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OIL & GAS - TANK FARM

Understanding how to optimally position
the Laser Based - Qpen Path Gas Detectors.

AMBIENT MONITORING /| LEAK DETECTION
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TANK FARM MONITORING

APPLICATION OVERVIEW

The Upstream Oil Producer required gas
detection around their Produced Oil and Water
Tanks. The installed two (2) Laser Based - Open
Path Gas Detectors configured to detect
Methane (CH,).

FIGURE 1 - TANK FARM

Normal operational activity that resulted in
losses of containment/fugitive emissions
included the Thief Hatches on each of the tanks.

FIGURE 2 - THIEF HATCH

Tanker Truck
Thief Hatch

1 (o
" Thief hatches are opened when

tanker trucks are pulling product
50 the tank doesn't collapse.

These thief hatches needed to be lifted/opened
while the tanker trucks pulled down the
product as to not collapse the tank under
vacuum.

During the operational activity of pulling down
the tank, it is expected to see elevated
concentrations Methane (CH,).
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PATH PLACEMENT

END-USERS’ INITIAL THOUGHT

The End-User initially installed the two (2) Laser
Based - Open Path Gas Detectors above the
tanks in an “X” formation.

FIGURE 3 - INITIAL PATH POSITIONING

Paths mounted
above and in an
“X" Formation.

The End-Users assumption was that since
Methane (CH4) entrained within the Produced
Oil/Water was lighter than air, that the only
location available to detect these losses of
containment would be above the tanks.

FIGURE 4 - ORIENTATION ABOVE TANK FARM

The two (2) Laser Based - Open Path Gas
Detectors are each shown mounted above the
tanks.
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AMBIENT METHANE (CH4)

The Laser Based — Open Path Gas Detectors can
detect ambient concentrations of Methane
(CH,) at Parts Per Million (ppm) levels.

Open Path Gas Detectors use a unit of measure
called Path Integrated Concentration (ppm-m) -
this means that it adds up the total
concentration along the entire the path.

To explain Path Integrated Concentration (ppm-
m), we have the following example. There is 2
ppm of Methane (CH.) in each cubic meter (1m?)
and the path is 60m in length - resulting in a
baseline concentration of 120 Parts Per Million
- Meter (ppm-m).

FIGURE 5 - BACKGROUND CONCENTRATION

Thereis 2 ppm of
methanein the
atmosphere.
2ppm x 60m =
120 ppm-m
Baseline

Each path is 60m
in length.

PULLING DOWN OF TANKS

The Logfile (i.e., the data) was pulled from the
Laser Based - Open Path Gas Detectors after the
first tanker truck had performed its operational
activity which was opening the thief hatch.
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The chart below shows the Concentration on
the vertical axis and time on the horizontal. The
blue and orange lines show the excursions of
Methane (CH4) on each of the paths occurring
during the operational activity.

FIGURE 6 - OPERATIONAL ACTIVITY #1

CHADC-30004 7/16/2019 Concentration in ppmm
20190716.L0G

ST

Spikes on both paths ——
ofup to 180 ppm-m ——

The composition of Methane (CH4) within the
entrained gases was greater than 80% (800,000

ppm).

The expected concentrations would be
expected to be much greater than just 60 ppm-
m over background concentrations.

FIGURE 7 - IS AN ‘X’ THE ONLY OPTION?

Is an “X" over
the tanks the
best place to

monitor?

This leads to the question, is mounting the
paths in an “x” over the tanks the optimal path
position?

16646 114 Ave NW, Edmonton, AB, CA T5M 3R8 +1.780.488.5173 info@boreal-laser.com boreal-laser.com



gttty

BOREAL

LOWER MOUNTING POSITION

To test an alternative placement, the two (2)
Laser Based - Open Path Gas Detectors were
placed parallel to the tanks and closer to grade.

FIGURE 8 - PATHS PARALLEL TO TANKS

How about
parallel to the
tanks?

The Laser Based - Open Path Gas Detectors
were placed at 4’ and 7’ above grade during the
test.

FIGURE 9 - PARALLEL PATH ORIENTATION

The End-User did not believe that this
alternative path placement would result in any
reading at all - since Methane (CH,) rises.

However, the End-User agreed to test the
parallel path orientation against the same
tanker truck operational activity.

EXACTLY THE SAME AS BEORE

The next day, after the tank trucks had
performed the same operational activity, the
logfiles we’re pulled to determine if the
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different location had produced more
representable and expected concentrations.

FIGURE 10 - OPERATION ACTIVITY #2

CHADC-300047/22/2019 Concentrationin pprm
20190722.106

H

Spikes on both paths of
up to 18,000 ppm-m .
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While it was the same operational activity, the
new path orientation produced significantly
different results - here the concentrations were
one hundred times (100x) greater than the
previous path orientation.

The results from this new path orientation
produced concentrations that are much closer
to what would be expected.

WHY DO WE THINK THIS HAPPENED?

To help explain why mounting the paths closer
to the ground provided more representative
results for a gas that should rise because it is
lighter than air, we’ll look at how to position a
device used to measure wind direction and
speed.

FIGURE 11 - 2D SONIC ANEMOMETER

In the manual of a 2D
Anemometer, which is

used to measure Wind
Direction & Speed it
says...
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As the wind blows, topological features such as
hills, trees, and tanks will produce disturbed
airflow.

In the manual of the 2D Sonic Anemometer, it
provides instructions on where not to place the
device as it will result in inaccurate readings.

FIGURE 12 - OBJECT HEIGHT LENGTHS

The air will be
disturbed or made
turbulent 2x the
height of tank
upwind and above h

the tanks

For the height of the

tank...

The air will be
disturbed or made
turbulent 6x the height
of the downwind of
the tanks.
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It states that for the height of the object, the
airflow will be disturbed 2x the height upwind
and above. Downwind, the airflow will be made
turbulent 6x the height of the object.

FIGURE 13 - AREA OF TURBULANT AIRFLOW

Theoretically, the
air flow will be
turbulent with a
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According to the manual of the 2D Sonic
Anemometer, it is suggested not to place the
wind direction and speed device within the
‘box’ as shown within Figure 13 as the airflow is
too turbulent to make a reliable measurement.
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For Laser Based - Open Path Gas Detection, this
turbulent airflow helps to increase the
probability of the plume encountering the
laser’s beam and being detectable.

MODELLING AIRFLOW

You may have seen images of CFD models that
show how air flows over and around vehicles.

As shown in the example below in Figure 14, just
was the air circulates in the box of the truck, it
could be assumed that the air could follow a
similar pattern off a tank.

FIGURE 14 - EXAMPLE OF AIRFLOW

Disturbed airflow can
carry the emissions

down to the Active
Measurement Path
beside the tanks.

Imagine the top of
the cab in just like
the top of the tank.

We believe that the reason that the paths
located parallel to the tank produced more
representative results would be because the
wind and air currents may have initially pushed
the plume to circulate beside the tanks rather
than rise as assumed.

FIGURE 15 - PRESUMED TRAVEL OF PLUME

While the same
operational activity took
place, there may have
been less methane
molecules to be counted
above the tank than
compared to beside the
tank.
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