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DETERMINE YOUR HAZARD RANK

High Hazard Conversation Guide
Laser Based - Open Path Gas Detection

TOXIC GASES

GRADE A* - HAZARD RANK [>7.5]

Why is this used: This semi-qualitative assessment used is to help end-users Geographic Area Coverage >90%

determine if they have what is considered a High Hazard Rank Application.

A life-threatening toxic hazard could occur from
a relatively small gas release at

How to perform the Semi-Quantitative Assessment: Select one (1) option a distance well outside the localized area of the release.

GRADE A - HAZARD RANK [5.5T0 7.5 ]
Geographic Area Coverage 90%

A life-threatening toxic hazard could occur from

a relatively small gas release at

a distance well outside the localized area of the release.

GRADE B - HAZARD RANK [3.5 T0O 5.5]
Geographic Area Coverage 80%

An injury-level toxic hazard could occur from

a relatively small gas release at

a distance well outside the localized area of the release.

GRADE C - HAZARD RANK [1.5TO 3.5]
Geographic Area Coverage 60%

An injury-level toxic hazard could occur from

a larger gas release at

a distance outside the localized area of the release.

COMBUSTIBLE GASES

GRADE A* - HAZARD RANK [>7]

Geographic Area Coverage >90%

A damaging flame acceleration and/or overpressure wave could
occur from a relatively small gas release due

to high degrees of confinement (or high release sources).

GRADE A - HAZARD RANK [5T0 7]

Geographic Area Coverage 90%

A damaging flame acceleration and overpressure wave could
occur from a relatively small gas release due to either

high Degrees of Confinement or Frequency Release Sources.

GRADE B - HAZARD RANK [2 TO 5]

Geographic Area Coverage 80%

A damaging flame acceleration and overpressure wave could
occur from a minor gas release due to

a moderate degree of confinement or Frequency Release Sources.

GRADE C - HAZARD RANK [0.5 TO 2]

Geographic Area Coverage 60%

Typically assigned to open hydrocarbon processing areas with
fixed equipment, relatively low operating pressure,

and well-controlled ignition sources.

from each category while noting and adding-up each of the numerical ranks.
Major Equipment Item Likelihood
Plate & Frame Heat Exchanger 3
Compressor/Expander 3
Centrifugal Pump 3
Reciprocating Pump 3
Column/Tower/Contactor 2.5
Shell & Tube Exchanger 2
Air Cooled Heat Exchanger 2
Pressure Vessel/Reactor 2
Fired Heater 2
Pig Launcher 2
Atmospheric Storage Tank 1
LP Storage Tank 1
Sump/Sump Pump 1
Piping Manifold 1
Single Welded Pipe Segment 1
Process Material Consequence
Gas 3
Volatile Liquid 2
Stable Liquids 1
Occupancy Environment Adjustment
Near Continuous Occupancy (>30%) 0
Routine Operator Rounds (~10%) -1
Less than 15 min per Day (~1%) -2
Process Pressure Adjustment
>7,000 kPag (>1,000 psig) 1.5
2,000 to 7,000 kPag (300 to 1,000 psig) 1
1,000 to 2,000 kPag (150 to 300 psig) 0.5
350 to 1,000 kPag (50 to 150 psig) 0
Atm to 350 kPag (Atm to 50 psig) -0.5
Consequence for Confinement and Congestion Adjustment
Confinement / High Congestion "High 2D" 2
Some Confinement / Moderate Congestion "2D Med" 0
No Confinement / Low Congestion "3D Low" -1
[Toxic Gas Only] Consequence for Gas Concentration  Adjustment
>10% 3
3% to 10% 2
1% to 3% 1
1,000 ppm to 1% (10,000 ppm) 0
100 ppm to 1,000 ppm -1
<100 ppm N/A
[Combustible Gas Only] Ignition Environmental Adjustment
High Ignition Probability (Near 100%) 0
Moderate Ignition Probability (30%) -0.5
Average Ignition Probability (10%) -1
Low Ignition Probability (1%) -1.5
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We Understand Your World

You’re the Facilities Last Line of Defense
Responsible for your Critical Safety Devices (SCDs)

Important to keep Operations happy
The focus is maintaining up-time and reliability

Key Metric is effective Alarm Management
You need to enable operations to be do their job

You’re being asked to do more with less
While working with more specialized equipment

You’re the last line of defense for preventative maintenance to
ensure the Availability of Critical Safety Devices (SCDs)

fi 8 .00.07- - Gui h i f
Hazards of MeChanical Failures Reference: ISA TR84.00.07-2018 - Guidance on the Evaluation o

