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Executive Summary 
 
 

The Surat Basin is one of Australia’s largest coal seam gas regions and currently supplies a large proportion 
of Queensland’s domestic gas requirements. Gas production is set to increase significantly over the coming 
years as several liquefied natural gas facilities under construction near Gladstone come on line. To assess 
the greenhouse impact of the CSG industry, it is important to understand the level of fugitive emissions of 
CH4 from gas production and processing. However, it is also necessary to account for other sources of 
methane (CH4) contributing to overall regional emissions. The Surat Basin, like many other sedimentary 
basins, is known for seeps of CH4 and other hydrocarbons and these along with other sources such as 
agriculture, must be determined before a proper assessment of CSG related emissions can be made.  
Methane emissions from these seeps are very small and pose no health concern to humans but measuring 
their concentration is important for locating sources and hence emission rates of methane from these 
seeps into the atmosphere. 

At present there is relatively little quantitative CH4 emission data for the Surat Basin. Hence the purpose of 
the project reported here, which was undertaken as part of the Gas Industry Social and Environmental 
Alliance (GISERA), was to develop appropriate methodology to characterise CH4 emissions within the Surat 
Basin and to commence a programme to establish background CH4 concentrations and emission rates 
(fluxes) and their changes over time in the region. In this report, we present the results of the pilot study 
aimed at developing and refining the different methods for measuring methane seeps. Implicit in this aim is 
to determine methane emissions from all contributors, including ground seeps, CSG operations and 
agriculture, which will ultimately allow the scale of emissions from CSG production to be placed into 
perspective. 

The project was designed to be conducted in three phases: 

 Phase 1 – a literature review of existing methods for detecting and quantifying natural CH4 seeps. 
This phase of the project was completed in December 2013 (Day et al., 2013). 

 Phase 2 – field trials of suitable methodology identified during Phase 1 at selected locations within 
the Surat Basin. 

 Phase 3 – deployment of suitable atmospheric monitoring and other systems, based on the results 
of Phase 2 to conduct long-term monitoring of emissions at sites in the Surat Basin. 

Present in this report are the findings of Phase 2 where several methods for detecting CH 4 emission sources 
and estimating the emission rates were examined during field trials conducted within the Surat Basin. It is 
important to note that Phase 2 was about proving different methods for detecting and quantifying emission 
rates. Consequently, this report does not provide detailed emissions estimates for the region; Phase 3, 
which will be conducted over a three-year period, is aimed at providing quantitative regional baseline data 
for the Surat. 

One of the key methods identified during Phase 1 for locating CH4 sources was mobile surveys, where a 
vehicle equipped with a suitable CH4 analyser is driven throughout the study area to detect elevated 
concentrations of ambient CH4. This method was used extensively throughout Phase 2, covering more than 
7,000 km on public and private roads. A large number of CH4  sources, both anthropogenic and natural, 
were located and identified. These included agricultural sources (especially cattle and intensive feedlots), 
CSG infrastructure, wetlands, biomass burning and abandoned boreholes. 

Although mobile surveys are effective at locating many sources, the primary limitations of the technique 
are that surveys are mostly confined to formed roads thus limiting the area that can be covered, and only 
provide snapshots in time rather than continuous monitoring. Moreover, the surveys must be made 
downwind of sources. Surveys provide concentration data that by themselves do not indicate the CH 4 

emission flux from the source. In some circumstances, emissions fluxes may be estimated by combining the 
measured concentration in the downwind CH4 plume with meteorological data and plume dispersion 
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methods. However, this is not always possible and uncertainties associated with flux estimates made with 
ground based traverses may be high. 

Surface flux chambers are suitable for directly measuring emission rates from many ground surfaces, 
although this approach is really only suited to characterising sources over relatively small areas; it is  
unlikely that surface flux chambers could be used for high resolution surveys at regional scales. During this 
study, the method was applied to measure emissions rates from numerous natural surfaces and abandoned 
coal exploration boreholes. 

During Phase 2, the feasibility of using remote sensing systems to detect CH4 emissions was investigated. In 
one approach, historical data from the satellite-based SCanning Imaging Absorption spectroMeter for 
Atmospheric CHartographY (SCIAMACHY) sensor with a spatial resolution of 30 km (along track) by 60 km 
(across track) were analysed to detect any change in average CH4 concentrations within the Surat Basin 
compared with the rest of Australia. The data examined spanned the years 2003 to 2009, which includes a 
period of early growth in CSG production in the Surat Basin. The present analysis of the data indicated that 
the satellite-derived average atmospheric CH4 concentration trends across the Surat Basin during this 
period were similar to those across the rest of Australia. However, it must be noted that there are 
uncertainties attached to this approach that require further investigation to allow quantitative use of these 
data. Data from the SCIAMACHY sensor are no longer available but if is it important to track regional scale 
trends and impacts after the establishment of the CSG industry, it may be useful to acquire longer term 
data of this nature from other satellite atmospheric sounding missions, such as ACE-FTS, GOSAT, AIRS, 
TROPOMI and IASI. 

