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Notice to Reader 
 
This report was prepared as an accounting of work conducted by the Alberta Research Council 
Inc. (ARC).  Every possible effort was made to ensure that the work conforms to accepted 
scientific practice.  However, neither ARC, nor any of its employees, make any warranty, 
express or implied, or assumes any legal liability or responsibility for accuracy, completeness, or 
usefulness of any of the information, apparatus, product, or process disclosed, or represent that 
its use would not infringe privately owned rights. 
 
References herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favouring by the ARC.  The views and opinions of the authors expressed 
herein do not necessarily state or reflect those of ARC.    
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Executive Summary 
 
The objective of this project was to field test Differential Absorption Light Detection and 
Ranging (DIAL) technology in Alberta as a means to: 

- monitor ambient SO2 concentrations in the vicinity of sour gas well test flares and track 
the SO2 plume position, 

- measure the combustion efficiency of well test and solution gas flares,  
- measure fugitive emissions of methane and other hydrocarbons from gas processing 

facilities. 
 
Differential Absorption Light Detection and Ranging (DIAL) is a laser-based optical method that 
can remotely measure the concentration of gases in the atmosphere up to 2 km distant with 
detection limits in the order of parts per billion.  By combining DIAL measured 2D 
concentration maps with measured wind speed, the mass emissions of the species in a plume can 
be calculated.  Spectrasyne Ltd., UK, has commercially operated a DIAL system in Europe for 
over 15 years to measure fugitive emissions of hydrocarbons from oil and gas processing and 
storage facilities, combustion efficiency flares, hydrocarbon emissions from airports, benzene 
emissions from petrochemical facilities and NOx emissions from flares.   
 
To perform this project, Spectrasyne Ltd. was subcontracted to bring their DIAL equipment and 
operating staff to Alberta during May-June of 2003.  Over a four week period, DIAL surveys 
were performed at one sweet and three sour gas processing plants, one sour gas well test site 
located in the foothills and one sweet and one sour solution gas flare site.  The test programs 
completed included: 

- tracking of SO2 plumes from the tail gas incinerator stack at two gas processing plants and 
the well test flare, 

- demonstration of accuracy of SO2 mass flux measurement in the plume from a tail gas 
incinerator, 

- demonstration of remote measurement of SO2 up to 2 km at the well test flare site, 
- measurement of fugitive emissions of methane and C2+ hydrocarbons at the four gas 

processing plants, 
- measurement of the combustion efficiency of the well test flare and two solution gas 

flares, 
- measurement of the conversion of H2S to SO2 in the well test flare. 

 
In addition to the DIAL measurements, RWDI West Inc. was subcontracted to perform plume 
dispersion modelling for the terrain, weather and flaring conditions during the well test flaring 
study.  The predicted well test flare plume characteristics were compared to the SO2 plume 
concentration profiles measured with the DIAL instrument. 
 
All of the project objectives were successfully completed.  Based on the tail gas incinerator 
plume calibration, DIAL measurements of SO2 mass flux in a plume were within 10% of the 
plant data measured in the stack.  During the sour gas well test flaring in the foothills, the 
application of DIAL to remotely measure SO2 up to 2 km at concentrations suitable for ambient 
air monitoring requirements was demonstrated as well as its utility in tracking the SO2 plume 
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from the flare.  At the four gas plants surveyed with DIAL, fugitive emissions of methane ranged 
from 104 to 450 kg/hr and fugitive emissions of C2+ ranged from 38 to 342 kg/hr.  Using the 
concentration profiles measured with the DIAL method, the fugitive emissions were allocated to 
various areas of the plant.  The DIAL method also located significant leaks at two of the gas 
plants and quantified the amount of these leaks.  The combustion efficiency of the well test flare 
and two solution gas flares were measured, with hydrocarbon combustion efficiencies ranging 
from 72 to 98 %.  Based on the DIAL measurement of SO2 flux in the well test flare plume, the 
conversion of H2S to SO2 in the flare ranged from 46 to 72% with indications that H2S was 
converted to other sulphur compounds in the flare. 
 
DIAL technology could be used for a broad range of studies relevant to the oil and gas industry.  
Some recommended areas of study based on the results of this project include: 
 

1. A design study to develop a cost-effective DIAL system to monitor and track SO2 plumes 
from well test flares. 

2. DIAL measurement of commercial scale flare combustion efficiency for a large range of 
flare designs and conditions to expand the understanding of flares developed in wind 
tunnel studies.  This should include work with sour gas flares to understand the impact of 
H2S on flare combustion efficiency. 

3. DIAL measurements and plume sampling of a sour gas flare to understand the conversion 
of H2S to SO2 in a flare and the formation of other sulphur species during sour gas 
flaring. 

4. DIAL surveys combined with new visual leak detection methods to further quantify 
existing fugitive emissions of hydrocarbons from gas processing facilities and the 
reduction possible with focussed leak detection and repair programs. 

5. Continued studies using DIAL to examine the accuracy of plume dispersion models in 
predicting flare plume behaviour, particularly the behaviour of plumes as they approach 
elevated terrain. 
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Well Test Flare Plume Monitoring Phase II – DIAL Testing in Alberta 
 

1. Background 
 
Natural gas wells need to be tested to evaluate reservoir parameters. Often this testing requires 
the gas to be burnt by flaring. Most well test flares in Alberta and B.C. burn sour gas containing 
H2S which, when burned, produces SO2. The Alberta ambient ground level air quality guidelines 
for SO2 cannot be exceeded during a well test. In the past, dispersion modeling of the well test 
was used to show that the Guidelines would not be exceeded and downwind truck mounted 
monitoring equipment was employed to confirm the results of the model during the test. 
 
In the year 2000, the AEUB Guide 60 “Upstream Petroleum Flaring Industry Requirements” 
came into effect. It stipulated that dispersion modeling must be consistent with Alberta 
Environment Guidelines. In the same time period, Alberta Environment issued a revised “Air 
Quality Model Guideline” which resulted in a change to the practice of SO2 dispersion modeling 
traditionally employed by industry.  
 
Using the revised dispersion modeling, air pollutant levels above regulated levels are often 
predicted. The traditional truck-mounted monitoring method to ensure the air quality is being 
met is unable to reliably track the plume in the rugged and remote areas of Alberta and BC with 
limited access roads. Also, it is impractical in many cases to place remote sensing monitors 
around the site due to the mountainous terrain. Hence, practical and cost-effective plume 
tracking methods and associated SO2 measurement devices are required. 
 
The Alberta Research Council Inc. (ARC) participated in the Phase I – Well Test Flare Plume 
Monitoring study undertaken in 2001 that was a literature search and technical investigation into 
potential methods for plume tracking and quantifying SO2 concentrations within the plume.  
ARC produced a final report that concluded that Differential Absorption Light Detection and 
Ranging, or DIAL for short, would be the best technique to use for remote monitoring of SO2 
(Chambers, 2001).  In addition, ARC concluded that the DIAL equipment designed and operated 
by Spectrasyne Ltd., UK, could also measure flare combustion efficiency and fugitive emissions 
from gas plants, other areas of interest to the Air Issues Technical Steering Committee. 
 

2. Objectives 
The objective of this project was to identify, evaluate and demonstrate a technology with the 
potential to be a practical and cost effective method to track plumes from well test flares and to 
measure ground level SO2 concentrations to ensure compliance with Alberta Environment 
Guidelines.  The ideal system would be able to operate in remote, rugged areas with limited road 
access with a high level of availability and reliability. 
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The objectives of Phase II testing were to: 

 
1. Field test a DIAL system on a sour well test flare to determine if it could: 

a) Accurately track the well test flare plume. 
b) Accurately measure the SO2 concentration within the plume cost effectively and at 

levels consistent with ambient air guidelines.  The Alberta Air Quality Guideline is < 
450 µg/m3 (0.17 ppm) SO2 as a 1-hour average concentration. 

2. Measure fugitive emissions of methane and other hydrocarbons at both sweet and sour 
natural gas processing facilities. 

3. Measure the combustion efficiency of well test and solution gas flares. 

3. Background on the DIAL Method and Spectrasyne Ltd. 
Differential Absorption Light Detection and Ranging (DIAL) is a laser based optical method of 
measuring the concentration of a gas species at a remote point in the atmosphere.  The laser 
source and detector are mounted adjacent to each other with no requirement for remote reflectors 
or remote light sources.  The DIAL method uses a pulsed laser operating at two wavelengths, one 
strongly absorbed by the gas species of interest and one weakly absorbed.  A system of mirrors 
and lenses is used to direct the laser beam toward the target gas volume.  An optical telescope 
equipped with detectors measures light back-scattered from particles and aerosols in the 
atmosphere at each of the two wavelengths.  As the laser beam consists of pulses, the distance 
that the beam and back-scattered light have travelled can be calculated from the speed of light 
and the time taken to receive the return signal (similar to Radar).  The relative strength of 
strongly absorbed and weakly absorbed wavelengths enables determination of the gas species 
concentration.  One of the unique features of DIAL over other optical techniques is the ability to 
determine the profile of gas concentration along the length of the light beam as apposed to an 
integrated average concentration. As a laser source is used to excite the gas, the system works 
day and night and can operate under some conditions of rain and snow. 
 
When combined with a movable mirror system, the DIAL instrument can be used to scan an area 
of interest and develop a 2D or 3D map of gas species concentration in the atmosphere.  When 
combined with meteorological measurements of wind, pressure and temperature, these 
concentration maps can also be used to calculate mass emissions of gas species from a point 
source, such as a flare. The range and detection limit of DIAL is a function of many variables.  
For some gas species, sensitivities at ppb levels and ranges of a kilometre or more are possible.   
 
To achieve the objectives of Phase II, the ARC subcontracted the DIAL measurement portion of 
the project to Spectrasyne Ltd., UK (www.spectrasyne.ltd.uk).  Spectrasyne Ltd. owns and 
operates a mobile DIAL system from their base in the UK.  Spectrasyne Ltd. has over 15 years 
experience using DIAL for measuring fugitive emissions of hydrocarbons and other compounds 
from refineries and gas processing facilities and the concentration of hydrocarbons in flare 
plumes to determine combustion efficiency.  The Spectrasyne mobile unit contains two DIAL 
systems, one for measurements in the infrared (IR) wavelengths and one for measurements in the 
ultraviolet (UV) wavelengths.  The two systems can operate simultaneously to measure two gas 
species at the same time.  The mobile unit also contains a retractable weather station, a remote 
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weather station and conventional gas sampling and analysis equipment.  The Spectrasyne mobile 
unit is an RV type vehicle measuring 4.1 m high x 2.4 m wide x 12 m long.  Figure 1 shows the 
DIAL unit along with a detail of the mirror system for steering the laser beam and collecting 
reflected signals.  Appendix A includes a more detailed description of the Spectrasyne Ltd. 
mobile DIAL unit. 

 
 

© Spectrasyne Ltd. 
 

Figure 1:  Spectrasyne Ltd. Differential Absorption LIDAR with Steering Optics 
 

3.1 Modification of Spectrasyne Mobile Unit to Enable SO2 Measurement 
 
Spectrasyne performed SO2 measurements during development of the DIAL technology in the 
1980’s.  Subsequently the emphasis switched to NOx compounds and hydrocarbons.  When 
Spectrasyne’s commercial DIAL unit was built, it was designed primarily for hydrocarbons.  
Due to improvements in the quality of available spectral data, optical equipment and electronics, 
Spectrasyne had to update their existing DIAL system to incorporate SO2 measurement 
capabilities.  The upgrading and testing of the SO2 capabilities of the DIAL system formed the 
first program in this project. 
 
Tasks performed by Spectrasyne Ltd. during the SO2 equipment modifications included: 

1. detailed SO2 spectroscopy data in the UV range was measured (to a resolution of 
0.12 cm-1) and suitable measurement wavelengths identified 

2. necessary SO2 optics were designed and purchased 
3. SO2 laser optics and appropriate dye installed and adjusted 
4. equipment modifications were installed and tested 

 
As the Spectrasyne Ltd. DIAL is a multi-use unit, the required optics were coated such that they 
could be used for measuring either SO2 or aromatic hydrocarbons.  Some compromises were 
required in equipment design and operation to achieve this dual purpose.  Spectrasyne Ltd. 
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anticipates that a dedicated SO2 DIAL would have a lower detection limit and longer range than 
the current system.  

4. Schedule of Tests and Sites Visited 
 
The Spectrasyne Ltd. mobile DIAL unit was transported by roll-on, roll-off ship to Houston then 
by truck to the ARC facilities in Calgary.  The unit arrived in Calgary on May 14.  The 
Spectrasyne crew arrived May 20 and unpacked and commissioned the unit May 20 – 23 with no 
problems as a result of the transportation.  Table 1 summarizes the schedule and activities during 
the testing in Alberta. 

Table 1:  Schedule of DIAL Tests in Alberta 
 

Site Time Period Tasks Completed 
Sour Gas Plant A May 26 – 27 - commissioned SO2 laser on tail gas 

incinerator plume, confirmed mass rate 
against plant in stack monitors 

- measured fugitive hydrocarbon emissions 
Sweet Gas Plant B May 28 – 30 - measured fugitive emissions of methane and 

hydrocarbons from plant 
- measured hydrocarbons in flare plumes 

Sour Gas Plant C June 2 – 5 - tracked SO2 plume from tail gas incinerator  
- investigated effect on plume of increased 

incinerator stack temperature 
- fugitive emissions of hydrocarbons and SO2 

from tanks, ponds and process equipment 
Travel to and set up at 
well test flare site 

June 6  

Sour gas well test flare June 9 – 12 - tracked SO2 plume from well test flare 
- demonstrated range of SO2 measurement 
- measured well test flare combustion 

efficiency at two flow rates 
- measured conversion of H2S to SO2 in flare 

Sour Gas Plant D June 13 – 16 - fugitive emissions of CH4 and hydrocarbons 
 June 17 - conversion of UV laser from SO2 

measurement to aromatics measurement 
Sour solution gas flare June 18 – 19 - flare combustion efficiency in conjunction 

with UofA liquids sampling 
Sweet solution gas flare June 20 - flare combustion efficiency 
Seminar on initial results 
(ARC Calgary) 

June 24 - opportunity for tour of the DIAL unit 
- presentation on DIAL method and initial 

results from Alberta testing 
 

______________________________________________________________________________ 

Well Test Flare Plume Monitoring- Page 4      

All of the sites visited during the DIAL measurements in Alberta were operating industrial sites.  
The sour well test flare site was the only site where equipment was controlled specifically for the 

 
Phase II: DIAL Testing in Alberta 



testing.  As the DIAL instrument is a remote measurement method and the instrument remains at 
least 50 m from the measured point, the DIAL equipment did not have to operate in any 
hazardous areas at the sites visited.  There was little or no disruption to the day-to-day operation 
of the facilities visited.  At some sites, a staff member was assigned to accompany the 
Spectrasyne Ltd. crew in order to meet site safety requirements. 
 
Due to the high flow rate and H2S concentration of sour natural gas needed to operate a typical 
well test flare, a site in flat terrain near Calgary or Edmonton could not be located for the sour 
gas well test flare monitoring portion as proposed for the Phase II testing.  The tests had to be 
performed at an actual well test site.  The well test flare site used for the testing was located in 
the Rocky Mountain foothills and was scheduled for operation in early June.     
 
Well tests are typically of short duration and require additional oil field equipment on site during 
the test.  For the DIAL flare tests, the host company also arranged for additional equipment and 
staff to be on site to measure flow rates of sour gas to the flare, to collect additional 
meteorological data and to analyze the composition of the flared gas during the DIAL testing.  
As a result, the DIAL equipment had to be available on short notice to move to the well test 
flaring site, with the other testing sites rescheduled around the well test.  The mobility and rapid 
set-up time of the Spectrasyne DIAL unit helped with the scheduling requirements.  The time 
period for the well test flaring occurred when spring thaw road bans were still on in some parts 
of the province.  This resulted in some restriction on movement and location of the DIAL unit at 
some of the sites visited. 
 
The following sections describe the results of the DIAL measurement campaign.  The 
presentation and discussion of the results is organized based on the following three major topic 
areas: 

- remote measurement and tracking of SO2 plumes,  
- measurement of flare combustion efficiency and  
- measurement of fugitive emissions from gas processing plants. 

 

5. Remote Measurement and Tracking of SO2 Plumes 
   
This portion of the project demonstrated the use of the DIAL method to remotely track SO2 
plumes and measure SO2 concentrations to below 0.45 mg/m3 (Alberta’s ambient air quality 
guideline for SO2).  The testing of sour gas wells often requires sour gas flaring in complex, 
rugged terrain.  Current regulations require dispersion modelling to predict ground level SO2 
concentrations for the terrain and a range of weather conditions.  Prior to flaring, stationary 
and/or mobile air monitoring equipment may be required to monitor SO2 levels in areas of 
concern as predicted by the dispersion modelling.  Flaring is stopped if measured SO2 levels 
exceed the ambient air guidelines.  Accurate dispersion modelling and physical positioning of 
SO2 monitors can be difficult and costly in mountainous terrain.   
 
DIAL technology offers the potential to have a single instrument located near the well site 
remotely measuring SO2 concentrations at numerous sites and/or tracking the SO2 plume from 
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the well test flare.  Potential benefits include faster set-up time, lower overall cost, ability to 
monitor many more points than possible with stationary monitors, a faster response of the 
instrument to changing SO2 concentrations and the ability to track the SO2 plume.   
 
Due to the high flow rate and H2S concentration of sour natural gas needed to operate a typical 
well test flare, a site in flat terrain near Calgary or Edmonton could not be located for the sour 
gas well test flare monitoring portion as proposed for the Phase II testing.  To increase the SO2 
plume tracking data collected with the DIAL, SO2 measurements were also made on the exhaust 
plume from the Claus plant tail gas incinerator stack at two sour gas processing plants.  At three 
of the gas processing plants, DIAL was also used to measure fugitive emissions of SO2 from the 
plant.  The SO2 fugitive emission results are described in Section 5.3.2.  
 
5.1 General Comments on Measuring Plumes with the DIAL Instrument 
 
Based on Spectrasyne’s experience measuring plumes from various sources, cross section 
profiles of gas concentration in plumes do not approximate a Gaussian distribution. Factors that 
contribute to disturbances in the plume shape include:  

- variations of wind speed and direction that can occur over short periods of time,  
- wind speed varies with elevation, 
- turbulence in the atmosphere, 
- topographical changes along the plume path. 

This results in plume concentration profiles that are convoluted and complex, even close to the 
source.   
 
When measuring plume concentration profiles, Spectrasyne typically locates the DIAL 
equipment at least 50 metres from the area of interest and relative to the plume source and wind 
direction such that scans can be taken roughly at right angles to the direction of plume travel.  
However, often this is not possible (or the wind changes) and the measurements are taken at an 
oblique angle.  This results in profiles that appear stretched in the horizontal direction.  
Concurrent with the DIAL measurements, Spectrasyne Ltd. records the wind speed and direction 
with either the 14.5 metre tall weather tower built into the DIAL unit or with a remote weather 
tower located near the plume.  This data is used in any mass rate calculations to recalculate the 
data to adjust for the angle relative to the plume direction.  Figure 2 shows a typical set up of the 
Spectrasyne DIAL equipment to measure a plume downwind of a set of tanks. 
 
About 10 to 15 minutes was required to fully scan a plume cross section for most of the tests 
reported here.   Significant changes may occur in the plume during this time.  This may result in 
significant variation of the calculated mass flow from one profile scan to the next.  Taking 
several repeat scans at the same location in order to build an average mass flow value reduces 
this error.  If a large change in wind direction occurs, the plume can move out of the current 
range being measured, especially when the scan is located far downwind of the source.  Scans 
are discarded in this case. 
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Figure 2: Typical Mode of Operation for Spectrasyne DIAL Unit 

 
 
5.2 Tracking SO2 Plumes from Claus Plant Tail Gas Incinerator Stacks 
 
The first site visited in Alberta was a sour gas plant processing gas with an H2S content of about 
35%.  The purpose of DIAL testing at this site was primarily as an initial test and demonstration 
of modifications made to enable measurement of SO2 and a demonstration of the SO2 plume 
tracking capabilities.  Measurements were taken over a period of two days, May 26 and 27.  
During the first day measurements of SO2 concentration in the plume from the tail gas 
incinerator stack were taken mostly at a constant distance of 190 m downwind of the stack exit 
with the DIAL truck from 100 to 150 m from the edge of the plume.  This data was used to 
quantify mass emissions of SO2 and to compare the plume measurement with plant in-stack 
measurement data.  Further SO2 profiles were also collected on the second day about 300 m 
downwind of the stack and about 200 m from the DIAL unit.  Spring road weight limits 
restricted the ability to move the DIAL unit to a better location for tracking the SO2 plume 
further downwind. 
 
Figure 3 shows three example SO2 concentration profiles taken across the plume from the tail 
gas incinerator stack at Gas Plant A.  These profiles were all taken on the first day of testing in 
Alberta, with each profile taking about 4 to 20 minutes to complete.  The x-axis indicates the 
distance from the DIAL unit while the y-axis represents height above the ground at the point of 
measurement.  The colour corresponds to the SO2 concentration, with the concentration index 
shown on the right side of the figure.  Also noted in the figures is the wind speed and direction at 
the time of measurement, with variation in both of these from profile to profile. 
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These figures illustrate the convoluted nature of the plume and the change in shape, size and 
position of the plume that occurs over a relatively short period of time.  The ‘slices’ were taken 
at an oblique angle through the plume and this is reflected in the shape of the cross-sections.  For 
the three profiles shown in Figure 3, the maximum SO2 concentration ranged from 4.0 to 
6.0 mg/m3 while the elevation of the bottom of the plume ranged from 80 to 120 m.  As would be 
expected, the highest SO2 concentration was measured in the more compact plume (Figure 3b).   
 