Fire, Combustible Gas, and Toxic Gas System Effectiveness

The Problem with Mechanical Failures
Itis a matter of WHEN a leak will occur, not IF

High Failure Frequency Equipment
Exchangers, Compressors, Pumps & Rail Terminals

Risk increases with Consequences of a Leak
E.g., pressures >100 psi & concentrations >1%

Effects of Leak can be Amplified/Escalated
With increased confinement and congestion

The risk to yourself increases with probability of occurrence (e.g.,
Likelihood of Mechanical Failure) and the severity of the potential
consequences (e.g., volume and concentration of gas released).

H H Reference: ExxonMobil, LMA Lloyds, Center of Process Safety,
Increased Risk with Human Error e e T

<10% of time spent in Transient Operations
But results in >50% of the Process Safety Incidents

Transient Operations (i.e., Non-Normal)
Non-routine/Infrequent and Abnormal/Unplanned

Mild Effects [8hr]

Non-Disabling & Reversible

Serious Effects [30min]
Disabling & Irreversible

Life Threatening [rapid]
Fatal in a few breaths

Minor releases can produce life-threatening concentrations
well outside the area of release

Minor Releases can produce Lethal Plumes
That can travel >30m (>100ft) in 15-30 seconds

Effective Gas Detection Rate is at best 60%
Do you still feel safe working in the process unit?
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Risk of I nad eq u ate M ainte nance Reference: LMA Lloyd - Analysis of Common Losses

19% of Major Losses linked to Maintenance
68% are due to lack-of orinadequate maintenance

Last Slice in Swiss Cheese Accident Model
Loss of concurrent preventative/mitigative barriers

Availability of Safety Critical Devices (SCDs)
These protect both your colleagues and yourself

Surprised by finding a Failed Gas Detector?
Did your PLC/DCS think it was fully functional?

In an incident, who is responsible for when a
Safety Critical Device (SCD) does not respond to a credible hazard
and is found as inhibited, defeated, or non-functioning?

How much better would it be...

If you could show Management
Your confidence in the Availability of your SCDs?

If your Team no longer had to
Be on the hunt for failed or defeated gas detectors?

If both operations & yourself trusted
That you were protected while in the process unit?

If you weren't worrying about gas detectors

. . i o
What else could you be domg with your time? What about if you only had to worry about your gas detectors

when they provide a ‘Call-for-Maintenance’ for an inhibition or a
fault? What else would you be able to do with your time?

Have a say in what you Maintain

Laser Based - Open Path Gas Detection
Will eliminate one of your Maintenance Burdens

Do not Live Under an Illusion of Protection
Only outputs gas concentrations if ‘fully functional’

Have Confidence in a Smart Fail-Safe Device
Detector outputs if status is inhibited or in a fault

No Calibration, just a simple Function Test.
As easy as holding the Response Cell in the path

To perform Function Test, simply hold the Response Cellin the
Laser Beam to ‘Bump’, ‘Challenge’, or ‘Verify a Response’.
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A Road of Tough Decisions

These Questions about Detection Design
Continue to come up as the most troubling:

#1 - Which Detector Type do | use?
Traditional/Enhanced or Fixed Point/Open Path?

#2 - How many Detectors do | need?
Is there something that can help give guidance?

#3 - Where do | put these Detectors?
Do I mount high/low, close/far, or on/off a wall?

The design of a Fire & Gas Safety (FGS) System is a relatively
‘fuzzy’ engineering discipline without clear & prescriptive direction.

Reference: Center of Chemical Process Safety - Continuous

No TWO Leaks w'“ be the Same Monitoring for Hazardous Material Releases.

Impossible to predict where a plume will go
With certainty for every leak or release scenario

Air Currents from Equipment or the Wind
Can control and change the trajectory of a plume

HVACs in Process Buildings are Defeated if
If pass-through doors or bay doors are left open

High Hazard Rank Applications
Makes the deployment of gas detectors critical

Each release was done two (2) minutes apart but changing
air currents resulted in the plume going in different directions.

