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1. Inadequate Enforcement of Constraints (Control Actions)
1.1 Unidentified hazards
1.2 Inappropriate, ineffective, or missing control actions for identified hazards
1.2.1 Design of control algorithm (process) does not enforce constraints

— Flaw(s) in creation process

— Process changes without appropriate change in control algorithm
(asynchronous evolution)

— Incorrect modification or adaptation
1.2.2 Process models inconsistent, incomplete, or incorrect (lack of linkup)
— Flaw(s) in creation process
— Flaws(s) in updating process (asynchronous evolution)
— Time lags and measurement inaccuracies not accounted for
1.2.3 Inadequate coordination among controllers and decision makers
(boundary and overlap areas)
2. Inadequate Execution of Control Action

2.1 Communication flaw
2.2 Inadequate actuator operation
23 Time lag

3. Inadequate or missing feedback
3.1 Not provided in system design
3.2 Communication flaw
3.3 Time lag
3.4 Inadequate sensor operation (incorrect or no information provided)
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Federal i Government S 5?1%003'3
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Safety Requirements and Constraints :

Federal Government Ministry of Health
* Establish a nationwide public health system and ensure it is operating effectively. * Ensure adequate procedures exist for notfication and risk
Provincial Government abatement if water quality is compromised.
: ES‘a%ieSh éegulgltory &odigs a{td codast of rg(s)gpns;gilities, whtgmy and aopgigt?éasbility Government Water Testing Labs
rovide adequate resources o regulatory bodies to ca eir responsibilties. o :
. l;rowgg? oséﬁsigt&arwet{b%ck elc?ops 1o ensure hl prrgyvincial reguialory bodies ; mmc";?'s égmsH%"aft%S""g results to MOE, PUC, and
re doing their job adequately.
. E%spre la:dequa]le risk assessment is conducted and effective risk management plans WPUC Commissioners
are in place.
* Qversee operations to ensure water quality is not compromised.
Ministry of the Environment i - i
. %f;;tgesm _tg‘ose in charge of water supplies are competent to carry out their WPUC Operations Management
EOPONGENIS : - * Monitor operations to ensure that sample taking and reporting is
* Perform inspections and surveillance. Enforce compliance if problems found. p il SAMpid 1axing and [eparing
* Perform hasge;(:it analyses to identify vuineraikies £nd moniy e, accurate and adequate chlorination s gemg performed.

* Perform continual risk evaluation for existing facilities and establish new controls

o Egtgg?gﬁacnr'nena for determining whether a well is at risk WELS Spertions
! rgeiermining whetner a well satnss. = * Measure chlorine residuals
* Establish feedback channels for adverse test results. Provide multiple paths. Dt o 14 :
* Enforce legislation, requlations and policies applying to construclionpangaoperation * Apply adequate doses of cholorine o kil bacteria
of municipal water systems.

* Establish cerfification and training requirements for water system operators. BGOS Medical Department of Health
* Provide oversight of drinking water quality.
ACES * Follow upona%verse d[iﬂl?lg wate(r]qugrny reports.

* Provide stakeholder and public review and input on ministry standards * Issue bol water advisories when necessary.
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TOP Event...foreseeable, undesirable event, toward
which all fault tree logic paths flow...or...
Intermediate Event...describing a system state

produced by antecedent evenis.

"ORT Gate. . produces output i any input exists.  Any input,
individually, must be (1) necessary and {2) sufficient to cause
the output event.

CANDT Gate. . .produces output if all inputs co-exist.  All inputs,
collectively, must be (1) necessary and (2) sufficient to
cause the output event.

Basic Event.. . Initiating faultfailure, not developed
further. {(Called “Leaf,” “Initiator,” or "Basic.™
The Basic Event marks the limit of resoclution
of the analysis.
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1. Identify undesirable TOP
event.

d] o 3. Link contributors to TOP =

by logic gates.

O 2. ldentify first-level
contributors.
é 5. Link second-level
contributors to TOP by

4 ,
5.0 O[0 =

4. ldentify second-level
contributors.

Basic Event...("Leaf,”
“Initiator,” or "Basic”) ,
indicates limit of analytical 6. Repeat/continue...
resolution.
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“Causes” “Consequences”

-"."-

Risk = Probability X Consequence
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- The Bow-tie Diagram is a user-friendly, graphical illustration of how

hazards are controlled.
- Bowtie .... A simplified fusion of

Fault Tree Analysis and Even Tree Analysis
FTA + ETA = Bowtie
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Top event - no catastrophe yet but the
unwanted events.

# Threats - The top event can be caused by (sufficient or necessary
causes).

* Consequences - The top event has the potential to lead to
unwanted consequences.

* Barriers - Preventive or mitigate measures taken to prevent
threats from resulting into the top event.

+ Escalation factor - a condition that defeats or reduces the
effectiveness of a barrier.
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The  current

judgment s

highlighted.

Arrow  points

to  dominant

element. N - N
To invert judgment click
on the “Invert
Comparison” button

Double click
arrow to change
dominant
criterion  from
price to comfort.

CERAPHICAL JUDGMENT [VIODE
Comparisons for ~2Critoria™ wit ~Goal™
File Computations  Misc. Help
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1. 1Price s|ls|7|s]|s|a|lz]2 2|z a|s|e|7]|e|2] Hocome. |2 Location
2. 1Price als|z|e|5]|4|2]2 2|3|a|s|e]|7]|e]|2]| Nocomp. |3 service

3. 1Price sls|7zls]|s]|a]|a]|z 2|3la]ls]|e|7|s]|2]| Nocomp. | 4 Speed Compa'y'l_ng Nodes i_n the "Othe]’”
4. 1Price sls|7|e|s5|a|z]2 2|3|a]|s|e|7]|e|2| Hocome. |5 creantine~

5. 1 Price ale|7|e]|s]|a|lz]|2 2|3]als s8|7]|e|s| Nocomp. |6 Menu tem C[uste]/‘ wu:h

6. 1Price s|ls|7|s]|s|a|3]2 2 3f|a|s|e|7]|e|9]| Hocomp. | 7 Take-out

7. 1 Price ale|7|s]|s5|a|lz2]|2 2|lz]a|s|s]7 &9 | Nocomp. |2 Reputation “y‘espect ‘to McDona[d’S
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10. 2locaton 9 |e|7|e|s|a)a|z2 2|z als]|e|7|e]| 2| Hocomp. |5 Cleanline~

- il
Comparisons for "4 Other” wit "1 McDonald's™ | [O] %]

File Computations Misc. Help

Graphic | Verbal I Matrix  Questionnaire

'IZ Location is 3.3 times more important than 1 Price

Inconsistency | 2 Location 3 Service 4 Speed 5 Cleanline™ 6 Menu Item

The Matrix Mode for Comparing e [T =lia  |Thc  [Thor |Tks |
. . 2Location =l45 =]22 LEEN T|L5
Nodes in the “Other” Cluster with Saene ! I' T e L
respect to McDonald’s e Tles [Tks F
5 Cleanline™ FIQ_]
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To compute the local priorities ass
the Computations, Show New Priorities command. iorities of the
nodes in the Other cluster with respect to McDonald's will be disp layed

dnconsistency index is
0.0000. It is desirable to
have avalue of less than 0.1

1 Price 0.03286

2 Location 0.10632

3 Service 0.02373

4 Speed 0.04829

5 Cleanline~ 0.33277

6 Menu lterm 0.15931

7 Take-out 0.07356
8 Reputation 0.22317

The Local Priorities fov Nodes in
"Other", Compaved with Respect
to McDonald's
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