Figure 4 is an example SO2 concentration profile taken 300 m downwind of the incinerator stack 
on the second day of testing at Gas Plant A.  This location is 110 m further downwind than the 
profiles shown in Figure 3.  Distance of the plume from the DIAL truck was from 250 to 500 m.  
Figure 4 clearly shows how much more dispersed and fragmented the plume has become further 
downwind.  The lower edge of the plume was about 50 m above the ground at this point (25 to 
70 m lower than at 190 m downwind) and maximum SO2 concentrations had dropped to 
1.5 mg/m3.  The lower edge of the plume was about 50 m above ground level for most of the data 
collected at 300 m downwind on the second day.  Pockets of gas at the high SO2 concentration 
are present even near the edges of the measured plume.  Several regions measured in the plume 
300 m downwind of the stack were at concentrations lower than the Alberta ambient air 
guideline of 0.45 mg/m3.   
 
The testing at the first gas plant clearly demonstrated the ability of the Spectrasyne DIAL unit to 
measure SO2 in the atmosphere at distances up to 600 meters away from the unit and at 
concentrations to below the Alberta ambient air quality guideline of 0.45 mg/m3. 
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Figure 3:  SO2 Concentration Profiles across a Tail Gas Incinerator Plume 190 m 
Downwind of the Stack Exit at Gas Plant A 
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Figure 4:  SO2 Concentration Profile across a Tail Gas Incinerator Plume 300 m Downwind 
of the Stack Exit at Gas Plant A 

 
Further DIAL measurements to demonstrate tracking of SO2 plumes were completed at Gas 
Plant C.  SO2 concentration profiles were measured through the plume from the tail gas 
incinerator stack   The exit of the incinerator stack was about 90 m above the ground level.  
Figure 5 shows three SO2 concentration profiles taken across the plume at Gas Plant C at 
distances of 20 m, 200 m and 610 m downwind of the stack exit on June 2, the first day at the 
site.  Note that the scale of the x and y-axis as well as the scale of the gas concentration colour 
index varies between the three profiles in Figure 5.  The dispersion and fragmentation of the 
plume as it travels downwind can be seen clearly in these profiles.  The plume 20 m downwind 
(Figure 5a) is compact with SO2 concentrations as high as 14 mg/m3.  The lower edge of the 
plume is at 90 m, similar to the height of the stack.  By 200 m downwind, the plume has become 
quite fragmented and peak concentrations have decreased to 2 mg/m3.  The lower edge is about 
75 m above the ground.  At the location 610 m downwind, the plume is now several hundred 
meters across and very fragmented.  Peak concentrations have dropped to 0.75 mg/m3, with large 
amounts of the plume below the 0.45 mg/m3 ambient guideline.  Some of the SO2 pockets were 
less than 50 m above ground level at the location 610 m downwind of the stack. 
 
The testing at Gas Plant C again demonstrated the ability of the DIAL method to measure and 
track SO2 plumes from tail gas incinerator stacks at distances up to 600 m from the DIAL unit. 
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Incinerator Stack SO2 ~20m Downwind (1.2) 13:00 02-06-03
Wind 5.3m/s  323° Stack Temp 449°C

 

Incinerator Stack SO2 ~200m Downwind 13:15 02-06-03
Wind 5.2 m/s 294° Stack Temp 449 °C

 
 (a) 20 m downwind of stack    (b)  200 m downwind of stack 
 

Incinerator Stack SO2 ~610m Downwind (2.15) 17:45 02-06-03
 Wind 6.7 m/s 342° Stack Temp 450°C

 
 

(c)  610 m downwind of stack 
 

Figure 5:  SO2 Concentration Profiles across a Tail Gas Incinerator Stack Plume at 
Varying Distance Downwind of the Stack at Gas Plant C 

 
 
 
 
 
 
 
 
 

______________________________________________________________________________ 

Well Test Flare Plume Monitoring- Page 11       
Phase II: DIAL Testing in Alberta 



5.3 Demonstration of Accuracy of SO2 DIAL Measurement 
 
One objective of the project was to demonstrate that the DIAL equipment can measure SO2 
concentration accurately.  The DIAL instrument measures gas concentration in a relatively large 
volume of gas in the atmosphere, making it difficult to calibrate the DIAL against a point 
sampling type instrument such as a gas chromatograph.  During this test campaign, the accuracy 
of DIAL measurement of SO2 was checked by comparing SO2 mass emissions calculated from 
the DIAL measurements of the SO2 plume with SO2 mass emissions calculated from gas plant 
instrumentation installed in the incinerator stack at Gas Plant A.   
 
To calculate SO2 mass emissions in the plume, the DIAL truck was positioned roughly 
orthogonal to the plume about 200 m downwind of the stack and about 300 m away from the 
expected plume position.  SO2 concentration profiles were collected by scanning the DIAL laser 
in a cross section through the plume similar to the concentration profiles shown in Figure 3.  
Wind speed and direction data was collected using the 14.5 m weather tower on the DIAL unit.  
The concentration profiles and wind data were used to calculate the total mass flux of SO2 in the 
plume at the point of measurement.  Gas Plant A calculated SO2 mass emissions from the stack 
from a continuous emissions monitor that measured SO2 concentration in the stack gas and 
instrumentation that measured the flow rate of gas in the stack.   
 
Table 2 summarizes the SO2 mass flux calculated from seven SO2 plume DIAL concentration 
profiles and compares the time weighted mean (TWM) mass determination from these scans 
with the SO2 mass emission calculated from the plant data.  The SO2 mass emission calculated 
from the DIAL data was 304 kg/h, about 11% lower than the mass emission of 340 kg/h 
calculated from the plant data.  This close agreement from plume measurements taken 190 m 
downwind of the stack exit demonstrates that the DIAL was measuring SO2 concentrations 
accurately. The difference of 11% is within the range of  –18 to + 5% from other calibration 
studies performed by Spectrasyne Ltd.  In Spectrasyne’s experience, the DIAL plume 
measurements usually underestimate the total mass as some areas of the plume have gas 
concentrations below detection limit and are thus not accounted for.   
 
The mass emissions calculated from individual plume cross-section SO2 profiles ranged from 
145 to 394 kg/h.  This variation comes from some of the factors discussed in Section 5.1, such as 
variation in wind speed and direction, combined with the 4 to 20 minutes required to do a full 
DIAL scan across the plume.  This highlights the importance of measuring and averaging a 
number of repeat profiles for this type of study.  The in-stack measurements of SO2 
concentration and gas flow rate also include errors, which should be kept in mind when 
comparing the DIAL and plant determination of SO2 mass emission. 
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Table 2:  Comparison of DIAL and Plant Measurement of SO2 Mass Emissions 

(data collected on May 26 about 190 m downwind of incinerator stack) 
 

Scan Scan Time Wind Speed 
(m/s) 

Wind Direction 
(deg) 

SO2 Flux 
(kg/hr) 

1 12:37-12:48 5.2 331 372 
2 13:00-13:21 5.5 350 223 
3 13:31-13:51 4.3 346 394 
4 14:00-14:04 5.6 359 196 
5 14:07-14:19 3.9 359 145 
6 14:42-14:51 4.0 350 333 
7 15:10-15:21 3.9 0 394 

   Time Weighted 
Mean of DIAL 304 

   Plant Data 340 
 

5.4 Effect of Incinerator Stack Exit Temperature on SO2 Plume Dispersion 
 
The ability of the DIAL unit to track SO2 plumes was applied at Gas Plant C to study the effect 
of tail gas incinerator stack temperature on plume dispersion.  At Gas Plant C, the incinerator 
stack exit temperature is normally maintained at 370°C but is increased if elevated stack SO2 
emissions occur or in the case of odour complaints.  A nearby resident occasionally reports 
odours with winds from the North to Northwest.  Increasing the incinerator temperature is one of 
several steps taken in response to odour complaints.  If the incinerator emissions are contributing 
to the odour, then increasing the stack temperature is designed to increase buoyancy of the plume 
as well as increase dispersion of the SO2 emissions.   
 
On the first day of testing, plume SO2 cross-sections were taken at discrete distances downwind 
of the stack exit, from 20m to about 600m, with the stack exit at the elevated temperature of 
about 450ºC.  Examples of these profiles were given in Figure 5.  The SO2 profile data at a stack 
exit temperature of 450ºC was collected on June 2.   
 
On June 4, the stack exit temperature was close its normal level of about 370ºC and a further set 
of SO2 plume profiles was collected. Figure 6 compares SO2 cross section profiles collected at 
similar distances downwind of the stack at the normal stack temperature (Figure 6a) and the 
elevated stack temperature (Figure 6b).  Note that the x-axis and colour concentration scale are 
different for these two figures.  Also the profile taken at 380ºC condition was about 50 m further 
downwind of the stack and the wind speed was less (3.5 m/s as compared with 5.2 m/s for the 
450ºC data).  Both the further distance downwind and the lower wind speed would suggest that 
the SO2 plume would have dispersed more for the 380ºC case in Figure 6a, and this is reflected 
in the data with lower peak SO2 concentrations for the 380ºC case and a larger area covered by 
the plume.  Surprisingly the bottom of the 380ºC plume was 110 m above the ground level while 
the bottom of the 450ºC was only 85 m above the ground level.   
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The results from initial DIAL measurements of SO2 plumes at two different incinerator stack 
temperatures at Gas Plant C suggest that meteorological conditions are more important in 
shaping plume dispersion and elevation of the plume than the incinerator stack exit temperature.  
Further work measuring profiles for a range of weather conditions at the two different stack 
temperatures would be required to fully understand the impact of increased stack temperature on 
plume dispersion and decide on the effectiveness of the strategy as a means of increasing plume 
dispersion.   
 

Incinerator Stack SO2 ~250m Downwind (7.6) 16:40 04-06-03 
Wind 3 m/s 5° Stack Temp 381° C

 
(a) profile with incinerator stack exit temperature of 381ºC 

 
Incinerator Stack SO2 ~200m Downwind 13:15 02-06-03

Wind 5.2 m/s 294° Stack Temp 449 °C

 
(b) profile with incinerator stack exit temperature of 449ºC 

 

Figure 6:  Change in Downwind Plume Position with Different Stack Exit Temperature at 
Gas Plant C 
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5.5 SO2 Plumes from Sour Gas Well Test Flares 
 
Following the demonstration of tracking SO2 plumes from tail gas incinerator stacks, the DIAL 
equipment was moved to the sour gas well-test flaring site.  This was a newly completed well 
site located in the Rocky Mountain foothills, accessed by about 40 km of unpaved roads.  The 
ruggedness of the Spectrasyne DIAL unit was demonstrated, with no equipment problems caused 
by driving the unit to this site.  Only the usual 1 to 2 hours of set up was required before the unit 
was ready to start measurements.   
 
The sour gas flared at this site contained about 11% H2S.  For purposes of flaring, the well site 
equipment included a portable gas/liquid separator and a test flare that was 50 metres high with a 
diameter of 10 inches. The pilot gas for the flare was sweet gas piped from a nearby gas plant. 
Separated gases from the well were piped directly to a gas plant while the liquid (condensate and 
water) was stored on-site and periodically collected by truck. 
 
During the period that the DIAL equipment was on site, gas flaring was carried out for the 
purpose of the DIAL measurements. Permission had been obtained to operate the well test flare 
for the DIAL measurements. The first objective of the work at this site was flare plume tracking, 
to be undertaken by measuring SO2 in the flare plume at progressive distances downwind from 
the flare.  Part of this objective was to demonstrate range and detection limits to investigate 
whether the DIAL technique is applicable for remote real-time monitoring of air quality around 
sour gas well test flares.  The second objective was to measure hydrocarbons in the flare plume 
in order to estimate the flare combustion efficiency and, at the same time, measure the amount of 
SO2 in the flare plume in order to estimate the efficiency of conversion of H2S to SO2.  The 
results of the second objective are discussed in Section 6.4.3. 
 
Measurements at the site were made on two days, the 10th and 12th of June. During both of the 
measurement days extra staff and equipment were available to quantify the flare gas flows and to 
analyse the flare gas composition. On the first measurement day the flare gas flow rate was 
approximately 60,000 Sm3/d of sour gas with 11% H2S. This flow rate was also used on the 
morning of the second day.  Later on the second day the sour gas flow was supplemented with 
approximately 40,000 Sm3/d of sweet gas to increase the total gas flow to the flare to about 
100,000 Sm3/d of sour gas with about 6.6% H2S. On both days, near field measurements were 
made during the first half of the day for the purpose of quantifying hydrocarbon combustion 
efficiency and estimating the H2S to SO2 conversion in the flame.  The second part of each day 
emphasized SO2 plume tracking activities, initially with the DIAL located on the site and later 
from two off-site locations, Remote Site 1 and Remote Site 2. 
 
5.5.1 SO2 Plumes near the Well Test Flare Measured from the Well Site 
 
On the first day of measurements (10th June) the area was shrouded in dense fog during the first 
part of the morning, which gradually gave way to rain. The DIAL equipment could not operate in 
the dense fog due to high levels of backscatter of the laser from fog near the truck.  Once the fog 
had cleared, the DIAL unit operated well in the rain.  During the remainder of the morning, 
plume measurements were taken with the DIAL unit located on the well site, primarily to 

______________________________________________________________________________ 

Well Test Flare Plume Monitoring- Page 15       
Phase II: DIAL Testing in Alberta 



quantify hydrocarbons in the plume but also to measure SO2 profiles near the flare.  Figure 7 
gives two examples of cross sections through the SO2 plume about 1.5 and 4 flame lengths 
downwind of the tip of the visible flame.  The visible flame lengths were about 9 m.  This close 
to the flare, maximum SO2 concentration were about 10 mg/m3 and, although the plume has 
already broken up, the full plume was captured during a DIAL scan.  The lower edge of the 
plume was at a similar elevation as the flare tip (50 m) while the upper edge of the plume had 
risen to between 150 to 170 m.   
 
 
             Flare SO 2 Approx 1.5 Flame Lengths DW 

(3.2) 13:05 10-06-03 Light Rain 

       

      Flare SO 2 Approx 4 Flame Lengths DW 
(3.7) 13:55 10-06-03 Light 
R i

 

Figure 7:  SO2 Concentration Profiles in Well Test Flare Plume near the Flare 
 
5.5.2 SO2 Plumes near Remote Site 1 
 
Later in the day the plume was followed further downwind, intially by tracking it with the DIAL 
still located on the well site and subsequently by moving the DIAL to Remote Site 1, an adjacent 
well site that was situated about 1.2 km from well test flare.  Although the flare was not visible 
from Remote Site 1, this location was downwind from the flare at that time.  Figure 8 shows two 
of the plume measurements made at Remote Site 1 during a heavy rain. For the plume cross-
sections taken close to the flare the whole flare has been captured and the mass emissions 
approximate the final combustion product of the flare. The SO2 cross-sections taken at further 
distances from the flare, both from the well site and from Remote Site 1 and Remote Site 2, 
contain only part of the plume.  With the light winds and fluctuating wind direction, at these 
distances downwind from the flare the plume was dispersed over a wide area. The measurements 
taken at Remote Site 1 show that parts of the plume were in close proximity to the ground at a 
downwind distance of 1.2 km. 
 
One benefit of the DIAL method is the ability to quickly measure gas concentrations in a large 
area of the atmosphere.  In contrast, conventional air monitoring methods sample and analyze 
gas collected from a very small point, making it difficult to locate the monitor in the right area.  
Some of the scans taken at Remote Site 1 were along a line close to where a mobile SO2/H2S 
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monitoring van was positioned. This van contained conventional ambient point source monitors 
that were measuring the ambient H2S and SO2 concentrations about 3 m above ground level. One 
of the scans, shown in Figure 8b, was taken from the ground upwards starting about 3m to the 
side of and about 10 m beyond the mobile monitor. The mobile monitor was about 60 m from the 
DIAL unit.  At this time the mobile monitor measured a maximum SO2 concentration spike of 
0.083 mg/m3 (29 ppb).  The DIAL scan in Figure 8b shows SO2 concentrations at an elevation of 
3 m and at a position within about 20 m of the mobile monitoring van to be about 0.4 mg/m3 
(~140 ppb). The scan also shows that a little further east of the mobile monitoring van the SO2 
concentration at 3 m elevation peaked at about 1 mg/m3 (~350 ppb).  This demonstrates the 
difficulty in placing point monitors in locations that might experience elevated SO2 levels.   
 

             Flare SO 2 1.2 km DW  Ground Level 
(4.5) 17:55 10-06-03 Heavy Rain            Flare SO 2 1.2 km DW    

(4.7) 18:20 10-06-03 Heavy Rain 

(a)      (b) 

Figure 8:  Concentration plot examples from flare plume taken at Remote Site 1 
 
5.5.3 SO2 Plumes from Remote Site 2 
 
On the 12th of June after completing the combustion efficiency and H2S to SO2 conversion 
measurements, the DIAL unit was moved to Remote Site 2, a road location about 2 km from the 
site.  Figure 9 is a photograph taken from Remote Site 2 looking back at the well site and flare.  
From this location measurements were made of the flare SO2 plume just downwind of the flare in 
order to demonstrate the range of DIAL SO2 measurement.  Figure 10 shows a cross section of 
the SO2 plume measured from about 2 km from the plume.  This demonstrated the ability of 
DIAL to measure SO2 at least 2 km distant with discrimination in the 1 to 5 mg/m3 
concentration, although, because of time pressures, these measurements were not made with the 
very fine scanning resolution required for maximum accuracy.  
 
When the DIAL SO2 laser had been set up prior to the Alberta campaign all the available energy 
from the laser could not be used because of energy limitations on some of the IR/UV common 
optics. The output energy was significantly reduced from the maximum that was available from 
the laser system.  Using all the available energy would be expected to further increase the 
maximum measurement range above the 2 km range as demonstrated at the well test site.  
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During the time at Remote Site 2, the wind direction was fluctuating, with some directions 
bringing the flare plume close to the DIAL unit.  A DIAL SO2 scan was taken adjacent to the 
unit across the top of the tree canopy and the result is shown in the Figure 11.  The DIAL scan in 
Figure 11 does not encompass the whole SO2 plume.  The angled straight line at the top and 
bottom of the coloured portion of the diagram shows the limit of the DIAL scan.  SO2 is also 
likely to be present outside the areas of the scan.  The profile shows local concentrations up to 
1.75 mg/m3 (~612 ppb) close to the treetops.  This instantaneous reading is above the Alberta 
Ambient Air Quality guideline of 0.45 mg/m3, however the guideline is based on an hourly 
average reading.  DIAL monitoring at the same location for at least one hour would be required 
to determine the range of fluctuation and the average SO2 concentration.  A stationary remote 
SO2 monitor was installed about 1.5 km further away from the well site on the same road as the 
DIAL Remote Site 2 location.  The SO2 levels at this monitor ranged from 8 to 14 ppb during the 
flaring, with no single record higher than 16 ppb of SO2.   
 

Flare SO2 2.2 km DW, Dry and Sunny

 
Figure 11:  Plume concentration profile Adjacent to Remote Site 2  

(1.9km downwind of the flare) 

The measurements of SO2 taken at Remote Site 1 and 2 clearly show that the plume is highly 
fragmented within 1 or 2 km from the flare, under the light wind speed conditions encountered 
on the two measurement days. Moreover, it is clear from the measured mass flux figures 
developed at these sites, that the fragments are widely scattered i.e. micro plumes were seen with 
lower concentrations interspersed. The cause for wide scattering of the plumes is illustrated in 
Figure 12, which is a simplistic model of what might happen to a plume when the wind direction 
changes. In practice, at least under lighter wind speed conditions, the wind direction and wind 
speed is constantly varying and the plume at any point in time is subject to direction and velocity 
changes.  This has the effect of dispersing the gases widely within the arc of the wind direction 
changes.  As a result, after a few hours of sour gas flaring in varying wind speeds and direction, 
it was not possible at Remote Site 1 and 2 to measure a distinct plume with the DIAL equipment, 
only to identify pockets with higher levels of SO2, as shown in Figure 8 and Figure 11.  
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Figure 12:  Simplistic plume dispersion model 

 
The DIAL testing completed at the well test flaring site demonstrated that the Spectrasyne Ltd. 
DIAL unit is rugged enough to operate in remote, hilly terrain and that DIAL is capable of 
measuring SO2 concentrations in the range of the Alberta ambient air guideline of 0.45 mg/m3 at 
distances up to 2 km away.  A wide area of the atmosphere can be measured in a short period of 
time, giving much more information about SO2 concentrations than is possible with conventional 
point source monitoring.  Although measurements could not be taken in fog, a heavy rain did not 
hamper the SO2 measurements. 
 
5.6 Comparison of DIAL Measurements and Plume Dispersion Predictions 
 
Dispersion modelling of flare plumes is used to predict ground level concentrations of SO2 in the 
vicinity of a well test flare for safety and environmental reasons.  The modelling is often required 
as part of the flare permitting process with the intent of predicting any situations of flare 
operation, terrain or weather conditions that may cause ground level SO2 concentration to exceed 
the Alberta Ambient Air Quality Guidelines. 
 