¢ Ho pe ’ your Detectio n StrategL? Ref: Center of Chemical Process Safety - Continuous Monitoring

for Hazardous Material Releases., ISA TR84, HSE RR123

“A “credible” release may not necessarily be . .
Sl detectable with any degree of certainty.” Strong emphasis that a Credible Release

tHazaiious - Center of Chemical Process Safety May not be detectable with any certainty

Material Releases

O L G O S e Effective Detection Rate is at Best 60%
detection rate was at best 60%.” . .
- ISA-TR84.00.07-2018 ’ Low detection results in poor FGSs performance

“Approximately 36%
of major gas releases Study Found Most Releases Go Undetected

and 69% of significant 69% of significant releases & 36% of major releases
gas releases were

undetected by gas

detectors.” If the Safety System doesn’t detect the leak

s HSERR1123 Cannot prevent a bad situation from getting worse

w2
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Reference 1: DNV GL - Failure Frequency Guidance
Reference 2: LMA Lloyd - Analysis of Common Losses

Predicting the Unpredictable

Does designing a Fire & Gas (FGS) Safety System 43% of the Major Lpsses frqm 1?96 to 2015
feel like playing an un-winnable game of wack-a-mole? Were due to ‘Mechanical Integrity Failures’

70% of all ‘Mechanical Integrity Failures’
Were due to corrosion of process piping

Mechanical Integrity Failures
Are often unexpected, sudden, & unpredictable

A Single Welded Pipe Segment has a likelihood of failure of only
7.36 times out of 100,000* but is responsible for
70% of all ‘Mechanical Integrity Failures?’.

How do you Protect your own Reputation
With low detection rates & random leak locations?

What if there was some Cla ritv, Reference: ISA TR84.00.07-2018 - Guidance on the Evaluation of

Fire, Combustible Gas, and Toxic Gas System Effectiveness

Protect your own Professional Reputation
Ensure your designs meets area coverage targets

Geographic Area of Influence
5m (15ft) Radius

ISAs TR-84’s Semi-Qualitative Assessment
Provides you an accepted area coverage target

Gas Detectors’ Geographic Area of Influence
5 m (15 ft) Radius - based upon size of the plume

is based upon the

Smallest Gas Volume of Concern
5m (15ft) Diameter

‘Grade A* Rank’ needs >90% Area Coverage
Volume to be filled by geographic area of influence

A

If the Geographic Area of Influence covers the percent volume of the
defined process area, then the Area Coverage requirements are met.

ISA TR-84: For ‘Grade A*’ Hazard Rank Applications, >90% Area
Coverage s required to achieve the Risk Reduction Factors (RRF).

You’ve found your ‘Win-Win-Win’

Laser Based - Open Path Gas Detection
Is the most feasible tool to optimally mitigate risk

Increases the Probability of Detection
Path Lengths range from 5-200m (15-600ft)

Simplifies Detector Placement
Due to incipient detection & immediate response

Most Economically Feasible Option
Lower Total Install Cost + Total Operational Cost

Laser Based - Open Path Gas Detection is typically mounted at a
height between 2m (7ft) - 4m (13ft).
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Others Wonder the Same Thing

We’ve worked with several customersin similar situations to yours
and found that these questions come up
again and again as the most troubling.

Making a Bad Situation Worse

It is WHEN will a gas leak will occur, not IF
Prevention alone cannot prevent all leaks/releases

In High Hazard Rank Applications
Due diligence is required to mitigate ‘enough’ risk

Minor Releases can produce Lethal Plumes
That can travel >30m (>100ft) in 15-30 seconds

Effective Gas Detection Rate is at best 60%
This is both frightening & not nearly good enough

Make RAGAGEP Decisions

The probabilistic value of having an incident could be 2 out of 100.
The design of a Fire & Gas Safety (FGS) System should mitigate the
probability of an incident down to at least 2 out 0of 1,000 (i.e., 10x RRF).
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These questions from others in similar roles
Continue to come up as the most troubling:

#1 - How to Mitigate Risks | cannot foresee
Especially when not obvious & easily quantifiable?

#2 - How to justify my limited Capital Spend
On risk mitigation rather than prevention projects?

#3 - How do | limit my own Liability
While I balance running a safe & profitable facility?

Ref: Center of Chemical Process Safety - Continuous Monitoring
for Hazardous Material Releases., ISA TR84, HSE RR123

DETECTION
OF LEAKS,
POSSIBLE...

GAS LEAKS
INEVITABLE

“A “credible” release may not necessarily be detectable with any
degree of certainty.” - Center of Chemical Process Safety

Recognized and Generally Accepted Good Engineering Practice
Reference: ISA TR84.00.07-2018

Grade A* Hazard Rank Applications Require
>10x Risk Reduction Factors (RRF) improvement

Purpose of a Risk Reduction Factors (RRF)?
Reduce frequency of occurrence & severity of harm

Fire & Gas System (FGS) Effectiveness
Ability to detect and mitigate design-basis hazard

In the Event of an Incident at your facility
Are you confident that you mitigated enough risk?
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Are you Thinking the Same?

