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INFERRED GAS DETECTION

Understanding how to optimally deploy Laser Based - Open

Path Gas Detectors and how to set Alarm Thresholds for
Inferred Gas Detection Applications.

AMBIENT MONITORING /| LEAK DETECTION
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THE CHALLENGE

In a Sour Gas Application, our customer had
purchased our Lo-Range Methane (CH,)
GasFinder to infer the presence of Hydrogen
Sulphide (H.S). They had implemented an
Inferred Alarm Threshold of 1,250 ppm-m (2.5%
LEL-m) which had proven to be too sensitive as
normal operational activity set off the alarm.

The sections below aim to provide guidance on
how to appropriately increase the alarm
threshold.

To help provide context, other Open Path Gas
Detection Technologies such as Non-Dispersive
Infrared (NDIR), which are used to detect
hydrocarbons such as Methane (CH.) will alarm
at 50,000 ppm-m (100 LEL-m).

SHOULD NOT BE ‘SET AND FORGET’
From the UK HSE - Review of Alarm Setting for
Toxic Gas and Oxygen Detectors
(RR973), “Setting Alarm Thresholds should not
be “fit and forget’. Initial Alarm Thresholds may
be adjusted either up or down in the light of
experience in the environment (i.e. process-
related events and instrument characteristics).
This requires analysis of the data over a suitable
period. Minimizing the risk by lowering the alarm
levels has to be balanced by minimizing spurious
alarms, which reduce efficiency [of the overall
Fire & Gas Safety System].

Fixed Gas Detection shall provide, within
practical limits, the earliest detection of
presence of a hazardous release or
accumulation of a flammable or toxic gas. The
UK HSE’s - Review of Alarm Setting for Toxic
Gas and Oxygen Detectors (RR973) suggests
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that “It is desirable that this should only occur
when there is a serious leak”

Lowering the Alarm Threshold may introduce
unintended spurious/nuisance/false
alarms caused by the process, operators,
environment, or detector. If
spurious/nuisance/false alarms are not
managed properly, this canlead to excessive
alarm activation which can result in operators
turning off the alarms, sometimes with
dangerous consequences. As per UK HSE’s -
Review of Alarm Setting for Toxic Gas and
Oxygen Detectors (RR973), [Alarm Thresholds
for Fixed Detection], “may be set higher than
those for a portable detector. However, these
action levels should still enable any workers
present in the area, to safely exit the area and
initiate effective mitigation”.

DETERMINING ALARM THRESHOLDS

Below is the recommended logic to follow to set
Inferred Alarm Thresholds.

ALARM THRESHOLD STRATEGY OVERVIEW:
There are three (3) steps involved:

1. Establish the Alarm Thresholds for Open
Path Hydrogen Sulphide (H2S) Gas
Detectors.

2. Determine the Ratio of Methane (CH,) to
Hydrogen Sulphide (H.S).

3. To set the Inferred Alarm Threshold, we
simply multiply the H2S Alarm Threshold by
the Ratio of Methane (CHs) to Hydrogen
Sulphide (H.S).
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DETAILED ALARM THRESHOLD STRATEGY:
Step #1 - For Open Path Hydrogen Sulphide
(H2S) Gas Detection, here are the conservative
Alarm Thresholds that are used:

e HiAlarm (H.S):
e Hi-HiAlarm (H,S):

Step #2 - If we assume that within the process,
for every sixteen (16) parts of Methane (CH.)
there is one (1) part Hydrogen Sulphide (H,S):

o Assumed Process Composition: 80%
Methane (CHs) + 5% Hydrogen Sulphide
(H.S) =

Step #3 - If we want to set an Inferred Alarm
Threshold, we can use our ratios along with the
Hydrogen Sulphide (H2S) Alarm Thresholds:

e Conservative Inferred Hi Alarm:

4,000 ppm-m (8% LEL-m)

e Conservative Inferred Hi-Hi Alarm:

8,000 ppm-m (16% LEL-m)

The section below is intended to show that the
Inferred Alarm Threshold are still very
conservation and that they could still be
defensibly increased even further.

MAXIMUM ALLOWABLE ALARMS

To help find the balance between setting the
Alarm Threshold “As Low As Reasonably
Practical”  (ALARP) while taking into
consideration the need to avoid false alarms,

White Paper - Sour Gas - Inferred Gas Detection

below is a found “Recognized And Generally
Accepted Good Engineering  Practices”
(RAGAGEP) that provides the Maximum
Suggested Alarm Thresholds for both Toxic +
Flammable Gases. As per the Center of Chemical
Process Safety - Continuous Monitoring for
Hazardous Releases, Gas Detection Alarm
Thresholds must be based on the hazard
properties of the hazardous gas in question. For
Toxics, use Immediately Dangerous to Life and
Health (IDLH), which has a 30-minute exposure
consequence which allows time to don
Respiratory Protection Equipment (RPE) and/or
escape.