The spatial resolution of current satellite sensors is generally too coarse to be able to identify localised 
emission sources so an airborne system with much higher resolution was used to assess its suitability for 
locating CH4 seeps. The system trialled was the Airborne Laser Methane Assessment Generation 2 (ALMA 
G2), developed by Pergam, which uses a diode laser sensor. This system, which has only recently become 
available in Australia, was developed for pipeline inspection applications and has not previously been used 
for determining atmospheric CH4 concentrations from other sources. 

The ALMA G2 system was found to have sufficient sensitivity to locate many CH4 sources previously located 
by ground surveys. However, because of the narrow swath of the instrument, detailed surveys require 
many passes of the aircraft to adequately cover the survey area. Moreover, airborne surveys with the 
ALMA G2 must be made at low altitude (< 50 m) and at low speed so the system is not suited to rapidly 
surveying at the regional scale. The system may have applications to efficient surveying of smaller areas or 
monitoring emissions from infrastructure. During the proposed Phase 3 of this research programme, 
consideration will be given to conducting a field trial of an imaging FTIR system that may be better suited to 
rapid landscape surveys and monitoring of terrestrial seeps. 

The third component of work in Phase 2 was the assessment of ‘top-down’ atmospheric background 
monitoring of CH4  emissions in the Surat Basin. Preliminary modelling and site visits have identified two 
sites for the location of the fixed monitoring stations required for this work. The selection of monitoring 
site locations was based on the following criteria. (1) To allow measurement of CH4 concentrations of both 
the background (air arriving at the Surat Basin) and the signal resulting from the CSG source emissions 
(total CH4 concentration minus background). (2) To optimise the size and frequency of concentration signals 
from the broader CSG source area without being overly influenced by individual sources close to the 
measurement site. (3) To differentiate as much as possible the emissions from non-CSG sources such as 
livestock, power stations, coal mines, vehicles, biomass burning and cities from CSG sources. (4) To take 
into account characteristics such as land cover and topography. (5) Practical considerations such as access, 
power and security. (6) Potential assistance by land owners and/or operators. (7) Future gas development 
possibilities which could affect the site. (8) Characteristic emission rates of sources found by other tasks. 

The first of these stations is now established and operating at an Origin Energy property, Ironbark, which is 
approximately 57 km southwest of Chinchilla. A second site to the northeast of Chinchilla has been 
identified and the monitoring equipment is soon to be installed. Measurements of CH4 and CO2 

concentration commenced at the Ironbark site during November 2014 and early results and model 
simulations suggest that the Ironbark facility, combined with the proposed Site #2 facility to the north, will 
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be well suited to monitoring potential emissions from CSG activities in their present state and as they are 
projected to grow. The combined concentration, meteorology and turbulence data will be used as input to 
test the ability of inverse modelling to infer sources across the CSG area in the proposed next phase of the 
project, which aims to develop a viable background CH4 monitoring system for the Surat Basin. 

 
 

Key Findings Summary 

 Mobile ground surveys using a vehicle equipped with a CH4 analyser to measure ambient CH4 

concentration are effective for detecting many emission sources. However, the main limitation is 
that surveys are only possible in areas with vehicle access. Remote sensing methods, especially 
using airborne sensors, may be provide a rapid method for conducting landscape surveys, 
especially in areas inaccessible to vehicles. At present, however, there are limited airborne systems 
available in Australia and further work is required to demonstrate this approach. 

 Ground surveys made between Dalby and Roma over about an 18-month period showed that 
ambient CH4 concentrations in the region were generally consistent with normal seasonal 
background concentrations, averaging between about 1.75 to 1.80 ppm CH4 (dry basis). However, 
there were many instances where elevated levels of CH4 were detected. The peak concentration 
perturbations in these regions ranged from less than 20 parts per billion (ppb) to almost 20 parts 
per million (ppm) or more than 10 times background levels. The sources of these CH4 peaks were 
identified as CSG infrastructure, agricultural activities, natural biogenic sources and ground seeps. 

 While ground surveys and some remote sensing systems can detect even low level emissions, the 
concentration data produced are not necessarily indicative of the rate of CH4 emission from a 
particular source. Concentration is highly dependent upon prevailing atmospheric conditions and 
can vary significantly throughout the day. In some cases, emission rates may be estimated from 
concentration measurements using plume dispersion methods combined with local meteorological 
data. This approach, however, requires suitable atmospheric conditions and access to the plume. 
The uncertainty of these estimates may also be significant, especially when ground level 
concentration measurements are made a long way downwind of the source. 

