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1 Introduction
Deliverable D7.3 “Validation of gas sensors on field sites” describes the deployment,
operation and data gathered by the MIRICO ORION® open path gas analyser, as well the
lessons learned during these field trials. The ORION® was deployed at two field sites, part of
Science for Clean Energy (S4CE) project. This report covers the deployment of the open path
gas analyser at the Hellisheiði power/carbon capture and storage plant operated by Orkuveita
Reykjavíkur (OR), Iceland, where the ORION® was used to monitor natural releases of CO2
from a geothermally active site. It also reports on the field tests conducted at the Centro Olio
at Trecate, Italy, an active oil and gas processing plant operated by ENI where controlled
ground releases of both CH4 and CO2 were carried out. The report covers various technical
aspects of the deployment with a strong emphasis on data interpretation and assessment of
next steps since details of trial preparation and logistical planning are covered in D7.6.

1.1 General context
The S4CE Horizon 2020 project focuses on understanding the mechanisms underpinning subsurface geo-energy operations towards the goal of reducing the environmental footprint of
such operations. Within this context, one of the significant activities of the project relates to
understanding environmental risks and develop ways to quantify, control, and mitigate these.
Stray gas surface emissions from geo-energy facilities is one mechanism by which geo-energy
operations may adversely impact the environment; this area is covered by bringing in
MIRICO’s expertise. To carry out a detailed assessment of the environmental footprint of
subsurface geo-energy applications, it is important to measure and quantify potential surface
gas emissions. This includes emissions of CO2 in activities involving geothermal energies or
carbon capture and storage (such as EOR or on-shore CCS) or emissions of CH4 in activities
related to shale gas, and oil and gas processing. In such cases, the characterisation of an entire
operation requires knowledge of the temporal evolution of concentration over a wide
geographical area. More importantly, the knowledge of gas emission source locations (points
of leak) and quantification of the gas emission rates at which they seep into the atmosphere
provide extremely valuable information to characterise the environmental impact at different
stages of the lifetime of a geo-energy facility, it facilitates targeted maintenance operations,
and it also contributes to transparent reporting, particularly with neighbouring stakeholders.
In order to address the above problems and provide a robust and cost-effective solution for
continuous quantification of gas emissions and monitoring of gas injections, within S4CE, a
novel approach to gas emissions monitoring was developed for environmental and process
gas facilities. The solution aims to provide a wide area (ultimately > 500x500 m 2) continuous
mapping of fugitive gases to both locate and quantify emission rates. The ORION® instrument
developed for the project targets CO2 and CH4 and is based on MIRICO’s proprietary Laser
Dispersion Spectroscopy (LDS) technology [1] and was deployed at selected participating field
sites for real-time monitoring of live conditions or controlled, representative, release
experiments.
In the field, ORION® measures integrated gas concentrations over multi-directional long open
paths very rapidly. The temporal evolution of the wind vector is simultaneously recorded. The
combination of multi-directional gas concentration data and meteorological data then allows
the use of inversion techniques to estimate gas source emission rates and their locations [2].
PU
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1.2 Deliverable objectives
The purpose of this deliverable is to describe and report on the operational deployment of
the ORION® open path gas analyser at participating partner field sites and present the data
collected during the trial to field-validate the system. Two such deployment scenarios have
been covered in this report and the outcome of the trials validate the ORION to technology
readiness level (TRL) of 7 (validation in operational environment). This outcome in turn raises
the awareness within the S4CE and geo-energy community of new innovative techniques
relevant to monitoring, reporting and verification of fugitive gas emissions.

2 Field Validation of ORION® Open Path Gas Sensor
The ORION® open path gas sensor was built under the S4CE project to present a novel and
innovative tool for the continuous monitoring of gas emissions during geothermal exploration
activities and other gas processing operations. This report deals with two such deployments
of the ORION that were undertaken in 2019 by MIRICO at partner sites in Hellisheiði, Iceland
and at ENI Centro Olio, Trecate, Italy. These deployments validate the progress of the
technology from TRL4 to TRL7 within the S4CE project. The former deployment was used to
monitor emissions of CO2 over a large geothermally active area, whereas the latter
deployment was chosen to demonstrate the efficacy of the system in detecting, localising and
quantifying controlled releases of both CH4 and CO2 at an active industrial site.