After the completion of the DIAL measurements at the well test flare site, dispersion model 
simulations were performed and the predicted SO2 concentrations compared with the DIAL 
measurements.  The dispersion modelling was performed by RWDI West Inc. to simulate the 
plume transport and dispersion processes.  The report summarizing the results of this modelling 
and the comparison with DIAL measurements is attached as Appendix B.  The following will 
briefly describe the method and results of the RWDI study. 
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In addition to the flare stack flow rate and gas composition measurements, information collected 
at the site and used in the dispersion modelling study included: 

- one fixed meteorological tower adjacent to the well reporting wind speed and wind 
direction at a nominal 20 m height and the Pasquill-Gifford (PG) stability class, 

- five fixed monitors at various locations monitoring ambient SO2 concentrations, wind 
speed and wind direction at a nominal 2.5 m height, 

- one mobile monitoring van measuring ambient SO2 and H2S, wind speed and wind 
direction, 

- DIAL plume cross sections of SO2 concentrations. 
 
To perform the dispersion modelling, the CALPUFF/CALMET model system was used to 
handle the complex terrain and low and variable wind speeds that occurred during the testing.  
The CALMET model requires both surface and upper air meteorological data in conjunction 
with terrain information to determine the wind fields.  Accurate prediction of the wind fields is a 
key component of dispersion modelling.  Three scenarios were used to predict wind flow 
patterns with CALMET using various combinations of Eta Data Assimilation System (EDAS) 
surface and upper air wind profile data, the meteorological data from the well site weather tower 
and the wind information collected at the fixed monitor sites.  To select the best option, the 
CALMET predicted wind patterns and measured wind patterns at the well site meteorological 
tower were compared over a 27 day period.  The predicted and measured wind patterns 
compared well, however additional meteorological tower wind data at several locations in the 
domain would have provided a better indication of the accuracy of the CALMET predictions. 
 
The CALPUFF dispersion model was used with three different CALMET predicted wind fields 
as input to predict ensemble one-hour average ground level SO2 concentrations.  Conventional 
dispersion models cannot account for flare plumes explicitly.  Pseudo stack parameters are 
calculated from the flare height, flare gas flow rate, flare gas exit velocity, heat release and an 
assumed radiation loss (25% in this case, as recommended by Alberta Environment).  Other key 
options used in the CALPUFF model included: 

- model was applied to a 20 by 20 km region centred on the well site, 
- hourly SO2 emissions were input to account for periods when the flare was shut-in, 
- the similarity scaling approach was used to represent atmospheric turbulence, 
- the effects of terrain on transport and dispersion were based on the strain adjustment 

approach. 
 
To examine the impact of the three CALMET predicted wind fields, the CALPUFF model was 
used to predict maximum SO2 concentrations from each hour of flare operation on June 10 and 
June 12.  Hourly average SO2 ground level concentration profiles were plotted for the most 
suitable of the CALMET wind fields.  The predicted position and direction of the flare plume on 
June 10 generally agreed well with visual indications of flare plume direction.  However on June 
12 the wind speed and direction were highly variable.  The hourly average values of wind speed 
and direction used in the dispersion model resulted in predicted plume position and direction that 
did not always agree with observations at the site on June 12. 
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The following SO2 plume cross section profiles measured with the DIAL during the well test 
flaring were compared to the dispersion model predictions of the plume position and 
concentration: 

- two profiles measured at the well site approximately 15 m and 36 meters downwind of the 
flare on June 10 

- two profiles measured 1.2 km downwind of the flare on June 10 
- one profile measured 1.9 km downwind of the flare on June 12 

 
DIAL plume profiles are a collection of essentially instantaneous measurements taken over a 5 to 
20 minute period as apposed to the dispersion model predictions that are an ensemble one-hourly 
average.  Thus the measured and predicted profiles represent two different concepts and should 
be compared with this limitation in mind. 
 
The conclusions from the dispersion modelling study and comparison with the DIAL profiles 
measured at the well test flare site, as summarized in the Appendix B report, were: 
 

1. The DIAL technique represents an interesting opportunity to visualize plume behaviour.  
Additional scans are recommended to provide plume profiles that can be compared to 
model predictions. 

 
2. There were some limitations with the remote SO2 monitors in terms of temperature drift 

and resolutions, and the mobile H2S monitor seemed to have excessive noise. 
 

3. The CALMET model indicated that it can predict wind flow statistics amid complex 
terrain without any on-site data.  On-site data are required in order to better predict hourly 
values. 

 
4. The CALPUFF model was able to provide a reasonable agreement with the two profiles 

observed close to the stack.  For the more distant profiles, there were significant 
differences between the observed and predicted values. 

 
5. Based on the interpretation of the observations and model predictions, we should have 

been able to detect ground-level H2S if the H2S to SO2 conversion was 50%, and if the 
non-converted H2S remained as H2S.  Since H2S was not detected this suggests another 
sulphur compound was generated. 

 
The recommendations from the dispersion modelling study as summarized in Appendix B 
included: 
 

1. For a better comparison of observed and predicted plumes the DIAL scan speed should 
be increased to reduce changes in the plume during a scan, several scans should be taken 
over a ½ to 1 hour period to produce a composite plume profile and better software 
should be used to calculate composite scan parameters. 
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2. A critical unknown in dispersion modelling amid complex terrain is the degree that the 
plume clears or impinges on the hill.  The DIAL system provides a tool that can be used 
to resolve plume flow over elevated terrain under stable (i.e. clear, night-time) conditions. 

 
3. The issue of what is happening to the H2S during flaring should be resolved and the fate 

of unexplained sulphur compounds warrants further investigation. 
 
DIAL measurements could be a valuable tool to investigate predictions of plume behaviour with 
current plume dispersion models.  Based on the experience from this project, the ability to 
directly compare DIAL profiles and dispersion model predictions could be improved in a future 
test by selecting a site with a less complex surrounding terrain, improved road access around the 
site and several meteorological towers installed to measure wind speed and direction.   

6. Measurement of Flare Combustion Efficiency using DIAL 
 
This portion of the project demonstrated the use of DIAL to measure the combustion efficiency 
of full scale flares as operated in industry under actual atmospheric conditions of turbulence and 
fluctuation of wind speed and direction.  The DIAL unit measured the combustion efficiency of a 
sour well test flare, a sour solution gas flare and a sweet solution gas flare.  The following will 
discuss the method of measuring flare combustion efficiency with the DIAL method, an 
estimation of the accuracy of the combustion efficiency and the results of testing of each of the 
flares. 
 
Spectrasyne Ltd. has previously measured the combustion efficiency of a variety of flares with 
their DIAL equipment.  The results of one set of testing of three large refinery flares are 
available in the public domain (Boden et al., 1996).  All three of the refinery flares tested by 
Boden et al. (1996) used steam injection to increase flare combustion efficiency. For the three 
refinery flares, combustion efficiency as measured with the DIAL was greater than 98% over a 
range of flow rates and steam injection rates. 
 
To determine the combustion efficiency of flares, the DIAL equipment is used to measure the 
concentrations of hydrocarbons, usually methane, ethylene and C2+ alkanes, in a vertical slice 
through the flare plume.  By combining this 2D concentration profile with the measured wind 
speed and direction data, the mass flow of hydrocarbons in the flare plume is calculated.  Several 
repeat scans are made through the plume to provide a time weighted mean mass flow of 
hydrocarbons in the plume. The combustion efficiency is then calculated from the carbon 
contained as hydrocarbons in the fuel vs. the carbon contained as hydrocarbons in the flare 
plume, as follows:   
 

1001 ×⎥
⎦

⎤
⎢
⎣

⎡
−=

gasflareinCarbon
HCsinemittedCarbonEfficiency  

 
The above efficiency calculation is based on hydrocarbon combustion, and includes the 
following assumptions: 
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- no significant quantities of soot in the plume, 
- no significant quantities of partially burned carbon species such as CO in the plume, 
- no significant amounts of combustible non-hydrocarbon species in the fuel gas. 

 
The DIAL equipment does not measure concentrations of soot or CO, but it can be used to 
measure aromatic compounds if these are suspected as flare combustion products. 
 
6.1 Estimated Accuracy of Flare Combustion Efficiency Measurements 
 
This section will discuss the effect of measurement errors on calculation of flare combustion 
efficiency to establish a level of confidence in the efficiency values.  The potential for 
measurement errors exist in: 

- DIAL measurements of hydrocarbon concentration 
- wind speed and direction  
- fuel gas flow rate 
- fuel gas composition 
- large amounts of soot, CO or non-hydrocarbon products of incomplete combustion 

 
During the flare combustion efficiency testing in Alberta, soot was not visible from any of the 
three flares tested, indicating that significant amounts of soot were not present.   
 
Carbon monoxide is often used as an indicator of incomplete combustion.  Strosher (1996) 
analyzed gas samples from one sweet and one sour solution gas flare plume and measured CO 
concentrations that were 4% of the total hydrocarbon concentrations in the plume for a flare with 
a combustion efficiency of 84%.  Gogolek et al. (2001) analyzed combustion products from 2 to 
4 inch diameter flares tested in a wind tunnel operated over a range of cross wind speeds and fuel 
compositions.  The proportion of CO to hydrocarbons in the flare plume varied with fuel 
composition and flare efficiency.  For propane flares, CO accounts for almost all of the 
‘inefficiency’, with relatively small amount of hydrocarbons in the plume.  For natural gas 
flames, CO accounted for about one half of the inefficiency for flares operating at efficiencies 
above 99.5% but this decreased to less than 25% of the inefficiency for flares below 97% 
efficiency.  Thus depending on the fuel composition and combustion efficiency, CO may or may 
not make up a significant amount of the unburned species.  In this case, an efficiency based on 
only the hydrocarbons in the plume would overestimate the flare combustion efficiency.   
 
The calculated efficiency based on the DIAL measurement of hydrocarbons in the plume thus 
represents the best case based on the data available and the actual efficiency is likely to be lower 
than the calculated figure. Conversely, the gas flow rates used in the calculations did not take 
into account the pilot gas flow, which was not measured.  This additional flow would have the 
effect of making the calculated efficiencies lower than the actual efficiency, although the effect 
would be small unless the pilot gas flow is a significant percentage of the fuel gas flow. 
 
Flare combustion efficiency as determined by DIAL measurements is based on measuring the 
hydrocarbons left in the plume.  As combustion efficiency increases, errors in measuring the 
hydrocarbons remaining in the plume will have a declining effect on the calculated combustion 
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efficiency.  Assuming an error range in measuring the fuel gas flow rate and fuel gas 
composition of ±5% and the range of accuracy of the DIAL plume hydrocarbon mass flow of –
18% to +5%, the confidence range in the calculated hydrocarbon combustion efficiency can be 
estimated.  This confidence range for flare combustion efficiency from 70 to 100% is shown in 
Figure 13.  For a low measured combustion efficiency of 70%, the expected range of actual 
efficiency, taking into account experimental errors, is quite large, from 63% to 73%.  For a 
combustion efficiency of 95%, the expected range of actual efficiency is 93.8 to 95.5%.  For a 
combustion efficiency of 98%, the expected range is 97.5 to 98.1%.  The estimated confidence 
range could be improved by more accurate measurement of gas flow rate to the flare and by 
increasing the number of DIAL scans to reduce the error in hydrocarbon mass flux in the flare 
plume.   
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Figure 13:  Estimated Confidence Range in Combustion Efficiency Based on Measuring 

Hydrocarbons in the Plume 

 
The following discusses the DIAL testing results for the three flares tested. 
 
6.2 Sweet Solution Gas Flare 
 
The sweet solution gas flare site was a single production well site.  The oil and gas produced 
from the field were separated at the site with the gas flared in a 12 m high, 3.5 inch diameter 
solution gas flare and the oil piped to a refinery via a small on-site storage tank.  The site was 
located in a 120 m2 clearing in the forest surrounded by relatively flat terrain.  The flare stack 
was positioned in a corner of the site, very close to a low berm near the edge of the clearing.  
Beyond the berm the ground dropped away some 5 or 6 metres in height with a small perimeter 
of cleared ground between the berm and the forest.  Figure 14 shows the location of the DIAL 
equipment relative to the flare during the measurements.  DIAL measurements were completed 
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on June 20 in light winds with a light rain falling.  The site operator recorded the flare gas flow 
rate as measured with an orifice plate meter installed in the gas line.  No instantaneous gas 
analysis data was available but some typical gas analyses for the site were provided and these 
were used in the efficiency calculations. 
 

 
 

Figure 14:  DIAL Equipment Measuring Sweet Solution Gas Flare Efficiency 
 
6.2.1 Sorption Tube Measurement in Flare Plume 
 
This was the only site visited with a relative low flare stack (12 m) so an attempt was made to 
complete sorption tube sampling from the flare plume.  Unfortunately the wind direction was 
blowing the plume directly across the site boundary.  The only location for sorption tube 
sampling was on the berm immediately downwind of and about 2 m from the flare.  Sampling at 
a 9 m height put the sample point directly beneath the flame and about 4 m below it.  This was 
not an ideal location but the sampling was completed and the results are given in Table 3.  Table 
3 includes details on some of the species analyzed as well as a total concentration of 
hydrocarbons.  The sorption tube results appear to be flare plume gas with contamination from 
the rest of the site.  The amount of benzene was low at 1.7 µg/m3 (~0.5 ppb), below the Alberta 
ambient air guidelines of 8 ppb.  The hydrocarbons were predominantly light alkanes but 
aromatic compounds including toluene, xylene, propylbenzene and naphthalene were also 
present.  
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Table 3:  Sorption Tube Results for Hydrocarbons at Sweet Solution Gas Flare 
Ethylene 0.0 Toluene 1.9
Ethane 13.0 n-Octane 1.0
Propane 15.5 Ethylbenzene 0.8
Propene 1.2 m/p-Xylene 1.8
i-Butane 23.4 o-Xylene 5.5
2-Methyl Propene / 1-Butene 0.0 n-Nonane 0.9
2-Butene / n-Butane 22.3 i-Propylbenzene 16.0
i-Pentane 33.5 n-Propylbenzene 2.1
1,3-Butadiene 1.2 1,3,5-Trimethylbenzene 0.9
n-Pentane 18.7 1,2,4-Trimethylbenzene 2.3
3-Methylpentane 0.7 n-Decane 0.4
Cyclopentene 0.0 1,2,3-Trimethylbenzene 1.2
Hexene-1 0.0 n-Unedecane 0.7
n-Hexane 4.3 Naphthalene 5.9
Benzene 1.7 n-Dodecane 1.6
2,3-Dimethylbutane 1.6 n-Tridecane 1.4
3-Methylhexane 8.6 n-Tetradecane 2.8
n-Heptane 1.6 n-Pentadecane 5.6
Methylcyclohexane 2.1 n-Hexadecane 1.9
(Continued) n-Heptadecane 1.5

Total Hydrocarbons 230
All data in ug/m 3

Data may include surrounding areas  
 
 
 
 
 
6.2.2 Flared Gas Flow Rate and Composition 
 
Table 4 gives the composition of the sweet gas flared at this site.  The gas was 75.9% methane 
along with 7.4% ethane and 2.73% propane.  The flared gas was solution gas from the single 
well on-site and the flow varied widely from about 42.5 Sm3/h (1500 Sft3/h) to over 255 Sm3/h 
(9000 Sft3/h) as slugs of gas came up intermittently with the oil.  For a period of over 2.5 hours 
the flow meter was off-scale and thus the true flow rate was not known during this time. 
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Table 4:  Composition of Sweet Solution Gas 
 

Species Gas. %vol, 
(mean of 2)

Liquids, 
ml/m3

He 0.01

N2 7.27

CO2 4.18

H2S 0.00

C1 75.85

C2 7.36

C3 2.73 101.4

C4 1.43 61.8

C5 0.57 27.2

C6 0.25 17.3

C7+ 0.35 26.7

 
 
6.2.3 DIAL Measurements and Combustion Efficiency 
 
DIAL scans were taken through the flare plume for a period of about 5 hours over a wide range 
of flared gas flow rates.  For the first 1.5 hours of DIAL measurements, the C2+ emissions in the 
flare plume were quantified.  After this period, the infrared laser was switched to methane for 
about 1 hour followed by C2+ measurements for a second 1.5 hours followed by a final 0.5 hours 
of methane measurements.  Benzene concentrations were measured with the ultraviolet laser 
during the full 5 hours.   
 
 
 
Table 5 lists the results of the DIAL measurements across the flare plume. 
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Table 5:  Hydrocarbon Emissions in Sweet Solution Gas Flare Plume 

Speed 
(m/s)

Dir'n 
(deg) Species

1.1 -1 20-Jun-03 09:46 - 9:58 0.7 083 0.50 C2+ trace
1.2 -1 20-Jun-03 10:00 - 10:10 0.8 100 0.42 C2+ trace
1.3 -1 20-Jun-03 10:16 - 10:32 1.3 085 1.01 C2+ trace
1.4 -1 20-Jun-03 10:35 - 10:42 0.3 049 0.14 C2+ bdl
1.5 -1 20-Jun-03 10:44 - 10:53 0.9 071 0.87 C2+ trace
1.7 -1 20-Jun-03 11:06 - 11:13 1.4 080 1.85 C2+ trace
1.15 -1 20-Jun-03 12:38 - 12:45 1.5 055 0.44 C2+ 0.01
1.16 -1 20-Jun-03 12:46 - 12:54 2.1 071 0.35 C2+ 0.01
1.17 -1 20-Jun-03 12:56 - 13:03 1.2 073 0.46 C2+ trace
1.18 -1 20-Jun-03 13:09 - 13:14 1.7 052 0.35 C2+ trace
1.19 -1 20-Jun-03 13:19 - 13:25 1.9 045 0.58 C2+ trace
1.20 -1 20-Jun-03 13:26 - 13:34 2.0 049 1.19 C2+ trace
1.21 -1 20-Jun-03 13:39 - 13:45 1.6 053 0.89 C2+ bdl
1.22 -1 20-Jun-03 13:50 - 13:57 1.2 067 0.52 C2+ trace
TWM 0.69 trace
1.8 -1 20-Jun-03 11:23 - 11:29 0.9 083 1.38 CH4

0.59 CH4
2.09 CH4
3.16 CH4
1.40 CH4
2.12 CH4
0.71 CH4
1.62 CH4
0.40 CH4
1.48

trace
1.9 -1 20-Jun-03 11:31 - 11:41 0.7 070 trace
1.10 -1 20-Jun-03 11:42 - 11:50 1.3 050 bdl
1.11 -1 20-Jun-03 11:53 - 12:00 2.1 055 trace
1.12 -1 20-Jun-03 12:04 - 12:09 1.3 050 bdl
1.13 -1 20-Jun-03 12:13 - 12:21 1.8 064 trace
1.14 -1 20-Jun-03 12:23 - 12:30 1.0 063 bdl
1.23 -1 20-Jun-03 14:03 - 14:15 1.0 047 trace
1.24 -1 20-Jun-03 14:17 - 14:24 0.9 046 bdl
TWM trace

Benzene 
Flux 

(kg/h)Scan No

Mean Wind

Scan time

HC 
Flux 

(kg/h)

 
 
 
During the DIAL scans, the CH4 emissions varied from 0.4 to 3.16 kg/h with a time weighted 
mean of 1.48 kg/h.  The C2+ emissions varied from 0.14 to 1.85 kg/h with a time weighted mean 
average of 0.69 kg/h.  The ratio of the time weighted mean emissions of methane and C2+ 
measured in the flare plume are similar to the ratio of methane and C2+ in the gas being flared.  
This suggests that a significant amount of hydrocarbons in the plume is due to fuel stripping, as 
proposed by the wind tunnel flare research at the University of Alberta.  The highest benzene 
recorded was 0.01 kg/h but for most of the scans benzene was only detected at trace levels or 
was below the detection limit.  The trace emission nomenclature is used where benzene was 
detected in one or two records of a scan only, at concentrations of around 3 µg/m3 (~1 ppb) only.  
Because of the small number of records in the scan where benzene was present a reliable mass 
emission figure could not be given. 
 
In Figure 15 the emission levels are plotted against the measured flare gas flow rate during the 
time of the measurements.  There was no clear correlation between emission levels and the gas 
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flow rates, however the highest emission levels were measured during periods of high gas flow 
rate or when the flow rate was increasing. 
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Figure 15:  Variation in Solution Gas Flow Rate and Flare Emissions 

 
The combustion efficiency of the sweet solution gas flare was 98%, calculated as described in 
Section 6.  The efficiency calculation assumed that the composition of the C2+ species in the flare 
plume was the same as that in the flared gas.  Ethylene concentrations were not measured due to 
the limited time available but considering the relatively low methane concentrations measured in 
the flare plume ethylene would likely have been present in quite low concentrations.  The flare 
gas flow rate varied widely and it was not possible to measure both CH4 and C2+ at all possible 
flow conditions.  The combustion efficiency calculations have been based on the mean gas flow 
rate of 151 Sm3/h (5350 Sft3/h) and the time weighted mean emissions of CH4 and C2+.  The 
mean gas flow rate calculation assumed a flow rate of 255 Sm3/h (9000 Sft3/h) during the period 
when the flow rate was above the maximum measured by the flow meter.   
 
The hydrocarbon emissions measured in the sweet solution gas flare were low over a wide range 
of flare gas flow rates.  The combustion efficiency was calculated to be 98%.  Benzene 
concentrations in the flare plume were close to or below the detection limit of the DIAL 
instrument, suggesting little carryover of liquids to the flare. 
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6.3 Sour Solution Gas Flare 
 
The sour solution gas flare site was a separation and storage facility serving an oil well. It was 
also used as a gathering station for production from other oil wells, brought in by tank trucks. 
The imported oil was treated by removal of any solids and water and subsequently shipped out 
together with the on-site oil production through a pipeline. The separated solution gas from the 
producing well, after leaving the separator, passed through a demister and was then sent to the 
solution gas flare. The flare tip was 8 inch diameter.  The flare also received any gas produced 
from the storage tanks.  Figure 16 shows the Spectrasyne DIAL unit on-site scanning across the 
flare plume.  The site was situated in flat terrain.  During the first day of testing at this site, a 
University of Alberta research team was on-site measuring flare gas flow rate and sampling the 
flare gas in order to measure the quantity of entrained liquids going to flare. 
 
