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1 LƴǘǊƻŘǳŎǘƛƻƴ 

5ŜƭƛǾŜǊŀōƭŜ 5тΦо ά±ŀƭƛŘŀǘƛƻƴ ƻŦ Ǝŀǎ ǎŜƴǎƻǊǎ ƻƴ ŦƛŜƭŘ ǎƛǘŜǎέ 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 sub-
surface 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 
aLwL/hΩǎ ŜȄǇŜǊǘƛǎŜΦ ¢ƻ ŎŀǊǊȅ ƻǳǘ ŀ 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 m2) continuous 
mapping of fugitive gases to both locate and quantify emission rates. The ORION® instrument 
developed for the project targets CO2 and CH4 ŀƴŘ ƛǎ ōŀǎŜŘ ƻƴ aLwL/hΩǎ ǇǊƻǇǊƛŜǘŀǊȅ [ŀǎŜǊ 
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]. 
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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 CƛŜƭŘ ±ŀƭƛŘŀǘƛƻƴ ƻŦ hwLhbϯ hǇŜƴ tŀǘƘ Dŀǎ {ŜƴǎƻǊ 

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 ς 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, 
ǊŜǉǳƛǊƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ƻǇŜǊŀǘƻǊ ǘƛƳŜΦ aLwL/hΩǎ 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 

¢ƘŜ hwLhbϯ ƻǇŜƴ ǇŀǘƘ ŀƴŀƭȅǎŜǊ ǿŀǎ ŘŜǇƭƻȅŜŘ ŀǘ hwΩǎ IŜƭƭƛǎƘŜƛśƛ ƎŜƻǘƘŜǊƳŀƭ ǇƻǿŜǊ ŎƻƳǇƭŜȄΣ 
ƴŜŀǊ ǘƻ ŀŎǘƛǾŜ ǇǊƻŘǳŎǘƛƻƴ ǿŜƭƭ ǎƛǘŜǎΦ ¢ƘŜ ǎƛǘŜ ŎƘƻǎŜƴ ǿŀǎ ǘƘŜ ΨIƻǘ {ǇǊƛƴƎ IƛƭƭΩ ŀǊŜŀ ό¦¢a нт² 
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. 



Deliverable D7.3 
 

PU Page 9 of 27 Version 1.6 

 

 
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 UTM Eastings (m) 

UTM Northings 
(m) UTM zone 

1 7097942.5 483061.9 27W 

2 7097863.4 483094.9 27W 

3 7097902.5 483180.5 27W 

4 7097919.0 483226.6 27W 

5 7097957.2 483306.9 27W 

6 7097997.8 483341.0 27W 

7 7098063 483348 27W 

8 7097966.0 483220.1 27W 

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 
ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ LŎŜƭŀƴŘƛŎ wƻŀŘ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ ǿŜŀǘƘŜǊ ǎǘŀǘƛƻƴ ŀǘ IŜƭƭƛǎƘŜƛśƛ  ό¦¢a нт² 
483264 7099154) which was then used to generate all the subsequent data plots.  In response 
ǘƻ ǘƘƛǎ ƘŀǊŘǿŀǊŜ ŦŀƛƭǳǊŜ aLwL/h Ƙŀǎ Ŧǳƭƭȅ ǊŜŘŜǎƛƎƴŜŘ hwLhbϯΩǎ ŜƴǾƛronmental 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. 



Deliverable D7.3 
 

PU Page 11 of 27 Version 1.6 

 

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 ǊŜƭŀǘƛǾŜ ǇǊŜŎƛǎƛƻƴ όҕмˋύ ƻŦ ǘƘŜ ŦƛǘǘŜŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǿŀǎ ƛƴǎŜƴǎƛǘƛǾŜ ǘƻ ǘƘŜ ǊŜǘǳǊƴŜŘ ǎƛƎƴŀƭ ǎǘǊŜƴƎǘƘΣ ǊŜƳŀƛƴƛƴƎ 

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 
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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: 
Á The continuity of the dataset was poor as some instrumental issues needed to be 

addressed throughout the two week period. 
Á ¢ƘŜ άŜƴǾƛǊƻƴƳŜƴǘŀƭ ōƻȄέ 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. 






