2.1 Deployment at Hellisheiði power plant, Iceland
The MIRICO ORION® open path gas analyser was trialled in proximity of a geothermal well of
the Hellisheiði power plant complex, operated by (OR), between 23rd September and 4th
October 2019. The trial was designed to measure natural CO2 releases seeping from the
ground at a geothermally active site. The goal was to gain information about CO2 fluxes in the
area and to determine the capability of the ORION® instrument to monitor large-area sources
in a range of weather conditions. The ORION® was installed close to active geothermal
production wells, employing an array of individual retroreflectors to perform multiple open
path spectroscopy measurements in a wide arc across an area of geothermal activity
(fumaroles and hot springs). This deployment was the very first of the ORION® instrument.
Understanding the underlying geothermal and geological properties of an area is critical to
maximizing the potential power capacity of geothermal power plants and can facilitate sound
decision making when assessing the likely payback from costly drilling operations.
Information gathered during well operation can also assist geoscientists in understanding the
factors that affect power generation over the lifetime of the plant.
Sub-surface geothermal activity is often accompanied by activity at the surface – hot springs,
geysers and fumaroles. Understanding the distribution and activity of surface gas sources can
therefore aid in understanding subsurface activity. Gas flux from geothermally active areas
can be measured using accumulation chambers; this is laborious, expensive and intermittent,
requiring significant operator time. MIRICO’s LDS technique has the potential to monitor gas
flux unattended and continuously for months at a time.
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2.1.1 ORION® Setup
The ORION® open path analyser was deployed at OR’s Hellisheiði geothermal power complex,
near to active production well sites. The site chosen was the ‘Hot Spring Hill’ area (UTM 27W
483195 7098022). This site is of interest to OR as there is much geothermal activity at the
surface, including gas escaping from fumaroles. An overview of the site layout is shown in
Figure 1a and 1b. Figure 1a shows the general settings and the location of the area under test
with respect to the main control building. Figure 1b focuses on the area specifically under
consideration and shows the configuration of the instrument and retroreflector deployment
on the site.

Figure 1a. General settings of the area under test (yellow perimeter) with respect to the main power plant control building.

Figure 1b. Overview of the geothermal well field site, which supplies the Hellisheiði power plant. The ORION® was located
at the corner of the pad containing two geothermal wells and surveyed over a 180° arc from south-west to north-east of the
pad.
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Eight retroreflectors were deployed in a 180° arc over a 150 x 350m area to the south-east
of the instrument. Their positional co-ordinates are given below in Table 1.
A sonic anemometer was deployed together with temperature, pressure and humidity
sensors to measure the wind vector and associated atmospheric data needed for the final
data processing.
Table 1. Listing of all the retroreflector geographical co-ordinates corresponding to positions marked in Figure 1.

Retroreflector
ID
1
2
3
4
5
6
7
8

UTM Northings
UTM Eastings (m) (m)
UTM zone
27W
7097942.5
483061.9
27W
7097863.4
483094.9
27W
7097902.5
483180.5
27W
7097919.0
483226.6
27W
7097957.2
483306.9
27W
7097997.8
483341.0
27W
7098063
483348
27W
7097966.0
483220.1

The instrument was powered by a petrol generator that was situated ~ 50m to the north-east
of the instrument (UTM 27W 483232 7098055). The generator used could provide power to
the ORION® for approximately six hours before needing to be refuelled. The initial set up of
the ORION® was carried out using the internal WiFi network or cable LAN before running
autonomously. Due to a technical issue with the environmental data connection,
anemometry data could not be recorded as planned; the relevant dataset was instead
obtained from the Icelandic Road Administration’s weather station at Hellisheiði (UTM 27W
483264 7099154) which was then used to generate all the subsequent data plots. In response
to this hardware failure MIRICO has fully redesigned ORION®’s environmental data collection
hardware to increase robustness and has since successfully deployed it into real-world sites.
Figure 2 shows pictures of some of the hardware deployed at the site, including the ORION®
and associated equipment.

Figure 2a. Picture of one of retroreflectors deployed against a backdrop of the site with active fumaroles.
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Figure 2b. ORION® deployed at Hellisheiði power plant for large area monitoring of geothermal activity.