 

 
 

Figure 16:  DIAL Unit Measuring Emissions from Sour Solution Gas Flare 

 
DIAL measurements of the plume were taken on June 18 and 19.  During the morning and early 
afternoon of June 18 the University of Alberta team was present measuring the flare gas velocity 
in the fuel pipe near the base of the stack and collected gas and liquid samples for later analysis.  
DIAL measurements were completed of methane, C2+ aliphatic hydrocarbons, benzene and 
ethylene on both June 18 and 19.  Ethylene concentrations were measured as ethylene is a good 
indicator of whether cracking reactions are occurring in the flare.   
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6.3.1 Flared Gas Flow Rate and Composition 
 
Table 6 gives the composition of the sour gas flared at this site.  The gas was about 61% CH4 
with 10.2% ethane and 7.3% propane and contained 1.1% H2S.  This solution gas contained 
significantly more C2+ species than the sweet solution gas (Table 6).    
 
 
 

Table 6:  Composition of Sour Solution Gas 

 
Comp Mole Fraction Liquid content 

ml/m3

N2 0.0000

CO2 0.1329

H2S 0.0115

C1 0.6067

C2 0.1019 362.2

C3 0.0725 266.3

iC4 0.0134 58.5

nC4 0.0301 126.7

iC5 0.0082 40.1

nC5 0.0078 37.7

C6 0.0062 34.0

C7 0.0045 27.7

C8 0.0021 14.4

C9 0.0011 8.3

C10+ 0.0011 9.0

 
 
Figure 17 shows how the sour gas flow rate varied during the measurement period on June 18.  
This flow rate was calculated from the data measured by the U. of A. team.  The flow rate was 
usually between 4,000 and 4,500 Sm3/h but at one point decreased to 2,100 Sm3/h.  Although the 
U of A team was not present on June 19 to measure flare gas flow rates, the on-site orifice plate 
flow rate measurement indicate that the range of flow rates was similar on both days. 
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Figure 17:  Variation in Sour Solution Gas Flow Rate on June 18  
(data measured by the University of Alberta team) 

 
 
6.3.2 DIAL Measurements and Combustion Efficiency 
 
DIAL scans were taken through the flare plume on June 18 and June 19.  On June 18 there was a 
strong southerly wind at 5 to 9 m/s while on June 19 there was a moderate northerly wind at 2 to 
6 m/s.  On both days the infrared laser was used to measure CH4, ethylene and C2+ during 
different periods and the ultraviolet laser was used to measure benzene during the total 
measurement period. 
 
Table 7 shows the flare plume emissions measured on June 18.  Methane emissions ranged from 
1.6 to 14.8 kg/h with a time weighted mean of 9.3 kg/h.  The C2+ emissions ranged from 2.4 to 
3.8 kg/h with a time weighted mean of 3.1 kg/h.  Ethylene emissions ranged from 1.26 to 
1.34 kg/h with a time weighted mean of 1.3 kg/h.   
 
Benzene emissions above the detection limit were measured only sporadically with the highest 
level measured of 0.04 kg/h.  The time weighted mean benzene emissions were 0.01 kg/h.  The 
calculation of this mean assumed that during scans that benzene was not detected, the amount 
was at one half of the detection limit (0.002 kg/h).   
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Table 7:  Hydrocarbon Emissions in Sour Solution Gas Flare Plume on June 18 

Speed 
(m/s)

Dir'n 
(deg) Species

1.2 -1 18-Jun-03 10:40 - 10:44 6.0 158 2.9 C2+ bdl
1.3 -1 18-Jun-03 10:51 - 10:59 5.6 156 3.0 C2+ bdl
1.4 -1 18-Jun-03 11:01 - 11:06 5.4 146 3.0 C2+ bdl
1.5 -1 18-Jun-03 11:07 - 11:19 6.7 153 2.4 C2+ bdl
1.6 -1 18-Jun-03 11:21 - 11:28 6.8 167 3.3 C2+ bdl
1.7 -1 18-Jun-03 11:35 - 11:41 6.0 161 3.8 C2+ bdl
1.8 -1 18-Jun-03 11:53 - 12:00 7.9 156 3.6 C2+ 0.01
TWM 3.1 <0.01
1.12 -1 18-Jun-03 12:44 - 12:55 7.1 167 14.5 CH4

6.2 CH4
3.4 CH4
7.7 CH4
2.9 CH4

11.7 CH4
13.6 CH4

9.5 CH4
1.6 CH4

13.5 CH4
14.8 CH4

9.3

0.03
1.13 -1 18-Jun-03 12:57 - 13:05 7.8 164 -
1.14 -1 18-Jun-03 13:08 - 13:16 7.0 169 0.03
1.15 -1 18-Jun-03 13:20 - 13:29 7.2 167 0.04
1.16 -1 18-Jun-03 13:30 - 13:38 8.4 168 0.03
1.17 -1 18-Jun-03 13:54 - 14:05 7.9 168 0.01
1.18 -1 18-Jun-03 14:07 - 14:17 9.2 174 0.01
1.19 -1 18-Jun-03 14:21 - 14:29 9.1 172 0.01
1.20 -1 18-Jun-03 14:32 - 14:41 8.8 176 0.02
1.21 -1 18-Jun-03 14:44 - 14:52 8.9 164 0.02
1.22 -1 18-Jun-03 14:54 - 15:03 9.3 163 0.02
TWM 0.02
1.23 -1 18-Jun-03 15:26 - 15:35 8.9 163 1.26 Ethylene -
1.24 -1 18-Jun-03 15:38 - 15:46 8.1 163 1.27 Ethylene bdl
1.25 -1 18-Jun-03 15:48 - 15:57 7.4 171 1.34 Ethylene bdl
1.26 -1 18-Jun-03 15:59 - 16:07 7.1 172 1.31 Ethylene bdl
TWM 1.30 bdl

Overall Benzene TWM 0.01

Benzene 
Flux 

(kg/h)Scan No

Mean Wind

Scan time

HC 
Flux 

(kg/h)

 
 
 
Table 8 shows the flare plume measurements taken on June 19.  Methane emissions ranged from 
18.1 to 47.3 kg/h with a time weighted mean of 30.9 kg/h.  The C2+ emissions ranged from 7.6 to 
16.4 kg/h with a time weighted mean of 11.3 kg/h.  Ethylene emissions ranged from 2.5 to 
4.1 kg/h with a time weighted mean of 3.2 kg/h.   
 
Benzene emissions above the detection limit were measured only sporadically with the highest 
level measured of 0.13 kg/h.  The time weighted mean benzene emissions were 0.02 kg/h.  The 
calculation of this mean assumed that during scans that benzene was not detected, the amount 
was at one half of the detection limit (0.002 kg/h).  
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Table 8:  Hydrocarbon Emissions in Sour Solution Gas Flare Plume on June 19 

Speed 
(m/s)

Dir'n 
(deg) Species

2.1 -1 19-Jun-03 09:05 - 9:18 4.8 340 37.0 CH4
22.3 CH4
22.2 CH4
18.1 CH4
47.3 CH4
38.6 CH4
23.4 CH4
30.9

0.13
2.2 -1 19-Jun-03 09:22 - 9:32 5.4 345 bdl
2.3 -1 19-Jun-03 09:35 - 9:44 5.6 351 0.02
2.4 -1 19-Jun-03 09:52 - 10:04 5.0 334 bdl
2.5 -1 19-Jun-03 10:10 - 10:23 6.5 349 bdl
2.6 -1 19-Jun-03 10:26 - 10:38 6.2 348 bdl
2.7 -1 19-Jun-03 10:47 - 10:59 5.6 335 bdl
TWM 0.03
2.8 -1 19-Jun-03 11:11 - 11:19 6.2 351 10.6 C2+ bdl
2.9 -1 19-Jun-03 11:24 - 11:32 5.5 340 11.2 C2+ trace
2.10 -1 19-Jun-03 11:35 - 11:42 5.1 331 10.4 C2+ trace
2.11 -1 19-Jun-03 11:54 - 12:01 4.2 326 11.6 C2+ trace
2.12 -1 19-Jun-03 12:03 - 12:10 4.4 318 7.6 C2+ trace
2.13 -1 19-Jun-03 12:14 - 12:22 4.5 326 10.3 C2+ trace
2.14 -1 19-Jun-03 12:25 - 12:33 4.4 323 16.4 C2+ trace
TWM 11.3 0.01
2.15 -1 19-Jun-03 12:43 - 12:51 3.4 348 4.1 Ethylene trace
2.16 -1 19-Jun-03 12:53 - 13:01 3.7 358 3.1 Ethylene 0.01
2.17 -1 19-Jun-03 13:03 - 13:11 3.2 343 2.5 Ethylene bdl
2.18 -1 19-Jun-03 13:12 - 13:18 2.6 355 3.0 Ethylene trace
TWM 3.2 0.01

Overall Benzene TWM 0.02

Mean Wind HC 
Flux 

(kg/h)

Benzene 
Flux 

(kg/h)Scan No Scan time

 
 
 
 
The level of hydrocarbon emissions seen throughout each day did not vary significantly 
indicating that changes in the plant, such as truck unloading to the tanks, did not greatly affect 
the flare and that there were no surges of liquids going to the flare.  However the levels of CH4, 
C2+ and ethylene measured on June 19 were about three times higher than the previous day, as 
shown in Table 9.  The only major difference between the two days was the wind direction and 
speed.  On looking at the flare tip through binoculars, the Spectrasyne team noted a large hole 
corroded through the southeast side of the flare about 2 pipe diameters below the flare tip.  There 
was also a smaller hole corroded through the flare on the northwest, opposite to the large hole.  
Figure 18 is a photo of the flare on the two days.  The only visible difference was the flame 
attaching further down the flare tip when the large hole was located on the downwind side of the 
flare.   
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Table 9:  Comparison of Hydrocarbon Emissions from June 18 and 19 

Date
Mean Wind 
Speed & Dir'n

CH4 
(kg/h)

9.3

30.9

C2+ 
(kg/h)

Ethylene 
(kg/h)

Benzene 
(kg/h)

18-Jun 7.5 m/s SSE 3.1 1.3 0.01

19-Jun 4.9 m/s NNE 11.3 3.2 0.02  
 

 
   Day 1      Day 2 

Figure 18:  Sour Solution Gas Flare with Two Different Wind Directions 
 
The combustion efficiency of the sour solution gas flare was calculated using the method 
discussed in Section 6.  The combustion efficiencies calculated from the time weighted mean 
emissions of CH4, C2+ and ethylene were 92% for June 18 when the hole was on the upwind side 
of the flare tip and 74% on June 19 when the hole was on the downwind side of the flare.  The 
condition of the flare tip was the likely reason for the low combustion efficiency on June 19, 
possibly due to gas leaking out and mostly bypassing the flame.   
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6.4 Well Test Flare 
 
The sour gas well test flare site was located in the Rocky Mountain foothills, accessed by about 
40 km of unpaved roads.  This was the same site and flare that was used for the SO2 tracking 
studies discussed in Section 5.5.   
 
The sour gas flared at this site contained about 11% H2S.  For purposes of flaring, the well site 
equipment included a portable gas/liquid separator and a test flare that was 50 metres high with a 
diameter of 10 inches. The pilot gas for the flare was sweet gas piped from a nearby gas plant. 
Separated gases from the well were piped directly to a gas plant while the liquid (condensate and 
water) was stored on-site and periodically collected by truck. 
 
During the period that the DIAL equipment was on site, gas flaring was carried out primarily for 
the purpose of the DIAL measurements. Permission had been obtained to operate the well test 
flare for the DIAL measurements. One of the objectives of testing at this site was to measure the 
combustion efficiency of the flare and, at the same time, to measure the amount of SO2 in the 
flare plume in order to estimate the efficiency of conversion of H2S to SO2.   
 
DIAL measurements at the site were made on two days, 10th and 12th June. During both of the 
measurement days extra staff and equipment were available to quantify the flare gas flows and to 
analyse the flare gas composition.  On the first measurement day the flare gas flow rate was 
approximately 60,000 Sm3/d of sour gas with 11% H2S.  This flow rate was also used on the 
morning of the second day.  Later on the second day the sour gas flow was supplemented with 
approximately 40,000 Sm3/d of sweet gas to increase the total gas flow to the flare to about 
100,000 Sm3/d of sour gas containing about 6.6% H2S. On both days near field measurements 
were made during the first half of the day for the purpose of quantifying hydrocarbon 
combustion efficiency and estimating the H2S to SO2 conversion in the flame. 
 
6.4.1 Flared Gas Flow Rate and Composition 
 
Table 10 gives the composition of the sour gas flared at this site and also the composition of the 
sweet gas that was added to the sour gas at the higher flow rate.  The sour gas going to flare was 
sampled and analyzed regularly on both days of DIAL testing but the composition varied little 
during this time.  The sour gas was about 79% CH4 with 2.25% ethane and 11.4% H2S.  The 
concentration of C2+ in both the sour and sweet gas at this site was much lower than the two 
solution gas flares (Table 4 and Table 6).  The sweet gas added during the higher flow rate was 
about 96% CH4 with 2.5% ethane.  
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Table 10:  Composition of Gas Flow to Sour Well Test Flare 
 

Species 10 Jun, mean 
of samples 

taken 13:00 & 
14:00 (% vol) 

12 Jun, Sour 
Gas sample @ 

14:00 (%vol)

12 Jun, Sweet 
Gas sample @ 

15:00 (%vol)

12 Jun, Sour Gas. 
Mean of 4 

samples between 
15:30 & 17:30 

(%vol)

He  TR TR TR

N2 0.1725 0.1718 0.3878 0.1553

CO2 6.0404 6.1644 0.0229 6.1468

H2S 11.7553 11.3563 0.0 11.3524

C1 79.1081 79.3391 96.228 79.3927

C2 2.2429 2.2664 2.5309 2.2585

C3 0.3179 0.3331 0.4722 0.3330

C4 0.1683 0.1721 0.2251 0.1718

C5 0.0653 0.0668 0.0795 0.0677

C6 0.0420 0.0381 0.0360 0.0415

C7+ 0.0861 0.0918 0.0175 0.0811

 
 
 
Table 11 gives the flow rates measured during the testing on June 10 and June 12.  Unlike the 
solution gas flare sites, the gas flow rate was controlled and held steady during the DIAL 
measurements at the well test flare site.  During June 10, the flare gas flow rate was contolled at 
about 61 E3m3/d.  During the later part of June 12, sweet gas was added to the flare to increase 
the flow rate to about 100 E3m3/d. 
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Table 11:  Gas Flow Rates to Well Test Flare during DIAL Measurements 

 
Date/Time Sour Gas 

Flow 
103m3/d 

 Date/Time Sour Gas 
Flow 

103m3/d 

Sweet 
Gas Flow 
103m3/d 

10 Jun 13:00 62.428  12 Jun 13:00 59.107  

10 Jun 13:30 61.213  12 Jun 13:30 59.807  

10 Jun 14:00 61.569  12 Jun 14:00 58.544  

10 Jun 14:30 61.569  12 Jun 14:30 57.809  

10 Jun 15:00 61.319  12 Jun 15:00 61.783  

10 Jun 15:30 61.319  12 Jun 15:30 61.280 39.736 

10 Jun 17:30 60.825  12 Jun 16:00 61.532 40.182 

10 Jun 18:00 60.344  12 Jun 16:30 61.174 37.572 

10 Jun 18:30 59.836  12 Jun 17:00 61.174 38.544 

   12 Jun 17:30 61.319 40.286 

   12 Jun 18:00 61.425 38.074 

 
 
 
6.4.2 DIAL Measurements and Combustion Efficiency 
 
DIAL scans were taken on June 10 and June 12 through the well test flare plume to measure 
hydrocarbons and SO2 in the plume.  These measurements were used to calculate the flare 
combustion efficiency and the efficiency of conversion of H2S to SO2.  The DIAL truck was 
located on the well site during these measurements.  The infrared laser was used to measure the 
concentration of CH4 and C2+ in the flare while the ultraviolet laser was used to measure the 
concentration of SO2.  The gas produced at this site was primarily methane with little liquids and 
a low concentration of ethylene would be expected in the flare plume.  Due to the limited time 
available, the efficiency measurements concentrated on methane in the plume. 
 
Table 12 and Table 13 summarize the DIAL measurements of hydrocarbon and SO2 mass flux in 
the plume on June 10 and June 12, respectively.  On June 10 the initial set of measurements from 
11:15 to 12:06 were with the flare operating on pilot only.  Time weighted mean CH4 emissions 
were 12.5 kg/h on the pilot.  The second set of measurements was taken with the flare flowing at 
about 60 E3Sm3/d, with details of the flow rate and gas composition discussed in Section 6.4.1.  
With the flare operating, the CH4 emissions ranged from 59 to 121 kg/h with a time weighted 
mean of 94.7 and the SO2 emissions ranged from 331 to 383 kg/h with a time weighted mean of 
353 kg/h.  
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Table 12:  DIAL Measurements of Well Test Flare Plume on June 10 

Speed 
(m/s)

Dir'n 
(deg) Species

Pilot only
2.1 -1 10-Jun-03 11:15 - 11:19 1.3 023 10.4 CH4

14.2 CH4
9.3 CH4

15.9 CH4
12.7 CH4
12.5

-
2.2 -1 10-Jun-03 11:35 - 11:36 2.3 334 -
2.3 -1 10-Jun-03 11:45 - 11:47 1.9 343 -
2.4 -1 10-Jun-03 11:53 - 11:56 2.4 345 -
2.5 -1 10-Jun-03 12:04 - 12:06 1.8 295 -
TWM
Main flare
3.2 -1 10-Jun-03 13:01 - 13:10 3.5 320 -
3.3 -1 10-Jun-03 13:14 - 13:21 2.6 329 -
3.5 -1 10-Jun-03 13:32 - 13:37 1.4 322 -
3.6 -1 10-Jun-03 13:39 - 13:49 1.8 322 -
3.7 -1 10-Jun-03 13:52 - 13:59 2.0 342 -
3.8 -1 10-Jun-03 14:06 - 14:14 2.7 302 -
TWM
3.9 -1 10-Jun-03 14:22 - 14:24 3.0 300 345
3.10 -1 10-Jun-03 14:29 - 14:37 3.9 306 383
3.11 -1 10-Jun-03 14:39 - 14:48 4.2 298 331
3.13 -1 10-Jun-03 15:02 - 15:11 2.9 315 351
TWM 353

SO2 
Flux 

(kg/h)Scan No

Mean Wind

Scan time

HC 
Flux 

(kg/h)

121 CH4
59.0 CH4
108 CH4
86.8 CH4
118 CH4
81.0 CH4
94.7

- -
- -
- -
- -

 
 
 
Table 13 summarizes the DIAL measurements collected on June 12.  For the first set of 
measurements the gas flow was about 60 E3Sm3/d.  The CH4 and SO2 emissions were similar to 
June 10, with time weighted means of 103 kg/h for CH4 and 322 kg/h for SO2.  C2+ emissions 
ranged from 4.2 to 5.1 kg/h with a time weighted mean of 4.4 kg/h. 
 
During the second set of measurements on June 12, the total flare gas flow rate was increased to 
about 100 E3Sm3/d by the addition of about 40 E3Sm3/d of sweet gas through the pilot flare 
pipe.  The addition of sweet gas did not increase the mass of H2S going to the flare, and 
consequently the DIAL measurement of SO2 flux in the flare plume did not change significantly.  
The measured emission of SO2 varied from 291 to 457 with a time weighted mean of 358 kg/h, 
similar to the 353 kg/h measured on June 10 and 322 kg/h measured earlier in the day on June 
12.  Emissions of hydrocarbons did increase at the higher flow rate, with the time weighted mean 
of CH4 increasing to 195 kg/h and the time weighted mean of C2+ increasing to 7.6 kg/h.   
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Table 13:  DIAL Measurements of Well Test Flare Plume on June 12 

Speed 
(m/s)

Dir'n 
(deg) Species

5.4 -1 12-Jun-03 13:13 - 13:18 2.4 282 114 CH4
72.8 CH4
129 CH4
103

279
5.5 -1 12-Jun-03 13:25 - 13:32 3.7 331 430
5.6 -1 12-Jun-03 13:45 - 13:52 1.1 322 262
TWM
5.7 -1 12-Jun-03 14:10 - 14:18 3.7 065 4.3 C2+ -
5.8 -1 12-Jun-03 14:30 - 14:36 2.6 077 - C2+ -
5.9 -1 12-Jun-03 14:38 - 14:45 3.3 066 4.2 C2+ -
5.10 -1 12-Jun-03 14:59 - 15:02 1.6 085 5.1 C2+ 245
TWM 4.4

Overall SO2 TWM 322

Sweet gas dilution introduced 15:05 to 15:30
5.11 -1 12-Jun-03 15:13 - 15:18 2.7 062 4.3 C2+ 353
5.12 -1 12-Jun-03 15:43 - 15:50 3.9 161 6.3 C2+ 333
5.13 -1 12-Jun-03 15:52 - 16:00 3.0 111 12.1 C2+ 457
5.15 -1 12-Jun-03 16:12 - 16:21 2.5 108 6.1 C2+ 294
TWM 7.6
5.17 -1 12-Jun-03 16:44 - 16:55 1.5 103 344
5.18 -1 12-Jun-03 16:59 - 17:07 1.5 122 397
5.19 -1 12-Jun-03 17:09 - 17:18 1.7 091 398
5.20 -1 12-Jun-03 17:19 - 17:28 2.3 076 291
5.21 -1 12-Jun-03 17:33 - 17:52 1.9 059 -
TWM
Overall SO2 TWM 358

Mean Wind HC 
Flux 

(kg/h)

SO2 
Flux 

(kg/h)Scan No Scan time

149 CH4
155 CH4
156 CH4
182 CH4
263 CH4
195

 
 
 
The hydrocarbon combustion efficiency of the sour gas well test flare was calculated using the 
method discussed in Section 6 for the two flow rates that were tested.  The combustion efficiency 
was 91% at both the 60 E3m3/d flow rate and the 100 E3m3/d flow rate, based on the amount of 
CH4 and C2+ hydrocarbons in the flare plume.  The hydrocarbons in the plume were 
predominantly CH4 and corresponding to the predominance of CH4 in the flared gas.   
 
