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1 OK
2 oK Safety Injection
3 OK Restart of CON
Restart of CCW
4 OK Safety Injection
5 OK Recovery of AC Power
6 oK Recovery of AC Power
Safety Injection
Recovery of AC Power
7 L Restart of COW
8 0K Recovery of AC Power
Restart of CCW  Safety Injection
Gate 1
l l Human Error
Gate 3 Gate 5 /
Q é Select Wrong
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Optional Optional
1to 10™ (evaluate (evaluate
alternatives) alternatives)
Optional Optional
107 to 107 i’k.cceptab]e (evaluate {evaluate
with confrol . .
alternatives) alternatives)
e Acceptable - Acceptable - Optional
107 to 10° ‘Noactions are | Noactionsare |  (evaluate
© needed needed alternatives)
- Acceptable— | Acceptable — Optional Optional
10% t0 107 “No actions are | Noactionsare |  (evaluate (evaluate
needed needed = | alternatives) alternatives)
3 4 ~ Acceptable~ | Acceptable— | Acceptable— | Optional Optional
10™ to 10™ | Noactionsare | Noactionsare | Noactionsare | (evaluate (evaluate
needed needed needed alternatives) | alternatives)
Acceptahle~—  Acceptable — | "3_.-Acoeptabic - Aocéptab-lé—- : Optional
10 to 10°° ~No actions are | No actions are | No actions are | No actions are (evaluate
© needed needed | needed needed alternatives)
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Release I to 10- 10- to 100- to 1000- to 10,000- to > 100,000

Characteristic Ib release 100- b 1000-1b | 10,000- Ib 100,000- b release
release release release Ib release

Extremely toxic

above boiling point Cat. 3 Cat. 4 Cat. 5 Cat. 5 Cat. 5 Cat. 5

Extremely toxic

below beiling point

or highly toxic Cat. 2 Cat. 3 Cat. 4 Cat. 5 Cat. 5 Cat. 5

above boiling point

Highly toxic below

boiling point or

flammable above Cat. 2 Cat. 2 Cat. 3 Cat. 4 Cat. 5 Cat. 5

boiling point

Flammable below

boiling point Cat. 1 Cat. 2 Cat. 2 Cat. 3 Cat. 4 Cat. 5

Combustible liquid | Cat. 1 Cat. 1 Cat. 1 Cat. 2 Cat. 2 Cat. 3
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Low Consequence

Personnel Minor or no injury; no lost time

Community No injury, hazard, or annoyance to public

Environment | Recordable event with no agency notification or permit violation

Facility Minimal equipment damage at an estimated cost of less than $100.,000 and with

no loss of production.
Medium Consequence
Personnel Single injury, not severe; possible lost time
Community Odor or noise complaint from the public
Environment | Release that results in agency notification or permit violation
Facility Some equipment damage at an estimated cost greater than $100,000 and with
minimal loss of production.
High Consequence
Personnel One or more severe injuries
Community One or more minor injuries
Environment | Significant release with serious offsite impact
Facility Major damage to process area(s) at an estimated cost greater than $1,000,000
or some loss of production
Very High Consequence
Personnel Fatality or permanently disabling injury
Community One or more sever injuries
Environment | Significant release with serious offsite impact and more likely than not to cause
immediate or long-term health effects.
Facility Major or total destruction of process area(s) at an estimated cost greater than
$10,000,000 or a significant loss of production
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Type of event

Examples

Mechanical failures

Corrosion

Vibration

Erosion

Flow surge or hydraulic hammer
Seal/gasket/flange failure

Relief device stuck open
Puncture

Fracture

Fabrication defects

Brittle fracture

Control systems failures

Sensors failure

Logic solver failure

Final elements failure

Field wiring failure
Communication interface failure
Software failures or crashes

Utility failures

Power failure
Loss of instrument air
Loss of plant nitrogen
Loss of cooling water
Loss of steam

Natural external events

Earthquakes
Tornadoes
Hurricanes
Floods
High winds
Lightning

Human external events

Major accidents in adjacent facilities
Incidents in adjacent processes
Incidents within the process
Mechanical impact by motor vehicles

Human failures

o000 O0C0OOOO|COOO0OO0CO|0OCCOC|CO0OO0C0OCO0O00000O0O0O00O0

Operational error
Maintenance error
Critical response error
Programming error
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Initiating Event Frequency Range (per year) —‘
Pressure vessel residual failure 10° to 107

Cooling water failure 1t010™

Pump seal failure 10" t0 107

Atmospheric tank failure 107 to 107

Gasket / packing blowout 10 to 10°
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IPL Comments PFD

BPCS Can be credited as an IPL if not associated with | 1 x 10" to 1 x 107 (>
the initiating event being considered (See IEC | 1 x 10" allowed by
61508 and IEF 61511 for additional discussion) | IEC)

Safety See Chapter 20 See Chapter 20
Instrumented
function
Dike Will reduce the frequency of large consequence | | x 10%to 1 x 10
(widespread spill) of a tank overfill / rupture /
spill / etc.

Blast-wall / Bunker | Will reduce the frequency of large consequences | 1 x 10%to 1 x 102
of an explosion by confining blast and protecting
equipment / buildings / etc.

Human action with | Simple well-documented action with clear and 1.0to 1 x 10™
10 minutes reliable indications that the action is required
response time

Human response to | Simple well-documented action with clear and Ix10" (>1x10"

BPCS indication or | reliable indications that the action is required allowed by IEC)
alarm with 40 (The PFD is limited by IEC 61511; IEC 2001)

minutes response

time

Human action with | Simple well-documented action with clear and 1x 10" to1 x 107
40 minutes reliable indications that the action is required.

response time
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Unacceptable region

Risk cannot be justified except in
oxlraordinary ciucumstances

Tolerable region

X

Risk is lolorable only if,

a) further risk reduction s
impracticabile ot if s cost is
grossly dispropartonale te the
improvement ganed and

D) socioty desires the benalil of
the activity given the
associaled nsk.

Broadly acceptable
region

Increasing Individual risks and societal concems

!

Negligible risk

Risk Class

Level of residual risk regarded as
neghgible and futher measures to
reduce nsk not usually requited. No
need for detalled working to
demonstrate ALARP
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