Figure 2c. The weather environmental box with the anemometer for capturing meteorological data.

2.1.2 Weather conditions
Because the test described herein was the first field deployment for the ORION, one of the
main objectives of the work was to demonstrate robustness and reliability in harsh weather
conditions. A wide range of weather conditions were experienced over the course of the trial
at a time when Icelandic weather can be extremely unstable including fog, heavy rain and
fairly strong winds. A summary of the weather data recorded during the field work by the
Icelandic meteorological office is shown in Figure 3.1. During the measurements, fog and rain
strongly obscured the visibility of the retroreflectors. Nevertheless, the relative precision of
the measured CO2 concentration was found to be mostly insensitive to the returned beam
strength over two orders of magnitude (Figure 3.2), and still well acceptable over three orders
of magnitude, making the measurements strongly resilient to obscuration by bad weather.
PU
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Extremely heavy rain was experienced on one day of the trial, which made measurements
impossible as the retroreflectors were completely covered and obscured by rain. This allows
us to identify the meteorologic conditions at which the instrument cannot be used for
detecting gaseous leaks.

Figure 3.1. From top to bottom, wind direction, wind speed, temperature and relative humidity experienced during the field
campaign.

Figure 3.2. The relative precision (±1σ) of the fitted concentration was insensitive to the returned signal strength, remaining
about the same while the returned signal level varied over two orders of magnitude.
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2.1.3 Concentration retrieval and data analysis
The modulated dual beam signal measured by the ORION® is demodulated to extract the in
phase (I) and quadrature (Q) signals. This signal processing method allows the ORION® to
measure the full information about the received signal. Indeed, I and Q are used to
reconstruct the amplitude and phase alteration experienced by the electromagnetic field due
to the presence of CO2 molecules. These signals are subsequently fitted using a full physics
model in combination with the measured environmental data to extract the path averaged
gas concentration along each of the beam paths. Full physics in this context means that the
interaction of light with molecules is fully modelled using theory of molecular spectroscopy
and reference database on molecular ro-vibrational quantum transitions. An example of a
fitted CO2 spectral line is shown in Figure 4. The uncertainty on the fitted concentration is
typically around 0.1% relative (~0.4 ppm in case of CO2) which is ~10 times better than
equivalent metric quoted by competing technologies at ±1%. This should be considered in
data interpretation.

Figure 4. Example of fitted CO2 spectral line.

2.1.4 Measurement summary
The CO2 concentration in the air over the chosen field was measured over the course of five
days and was found to vary within the range 350 to 500 ppm. Concentration data for each
day of measurements are shown below in Figure 5. Because the global mean CO2
concentration for September 2019 was 408 ppm [3], concentrations of CO2 below 400 ppm
are physically not possible as it would mean a huge local CO2 sinks exists; therefore, a reading
sometimes observed below 400 ppm raises questions about instrumental biases. These were
found to be related to the thermal management of the instrument, which has since been fully
overhauled by improving the instrument insulation, design and placement of heat sinks and
implementing a chiller based cooling solution coupled with an internal radiator loop. This
ensures the internal temperature within the ORION® is well stabilised over the operating
temperature range.
The measurements show the concentration of CO2 to be, at times, significantly above global
mean CO2 level for September 2019 [3], confirming strong local sources are contributing to
PU
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the measured concentration, and are being picked up by the instrument. The scatter on
concentration is also found to be related to the level of turbulence of the atmosphere,
characteristic of diffusion from local sources.
Clear differences in CO2 temporal evolution among the different paths are also characteristic
of local sources (example in lowermost left figure) and are the type of signals needed to derive
spatial mapping information.

Figure 5. Daily CO2 concentrations measured along the different beam paths during five days of the trial period.

2.1.5 Emission mapping
Mapping of emission sources using the acquired dataset was not possible for several reasons:
 The continuity of the dataset was poor as some instrumental issues needed to be
addressed throughout the two week period.
 The “environmental box” was faulty and its communication with the main instrument
was deemed impossible. As such, the required high speed anemometry data could not
be recorded simultaneously with the CO2 concentration. An alternative solution was
found by OR through the Icelandic Meteorological office, but the temporal resolution
of the meteorological dataset was not sufficient to allow mapping of the emission
sources.
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Some biases were observed in the CO2 concentrations measured. Particularly
unphysical concentrations below 400 ppm raises concerns. Such biases would
significantly impede the results of the mapping solutions.
The mapping algorithm based on Markov Chain Monte Carlo (MCMC) inversion, a
standard Bayesian statistical approach for approximations in multi-parameter
problems, is currently optimized for localized sources in contrast to diffuse ones.