6.4.3 Efficiency of Conversion of H2S to SO2  
 
The percentage of H2S converted to SO2 in the well test flare can be estimated from the SO2 
emission data in Table 12 and Table 13 and the knowledge of H2S mass flow from the flared gas 
flow rate and composition.  This calculation compares two large numbers in order to calculate a 
small number, as opposed to the hydrocarbon combustion efficiency where the DIAL is used to 
measure the small amount of hydrocarbons in the plume.  Small errors of measurement of the 
large SO2 flux would result in large changes to the conversion efficiency. 
 
The measured SO2 flux in the flare plume from June 10 resulted in a range of H2S to SO2 
conversion efficiency of 50 to 58% at the 60 E3m3/d flare gas flow rate.  The SO2 data measured 
at a similar flare gas flow rate on June 12 gave a range of H2S to SO2 conversion efficiency of 40 
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to 70%.  When the flare was operated at the 100 E3m3/d flow rate with the same mass flux of 
H2S in the gas flared, the conversion efficiency of H2S to SO2 was 46 to 72%.  Thus the H2S to 
SO2 conversion efficiency for the well test flare as measured by DIAL for the two days of testing 
ranged from 46 to 72%.  Even though light and variable wind conditions were not ideal for this 
type of testing, the low measured conversion of H2S to SO2 suggests that a large fraction of the 
H2S is converted to something other than SO2.   
 
There were several indications that a significant amount of H2S did not remain as unconverted 
H2S in the plume.  No H2S odour was noted either around the site or at the remote sites visited.  
Also the conventional mobile monitor travelling around the site was equipped with both SO2 and 
H2S detectors.  There was no correlation between the H2S and SO2 concentration changes 
measured by this mobile monitor, as would be expected if both H2S and SO2 were present in 
significant quantities in the flare plume. 
 
6.4.4 Secondary Plume 
 
During the sour gas well test flaring, a visible ‘secondary’ plume formed downwind of the flare.  
This plume was visible as a bluish-grey haze that appeared 1 or 2 flames lengths downwind of 
the tip of the visible flame.  This secondary plume was most visible when viewed from a 
distance, as in Figure 19. 
 
 
 

 

Figure 19:  Secondary Plume forming Downwind of a Sour Gas Well Test Flare 
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Secondary plumes may be a result of chemical reaction of combustion products in the plume or 
simple condensation of combustion products after cooling of the gases in the plume.  Chemical 
reactions in the plume can result in the formation of aerosols or solid particles in a size range that 
scatters light, resulting in a visible plume that appears some distance downwind of the stack exit 
or end of the visible flame in the case of a flare.  These plumes are most visible when the 
particles have a mean diameter of 0.5 um and are mono-dispersed in particle size (Hawks et al., 
1999).  This range of particle diameter is most visible as it is close to the mean wavelength of 
visible light.  Secondary plumes have been observed in the plumes from stacks at cement plants 
and coal-fired power plants. 
 
The formation of either ammonium chloride and/or ammonium sulphate is the main cause of 
visible secondary plumes at cement plants.  Ammonia and SO2 are emitted from the kiln stack in 
the gas phase.  During cooling of the plume, water vapour condenses to an aerosol, SO2 absorbs 
into these droplets and reacts with oxygen to form sulphuric acid which then reacts with 
ammonium hydroxide to form ammonium sulphate present as a dissolved salt in the liquid 
aerosol (Hawks et al., 1999).   
 
In addition to gas concentration measurements, the Spectrasyne DIAL equipment also gives an 
indication of particulate and/or aerosol concentration in the plume.  This indication comes from 
an increase in the strength of the return signal due to reflection of the laser pulses from the 
particles.  During Spectrasyne’s measurements of gas concentration profiles across the plume 
near the flare, an indication of increased particulate/aerosols was observed near the point where 
the secondary plume became visible, about 1 to 2 flame lengths from the end of the flame.  As 
the distance from the flame increased, the particulate signal dropped in elevation relative to the 
gas concentration profiles, suggesting that relative dense particles may be causing the visible 
plume.   
 
Both the visible secondary plume and the unexpected low conversion of H2S to SO2 as measured 
by DIAL suggest that a significant portion of the H2S in the flared gas is converted to sulphur 
species other than SO2.  Elemental sulphur or SO3 may be two sulphur species to be considered.  
A combination of theoretical studies and physical sampling from a sour gas flare plume is 
recommended to confirm the reaction product causing the secondary plume and to account for 
the ‘missing’ H2S.  Physical sampling from secondary plumes has been done in the past for 
cement kiln stacks using tethered balloons with sampling equipment held in the plume (Hawks et 
al., 1999). This work would lead to a better understanding of sour gas flares and may result in 
changes to the current methods of predicting SO2 formation and dispersion from sour gas flaring.   
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6.5 Summary of Flare Combustion Efficiency Measurements 
 
The objective of this portion of the project was to demonstrate the use of the Spectrasyne DIAL 
for measuring the combustion efficiency of full-scale flares as operated in the natural gas 
industry.  The combustion efficiency of three flares was measured in Alberta; a sweet solution 
gas flare, a sour solution gas flare and a sour well test flare.   
 
Combustion efficiency was determined by measuring the mass flux of CH4, ethylene and C2+ 
hydrocarbons in the flare plume using the DIAL instrument and comparing this to the mass flux 
of hydrocarbons in the gas going to flare.  Table 14 summarizes the results of the flare efficiency 
measurements in Alberta.  All of these flares were industrial scale flares operating under a 
variety of atmospheric conditions.  The solution gas flares were both surrounded by relatively 
flat terrain while the well test flare was situated in the foothills.  The well test flare was operated 
at two steady controlled flow rates while the flow rate to both of the solution gas flares varied 
during normal operation.  The measured combustion efficiency ranged from 74 to 98%.   
 

Table 14:  Summary of Flare Combustion Efficiency Measured by DIAL 
 

Flare Gas Flow Rate 
(E3m3/d) 

H2S Content
(%) 

DIAL Combustion 
Efficiency (%) 

sweet solution gas 1 to 6 0 98 

sour solution gas1 4 1.15 74 to 92 

well test sour gas 60 11 91 

well test sour gas 100 6.6 91 
  1 corroded flare tip 
 
The combustion efficiency of the sour solution gas flare was strongly dependent on wind 
direction, with 74% during a NW wind and 92% during a SE wind.  Close observation of the 
flare tip revealed a large hole corroded in the south side of the flare.  This hole likely caused the 
large difference in combustion efficiency with wind direction. 
 
Table 15 compares the combustion efficiencies measured with the DIAL to predicted combustion 
efficiency based on correlations developed at the University of Alberta from wind tunnel studies 
of sweet gas flares.  In general the U of A correlation predicted combustion efficiencies that were 
higher than those measured in the field.  A predicted efficiency is not shown for the well test 
flare as the tip exit velocity for this flare was well outside the range of wind tunnel experimental 
data.  The correlation does predict a trend of increasing combustion efficiency with increasing tip 
exit velocity.  As mentioned above, the sour solution gas flare tip was badly corroded with 
combustion efficiency dependent on wind direction.   
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Table 15:  Comparison of Measured and Predicted Combustion Efficiency 

Flare Exit Velocity 
(m/s) 

Wind 
Range 
(m/s) 

U of A 
Correlation 

Prediction (%) 

DIAL 
Combustion 
Efficiency 

(%) 
sweet solution 
gas 

2.8 – 14.8 0.3 – 2.1 99.5 – 99.7 98 

sour solution gas 0.8 – 1.6 2.9 – 9.2 93.1 – 99.4 74 to 921

well test sour gas 13.2 1.3 – 4.2  N/A 91 
well test sour gas 23.1 1.5 – 3.9 N/A 91 

  1 corroded flare tip 
 
For the two solution gas flares, the amount of benzene in the flare plume was also measured.  For 
both flares, little or no benzene was present in the plume under the operating conditions 
measured, suggesting little or no entrained liquids in the flared gas. 
 
The conversion of H2S to SO2 in the sour well test flare was estimated by measuring the SO2 
mass flux in the flare plume with the DIAL.  The SO2 mass flux was 46 to 72% of the flux 
expected if all of the H2S in the flared gas was converted to SO2.  The presence of a secondary 
plume and the lack of significant H2S from ambient air monitoring suggests that sulphur 
compounds other than SO2 may be formed during flaring of sour gas.  
 
This task demonstrated the ability of DIAL to measure combustion efficiency of full-scale flares 
under actual atmospheric conditions of wind and turbulence.  Despite having a higher exit 
velocity than the sweet solution gas flare, the well test flare had lower combustion efficiency, 
possibly due to the high H2S content or due to atmospheric turbulence caused by the surrounding 
foothills.  Further DIAL work is recommended to measure the efficiency of a solution gas flare 
under a range of controlled conditions of fuel flow rate and H2S content.  This work would 
complement and expand the data set from the wind tunnel experiments with sweet gas flares that 
have been completed at the University of Alberta and CETC laboratories in Ottawa and would 
improve the understanding of sour gas flaring.  The proposed program should also investigate 
products of H2S combustion other than SO2 that might be present in sour gas flare plumes.    
 

7. Fugitive Emissions from Gas Processing Plants 
 
Spectrasyne Ltd.’s primary business in Europe is performing surveys of fugitive emissions of 
hydrocarbons from refineries, petrochemical plants, gas processing facilities and hydrocarbon 
storage facilities.  Measurement of fugitives with the DIAL unit relies on wind carrying the 
volatile hydrocarbons through a vertical plane downwind of the area of interest.  DIAL is then 
used to scan through this plume and measure a 2D profile of the gas concentration of interest 
that, when combined with wind speed measurement, enables the calculation of the mass rate of 
the species moving through the vertical plane.  The DIAL equipment can be tuned to measure 
specific hydrocarbon species, such as benzene or methane, or can be tuned to measure a class of 
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species, such as C2+ alkanes.  When a class of species is measured, such as C2+, sorption tubes 
are mounted on a tower and placed in the plume to collect a sample for later analysis of the 
detailed hydrocarbon composition and calculation of an average molecular weight. 
 
Spectrasyne Ltd. has many years of experience performing fugitive emission surveys using their 
DIAL instrument.  From this experience are some general comments about emissions surveys 
with DIAL are: 

1. Some variation in emissions occurs over daily, hourly and even shorter times as a result 
of operational and meteorological changes.  To average out these changes, DIAL 
measurements should be taken over about two hours to provide a significant number of 
separate scans and each area should be visited on different days with different wind 
conditions. 

2. Quantifying emissions from specific areas of a plant require either a wind direction that 
provides uncontaminated upwind regions or the ability to take DIAL measurements 
upwind and subtract this from the total downwind amount.  Measurements taken under a 
variety of wind directions improve the ability to allocate emissions to certain areas of the 
plant without the need for upwind measurements and subtractions. 

3. Placing meteorological towers directly in the plume for wind speed and direction 
measurements is preferred.  Spectrasyne Ltd. has portable 6 or 8 meter met stations that 
can be placed in the plume in addition to the 14.5 meter tower mounted on the DIAL unit.  

4. With measurements downwind of complex structural areas, wind shadows can be created 
that are periodically purged as wind speed or direction changes.  This can cause scan to 
scan variation overlaid on the real emission variation caused by plant changes.  To offset 
these effects, time weighted mean (TWM) emission values are calculated for each series 
of individual scans. 

5. Several calibration tests of the Spectrasyne DIAL method of measuring mass emissions 
in plumes have quantified the error as –18% to +5%.  The DIAL method typically 
measures lower values as some areas of the plume will be below the detection limit and 
the mass in these areas would not be accounted for. 

6. As separate emission plumes can be seen in the DIAL results, the DIAL unit can also be 
used to detect, quantify and source significant leaks by performing successive scans 
closer to the source. 

 
When performing an emission survey, the Spectrasyne DIAL truck is located optimally about 50 
metres from the closest area to be measured and approximately orthogonal to the wind direction.  
Ideally, the truck position relative to the plant and wind direction enables measurement of 
emissions from the plant area of interest with minimal contamination from other areas of the 
plant.  The laser beams are then directed along a plane downwind of the target areas and scanned 
upwards to include the complete emission plume from the target area.  These concentrations 
measurements are combined with wind speed measurements from the remote met stations in the 
plume to calculate a mass emission figure for the scan.  The emissions from several scans are 
combined to calculate a TWM emission rate. 
 
During the testing in Alberta, fugitive emissions surveys were completed at one sweet gas and 
three sour gas processing plants.  Time at each site was limited to two to three days and at two of 
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the sites part of the time was spent on SO2 plume tracking.  Although this was less time at each 
plant than most surveys that Spectrasyne performs in Europe, the Alberta sites were relatively 
small and upwind interferences were generally not a problem, allowing reasonable proportioning 
of emissions to different parts of each facility.  The location of the DIAL unit was usually moved 
once or twice during a typical day to access different areas of the plant.  At all of the plants, 
surveys were completed for CH4 and C2+.  At two of the sour gas processing plants, fugitive 
emissions of SO2 were also measured.  Figure 20 is a photograph of the Spectrasyne DIAL unit 
performing a fugitive emissions survey at one of the gas plants in Alberta.  Note that the unit is 
parked outside of the fence with the met tower extended. 
 
 

 
 

Figure 20:  Spectrasyne DIAL Unit Measuring Fugitive Emissions at a Gas Plant in Alberta 
 
The Spectrasyne DIAL unit contains two laser systems, one operating in the ultraviolet (UV) 
spectrum and one operating in the infrared (IR) spectrum.  The same laser system was used for 
methane and C2+, requiring time for tuning of the laser system when switching from one gas to 
the other.  In two of the gas plants, emissions of both hydrocarbons and SO2 were performed 
simultaneously, as one laser system is used for hydrocarbons and the other laser system for SO2.  
The following presents the hydrocarbon fugitive emissions measurements at each of the four gas 
plants surveyed and the SO2 fugitive emissions measurements at two of the gas plants.  Also 
discussed are the identification and sources of significant leaks at two of the plants surveyed. 
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7.1 Gas Plant A Fugitive Emissions 
 
Gas Plant A was a sour gas processing plant with a normal throughput of 1.45 E6Sm3/d of gas 
containing 35% H2S.  The main elements of the plant were: 
 Gas processing plant to separate H2S and gas condensates 
 Sulphur plant with tail gas incinerator 
 Condensate storage (four fixed roof tanks) 
 Storage area for solid sulphur  
 Truck loading and unloading area for condensate and liquid sulphur 
 Flare stacks    

 
This was the first plant visited and the main objective was to demonstrate the measurement of 
SO2 and tracking of SO2 plumes with the DIAL.  A secondary objective was to measure fugitive 
emissions of hydrocarbons and SO2 from the plant site.  On the afternoon of May 26, the first 
day at the plant, emissions of C2+ were measured downwind of the four condensate storage tanks.  
These tanks were downwind of the whole plant and thus some parts of the plant could have made 
a contribution to the apparent emission from the tanks.  Emissions from tanks are usually due to 
breathing losses with level changes during tank filling and thus the emissions are highly variable.  
Measurements were taken with the DIAL truck at six different locations around the plant site. 
 
Table 16 summarizes the DIAL emission measurements for each of the four tanks.  Three DIAL 
scans were made downwind of the tanks.  The scan numbering scheme shown in Table 16 gives 
the first number as the location of the truck, the second number indicates scan number and the 
last number indicates which portion of the scan was used in the calculation of mass flux.  In this 
case, scan 3.1 covered the area downwind of all four tanks, but this scan information was 
separated into four parts (-1 to - 4) corresponding to the area downwind of each tank.  The gas 
concentration data for the plumes from each of the four tanks in the scan were apportioned to 
each tank to calculate the mass emissions in Table 16.  The location of the emission plumes was 
level with the top of the tanks suggesting that the contribution from upwind parts of the plant site 
was small.  The TWM emissions of C2+ hydrocarbons were 3.7, 6.6, 2.9 and 2.8 kg/h for Tanks 1 
to 4, respectively, for a total of 16 kg/h of C2+ hydrocarbons from the tank area.  The higher 
emissions from Tank 2 would suggest that it was receiving condensate at the time, however no 
information on tank level was available to confirm this.  SO2 was also measured during the 
second scan, showing mass emissions of 2.15, 0.9, 0.12 and 0.22 kg/h from each of the tanks.  
Tank 1 was closest to the sulphur plant area and these SO2 fluxes may have been contamination 
from sulphur plant emissions. 
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Table 16:  Tank Emission Measurements at Gas Plant A on May 26 
 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

3.1 -1 26-May-03 15:49 - 15:57 2.3 009 2.3 C2+ as C4.5 - Tank 4
3.2 -1 26-May-03 16:37 - 16:41 3.7 012 5.9 C2+ as C4.5 0.22 Tank 4
3.3 -1 26-May-03 16:48 - 16:53 2.3 036 0.9 C2+ as C4.5 - Tank 4
TWM 2.8 0.22
3.1 -2 26-May-03 15:49 - 15:57 2.3 006 3.3 C2+ as C4.5 - Tank 3
3.2 -2 26-May-03 16:37 - 16:41 3.7 011 1.8 C2+ as C4.5 0.12 Tank 3
3.3 -2 26-May-03 16:48 - 16:53 2.3 036 3.2 C2+ as C4.5 - Tank 3
TWM 2.9 0.12
3.1 -3 26-May-03 15:49 - 15:57 2.2 002 9.4 C2+ as C4.5 - Tank 2
3.2 -3 26-May-03 16:37 - 16:41 3.5 009 2.2 C2+ as C4.5 0.90 Tank 2
3.3 -3 26-May-03 16:48 - 16:53 2.4 035 5.3 C2+ as C4.5 - Tank 2
TWM 6.6 0.90
3.1 -4 26-May-03 15:49 - 15:57 2.2 360 3.2 C2+ as C4.5 - Tank 1
3.2 -4 26-May-03 16:37 - 16:41 3.5 010 2.1 C2+ as C4.5 2.15 Tank 1
3.3 -4 26-May-03 16:48 - 16:53 2.4 035 6.0 C2+ as C4.5 - Tank 1
TWM 3.7 2.15

SO2 
Flux 

(kg/h)Scan No

Mean Wind

Scan time

HC 
Flux 

(kg/h)

 
 
 
On the morning of the second day the wind direction was suitable for emission measurements of 
the whole plant site.  The DIAL truck was located about 50 m outside the site boundary fence 
near the truck loading area.  C2+ emissions were quantified and a few scans with the DIAL tuned 
to methane were also completed.  SO2 emissions were measured simultaneously with the 
hydrocarbon measurements.  The wind was blowing along the line of the condensate tanks so 
emissions from the tanks were grouped together.  These likely also included emissions from the 
base of the incinerator stack directly upwind of the tanks.  During the measurements, trucks were 
loading liquid sulphur and unloading condensate to the tanks.  Table 17 summarizes the results 
of these measurements. 
 