Government Industry Conditions of
Regulations Standards Insurance

12
Community Corporate Site Specific
Pressure Standard Requirements

Specifics to Mitigating Risk

To improve your Risk Mitigation capabilities
Focus on strengthening these three (3) FGS areas:

#1 - Geographic Area Coverage
i.e., Probability of plume contacting gas detectors

#2 - Safety Availability
i.e., Availability of entire safety system On-Demand

#3 - Mitigation Action Effectiveness
i.e., Implementation of timely Recovery Actions

The Solution to your Problem

Increasing the Geographic Area Coverage has the
single greatest effect on improving the overall
Risk Mitigation Capabilities of the Fire & Gas Safety (FGS) System.

Overview

Management

Imagine if there was a SAFe way to:
e.g., SAFe = Suitable, Acceptable, and Feasible

#1 - Limit your Personal Liability
By having a justifiable rational for your decision

#2 - Defensibly Mitigate Risk
For corporate, insurance, and litigation purposes

#3 - While being Economically Viable
For both Total Install Cost + Total Operational Cost

Reference: ISA TR84.00.07-2018 - Guidance on the Evaluation of
Fire, Combustible Gas, and Toxic Gas System Effectiveness

Detect the Confirm Recovery
Hazard Release Actions

LOGIC SOLVER FINAL CONTROL

SENSING ELEMENTS

The Center for Chemical Process Safety recommends that
“the response time for toxic [gas detectors]
should be within 30 seconds of initiation analysis”
(i.e., T90 Response Time <30 Seconds) so the
Final Control Elements can prevent a further Escalating Scenario.

Reference: ISA TR84.00.07-2018 - Guidance on the Evaluation of
Fire, Combustible Gas, and Toxic Gas System Effectiveness

Laser Based - Open Path Gas Detection
Significantly improves overall FGS Effectiveness by:

#1 - Provides FGS with Large Area Coverage
Continuous path is less likely to miss a leak

#2 - Fail-Safe Design + Smart Diagnostics
Increases Safety Systems confidence/effectiveness

#3 - Instantaneous Response to Small Leak
Allow recovery action to prevent hazard escalation
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Geographic Area Coverage

Lased Based -
Open Path Gas Detectors

>

Traditional -
Fixed Point Gas Detectors

Laser Based - Open Path Gas Detection is the most economically
viable option to minimize both the
Total Install Cost + Total Operational Cost (TIC-TOC)
in High Hazard Rank Applications.

Safety Availability

Surpass Safety Availability Requirements
With Laser Based - Open Path Gas Detection

Survive & Continue to Detect after a Leak
Lifespan/performance not effected by exposure

Smart Fail-Safe Device + SIL2 Suitable
Only outputs gas concentrations if ‘fully functional’

Eliminate your Maintenance Burden
No Calibration and easily perform Functional Tests

Mitigation Action Effectiveness

During Gas Alarm:

During Gas Alarm: If in unit, get out!

If out of unit, don’t go in!

During a Release: Prevent personnel from entering the area
or evacuate personnel from that area.
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Definition: The fraction of the geometric area or volume of a
defined monitored process area that would be detected.

Exceed your Area Coverage Requirements
With Laser Based - Open Path Gas Detection

Increasing the Probability of Detection
Offers the greatest Risk Reduction Factor return!

To Mitigate Risk in a Grade A* Hazard Rank
You will need >90% Geographic Area Coverage!

Laser Based - Open Path Gas Detection
Easiest & most economical way to Mitigate Risk

1: As stated in ISA-TR84

Definition: The availability of the FGS function designed to
automatically mitigate the consequences of hazards.

Function Test
(Response Cell)

Fail-Safe Design No Calibration
(Detailed Diagnostics) (Reference Cell)

Definition: The confidence that the final element(s) actions
will successfully mitigate the consequence of the hazard.

Alarm Faster and at Lower Concentrations
With Laser Based - Open Path Gas Detection

Confidently Alarm at Incipient Levels
Lowest Actionable Concentrations clearly stated

Gain an Instantaneous Response to a Leak
New and independent sample every second

Importance of Timely Personnel Evacuation
Rapid recovery actions prevent escalating event
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