Whilst at the time of the deployment the mapping was not possible, the progress made since
requires a revaluation of the mapping capabilities: 1) the instrument reliability has been
significantly enhanced since this first deployment and over eight months of operation have
been proven in the field. The development of an alternative, more versatile, mapping
software in collaboration with UEF should address some of the inherent limitations to the
MCMC approach.

2.1.6 Conclusions and lessons learned
For its very first geo-energy field deployment, the CO2 ORION® has performed reasonably
well, especially in the unforgiving Icelandic weather in October. The particular successes of
the campaign are:
 Smooth delivery and installation in the Icelandic fields thanks to the very good support
of OR.
 CO2 atmospheric concentrations over the beam paths have been measured for at least
5 days, with a precision of ~0.4 ppm.
 Measurements were demonstrated to have a large immunity to weather conditions,
including fog and rain.
 Correlations of CO2 concentrations with wind direction have been observed, as well
as evidence of local sources.
 During the deployment, the field measurement also faced issues that have been taken
into account to improve both the ORION® as well as the mapping algorithm approach.
Lessons learned relates to:
 The reliability of the environmental data collection was not acceptable, and a
complete redesign has been undertaken to address this issue.
 Suspected thermal biases have been observed to produce unphysical concentration
readings. The thermal management of the instrument has been overhauled to
eliminate this issue.
 A new approach to source mapping has been developed in partnership with UEF which
should be more relevant to diffuse source mapping.
The overall outcome was very positive, with as much learned about the functionality and
performance of the ORION® in real world conditions as was gained from the measurements
themselves. This allows for improvements to be made to the equipment as the instrument
evolves over the course of 2020 and beyond. A comprehensive trial report and presentation
of the results was shared with OR following the deployment.
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2.2 ORION® field trial at ENI, Trecate
Fugitive emissions present a significant economic, environmental and health and safety
burden to oil and gas operators. In 2018, worldwide CH4 emissions across the oil and gas
sector were estimated to total 79 Mt [4]. Robust, continuous online monitoring of assets can
significantly reduce product loss, improve operational efficiencies and advance plant health
and safety. ENI recognized the issue of CH4 fugitive emissions and has placed reducing these
as a high-priority strategic goal. For this reason, they joined the S4CE project to contribute to
developing a solution in partnership with MIRICO. ENI also has a keen interest in CCS and has
currently developed two pilot projects to evaluate off-shore CCS, which include on-shore
capture and transport infrastructures. To support these projects, the prospect of monitoring
fugitive emissions of CO2 is also a growing interest.
A two-week field trial of the MIRICO open path ORION® was carried out at the ENI Centro
Olio, Trecate, Italy from 9th to 20th December 2019 and was designed to measure controlled
ground-level releases of CH4 and CO2 from multiple locations within the heavily built-up
environment of the active processing facility. As preparatory work, a visit to the ENI site was
conducted on July 2nd, 2019. During this visit, a suitable location for the CH4 and CO2 dual gas
open path instrument was identified, as well as those for several retroreflectors which would
be installed at various plant locations allowing clear line of sight and wind exposure. Figure 6
shows two possible instrument locations that were initially identified (at point A and point D)
for instrument deployment, with up to four or five measurement beam paths up to distances
of 240m. The final site of deployment was later changed to the roof of the sub-station
following discussions with the ENI site manager (Figure 7).

Figure 6. ENI site showing two possible ORION® locations.
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Figure 7. The ORION® deployed on top of the sub-station.