The C2+ emissions from the region of the four condensate tanks ranged from 5.2 to 15.7 kg/h 
with the highest emission corresponding with the early part of the condensate unloading from the 
truck.  The TWM emission of C2+ was 11.4 kg/h, similar to the value of 16 kg/h measured on the 
previous day.  The methane emission from the tank area was 7.7 kg/h.  Corresponding SO2 
emission from this section of the site varied from 1.8 to 3.99 kg/hr with a TWM of 2.44 kg/h 
during the first set of scans and 3.87 kg/h during the second set of scans.  These SO2 emissions 
may have been from the upwind tail gas incinerator and some from the truck loading area where 
a truck was loading liquid sulphur.   
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Table 17:  Gas Plant A Fugitive Emissions of Hydrocarbons and SO2 on May 27 
 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage 

5.1 -2 27-May-03 09:58 - 10:13 4.4 246 15.7 C2+ as C4.5 2.05 Tanks  
5.2 -2 27-May-03 10:15 - 10:27 3.7 254 15.7 C2+ as C4.5 3.28 Tanks  
5.3 -2 27-May-03 10:30 - 10:42 4.1 243 5.2 C2+ as C4.5 1.80 Tanks  
5.4 -2 27-May-03 10:44 - 10:55 5.0 243 12.0 C2+ as C4.5 2.76 Tanks  
5.5 -2 27-May-03 10:58 - 11:09 4.4 219 7.9 C2+ as C4.5 2.50 Tanks  
5.6 -2 27-May-03 11:12 - 11:14 3.7 222 5.9 C2+ as C4.5 1.98 Tanks  
5.7 -2 27-May-03 11:31 - 11:37 4.4 223 11.0 C2+ as C4.5 - Tanks  
TWM 11.4 2.44 
5.8 -2 27-May-03 12:24 - 12:43 6.2 230 9.5 CH4

10.6 CH4
1.9 CH4
7.7

3.99 Tanks  
5.9 -2 27-May-03 12:48 - 12:57 5.8 217 3.63 Tanks  
5.10 -2 27-May-03 13:11 - 13:21 5.6 185 3.83 Tanks  
TWM 3.87 
5.1 -1 27-May-03 09:58 - 10:13 4.5 247 9.0 C2+ as C4.5 6.30 Trucks  
5.2 -1 27-May-03 10:15 - 10:27 3.5 257 4.9 C2+ as C4.5 1.32 Trucks  
5.3 -1 27-May-03 10:30 - 10:42 3.9 244 3.6 C2+ as C4.5 1.81 Trucks  
5.4 -1 27-May-03 10:44 - 10:55 5.1 243 4.2 C2+ as C4.5 0.22 Trucks  
5.5 -1 27-May-03 10:58 - 11:09 5.0 226 3.2 C2+ as C4.5 - Trucks  
5.6 -1 27-May-03 11:12 - 11:14 4.3 224 3.1 C2+ as C4.5 - Trucks  
TWM 5.1 2.67 
5.1 -3 27-May-03 09:58 - 10:13 4.5 248 30.7 C2+ as C4.5 0.50 Process Plant
5.2 -3 27-May-03 10:15 - 10:27 3.3 253 26.1 C2+ as C4.5 1.24 Process Plant
5.3 -3 27-May-03 10:30 - 10:42 3.6 244 22.9 C2+ as C4.5 0.17 Process Plant
5.4 -3 27-May-03 10:44 - 10:55 5.0 242 16.2 C2+ as C4.5 1.39 Process Plant
5.5 -3 27-May-03 10:58 - 11:09 4.9 223 8.4 C2+ as C4.5 - Process Plant
TWM 21.6 0.79 

Mean Wind SO2  
Flux  

(kg/h) Scan No Scan time 

HC 
Flux 

(kg/h)

 
 
 
The recorded TWM C2+ emission figure for the truck-loading region was 5.1 kg/h, with a 
simultaneous SO2 TWM emission of 2.67 kg/h. These TWMs were comprised of individual 
scans ranging from 3.1 kg/h to 9.0 kg/h for C2+ and SO2 emissions ranging from below the 
detection limit to 6.30 kg/h. In both cases the highest emission figures (which were during the 
first scan) corresponded with truck loading and unloading activities. The scan captured the start 
of condensate unloading from a truck to the tanks, which would account for the high 
hydrocarbon emission figure in the first two scans.  At the same time a truck was completing the 
loading of liquid sulphur.  The condensate unloading continued until the final scan of this series, 
during which the C2+ emissions declined to 3.1 kg/h. No further sulphur loading events were 
seen during this series of measurements and the SO2 emission levels recorded were much lower 
than for the first scan. 
 
The process plant part of the site returned TWMs of 21.6 kg/h of C2+ and only 0.79 kg/h of SO2.  
This area of the plant included the condensate separation and recovery equipment.  Due to time 
limits for the survey, methane emissions were only measured in the tanks area, giving a TWM 
emission of 7.7 kg/h of methane from the tanks. 
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7.2 Gas Plant B Fugitive Emissions 
 
Gas Plant B was a sweet gas processing plant with a normal throughput of about 3.5 E6Sm3/d.  
The plant separates condensate and LPG from the gas.  The main elements of the plant were: 
 Two compressor buildings 
 Two process buildings 
 LPG storage tanks 
 Frac oil storage tanks (fixed roof) 
 Two process flares.  
 An adjacent oil battery with tanks  

 
The main objective of this site visit was to measure fugitive emissions of methane and C2+ 
hydrocarbons.  The DIAL measurements were completed on May 29 and 30.  Measurements 
were taken with the DIAL truck at three different locations.  Also on May 29, sorption tubes 
were placed downwind of the plant to gather a representative hydrocarbon distribution of the C2+ 
fugitive emissions given off by the plant. 
 
7.2.1 Sorption Tube Measurement of Composition of Fugitive Emissions 
 
The sorption tube results collected at Gas Plant B are given in Table 18.  This data shows 
amounts of some specific species analyzed and the total of all hydrocarbon species seen on the 
tubes.  The majority of the hydrocarbons present in the fugitive emissions plume were light 
hydrocarbons including ethane, propane, butanes and pentanes, as would be expected at a gas 
processing facility.  The benzene concentration was 8.1 µg/m3 (about 2.3 ppb), below the Alberta 
ambient air quality guideline of 8 ppb.  The concentrations of hydrocarbons given in Table 18 
would be higher near the source of the fugitive emissions.  The species information given in 
Table 18 was used to calculate an average molecular weight of the C2+ emissions when 
converting DIAL concentration measurements into a mass flux of C2+.  The average 
concentration of C2+ hydrocarbons in the fugitive emission plume at the point of sorption tube 
sampling was 1.37 mg/m3.   
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Table 18:  Composition of Hydrocarbon Fugitive Emissions from Gas Plant B from 
Sorption Tube Analysis 

 
Ethylene 17.6 Toluene 8.3
Ethane 217.9 n-Octane 6.3
Propane 145.6 Ethylbenzene 0.4
Propene 15.6 m/p-Xylene 3.5
i-Butane 135.5 o-Xylene 0.4
2-Methyl Propene / 1-Butene 0.0 n-Nonane 1.8
2-Butene / n-Butane 441.9 i-Propylbenzene 7.5
i-Pentane 129.1 n-Propylbenzene 0.5
1,3-Butadiene 12.3 1,3,5-Trimethylbenzene 3.0
n-Pentane 163.7 1,2,4-Trimethylbenzene 0.6
3-Methylpentane 0.0 n-Decane 0.6
Cyclopentene 0.0 1,2,3-Trimethylbenzene 0.4
Hexene-1 0.0 n-Unedecane 0.4
n-Hexane 33.3 Naphthalene 5.2
Benzene 8.1 n-Dodecane 1.1
2,3-Dimethylbutane 11.7 n-Tridecane 0.9
3-Methylhexane 3.4 n-Tetradecane 2.0
n-Heptane 10.5 n-Pentadecane 2.6
Methylcyclohexane 17.0 n-Hexadecane 1.4
(Continued) n-Heptadecane 1.0

Total Hydrocarbons 1367
All data in ug/m 3

 
 
 

7.2.2 DIAL Measurements of Fugitives at Gas Plant B 
 
On May 29 the wind varied mainly from the west and north-west.  The DIAL truck was set up to 
scan across the south-eastern corner of the plant, with the DIAL unit located outside the plant 
fence.  Due to the wind direction and plant layout, a good separation of the process plants, 
compressors, LPG tanks, the well site battery and condensate storage tanks was achieved.  The 
fugitive emissions of CH4 and C2+ as determined from various DIAL scans is listed in Table 19, 
Table 20, and Table 21.  The emission from each scan as well as a TWM value for each area is 
listed in the tables.   
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Table 19:  Gas Plant B Fugitive Emissions on May 29  
(Process, Compressors and LPG Tanks)  

 

 
 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage 

1.17 -1 29-May-03 15:13 - 15:26 3.8 273 25.3 CH4
12.9 CH4
17.5 CH4
18.4

55.4 CH4
54.4 CH4
63.2 CH4
42.0 CH4
53.2

Plant Process #1 & #2
1.19 -1 29-May-03 15:48 - 16:01 4.2 236 Plant Process #1 & #2
1.20 -1 29-May-03 16:11 - 16:27 4.4 263 Plant Process #1 & #2
TWM 
1.3 -1 29-May-03 11:03 - 11:15 5.7 261 5.5 C2+ Plant Process #1 & #2
1.4 -1 29-May-03 11:18 - 11:32 6.6 256 7.2 C2+ Plant Process #1 & #2
1.9 -1 29-May-03 12:50 - 13:03 6.8 256 7.2 C2+ Plant Process #1 & #2
TWM 6.7
1.17 -2 29-May-03 15:13 - 15:26 3.7 271 Plant Comps #1 & #2 & Bullets
1.18 -2 29-May-03 15:28 - 15:40 4.3 291 Plant Comps #1 & #2 & Bullets
1.19 -2 29-May-03 15:48 - 16:01 4.1 235 Plant Comps #1 & #2 & Bullets
1.20 -2 29-May-03 16:11 - 16:27 4.4 263 Plant Comps #1 & #2 & Bullets
TWM 
1.4 -2 29-May-03 11:18 - 11:32 6.8 255 10.9 C2+ Plant Comps #1 & #2 & Bullets
1.9 -2 29-May-03 12:50 - 13:03 6.8 258 16.5 C2+ Plant Comps #1 & #2 & Bullets
1.16 -2 29-May-03 14:52 - 15:03 4.9 293 23.3 C2+ Plant Comps #1 & #2 & Bullets
TWM 16.4
1.3 -2 29-May-03 11:03 - 11:15 5.8 258 12.5 C2+ Plant Comps #1 & #2 
1.1 -1 29-May-03 10:14 - 10:24 2.6 166 0.9 C2+ Bullets 
1.8 -1 29-May-03 12:12 - 12:23 4.3 280 3.5 C2+ Bullets  
1.12 -1 29-May-03 13:47 - 13:59 3.0 264 1.0 C2+ Bullets  
TWM 1.8

Scan No 

Mean Wind

Scan time 

HC 
Flux 

(kg/h)
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Table 20:  Gas Plant B Fugitive Emissions on May 29  
(Oil Well Battery, LPG Tanks and Condensate Tanks)  

 
Speed 
(m/s)

Dir'n 
(deg) Species Coverage 

1.22 -3 29-May-03 16:56 - 17:09 4.7 279 2.4 CH4
1.4 CH4
3.7 CH4
2.5

30.0 CH4

Battery & Well 
1.17 -3 29-May-03 15:13 - 15:26 3.9 267 Battery & Well 
1.18 -3 29-May-03 15:28 - 15:40 4.2 286 Battery & Well 
TWM 
1.5 -3 29-May-03 11:35 - 11:48 5.0 243 4.5 C2+ Battery & Well 
1.6 -3 29-May-03 11:50 - 12:03 3.8 256 6.9 C2+ Battery & Well 
1.8 -3 29-May-03 12:12 - 12:23 4.7 276 11.7 C2+ Battery & Well 
1.12 -3 29-May-03 13:47 - 13:59 2.9 260 16.2 C2+ Battery & Well 
TWM 9.7

1.5 -2 29-May-03 11:35 - 11:48 5.1 252 9.6 C2+ Bullets & Cond Tks 
1.6 -2 29-May-03 11:50 - 12:03 4.0 256 11.7 C2+ Bullets & Cond Tks 
1.8 -2 29-May-03 12:12 - 12:23 4.5 272 13.0 C2+ Bullets & Cond Tks 
TWM 11.3

1.22 -2 29-May-03 16:56 - 17:09 4.7 279 Cond Tanks  
1.5 -1 29-May-03 11:35 - 11:48 5.1 247 13.0 C2+ Plant Process #1 & Comps 1
1.6 -1 29-May-03 11:50 - 12:03 4.3 253 12.2 C2+ Plant Process #1 & Comps 1
TWM 12.6

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time 

 
 
 

Table 21:  Gas Plant B Fugitive Emissions of C2+ on May 29  
(Process, Well and Flare)  

 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

1.10 -1 29-May-03 13:08 - 13:19 4.5 248 11.6 C2+ Process & Cond Tanks 
1.11 -1 29-May-03 13:31 - 13:40 4.3 254 12.3 C2+ Process & Cond Tanks 
1.13 -1 29-May-03 14:02 - 14:12 5.3 258 15.5 C2+ Process & Cond Tanks 
TWM 13.1
1.10 -2 29-May-03 13:08 - 13:19 4.0 249 14.4 C2+ Rest excl Well 
1.11 -2 29-May-03 13:31 - 13:40 4.4 253 13.0 C2+ Rest excl Well 
1.13 -2 29-May-03 14:02 - 14:12 5.7 256 33.9 C2+ Rest excl Well 
TWM 20.3

1.16 -3 29-May-03 14:52 - 15:03 4.9 293 2.5 C2+ Well

1.14 -1 29-May-03 14:21 - 14:26 6.9 238 2.1 C2+ Flare 
1.15 -1 29-May-03 14:30 - 14:35 5.4 265 0.6 C2+ Flare 
TWM 1.4

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time
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A summary of the fugitive emission measurements taken on May 29 is given in Table 22 and 
Figure 21, showing the allocation of both CH4 and C2+ emissions to various areas of the plant.  
The total fugitive emissions of CH4 from Gas Plant B were 104 kg/h while the emissions of C2+ 
were 42.3 kg/h.  These values do not include fugitive emissions that may occur from the process 
flares due to incomplete combustion. 
  

Table 22:  Summary of Fugitive Emissions from Gas Plant B on May 29 
 

CH4 (kg/h)
2.5

30.0
53.2
18.4

104

C2+ (kg/h)
Battery & Wellsite 9.7
Condensate Tanks 9.5
Compressors & Bullets 16.4
Process 1& 2 6.7

Total 42.3  
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Figure 21:  Fugitive Emissions Summary for Gas Plant B 

 
7.2.3 Hydrocarbon Emissions from Process Flares 
 
Gas Plant B had two process flares that were also examined with the DIAL unit.  During the time 
on site, these flares operated on pilot with the occasional increase in flame size, likely due to 
venting from the process area.  On May 29, DIAL scans were taken downwind of one of the 
flares to measure C2+ emissions in the flare plume.  The TWM emission of C2+ from this flare 
was 1.4 kg/h (Table 21).  On May 30, more detailed measurements of CH4 emissions from the 
flares were taken and this data is summarized in Table 23.  Methane emissions varied from 2.7 to 
19.5 kg/h for one flare and from 6.6 to 32.5 kg/h for the other flare.  On May 30 the flares were 
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again primarily on pilot only but on frequent occasions small bursts of increased gas flow were 
clearly seen.    The total TWM emission of CH4 from both of the flares was 27.1 kg/h.  These 
flare emissions increased the total fugitive emissions of CH4 from the plant by 26% to 131 kg/h.  
This emphasizes the importance of including process flares operating on pilot as a source of 
hydrocarbon fugitive emissions when estimating total plant fugitive emissions.  The gas plant did 
not measure flare gas flow rate accurately enough to estimate a flare combustion efficiency from 
the above data. 
 
 

Table 23:  Methane Emissions from Process Flares at Gas Plant B 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

2.1 -1 30-May-03 10:14 - 10:23 0.9 060 2.7 CH4
16.9 CH4
19.5 CH4

9.4 CH4
11.5

6.6 CH4
32.5 CH4
14.0 CH4
28.9 CH4
15.6

Flare 
2.2 -1 30-May-03 10:55 - 11:03 2.2 191 Flare 
2.3 -1 30-May-03 11:15 - 11:20 2.4 157 Flare 
2.4 -1 30-May-03 11:22 - 11:28 1.2 187 Flare 
TWM
3.1 -1 30-May-03 12:24 - 12:33 2.7 129 Other Flare 
3.2 -1 30-May-03 12:55 - 12:57 2.1 055 Other Flare 
3.3 -1 30-May-03 13:01 - 13:03 2.9 086 Other Flare 
3.4 -1 30-May-03 13:05 - 13:08 2.6 003 Other Flare 
TWM

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time

 
 
 
7.2.4 Locating Leaks with DIAL at Gas Plant B 
 
The ability of the Spectrasyne team to identify, locate and quantify leaks with the DIAL unit was 
well demonstrated at Gas Plant B during the testing on May 30.  On the afternoon of May 30, the 
first scan (Scan 3.5 1-2 in Table 24) downwind of the process plant and compressor area gave a 
methane emission of 451 kg/h, as compared to a value of 71.6 kg/h of CH4 on May 29.  The rest 
of the site gave a methane emission of 20.9 kg/h (Scan 3.5-3) that was comparable to 32.5 kg/h 
measured on May 29.  The plume was too large to discriminate the source during the first scan.  
Further scans on May 30 along the same scan line gave slowly reducing emission figures for the 
whole site of 379 kg/h to 138 kg/h.   
 
The DIAL truck was moved to a different location in order that the compressors and process 
plant areas could be measured separately.  Subsequent measurement scans upwind of the process 
buildings but downwind of the compressors gave similar methane emissions as the previous day 
while measurements downwind of the process buildings gave CH4 emissions around 240 kg/h.  
A series of DIAL scans was used to track the leak to the roof area of Process 2 Building.  
Discussions with the Plant Operators indicated that a pressure relief valve vent located in the 
roof of the Process 2 Building was a probable source of the leak.  A concentration profile 
developed from one of the DIAL scans taken about 40 m downwind of the Process 2 Building is 
given in Figure 22.  Methane concentrations up to 30 mg/m3 were measured in this area.   
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Table 24:  Locating a Methane Leak at Gas Plant B 
 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

3.6 -1 30-May-03 13:25 - 13:34 2.2 030 379 CH4
310 CH4
138 CH4
275
451 CH4

Whole Site
3.8 -1 30-May-03 13:53 - 14:02 3.1 041 Whole Site
3.9 -1 30-May-03 14:08 - 14:17 2.8 030 Whole Site
TWM
3.5 1-2 30-May-03 13:13 - 13:20 3.5 004 Plant Process 1 & 2 / Comps 1 & 2
4.4 1-3 30-May-03 14:57 - 15:05 3.6 012 Plant Process 1 & 2 / Comps 1 & 240 CH4 2
4.6 1-3 30-May-03 15:17 - 15:21 4.1 040 Plant Process 1 & 2 / Comps 1 & 246 CH4 2
4.8 1-3 30-May-03 15:49 - 15:55 2.7 027 Plant Process 1 & 2 / Comps 1 & 85.1 CH4 2
TWM
3.5 -3 30-May-03 13:13 - 13:20 4.4 356 Whole Site exc Process & Comps
4.7 -1 30-May-03 15:42 - 15:46 4.2 049 Process 2

4.1 -2 30-May-03 14:35 - 14:44 3.2 038 Comp 1
4.5 -2 30-May-03 15:10 - 15:16 3.1 030 Comp 1 
TWM
4.1 -1 30-May-03 14:35 - 14:44 3.2 038 Comp 2
4.5 -1 30-May-03 15:10 - 15:16 3.1 030 Comp 2 
TWM

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time

270
20.9 CH4
168 CH4

25.7 CH4
49.1 CH4
35.9

0.7 CH4
23.4 CH4
10.6  

 
 
 

CH4 Leak 14:00 30-05-03 (3.8) 350 kg/h Wind 41°

 
 

Figure 22:  Concentration Profile of Methane Leak at Gas Plant B 
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Several companies are developing portable optical systems for locating hydrocarbon leaks.  One 
of these systems ( FSI Hawk System operated by Maverick Inspection Ltd., Sherwood Park, AB) 
was tested at Gas Plant B shortly after the DIAL measurements were taken.  The leak near the 
roof of the Process 2 building is clearly shown in Figure 23.  Although these types of systems 
cannot quantify the emissions of hydrocarbons from a leak, they can be used to visually identify 
leaks.  Using DIAL measurements to quantify mass emissions and source major leaks combined 
with a portable system such as the FSI Hawk System to narrow down the leak source would be a 
powerful method to reduce fugitive emissions of hydrocarbons from processing facilities and to 
quantify the amount of fugitives reduction. 
 
 

 

methane plume

 

Figure 23:  Visual Indication of Methane Leak at Gas Plant B  
(FSI Hawk System operated by Maverick Inspection Ltd., Sherwood Park, AB) 

 
 
7.3 Gas Plant C Fugitive Emissions 
 
Gas Plant C was a sour gas processing plant with a normal throughput of 10 E6Sm3/d of gas 
containing 37% H2S.  The main elements of the plant were: 
 Two parallel trains of condensate and acid gas removal 
 Deep cut section to recover C2+ from sweetened gas 
 Claus plant and SCOT unit 
 Tail gas incinerator 
 Two condensate storage tanks (fixed roof) 
 Liquid sulphur storage tanks (fixed roof) 
 Water treatment area with open lagoons 

 
The main objectives of this site visit were to measure fugitive emissions from the process plant, 
condensate tanks and water treatment ponds and to track the SO2 plume from the tail gas 
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incinerator.  The SO2 tracking results were discussed in Section 5.4.  DIAL fugitives 
measurements were completed on June 3 and 4.  Fugitive measurements included CH4, C2+ and 
SO2.  Measurements were taken with the DIAL truck at six different locations around the plant.  
Also sorption tube samples were taken downwind of the process plant area to gather a 
representative hydrocarbon distribution for the fugitive C2+ hydrocarbons given off by the plant. 
 
