type of valve installed
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: [E-38] Incorrect set pressure
|
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[D-5] Residual ammonia

relief system [A-32] Over-pressured condition in
S - «——part of the refrigeration system <+
|< [A-41] Ammonia migration <+ i (exceeds MAWP* & yield)
E [A-44] Isolated equipment D E
| |
| [A-45] Thermal expansion |
a a
: [A-47] Failed coating + |
| |
: [A-48] Failed vapor barrier + :
| |
| . . |
i [A-49] Wet insulation '">_ : [A-46] Corrosion or pitting  __
l
|
|
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[A-25] Mechanical damage <+—

(e.qg. Stress Corrosion Cracking)

[B-1] Valve damaged

O

[B-4] Storage location
(close to heat source)

[C-1] Vandalism

)

[C-2] Administrative liability
staff unsure purpose of emergency
discharge line)
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[D-8] Failure to evacuate <—>—D

[D-9] Failure to depressurize +

L

[D-11] Disposal/removal of

- :
ammonia from components

[D-23] Procedure not followed or
inadequate procedure
(closing too tight)

— “

[D-25] Faulty connection <A

[D-27] Valve failure +

[D-28] Improper/faulty
hose & connections

[D-30] Purging non-condensables +

[D-39] Draining Liquids
(water/oil/sludge/contaminants/etc.)

<«

[D-44] Adding oil

A

[D-54] Exercising valves <+~

[E-2] Heat source present
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[E-3] Isolated equipment

[E-4] Over-filling condition in
part of the refrigeration system

[E-13] Over-heating condition in R
part of the refrigeration system

[D-26] Overcharging*—bD"—

»Dk——[D-29] Maintenance/Servicing +—

[D-1] Decommissioning <—

Basic
Condition

«——[B] Storage cylinder failure+—

—
(2]
Rl
@)
g
@
D)
Q
=,
o
-]
o
-h
D
3
(D
S
Q
@
>
@
<

discharge line

[D] Intentional
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[D-57] Repair/Alteration «—

[E-1] Over-pressured condition in
— part of the refrigeration system <+
(reaches set pressure)

)
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[E-34] Manufacturer defect
[E-35] Mechanical failure

O

w—— [E-36] Incorrect application

opening of system

[E] Uncontrolled release

9

[E-33] Failed relief valve
(premature - below set pressure)

<

through relief valve
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Uncontrolled
Ammonia Release

*Note: MAWP = Maximum Allowable Working Pressure