The logistics of mounting the instrument at the designated points were handled by ENI
contractors, as heavy lifting equipment was needed and also because of safety procedures in
place at this active industrial site. This means that MIRICO staff could not be involved in the
on-site installation. To ensure efficient and proper installation of the MIRICO equipment, a
brief installation manual heavily focussed on images and visual aids was prepared. It was also
agreed that a competent ENI representative would visit MIRICO in advance of the trials to
undergo a one-day training on equipment installation. This greatly simplified the entire
installation operation at the Trecate facility during the actual trials and demonstrated the
relative ease of installation of the measurement system for a field operator.
As part of the planning phase, an experimental gas release plan was finalised and shared with
ENI personnel. However, due to the circumstances prevailing during the trial period, the final
controlled release schedule was modified from the original plan and is presented below in
Table 2.
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Page 16 of 27

Version 1.6

Deliverable D7.3
Table 2. Final experimental release schedule followed for ENI trials.
Tuesday

10/12/2019
Release 1
Release 2

Position
1
2

kg/h
1
1

m^3/h Release Start Release End
1.3947
12.32:00
13:34:00
1.3947
14:47:00
15:47:00

Release 1
Release 2
Release 3

1
4
3

1
?
5

1.3947
?
5.16039

07:30:00
12:30:00
14:45:00

08:30:00
13:30:00
15:45:00

Release 1
Release 2
Release 3
Release 4

4
3
1
2

?
3.7
1
1

?
5.16039
1.3947
1.3947

08:45:00
09:50:00
12:30:00
14:45:00

09:45:00
10:45:00
13:30:00
15:45:00

Release 1
Release 1a
Release 2
Release 3
Release 4
Release 4a

1
1
2
3
4
4

1
?
1
3.7
?
?

1.3947
?
1.3947
5.03
?
?

07:30:00
08:42:00
09:45:00
13:52:00
14:50:00
15:52:00

08:42:00
08:47:00
10:46:00
14:45:00
15:52:00
15:57:00

Release 1
Release 2

4
3

?
3.7

?
5.03

13:45:00
14:45:00

14:40:00
15:45:00

Release 1
Release 2
Release 3
Release 4

3
4
1
2

3.7
?
1
1

5.03
?
1.3947
1.3947

07:38:00
09:55:00
12:38:00
14:45:00

08:38:00
10:52:00
13:38:00
15:45:00

Release 1
Release 2
Release 3
Release 4

1
2
3
4

1
1
3.7
?

1.3947
1.3947
5.03
?

07:37:00
09:45:00
12:30:00
14:59:00

08:37:00
10:45:00
13:27:00
15:48:00

Release 1
Release 1a
Release 2
Release 2a
Release 3
Release 3a
Release 4
Release 4a
Release 5
Release 5a
Release 6
Release 6a
Release 7
Release 7a
Release 8
Release 8a

CO21
CO21
3
3
CO21
CO21
3
3
CO21
CO21
CO22
CO22
CO22
CO22
CO22
CO22

14.7
11.025
2.222
?
11.025
?
2.222
?
11.025
?
11.025
?
11.025
?
11.025
?

8
6
3
?
6
?
3
?
6
?
6
?
6
?
6
?

07:30:00
08:00:00
08:40:00
09:00:00
09:25:00
10:20:00
10:39:00
10:58:00
11:19:00
12:12:00
12:32:00
13:22:00
13:32:00
14:23:00
14:37:00
15:27:00

08:00:00
08:27:00
09:00:00
09:03:00
10:20:00
10:28:00
10:58:00
11:00:00
12:12:00
12:19:00
13:22:00
13:29:00
14:23:00
14:26:00
15:27:00
15:33:00

Wednesday 11/12/2019

Thursday

Friday

Monday

Tuesday

12/12/2019

13/12/2019

16/12/2019

17/12/2019

Wednesday 18/12/2019

Thursday

19/12/2019

The primary goal of the field test was to determine the capability of the ORION® instrument
to detect controlled gas releases of, particularly, CH4 which would mimic fugitive emissions,
in the complex topography as presented by an active industrial site in real world conditions.
The ORION® was installed at height for the first time and operated continuously for the
duration of the trial without further intervention at the instrument itself, since this was not
allowed for health and safety reasons and site regulations.
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2.2.1 Experimental Setup
The ORION® open path analyser was deployed on the roof of an electrical substation within
the facility, approximately six metres above ground. After installation and initial tests, it was
noted that the turret which allows the multi-path distribution in the azimuth plane could not
reliably rotate to the left of its home position. Nevertheless, to ensure reliable and consistent
operation, the retroreflectors were deployed in an arc to the right of the ORION®’s forward
position. This led to a reduction in spatial coverage of the monitoring but did not compromise
the trial. The issue has been investigated and traced back to a design problem from a supplied
part. This has now been fully resolved.
Five retroreflectors (instead of 9 originally planned) were deployed in a 90° arc over a 90 x
80m area to the north-west and north-east of the instrument. The five retroreflectors were
therefore designated 5-9, as shown in Figure 8.
Retroreflector
ID
5
6
7
8
9