In summary, here are the suggested Maximum
Alarm Threshold Concentrations:

e The Maximum Low-Level (i.e. Hi) Alarm:
For Toxics, it shall be set based on half of
the IDLH (i.e. 50% of IDLH).

e The Maximum High-Level (i.e. Hi-Hi) Alarm:
For Toxics, it shall be set at the ILDH (i.e.
100% of IDLH).

For Open Path Toxic Gas Detection, we’ll need
to use the industry based assumptions
for plume sizes based upon the confinement of
the area:

e Within Enclosed or Congested Areas, it is
assumed that the plume could be between
5-10 m (15-30 ft) in diameter by the time it
passing through the Active Measurement
Path.

e Within Open Areas, it is assumed that the
plume could be between 10-20 m (30-60 ft)
in diameter by the time it passing through
the Active Measurement Path.
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The Figure 1 shows how the different Alarm
Thresholds can vary with different Plume Sizes.
To generate the Path Integrated Concentration
(ppm-m) Alarm Threshold, which is the Unit of
Measure for Open Path Gas Detection,
we’ll multiply the Parts Per Million (ppm)
Concentration by the Assumed Plume Size (m).

FIGURE 1 - MAX. ALARM THRESHOLDS

How Matrix Works:

To generate the Path
Integrated Concentration
(ppm-m), the ppm
concentration is multiplied
by the plume size.

Enclosed / | 5m Plume 250 ppm-m 500 ppm-m
Congested
Areas | 10 mPlume 500 ppm-m 1,000 ppm-m
10 m Plume 500 ppm-m 1,000 ppm-m
Open Areas
20 m Plume 1,000 ppm-m 2,000 ppm-m
References:
Center for Chemical Process Safety - Continucus Monitoring for Hazardous Releases
UK HSE - Review of Alarm Setting for Toxic Gas and Oxygen Detectors (RR973)

As shown in Figure 1, if we want to set the
Maximium Allowable Inferred Alarm Threshold,
we can use our ratios along with the highest
possible Hydrogen Sulphide (H2S) Alarm
Thresholds:

e Maximum Allowable Inferred Hi Alarm:
1,000 ppm-m (H,S Alarm Threshold over a
20m plume) x 1¢
16,000 ppm-m (32% LEL-m)

CHa:H,S) =

e Maximum Allowable Inferred Hi-Hi Alarm:
2,000 ppm-m (H,S Alarm Threshold over a
20m plume) x 16 (rat f CHsH,S) =
32,000 ppm-m (64% LEL-m)
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FINDING AN ACCEPTABLE RANGE

TOO LOW
The current Alarm Threshold of 1,250 ppm-m
(2.5% LEL-m) is proven to be too low.

TOO HIGH

While it is defensible to use the Maximum
Allowable Alarm Thresholds which are as high as
16,000 ppm-m (32% LEL-m) and 32,000 ppm-m
(64% LEL-m), lower Alarm Thresholds should be
explored first.

PURPOSEFUL AND APPROPRIATE
The use of the Conservative Inferred Alarm
Thresholds is a robust starting position that
should alleviate having operational activities
initiate alarms but provide the protection
required:
e Conservative Inferred Hi-Alarm:

4,000 ppm-m (8% LEL-m)
e Conservative Inferred HiHi-Alarm:

8,000 ppm-m (16% LEL-m)
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OVER THREE (3) MONTHS:

Based upon the logfiles available from Feb. 20"
to May. 11%* 2022, with the Inferred Alarm
Thresholds shown above, it does not appear
that the Conservative Inferred Hi-Hi Alarm of
8,000 ppm-m (16% LEL-m) would have been
exceeded by the operational activity/loss of
containment that occurred from Feb. 20" to
Mar. 22", 2022.

FIGURE 2 - RELEASE DATA
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The observed optional activity in Figure 2 did
not produce a ‘creditable releases’ that would
warrant an alarm being produced.

Based upon the data shown in Figure 2, the
Conservative Inferred Alarm Thresholds would
appear to be appropriate for this application.

Observed Operational Activity

Feb. 20th, 2022 to May. 11th, 2022
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