7.3.1 Sorption Tube Measurements of Composition of Fugitives 
 
The sorption tube results collected at Gas Plant C are shown in Table 25.  This data shows 
amounts of some specific species analyzed and the total of all hydrocarbon species seen on the 
tubes.  The majority of the hydrocarbons present in the fugitive emissions plume were light 
hydrocarbons including ethane, propane, butanes and pentanes, as would be expected at a gas 
processing facility.  There were also some aromatic compounds present, including 
propylbenzene and naphthalene.  The benzene concentration was 0.5 µg/m3 (about 0.1 ppb), 
below the Alberta ambient air quality guideline of 8 ppb.  The concentrations of hydrocarbons 
given in Table 25 would be higher near the source of the fugitive emissions.  The species 
information was used to calculate an average molecular weight of the C2+ emissions when 
converting DIAL concentration measurements into a mass flux of C2+.  The average 
concentration of C2+ hydrocarbons in the fugitive emission plume at the point of sorption tube 
sampling was 0.1 mg/m3. 
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Table 25:  Composition of Hydrocarbon Fugitive Emissions from Gas Plant C from 
Sorption Tube Analysis 

 
Ethylene 0.0 Toluene 0.4
Ethane 18.9 n-Octane 0.4
Propane 11.2 Ethylbenzene 0.5
Propene 2.0 m/p-Xylene 0.5
i-Butane 5.4 o-Xylene 0.4
2-Methyl Propene / 1-Butene 0.0 n-Nonane 0.6
2-Butene / n-Butane 5.3 i-Propylbenzene 4.4
i-Pentane 3.0 n-Propylbenzene 1.1
1,3-Butadiene 0.7 1,3,5-Trimethylbenzene 0.4
n-Pentane 2.1 1,2,4-Trimethylbenzene 0.8
3-Methylpentane 0.0 n-Decane 0.4
Cyclopentene 0.0 1,2,3-Trimethylbenzene 0.4
Hexene-1 0.0 n-Unedecane 0.4
n-Hexane 0.0 Naphthalene 4.3
Benzene 0.5 n-Dodecane 0.5
2,3-Dimethylbutane 0.0 n-Tridecane 0.6
3-Methylhexane 0.5 n-Tetradecane 1.4
n-Heptane 0.0 n-Pentadecane 4.0
Methylcyclohexane 0.0 n-Hexadecane 1.0
(Continued) n-Heptadecane 1.6

Total Hydrocarbons 107
All data in ug/m 3

 
 
7.3.2 DIAL Measurements of Fugitives at Gas Plant C 
 
On June 3 DIAL measurements were taken in the Process Plant area of fugitive emissions of 
CH4, C2+ and SO2.  These results are given in Table 26, listing results for individual scans as well 
as the Time Weighted Mean (TWM).  SO2 measurements were taken in the plant area as it 
included the sulphur plant.  Due to the wind direction on June 3, a clear segregation could not be 
made between the different areas of the Process Plant.  An attempt was made to separate the 
sweet gas Deep Cut area from the Sulphur Plant area, but because of the wind direction there was 
likely some cross contamination between these two areas.  This cross contamination is the likely 
reason for SO2 flux measured in the Deep Cut area where one would not expect to find SO2 and, 
likewise, C2+ emissions in the Sulphur Plant area.   
 
The total TWM Process Area fugitive emissions were 113 kg/h of CH4, 306 kg/h of C2+ and 
48.5 kg/h of SO2.   
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Table 26:  Gas Plant C Fugitive Emissions from the Process Plant 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

3.1 -1 3-Jun-03 09:31 - 9:52 9.5 287 177 C2+ 16.5 Deep Cut & Frac Gas Treatment 
3.2 -1 3-Jun-03 09:57 - 10:13 9.5 282 168 C2+ 33.1 Deep Cut & Frac Gas Treatment 
3.3 -1 3-Jun-03 10:16 - 10:25 9.7 278 95 C2+ 31.4 Deep Cut & Frac Gas Treatment 
3.4 -1 3-Jun-03 10:35 - 10:49 10.2 288 180 C2+ 42.0 Deep Cut & Frac Gas Treatment 
3.5 -1 3-Jun-03 10:53 - 11:11 9.6 284 272 C2+ 6.4 Deep Cut & Frac Gas Treatment 
3.6 -1 3-Jun-03 11:13 - 11:28 9.1 278 173 C2+ 15.0 Deep Cut & Frac Gas Treatment 
3.7 -1 3-Jun-03 12:10 - 12:32 11.0 285 104 C2+ - Deep Cut & Frac Gas Treatment 
3.9 -1 3-Jun-03 12:57 - 13:11 11.4 287 149 C2+ 12.5 Deep Cut & Frac Gas Treatment 
TWM 167 21.1
3.11 -1 3-Jun-03 13:32 - 13:45 10.5 290 89.2 CH4

105 CH4
91.6 CH4
69.2 CH4
90.6

26.9 CH4
13.5 CH4
22.6 CH4
31.0 CH4
22.6

- Deep Cut & Frac Gas Treatment 
3.12 -1 3-Jun-03 13:52 - 14:08 10.7 290 - Deep Cut & Frac Gas Treatment 
3.13 -1 3-Jun-03 14:11 - 14:26 9.7 287 - Deep Cut & Frac Gas Treatment 
3.14 -1 3-Jun-03 14:40 - 14:50 9.4 287 - Deep Cut & Frac Gas Treatment 
TWM -
3.1 -2 3-Jun-03 09:31 - 9:53 9.4 287 - C2+ 9.9 Sulphur Plant 
3.2 -2 3-Jun-03 09:57 - 10:14 9.6 281 - C2+ 19.3 Sulphur Plant 
3.3 -2 3-Jun-03 10:16 - 10:25 9.7 278 - C2+ 13.2 Sulphur Plant 
3.4 -2 3-Jun-03 10:36 - 10:51 10.2 291 - C2+ 43.6 Sulphur Plant 
3.5 -2 3-Jun-03 10:53 - 11:11 9.4 282 - C2+ 72.9 Sulphur Plant 
3.6 -2 3-Jun-03 11:13 - 11:28 9.8 275 161 C2+ 15.8 Sulphur Plant 
3.7 -2 3-Jun-03 12:10 - 12:32 11.1 286 109 C2+ - Sulphur Plant 
3.9 -2 3-Jun-03 12:57 - 13:11 11.3 289 163 C2+ 10.6 Sulphur Plant 
TWM 139 27.4
3.11 -2 3-Jun-03 13:32 - 13:45 10.1 278 - Sulphur Plant 
3.12 -2 3-Jun-03 13:52 - 14:08 10.5 290 - Sulphur Plant 
3.13 -2 3-Jun-03 14:11 - 14:26 9.9 287 - Sulphur Plant 
3.14 -2 3-Jun-03 14:40 - 14:50 9.4 288 - Sulphur Plant 
TWM -

Mean Wind HC 
Flux 

(kg/h)

SO2 
Flux 

(kg/h)Scan No Scan time

 
 
DIAL measurements were also completed on the Condensate Tank and Sulphur Tank area on 
June 3.  These results are summarized in Table 27.  The Condensate Tanks were fixed roof tanks 
with an internal floating deck fitted with a single seal.  The Sulphur Tank was a fixed roof with 
an open vent.  The direction of the wind meant that the emissions from both Condensate Tanks 
were measured together.  The TWM emissions from the Condensate Tanks were 16.0 kg/h of 
CH4, 24.7 kg/h of C2+ and 0.28 kg/h of SO2.  The TWM emissions from the Sulphur Tanks were 
0.5 kg/hr of CH4, 1.5 kg/h of C2+ and 1.66 kg/h of SO2.  The small SO2 flux from the Condensate 
Tanks and the small hydrocarbon flux from the Sulphur Tanks likely represent fugitives from 
adjacent or upwind areas of the plant. 
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Table 27:  Gas Plant C Fugitive Emissions from the Condensate Tank Area 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

4.4 -2 3-Jun-03 16:46 - 16:59 7.0 314 37.5 C2+ 0.38 Condensate Tanks
4.5 -2 3-Jun-03 17:05 - 17:10 6.2 306 29.2 C2+ bdl Condensate Tanks
4.6 -2 3-Jun-03 17:18 - 17:32 7.0 312 10.6 C2+ - Condensate Tanks
TWM 24.7 0.28
4.1 -2 3-Jun-03 15:36 - 15:53 7.0 318 15.7 CH4

21.1 CH4
16.0

0.5 CH4
0.7 CH4
0.5

0.24 Condensate Tanks 
4.2 -2 3-Jun-03 15:59 - 16:00 5.8 315 0.14 Condensate Tanks
TWM 0.23
4.4 -1 3-Jun-03 16:46 - 16:59 7.6 317 1.3 C2+ 1.89 Sulphur Tank
4.5 -1 3-Jun-03 17:05 - 17:10 6.3 301 0.9 C2+ 1.37 Sulphur Tank
4.6 -1 3-Jun-03 17:18 - 17:32 7.0 312 1.9 C2+ - Sulphur Tank
TWM 1.5 1.76
4.1 -1 3-Jun-03 15:36 - 15:53 6.9 318 1.59 Sulphur Tank 
4.2 -1 3-Jun-03 15:59 - 16:00 6.4 316 1.08 Sulphur Tank
TWM 1.56

Mean Wind HC 
Flux 

(kg/h)

SO2 
Flux 

(kg/h)Scan No Scan time

 
 
 
On June 4, DIAL measurements were made for C2+ and SO2 fugitives from the water treatment 
ponds.  The results are given in Table 28.  The C2+ emission varied from 1.0 to 8.4 kg/h with a 
TWM emission of 4.7 kg/h.  In all scans of the ponds, the SO2 emissions were below the 
detection limit.   
 
 
 

Table 28:  Gas Plant C Fugitive Emissions from the Water Treatment Ponds 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

5.1 -1 4-Jun-03 09:48 - 10:14 9.6 318 3.6 C2+ bdl Ponds
5.2 -1 4-Jun-03 10:07 - 10:14 10.1 315 4.1 C2+ bdl Ponds
5.3 -1 4-Jun-03 10:15 - 10:32 9.6 314 8.4 C2+ - Ponds
5.4 -1 4-Jun-03 10:35 - 10:44 9.6 305 1.0 C2+ - Ponds
5.5 -1 4-Jun-03 10:49 - 11:01 9.8 305 5.5 C2+ - Ponds
5.6 -1 4-Jun-03 11:11 - 11:17 9.1 314 4.2 C2+ - Ponds
TWM 4.7 bdl

Mean Wind HC 
Flux 

(kg/h)

SO2 
Flux 

(kg/h)Scan No Scan time

 
 
 
7.3.3 Hydrocarbon Emissions from Emergency Flare 
 
On June 4, DIAL scans were taken to assess emissions from the on-site emergency flare.  During 
the measurements, the flare was operating on pilot only.  There was a degree of pulsing and flash 
over between the pilot and main flare pipe, which may indicate that a small gas flow was present 
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in the main line.  Five scans were made with wind speeds from 6 to 8 m/s.  The mass flux 
between scans was fairly consistent, with a TWM emission of 16.1 kg/h for CH4 and 4.8 kg/h for 
C2+.  No gas flow data was available for the pilot, so a combustion efficiency could not be 
calculated. 

Table 29:  Gas Plant C Fugitive Emissions from the Emergency Flare 

Speed 
(m/s)

Dir'n 
(deg) Species

6.1 -1 4-Jun-03 11:59 - 12:08 6.8 322 5.4 C2+
6.2 -1 4-Jun-03 12:10 - 12:16 7.0 323 5.4 C2+
6.3 -1 4-Jun-03 12:21 - 12:30 6.5 328 3.8 C2+
TWM 4.8
6.4 -1 4-Jun-03 13:08 - 13:15 8.2 339 16.3 CH4

16.0 CH4
16.1

6.5 -1 4-Jun-03 13:18 - 13:26 6.3 322
TWM

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time

 
 
 
7.3.4 Summary of Fugitive Emissions for Gas Plant C 
 
Table 30 summarizes the fugitive emissions results for the whole plant area for Gas Plant C, 
excluding the tail gas incinerator stack.  Total plant fugitive emissions amounted to 146 kg/h of 
CH4, 342 kg/h of C2+ and 50.4 kg/h of SO2.  The Process Plant area was responsible for the 
majority of the total site hydrocarbon emissions, with 78% of the methane emissions and 89% of 
the C2+ emissions.  The emergency flare operating on pilot accounts for 11% of the plant’s total 
methane fugitive emissions.  As noted above, there was likely cross contamination of fugitive 
emissions between the Deepcut and Gas Trains and the Sulphur Plant due to the wind direction 
during the DIAL measurements. 
 

Table 30:  Summary of Fugitive Emissions from Gas Plant C 

CH4

91
22.6
0.5

16.0
-

16.1
146

C2+ SO2

Deepcut & Gas Trains 167 21.1
Sulphur Plant 139 27.4
Sulphur Tank 1.5 1.7
Condensate Tanks 24.7 0.3
Ponds 4.7 bdl
Flare 4.8 -
Total 342 50.4

(kg/h)
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7.4 Gas Plant D Fugitive Emissions 
 
Gas Plant D was a sour gas processing plant with a normal throughput of 6 E6m3/d of gas.  The 
main elements of the plant were: 
 Gas processing plant to separate H2S and gas condensate 
 Deep cut section to separate C3 and C4 fractions 
 Gas compressors 
 Sulphur plant with tail gas incinerator 
 Condensate tanks 

 
Measuring fugitive emissions of the plant was the main objective of this site visit.  Fugitive 
emissions of C2+ and SO2 were measured in some areas of the plant on June 13.  On June 16, 
fugitive emissions of CH4 and C2+ were measured for several areas of the plant.  Measurements 
over these two days were taken with the DIAL truck at four different locations.  Also sorption 
tube samples were taken downwind of the process plant to gather a representative hydrocarbon 
distribution for the fugitive C2+ hydrocarbons given off by the plant. 
 
7.4.1 Sorption Tube Measurement of Composition of Fugitives 
 
The sorption tube results are shown in Table 31.  This data shows amounts of some specific 
species analyzed and the total of all hydrocarbon species seen on the tubes.  The majority of the 
hydrocarbons present in the fugitive emissions plume were light hydrocarbons including ethane, 
propane, butanes and pentanes, as would be expected at a gas processing facility.  There were 
also some aromatic compounds present, including toluene, propylbenzene and naphthalene.  The 
level of toluene was significantly higher than the other gas plants visited.  The benzene 
concentration was low at 6.4 µg/m3 (about 1.8 ppb), below the Alberta ambient air quality 
guideline of 8 ppb.  The concentrations of hydrocarbons given in Table 31 would be higher near 
the source of the fugitive emissions.  The species information was used to calculate an average 
molecular weight of the C2+ emissions when converting DIAL concentration measurements into 
a mass flux of C2+.  The average concentration of C2+ hydrocarbons in the fugitive emission 
plume at the point of sorption tube sampling was 0.71 mg/m3. 
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Table 31:  Composition of Hydrocarbon Fugitive Emissions from Gas Plant D from 
Sorption Tube Analysis 

 
Ethylene 1.2 Toluene 33.2
Ethane 90.2 n-Octane 1.8
Propane 85.6 Ethylbenzene 0.6
Propene 9.8 m/p-Xylene 2.7
i-Butane 30.0 o-Xylene 3.1
2-Methyl Propene / 1-Butene 0.0 n-Nonane 1.7
2-Butene / n-Butane 54.0 i-Propylbenzene 6.6
i-Pentane 47.0 n-Propylbenzene 1.9
1,3-Butadiene 3.0 1,3,5-Trimethylbenzene 0.4
n-Pentane 67.9 1,2,4-Trimethylbenzene 2.3
3-Methylpentane 0.0 n-Decane 0.7
Cyclopentene 0.0 1,2,3-Trimethylbenzene 2.0
Hexene-1 0.0 n-Unedecane 1.7
n-Hexane 17.2 Naphthalene 7.5
Benzene 6.4 n-Dodecane 4.5
2,3-Dimethylbutane 18.0 n-Tridecane 3.0
3-Methylhexane 6.0 n-Tetradecane 4.2
n-Heptane 7.2 n-Pentadecane 10.7
Methylcyclohexane 11.1 n-Hexadecane 2.0
(Continued) n-Heptadecane 7.4

Total Hydrocarbons 710
All data in ug/m 3

 
 
7.4.2 DIAL Measurements of Fugitives at Gas Plant D 
 
On the afternoon of June 13 the wind was from the south-southwest and the DIAL was 
positioned downwind of the plant with the scan plane capturing emissions from the southern half 
of the plant area.  The scan was split into two separate parts, the first being the compressors and 
the second including the deep cut section and the inlet separators.  Due to the direction of the 
wind during the measurements, a portion of the sour gas train section may have been included.  
Table 32 summarizes the measured C2+ and SO2 fugitive emissions.  The TWM emissions of C2+ 
were 1.5 kg/h from the compressors and 3.1 kg/h from the inlet separators.  The TWM emissions 
of SO2 were 1.42 from the compressors and 0.91 kg/hr from the inlet separators.  The emission 
of SO2 from this area was surprising and it is not clear what the source was.   
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Table 32:  Gas Plant D Fugitive Emissions of C2+ and SO2 on June 13 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

1.1 -1 13-Jun-03 15:16 - 15:27 2.7 194 1.1 C2+ 0.96 Compressors
1.2 -1 13-Jun-03 15:31 - 15:41 1.9 205 2.3 C2+ 0.87 Compressors
1.3 -1 13-Jun-03 15:43 - 15:53 1.6 193 1.1 C2+ 2.41 Compressors/Frac Oil Tks
TWM 1.5 1.42
1.1 -2 13-Jun-03 15:16 - 15:27 2.6 186 2.3 C2+ 0.69 Inlet/seps/Refrig/Lean oil
1.2 -2 13-Jun-03 15:31 - 15:41 1.8 189 3.9 C2+ 0.92 Inlet/seps/Refrig/Lean oil
1.3 -2 13-Jun-03 15:42 - 16:02 1.7 185 - 1.02 Inlet/seps/Refrig/Lean oil
TWM 3.1 0.91

Mean Wind HC 
Flux 

(kg/h)

SO2 
Flux 

(kg/h)Scan No Scan time

 
 
 
On June 16 the wind direction was initially south-southwest but changed to westerly.  The DIAL 
was initially located with the scan line split into two measurement ranges covering the 
compressors with the deep cut section and the inlet separators.  C2+ only was measured at this 
location and the results are given in Table 33.  The C2+ TWM emission levels were 2.1 kg/h for 
the compressors and 18.3 kg/h for the rest of the plant excluding the cooling towers at the north 
end of the plant.   
 

Table 33:  Gas Plant D Fugitive Emissions of C2+ on June 16 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

2.1 -1 16-Jun-03 10:29 - 10:42 2.7 242 1.7 C2+ Compressors
2.2 -1 16-Jun-03 10:43 - 10:56 2.6 249 1.8 C2+ Compressors
2.3 -1 16-Jun-03 11:02 - 11:17 2.6 249 2.8 C2+ Compressors
TWM 2.1
2.1 -2 16-Jun-03 10:29 - 10:42 2.7 242 8.1 C2+ Plant excld Compressors/Coolers
2.2 -2 16-Jun-03 10:43 - 10:56 2.6 249 14.7 C2+ Plant excld Compressors/Coolers
2.3 -2 16-Jun-03 11:02 - 11:17 2.6 249 30.8 C2+ Plant excld Compressors/Coolers
TWM 18.3

Scan No

Mean Wind

Scan time

HC 
Flux 

(kg/h)

 
 
 
The DIAL was moved to another location with a scan plane divided into two measurement 
regions covering first the gas train, sulphur plant area and inlet separators and the second zone 
the deep cut section and compressors.  The results are listed in Table 34.  The TWM emissions of 
CH4 were 83.6 kg/h for the deep cut and compressors and 18.0 kg/h for the separators, gas train 
and sulphur plant.  The TWM emissions of C2+ were 18.3 kg/h from the deep cut and 
compressors and 10.3 kg/h from the separators, gas train and sulphur plant.   
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Table 34:  Gas Plant D Fugitive Emissions of CH4 and C2+ on June 16 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

3.6 -2 16-Jun-03 13:29 - 13:47 2.5 259 98.3 CH4
54.7 CH4
64.6 CH4
107 CH4

83.6

20.5 CH4
12.4 CH4
14.0 CH4
22.0 CH4
19.4 CH4
18.0

Deep Cut & Compressors
3.7 -2 16-Jun-03 13:52 - 14:04 2.8 241 Deep Cut & Compressors
3.8 -2 16-Jun-03 14:09 - 14:20 2.4 268 Deep Cut & Compressors
3.10 2-3 16-Jun-03 14:44 - 14:57 3.0 275 Deep Cut & Compressors
TWM
3.1 -2 16-Jun-03 11:59 - 12:13 2.3 284 20.8 C2+ Deep Cut & Compressors
3.2 -2 16-Jun-03 12:14 - 12:26 2.9 263 15.9 C2+ Deep Cut & Compressors
3.3 -2 16-Jun-03 12:29 - 12:40 1.9 294 18.0 C2+ Deep Cut & Compressors
TWM 18.3
3.6 -1 16-Jun-03 13:29 - 13:47 2.4 256 Separators, Gas Train, S. Plant
3.7 -1 16-Jun-03 13:52 - 14:04 3.0 243 Separators, Gas Train, S. Plant
3.8 -1 16-Jun-03 14:09 - 14:20 2.5 272 Separators, Gas Train, S. Plant
3.9 -1 16-Jun-03 14:29 - 14:41 3.4 275 Separators, Gas Train, S. Plant
3.10 -1 16-Jun-03 14:44 - 14:57 2.9 278 Separators, Gas Train, S. Plant
TWM
3.1 -1 16-Jun-03 11:59 - 12:13 2.5 284 11.0 C2+ Separators, Gas Train, S. Plant
3.2 -1 16-Jun-03 12:14 - 12:26 2.7 273 8.6 C2+ Separators, Gas Train, S. Plant
3.3 -1 16-Jun-03 12:29 - 12:40 1.9 291 11.4 C2+ Separators, Gas Train, S. Plant
TWM 10.3

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time

 
 
 
The DIAL truck was relocated to measure emissions from the condensate tanks.  These are fixed 
roof tanks with PV valves.  Both CH4 and C2+ emissions were measured on Tanks 10 and 11.  
Tank 11 was receiving condensate from the process during the time of the measurements with 
the outlet line from Tank 11 open to Tank 10 so that the levels were balanced.  Table 35 lists the 
results of the DIAL measurements.  TWM CH4 emissions were 3.9 kg/h from Tank 10 and 18.3 
kg/hr from Tank 11 while TWM C2+ emissions were 13.5 from Tank 10 and 43.8 from Tank 11.  
These data clearly show that significant light material is released from the condensate during 
tank filling.  Most of the light ends were released from the tank being directly filled (Tank 11). 
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Table 35: Gas Plant D Fugitive Emissions from Condensate Tanks on June 16 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

4.1 -1 16-Jun-03 15:53 - 16:00 2.6 218 3.8 CH4
4.0 CH4
3.9

13.4 CH4
22.9 CH4
18.3

Tank 10 
4.2 -1 16-Jun-03 16:02 - 16:10 2.6 215 Tank 10 
TWM
4.3 -1 16-Jun-03 16:21 - 16:29 3.1 307 16.6 C2+ Tank 10 
4.4 -1 16-Jun-03 16:30 - 16:37 3.1 290 16.1 C2+ Tank 10 
4.5 -1 16-Jun-03 16:39 - 16:47 2.5 271 12.4 C2+ Tank 10 
4.6 -1 16-Jun-03 16:49 - 16:54 1.9 247 6.7 C2+ Tank 10 
TWM 13.5
4.1 -2 16-Jun-03 15:53 - 16:00 2.5 218 Tank 11 (filling) 
4.2 -2 16-Jun-03 16:02 - 16:10 2.6 220 Tank 11 (filling) 
TWM
4.3 -2 16-Jun-03 16:21 - 16:29 3.2 307 47.3 C2+ Tank 11 (filling) 
4.4 -2 16-Jun-03 16:30 - 16:37 3.2 292 58.3 C2+ Tank 11 (filling) 
4.5 -2 16-Jun-03 16:39 - 16:47 2.5 267 48.2 C2+ Tank 11 (filling) 
4.6 -2 16-Jun-03 16:49 - 16:54 1.9 247 10.8 C2+ Tank 11 (filling) 
TWM 43.8

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time

 
 
 
7.4.3 Locating Leaks with DIAL at Gas Plant D 
 
The DIAL measurements of fugitive emissions in the main plant area indicated an area with a 
particularly high emission rate with evidence of at least one significant single leak point.  The 
DIAL was switched to leak spotting mode and a leak was located near the incinerator on the 
sulphur plant.  This leak was scanned at close range and found to be 28.4 kg/h of C2+ at that time.  
The leak point was rescanned with the DIAL adjusted to CH4, giving a methane emission rate of 
48.5 kg/h.  The scan information is summarized in Table 36. 
 