UTM Eastings
(m)
482959.29
482946.67
482936.67
482976.23
483012.50

UTM Northings
(m)
5030962.75
5030983.82
5031010.87
5031002.96
5031011.77

UTM zone
32 T
32 T
32 T
32 T
32 T

Figure 8. Overview of the test area at ENI Centro Olio Trecate. The ORION® was located at the corner of the roof of the
electrical substation and surveyed over a 90° arc north-west to north-east of the sub station.
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The retroreflectors were installed either on tripods at ground level or clamped to the existing
plant infrastructure as shown in Figure 9.

Figure 9. Left, A retroreflector mounted on a tripod at ground level at ENI, Trecate facility. Right, An ORION® retroreflector
clamped at height to existing plant infrastructure.

Environmental data was generated in real time by an anemometer and environmental box
placed on the centre of the roof of the substation. The instrument was powered directly from
mains power on the site, fed from the substation. This powered both the ORION® and its
associated temperature regulating chiller. The ORION® was connected by a dedicated
hardwired connection to the control laptop, situated in the small office in the substation
beneath the instrument. The ORION® study was run from this office.
Controlled releases of CH4 took place at four locations on the site and of CO2 at two locations
employing different release rates.
Location ID
1
2
3
4
CO21
CO22

UTM Eastings
(m)
482986.34
482957.77
Unknown
Unknown
Unknown
482950.43

UTM Northings
(m)
5030989.06
5030953.37
Unknown
Unknown
Unknown
5030986.94

CH4 Release Rate
1 kg/h
1 kg/h
3.7 kg/h
Unknown
11.025 kg/h
11.025 kg/h

2.2.2 Weather conditions
The weather conditions experienced during the trial were less than ideal: rain, fog and even
snow occurred, which was a good test bed to demonstrate the robustness of the
measurement system for real meteorologic conditions. As in Hellisheiði, the ORION®
demonstrated that despite these varying conditions, MIRICO’s LDS technology was immune
to these intensity variations and allowed effective concentration measurements of the target
species to be made. Error! Reference source not found. shows the change in the 1σ precision
of the measured CH4 concentration with respect to the returned signal strength (i.e.,
decreasing attenuation of the beam moving from left to right). The relative precision of the
fitted concentration was observed to be insensitive to the returned beam, thereby
demonstrating that the measurements are strongly resistant to attenuation by bad weather.
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Figure 10. The precision of the fitted methane concentration is broadly unaffected by the returned signal power.

During the two weeks of the trial in Trecate, a general trend of very low wind velocity was
observed, typically below 2 m/s and often below 1 m/s. This had some implication on the
ability of the mapping algorithm which requires a minimum wind speed of >1.5m/s to provide
effective results.

2.2.3 Concentration retrieval and data analysis
The raw data from the ORION® were fitted using a full-physics model which allowed the
extraction of path-average concentration of CH4 for each beam. The error associated with the
fitting was typically in the order of <1% of the absolute concentration measured.
CH4 releases
Path average concentrations of up to 45 ppm were measured during CH 4 releases, although
typically the excess above background was around 5 to 10 ppm. For most periods, a clear
onset can be observed shortly after the release started; the change in gas concentration can
therefore be assigned to gas from the controlled releases.
Figure 11 shows an example of the concentration data gathered during the experiment. A
clear onset can be observed shortly after the release started and the CH4 concentration rises
3 to 5 ppm above background levels during the release. The dynamic behaviour of the plume
can be observed during this release. At first, only low concentrations of gas are observed. At
10:20 am, a large spike is observed on retros 5, 6 and 7, followed by a 10-minute period when
no gas is observed above background. Finally, around 10:40 am the plume can be observed
strongly on all retros, until the release finished at 10:52 am. This behaviour is typical of a
close-by release location. Typically, a release that occurs close to a beamline will show high
temporal variability, as the varying wind direction and stochastic nature of turbulence can
cause dramatically changing behaviour even for a steady release. A release that occurs further
away from the beamline will show lower temporal variability, and may be detected at more
than one beamline, as the plume will tend first towards Gaussian distribution, and then
towards dissipation into general elevation of the background concentration.
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Figure 11. CH4 concentration data for 17/12/2019, Release 2. This controlled release from Location 4 was between 9:55 and
10:52am (shaded region). A clear onset can be observed in the data shortly after the release start.

CO2 releases
No change in CO2 concentration attributable to local sources was observed during releases
from release location CO21, and it must be concluded that either the plume was sufficiently
dispersed such that it could not be observed above the ambient fluctuations, or that the wind
direction was such during these releases that the plume was not captured by the ORION®.
Releases from location CO22 showed some enhancement in the CO2 concentration on retro 5
as shown in Figure 12. Mapping using these releases did not show any clear source locations.

Figure 12. Releases from location CO22 show some concentration enhancement, primarily on retro 5 - in this release the
plume is observed on retro 5. (19/12/2019, release 6).
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2.2.4 Mapping of release locations
As mentioned earlier, the primary objective of this deployment was to prove and demonstrate
the capability of the ORION® system to detect fugitive emissions of CH4 in real world
conditions in an industrial setting. A secondary objective, which goes beyond the original
scope of the S4CE project, was to test and evaluate the efficacy of an early stage mapping
algorithm being developed at MIRICO to localise and quantify fugitive emissions. This is
accomplished by coupling the path averaged concentration data from the ORION with the
anemometry data that is recorded simultaneously.
The structure of the mapping software is best understood by separating it into two parts, the
dispersion model and the solver. The dispersion model used here is a simple Gaussian Plume
model that is a representation of the real world test conditions prevalent during
measurements. Using this model, it is possible to simulate what the ORION® would measure
in a given situation (the forward mode). Due to the presence of multiple model parameters
and the stochastic nature of wind conditions affecting dispersion, a solver based on a Bayesian
approach is used to then infer locations of possible sources and their emission rates that best
describes the available concentration data, given a set of known values or valid assumptions.
The solver used in this mapping approach is the freely available PyMC3 package [5]. The entire
approach to developing this mapping tool was based on modularity which allows new models
and solvers to be integrated and tested during further development and refinement of this
tool.
To enable this, a subset of the recorded time series of concentration data was selected to be
used, together with wind vector measurements, for mapping and quantification of the
controlled emission sources. The mapping technique employed here relies on having enough
variety in wind speed and direction to determine a unique solution. The longer the ORION® is
deployed, the more likely it is that there will be favourable wind conditions.
For release locations 1 and 2, only a limited amount of high-quality concentration data was
captured during the trial due to the instrumental difficulties described in the experimental
setup. These data, however, did not contain sufficient plume intersections with the beam
paths to qualitatively and quantitatively estimate the release locations and release rates with
a high enough degree of confidence. Efforts were most successful in mapping release location
3 as described below.
Location 3
Data from two CH4 releases (Figure 13) were used to locate this source: (17/12/2019, release
1) and (18/12/2019, release 3). Both releases were from location 3 at 3.7 kg/h. The wind
speed during these releases was quite low, below 2 m/s at almost all times but the measured
wind direction varied over almost the full 360° during the releases making them more suitable
for the mapping exercise.
Using these data, the calculated source map is shown in Figure 14Error! Reference source not
found.. This map shows the grid of point sources that best explained the concentration data.
The predominant feature of this map is the appearance of a large area source running from
the centre of the map to the north-west corner.
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Figure 13. Concentration data for (17/12/2019, release 1) (left) and (18/12/2019, release 3) (right). The wind rose for these
releases (bottom) shows the wind speed was predominantly below 1 m/s (blue), and almost always below 2 m/s (green).
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Figure 14. Source map for the release from location 3. The grid of possible release locations shows that the concentration
data are best explained by a large area source running to the north-west of the instrument. A source to the south-west of
the instrument can be ruled out according to this model.