Table 36:  Quantification of a Leak at Gas Plant D 

Speed 
(m/s)

Dir'n 
(deg) Species Coverage

3.4 -1 16-Jun-03 12:55 - 13:02 2.5 252 28.4 C2+ Leak 
3.5 1-2 16-Jun-03 13:22 - 13:26 2.8 305 48.5 CH4

30.3 CH4
Leak 

3.9 -2 16-Jun-03 14:29 - 14:41 3.2 276 UW Comp, DW Deepcut & 
Comp cooler twrs

Mean Wind HC 
Flux 

(kg/h)Scan No Scan time
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Further scans downwind of the compressor area gave CH4 emissions levels varying from 54.7 to 
107 kg/h, indicating a large, variable leak in the compressor house region.  Figure 24 shows a 
methane concentration profile of the compressor house leak, with a large portion of the plume 
near ground level and a maximum concentration level of about 5 mg/m3 (about 7 ppm).  A scan 
taken between the compressors and the adjacent cooling towers gave an emission of 30.0 kg/h 
indicating that the compressor house was the main source of the leak but that there was also a 
leak in the cooling towers or adjacent area.  From Spectrasyne’s experience, it is possible that 
there was a gas leak through an off-line engine as this has been seen at other sites.  Further scans 
located another leak in the separators area with a CH4 emission of 13 kg/h.  The leakage was 
seen directly downwind of two separators, one which had recently been rebuilt.   

 

 
Figure 24:  Concentration Profile of Methane Leak from Compressor at Gas Plant D 

 
7.4.4 Summary of Fugitive Emissions from Gas Plant D 
 
A summary of the fugitive emission measurements at Gas Plant D is given in Table 37.  This 
table shows the allocation of both CH4 and C2+ emissions to the various areas of the plant.  
During the surveys, the Spectrasyne team identified four significant leakage areas in the plant.  
These were the gas compressors, the condensate tanks (tank vents), the incinerator area and one 
of the inlet separators.  These four sources accounted for a large proportion of the total methane 
emissions.  There was insufficient time during the survey to examine emissions from process or 
emergency flares operating on pilot, but from experience at Gas Plants B and C there would be 
an additional amount of fugitive hydrocarbons from any flares on site. 
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Table 37:  Summary of Fugitive Emissions from Gas Plant D 
 

CH4 (kg/h)

83.6

18.0
22.2

124

C2+ (kg/h)

Deep Cut & Compressors 18.3

Separators, Gas Train, Sulphur Plant 10.3
Tanks 57.3

Total 85.9  
 
 
 
 
7.5 Summary of Fugitive Emissions from Gas Plants 
 
During testing in Alberta, the Spectrasyne team completed a DIAL fugitive emissions survey at 
three sour gas processing plants and one sweet gas processing plant.  At Gas Plant B, C and D a 
full site survey was completed for fugitive emissions of CH4 and C2+.  At Gas Plant A, a full site 
survey was completed for C2+ and SO2 but only the tank area was surveyed for CH4 emissions.  
Fugitive emissions of SO2 were also measured at Gas Plant C.  Table 38 lists the fugitive 
emission results for DIAL scans of the processing, compression and tank storage areas at each of 
the four gas plants.  In all cases the flow of fugitive emissions is less than 0.2% of the plant 
throughput of natural gas.  However, at a natural gas price of $4/GJ, a fugitive loss of 100 kg/hr 
represents $190,000/yr of lost gas. 
 

Table 38:  Summary of Fugitive Emissions at Alberta Gas Plants as Measured with DIAL 
 

Gas 
Plant 

Plant Nominal 
Flow Rate 
(E6m3/d) 

CH4 
Emissions

(kg/hr) 

C2+ 
Emissions

(kg/hr) 

SO2 
Emissions 

(kg/hr) 
A 1.45 8  

(tanks only)
38 10 

B 3.5 104 42 N/A 
C 10 146 342 50.4 
D 6 124 86 not measured 

 
 
Spectrasyne Ltd. has surveyed several European North Sea gas plants to measure fugitive 
emissions.  These plants are typically larger and more modern than the plants surveyed in 
Alberta.  A recent Spectrasyne survey of a plant processing 90 E6m3/d of gas recorded a total 
hydrocarbon emission of 151 kg/h.   
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In addition to fugitive emissions from the gas processing and storage equipment, process and 
emergency flares are another source of hydrocarbon emissions.  During the DIAL measurements, 
these flares were typically operating on pilot fuel only, with occasional increases in flame size 
indicating some flow of gas to the flare.  Measurements of emissions from the flares were 
completed at Gas Plants B and C and the results are listed in Table 39.  Methane emissions from 
the flares accounted for 20% of the total fugitive emissions of methane from Gas Plant B and 
10% of the total from Gas Plant C.    
 

Table 39:  Summary of Hydrocarbon Emissions from  
Process and Emergency Flares on Pilot 

 
Gas Plant  Flare Emissions 

of CH4
(kg/hr) 

Flare Emissions  
of C2+
(kg/hr) 

B  process flare 1 11.5 1.4 
B process flare 2 15.6 N/A 
C emergency flare 16.1 4.8 

 
 
During the fugitive surveys in Alberta, the Spectrasyne team demonstrated the ability of the 
DIAL method to identify, quantify and locate significant leaks at the gas processing plants.  At 
Gas Plant B, a methane leak varying up to 450 kg/hr was tracked to a relief valve on the roof of 
the Process 2 building.  At Gas Plant D, significant leaks were sourced from the compressor area, 
the incinerator area and one of the inlet separators and these three leaks, in addition to emissions 
from the condensate tanks, made up the majority of hydrocarbon emissions from Gas Plant D. 
 

8. Overall Comments on Operation 
 
Considering the complexity of the DIAL system, the Spectrasyne Ltd. DIAL mobile unit was 
rugged and withstood overseas transportation and driving on unpaved roads in the Alberta 
foothills with little or no damage to the equipment.  After driving to a new test site the unit was 
usually ready to start measurements within 1 hour of being on site.  This set up time included 
both preparing the DIAL equipment and setting up the weather monitor installed on the truck.   
 
Operation of the DIAL unit was demonstrated for a range of weather conditions, including rain.  
There was always sufficient particulate in the atmosphere for good signal response from the 
ultraviolet laser system, used for aromatic compounds and SO2.   
 
Limitations included the need to situate the DIAL at least 50 m from the closest point of interest, 
low signal strength immediately after a rain due to lack of particulate in the atmosphere and the 
inability to measure through a dense fog.  On at least one occasion there was insufficient large 
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particulate in the atmosphere for good signal strength from the infrared laser, used for methane 
and C2+ measurements.  This situation improved later in the day.   
 
Since the testing in Alberta, Spectrasyne Ltd. has made improvements to the measurement 
method that decreases the time required for a typical scan by a factor of five.  This should result 
in improvements in scan-to-scan repeatability of mass flux measurements as variations were 
partly due to the time required to traverse a plume.  This increased speed will also significantly 
increase the amount of information gathered in a single day of testing. 

9. Estimated Costs of a DIAL System for Alberta 
The mobile DIAL unit designed, built and operated by Spectrasyne Ltd. is a general purpose 
instrument for analyzing a range of compounds under different conditions.  The monitoring of 
SO2 concentrations at the edge of the plume in order to meet Alberta air quality guidelines is a 
specific subset of the capabilities of the Spectrasyne equipment.   
 
Spectrasyne Ltd. estimated the costs of a DIAL system for use in Alberta based on what they 
learned of the applications during testing in Alberta.  The following estimated cost includes 
training and software costs and is accurate +- 15%: 
 dual DIAL system 1.6 million pounds ($3.6 million using 2.23 as exchange rate) 
 SO2 only DIAL 1.3 million pounds ($2.9 million) 
 
There may be some significant cost reductions by engineering and assembling the unit in 
Canada.  Most of the major laser components are sourced from the United States and the truck 
could be sourced locally.  A more accurate cost estimate would require some engineering design 
by Spectrasyne Ltd. and quotes on the major pieces of equipment.  Also a confidentiality 
agreement would be required with Spectrasyne Ltd. as several of the aspects of their DIAL setup 
are considered trade secrets. 
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10. Conclusions 
This project evaluated Differential Absorption Lidar (DIAL) technology for tracking SO2 plumes 
from well test flares, measuring flare combustion efficiency of industrial flares and quantifying 
fugitive emissions of hydrocarbons from natural gas processing plants.  The DIAL equipment 
owned and operated by Spectrasyne Ltd., UK, was shipped to Alberta and operated over a four 
week period during May-June 2003 to perform this evaluation.   
 
Conclusions from this project include: 
 

1. DIAL can be used to remotely measure SO2 concentrations in the atmosphere at distances 
to at least 2 km and with a detection level suitable for monitoring conformance to 
Alberta’s ambient air guidelines for SO2. 

2. The DIAL unit as operated by Spectrasyne Ltd. was rugged enough for operation in the 
Rocky Mountain foothills.  An SO2 only DIAL unit would be significantly smaller and 
cheaper than the multi-purpose unit operated by Spectrasyne Ltd. 

3. DIAL can be used to measure the combustion efficiency of full-scale flares based on 
measuring the mass flux of hydrocarbons in the flare plume.  The three flares measured 
during this program varied in combustion efficiency from 74 to 98%. 

4. DIAL measurements of SO2 mass flux in the plume from the sour gas well test flare only 
accounted for 46 to 72% of the H2S present in the gas going to flare.  A significant 
amount of the H2S was likely converted to sulphur species other than SO2.  

5. DIAL can quantify the total plant fugitive emissions of hydrocarbons by measuring the 
mass flux of methane and C2+ hydrocarbons in the plume downwind of a facility such as 
a gas processing plant.  The fugitive emissions of methane from the four facilities tested 
in Alberta ranged from 104 to 146 kg/hr while emissions of C2+ ranged from 38 to 
342 kg/hr. 

6. In addition to quantifying total fugitive emissions, the DIAL unit can locate and quantify 
significant leaks.  In one of the gas plants surveyed, four significant sources accounted 
for the majority of the fugitive emissions of methane. 

7. Process flares operating on pilot are a source of methane and C2+ emissions at gas 
processing plants.  Emissions from the gas plant flares as measured with DIAL varied 
from 11.5 to 16 kg/hr of methane and 1.4 to 4.8 kg/hr of C2+.   

8. The DIAL unit operated successfully in rain but could not be operated in a dense fog.  
Also measurement with the infrared DIAL was difficult immediately after a rain due to a 
lack of sufficient aerosols in the atmosphere. 

9. DIAL measurements of the SO2 concentration profile in the well test flare plume 
compared reasonably with predictions based on CALMET/CALPUFF dispersion model 
for measurements near the flare.  For profiles measured 1.2 and 1.9 km downwind of the 
flare, there were significant differences between the DIAL measurements and dispersion 
model predictions. 
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11. Recommendations 
The Spectrasyne Ltd. DIAL technology could be used for a broad range of studies relevant to the 
oil and gas industry.  Some recommended areas of study based on the results from this project 
include: 
 

1. The project demonstrated that DIAL is technically able to perform remote monitoring of 
ambient SO2 levels for well test flare monitoring.  Further work is recommended to 
develop a cost-effective, practical design of a DIAL system to monitor and track SO2 
plumes from well test flares. 

 
2. DIAL is a practical method to measure and study the combustion efficiency of industrial 

scale flares under actual atmospheric conditions.  Further flare studies using DIAL 
measurement of combustion efficiency are recommended to expand the scope of existing 
wind tunnel flare performance data, to study the effect of H2S content on flare efficiency 
and to measure the efficiency of new flare tip designs. 

 
3. Process and emergency flares operating on pilot were a significant source of methane 

emissions at the gas plants visited.  A program to further investigate the efficiency of 
process flares on pilot and new pilot or flare tip designs that might reduce the methane 
emissions is recommended. 

 
4. Based on the DIAL measurements of SO2 in the sour gas well test flare, a significant 

amount of H2S in the flared gas is converted to sulphur species other than SO2.  A project 
is recommended to determine the sulphur species formed and the effect of H2S content 
and flare conditions on the relative formation of SO2 and other species. 

 
5. Continued fugitive emissions surveys of oil and gas facilities should be completed to 

catalogue this source of air emissions.  Combining new visual leak detection methods 
with DIAL surveys before and after intensive leak detection and repair programs are 
recommended to demonstrate the reductions in fugitive emissions that can be achieved. 

 
6. DIAL measurements could be a valuable tool to investigate the accuracy of predictions of 

plume behaviour with current plume dispersion models.  Ideally further testing should be 
done at a site with simple surrounding terrain, good road access around the site and 
several meteorological towers installed to measure wind speed and direction.  Tests to 
resolve plume flow over an adjacent hill during stable conditions was specifically 
recommended by RWDI West Inc. 
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Appendix A  DIAL Background 
by Spectrasyne Ltd., UK 
History 
Light/laser based technology systems for the remote monitoring of gaseous 
species in the atmosphere has been under development for the past decade and a 
half. The flagship of these developments is a Differential Absorption LIDAR or 
DIAL system. DIAL is a development of LIDAR, a light based range-finding system 
similar to RADAR. If a laser is used as the LIDAR light source, the collimated, 
coherent light emitted can be used to define the range of specific small objects 
with great precision. A tuneable laser source can give LIDAR an additional 
spectroscopic capability as the source laser can alternately be tuned onto then off 
an absorption feature in the known ‘spectral fingerprint’ of a specific gas. 
Measurements of the gas concentrations in the path between the laser and the 
detector can be made by comparing the energies in the two return signals. 
Until 1986 the DIAL development programme had concentrated on the UV and 
visible spectral regions where gases such as sulphur dioxide, nitric oxide, nitrogen 
dioxide and ozone have specific absorption features. Many other gases including 
the majority of the hydrocarbons have strong absorption features in the infrared 
region. The significance and potential of a system that could operate in the infrared 
was realised by all concerned and a further research programme was established 
to enable the technology development for DIAL hydrocarbon species monitoring. 
This programme involved a number of British companies, a laser manufacturer 
and the creation of a unique infrared source assembly which with the customised 
laser system, provided tuneable infrared laser radiation. During the prototype 
testing phase, and subsequently, a more commercially orientated DIAL system 
was designed and constructed. This system was built on the experience of the 
prototype and incorporated many recent technological improvements in optics, 
laser equipment, fast data transfer and communications hardware. Two parallel 
laser systems were installed to enable simultaneous measurement in the UV, 
visible, and IR spectral regions. The acquisition software was improved, and fast 
data handling programs were designed to speed up the processing of the vast 
amount of data generated by the system. This data processing development is 
continuing to provide, ultimately, a real-time read-out capability. 
The construction of the new, 
commercial DIAL was completed, 
installed in the 12 metre mobile 
Environmental Surveying System 
(ESS, Figure right), in September 
1990, 6 months ahead of the 
original schedule. The ESS (which 
was the basis of a management 
buyout by Spectrasyne from BP 
Research in 1992) also houses a 

Well Test Flare Plume Monitoring- Page 76       
Phase II: DIAL Testing in Alberta 



unique in-stack, emissions monitoring system, which along with its current 
Spectrasyne operating team has been engaged by a number of national 
authorities to make emission measurements from various refinery sources. 
Throughout the 1980s and early 90s, at various critical development stages, 
validation and correlation work was carried out with the DIAL. This work ranged 
from making measurements through gas cells, which had been filled with 
gravimetric standard gas mixtures to correlation exercises between DIAL 
concentration measurements and stack gas analyses collected using conventional 
gas analysers and gas chromatography equipment. Concentration correlations at 
ambient / environmental levels against accredited thermal sorption tube data were 
also undertaken. In all cases the DIAL measured concentrations were within 10-
15% of the standard or the data generated by the more conventional technologies. 
However, since 1988, DIAL concentration data has been used with wind speed 
and direction to produce mass emission fluxes (kg/h) and some further validation 
work on the production of mass emission fluxes was considered necessary. A 
number of mass emission correlation exercises between the SPECTRASYNE 
DIAL and other measurement techniques have been carried out during recent 
years. The other methods include SF6, calibrated releases of methane from a 
point source and marine tanker vent measurements. In all of these exercises the 
maximum divergence from the DIAL measurements recorded was 15%. 
One of the most significant correlation exercises was carried out with personnel 
from the European oil industries association, CONCAWE. The correlation exercise 
was carried out during one complete loading schedule of a river barge loading 
motor spirit as this represented a discrete emission source. The CONCAWE team 
calculated the mass hydrocarbon emission levels throughout the loading from the 
tank vent measurements and knowledge of the loading rate and thus vapours 
displacement rate. The Spectrasyne DIAL measurements were made some 
distance downwind of the barge. The sequential measurement data derived from 
the two methods were integrated over the loading period to provide total mass 
emission figures for each measurement technique. The resultant correlation was 
within 12%. 
DIAL Equipment 
The Spectrasyne DIAL is based on two high energy (1.4J), 10Hz pulsed Nd:YAG 
pumped dye lasers. Tuneable ultraviolet and visible radiation is generated in one 
of the laser sets by selective use of frequency doubling and tripling crystals. The 
second laser set, which has an injection seeded Nd:YAG, is used to generate 
tuneable infrared radiation by means of the unique infrared source assembly. The 
DIAL is single ended and its output beam is directed by means of a mirror steering 
system which rotates in two planes. The backscattered light, which returns along 
the same path, is collected in a cassegrain-type receiving telescope and delivered 
to the appropriate detector through a multi-dichroic, beam splitting, collimating and 
focusing system. In order to collect, store, handle and process the DIAL signals a 
sophisticated, high speed data communication network has been developed in 
parallel with a unique PC based software package. 
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PCs are also used to perform a number of ancillary control functions and to store 
essential spectroscopic and other databases. The vehicle is also equipped with an 
extendible meteorological mast and a number of portable telemetric stations, 
which are used along the DIAL scan lines to measure wind speed and direction, 

temperature and humidity. These data are displayed in real 
time and digitally logged for subsequent use with DIAL 
concentration data to produce mass emission fluxes. A 
sophisticated 3D computational fluid dynamics (CFD) 
model can also be connected to the processing system 
and can be used to provide interpolation between 
measured wind speed data points for flux calculation and 
to assist in the definition of suitable measurement positions 
where the wind fields are complex.  
Telephoto and wide-angle TV cameras are used on the 

steering system to facilitate beam pointing, the wide angle image is recorded on a 
time-lapse video recorder to be used if necessary to identify problems visually 
during subsequent data analysis. 
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APPENDIX B 
 
 
 

DISPERSION MODEL SIMULATIONS 
ASSOCIATED WITH 

DIAL MEASUREMENTS OF A WELL TEST FLARE 
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