Any further refinement of this solution into a closely localised source using the current
prototype mapping tool was prevented by two factors. Firstly, the prevalence of low wind
speeds throughout the campaign severely hampered the utility of the existing model which is
optimised for higher wind conditions, typically greater than 2m/s. A longer deployment would
capture data during periods of higher wind speed, of which the dispersion model is a more
faithful representation. As part of the ongoing development work carried out at MIRICO,
possibilities of integration a low wind speed model with the mapping tool is currently being
explored. Secondly, the built-up nature of the Trecate site challenges the assumption of a
uniform wind field. This was recognised during the planning stage and the instrument was
placed at height in an attempt to survey a plane at which the uniform-field assumption
provides a good approximation to the actual conditions. The consequence of this appears to
be that the complex wind-field is in fact represented in the data, but that it is reflected in the
‘diffused’ solution observed below. Gas released at ground level spreads out and mixes before
rising up to the measurement plane and is therefore inferred as representing a large area
source.
Overlaying the source map onto the map of the Trecate site, it appears that the postulated
source lies in the area of one of the access roads, possibly lying at the south end of the long
building. This is depicted in Figure 15.
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Figure 15. Source map for the release from location 3 overlaid onto the Trecate site. The postulated area source lies roughly
on top of one of the access roads, suggesting a dispersion mechanism.

Additionally, on an occasion where a CH4 release outside the protocol took place (cylinder
purge), the ORION® was able to detect a spike of concentration with high temporal resolution,
as shown in Figure 16.

Figure 16. CH4 concentration data from 19/12/19, release 2a. This uncontrolled release from Location 3 was between 09:00
and 09:03am.
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2.2.5 Conclusions
The ORION® open path gas analyser has been successfully deployed at the ENI oil and gas
processing plant facility for two weeks and used during CH4 and CO2 controlled releases in
truly representative meteorologic conditions. Particular successes to note include:
 Installation of the system went very smoothly and was carried out without
intervention of MIRICO personnel.
 System operated without major issues for the trial duration despite harsh wintry
weather conditions.
 Both CH4 and CO2 releases were detected.
The trial has also highlighted some aspects to be improved in the future:
 The instrument was not able to perform a full rotation and issues with the rotating
turret were identified. This has now been fully resolved.
 The mapping and quantification approach were impacted by the low wind conditions.
As a result, MIRICO is exploring an alternate model with wider applicability.
 Unsurprisingly, due to the high atmospheric background, unambiguous detection of
CO2 releases was more difficult than CH4 releases.

3 Conclusions
This report describes the operational details of two outdoor deployments of MIRICO’s
ORION® open path gas analyser at S4CE partner sites and also presents the concentration
data and interpretation of the emission mapping outcome where possible. The deployment
at Hellisheiði power plant in Iceland allowed for the generation of background CO2 data over
a large geothermally active site. Since the dispersion model in use was not compatible for
large area source mapping, no specific locations could be identified for the emission spots.
However, temporal variation observed in at least one data set seemed to suggest source
locations that were close to the beam lines. The deployment allowed MIRICO to understand
and assess the behaviour of the ORION® in real world conditions and validated the continuous
measurement capability of the technology even in challenging environmental conditions.
The deployment at ENI Centro Olio, Trecate was meant to test the efficacy of the system in
detecting, localising and quantifying blind controlled releases of CH4 and CO2 in an active
processing plant. Extremely low wind speeds during the trial and the heavily built up nature
of the site posed severe challenges in applying the dispersion model that is needed to for
localisation and quantification. Nevertheless, the system was capable of identifying possible
release points for one of the controlled releases, despite encountering some hardware issues
that constrained the scanning angle of the instrument.
The experience gained in the deployments covered in this report has allowed MIRICO to
further refine the ORION® system and informed any necessary design changes needed for
future deployments. It is expected that the results generated from these trials will prove to
be sufficiently interesting to warrant a serious consideration of the ORION® as a novel viable
tool for monitoring of greenhouse gas (GHG) emissions from industrial activities. MIRICO has
been in constant contact with both partners, OR and ENI, regarding further deployments and
surveys to further evaluate how best to exploit MIRICO’s LDS technology for the benefit of
the site owners. Subsequent trials conducted during 2020 on ORION® instruments
incorporating improvements highlighted during these trials have demonstrated the value of
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the ORION® instrument for continuous real time monitoring of GHGs in a wide range of
applications and weather conditions.
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