 One of the most versatile and accurate methods for measuring CH4 emission rates from ground 
sources is by static surface flux chambers. This method has high sensitivity and can reliably measure 
even low fluxes encountered in natural systems but also has the capacity to measure high flux 
rates. By making a series of closely spaced flux measurements on surfaces emitting CH4 the spatial 
distribution of the emission source can be accurately mapped. In contrast to ambient concentration 
measurements, surface flux chambers yield emission flux data for ground sources. However, this 
technique requires a relatively large number of individual measurements, which may be time 
consuming and labour-intensive. Consequently, the method is generally suited to assessing 
localised sources rather than landscape scale surveys. 

 A number of abandoned or ‘legacy’ boreholes were found to be leaking CH4. The leakage rate from 
some of these boreholes was significant (~100 L min-1), while for others the rate was very low. It 
was also apparent that there are other abandoned boreholes that do not emit CH4. It is unlikely 
that the small sample of boreholes identified during Phase 2 is representative of all legacy 
boreholes; a detailed investigation is required to determine the extent to which they are 
contributing to the regional CH4 budget. 

 One of the leaking abandoned boreholes located during the project was partially filled with 
concrete to mitigate gas emissions. While this reduced any safety hazard associated with an open 
borehole, CH4 continued to be emitted via diffusion through the soil around the concrete plug, 
although at a considerably reduced rate. 

 Top-down atmospheric monitoring using fixed stations to measure ambient CH4 concentration and 
local meteorological data coupled with a suitable inverse model is being trialled to provide near 
continuous emission flux data at the regional scale. Initial results from a station located south west 
of Chinchilla confirm that the system has sufficient sensitivity to detect emissions from CSG 
operations approximately 30 km from the station and preliminary model simulations suggest that 
the technique has considerable promise. One of the main challenges with the top-down approach 
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will be discriminating between the numerous CH4 sources that contribute to overall emissions 
within the monitoring region. 
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1 Introduction 
 
 

CSIRO through the Gas Industry Social and Environmental Research Alliance (GISERA) is currently 
conducting a study to characterise regional methane emissions within the Surat Basin in Queensland. The 
overall aim of this study is to develop a better understanding of non-anthropogenic methane sources, or 
methane seeps, that occur as a result of natural connectivity between coal seams and coal bearing aquifers 
and the atmosphere. Although the primary focus is on methane seeps, other sources of non-CSG methane 
emissions are also being considered since these contribute to the overall greenhouse gas budget of the 
region. Moreover, a detailed understanding of all sources is essential for the development of an accurate 
baseline greenhouse gas emissions inventory. 

This project is designed to operate over a number of years and is divided into three separate phases as 
detailed below. 

 Phase 1: The purpose of this phase was to assess the applicability of various methodologies for 
detecting and quantifying methane emissions from seeps in the Surat Basin. During this phase, 
scientific and technical literature were reviewed and analysed with the view to developing a 
detailed proposal for a pilot scale trial at selected locations within the Surat Basin using a range of 
preferred techniques. 

 Phase 2: During the second phase it was intended to conduct field pilot-scale trials of a range of 
methodologies identified in Phase 1 as promising techniques for measuring methane sources. 
These trials were to include (a) a remote sensing pilot, and (b) a ground based detection and 
monitoring pilot. The remote sensing approach was to test new methodologies (e.g. Differential 
Absorption Lidar) and imaging methods. Ground based detection was to test the use of 
atmospheric concentration and other measurements as inputs to assess the capability of 
atmospheric transport modelling to determine fluxes of methane on a defined spatial scale. 

 Phase 3: The final stage of the project is aimed at deploying broad scale monitoring based on 
methods trialled in Phase 2 over a an extended period to assess regional methane sources within 
the Surat Basin. Ongoing ground based monitoring will provide a baseline of methane seepage and 
other natural as well as anthropogenic source fluxes and their seasonal variations as the basis of a 
longer term monitoring programme. 

Phase 1 of the project was completed in late 2013 and identified a number of prospective methods for both 
detecting methane sources and estimating their emissions rates (Day et al., 2013). As a result of the 
analysis undertaken during Phase 1, two general recommendations for the Phase 2 pilot study were made. 
Firstly, it was suggested that a field survey combining ground-based and remote sensing methods be made 
to establish the location and approximate magnitude of seeps in the Walloon coal measures 
outcrop/subcrop areas of the Surat Basin, and secondly, that an atmospheric measurement station be 
established to measure background methane fluxes from seeps and other sources within the region. Based 
on these broad recommendations, a detailed work plan for Phase 2 was developed with the aim to produce 
four specific outputs, which are detailed below. 

1. Product 1: A high resolution map of Surat Basin methane sources based on surveys made with an 
instrumented vehicle. Similar systems have been used in the United States and elsewhere to locate 
methane emissions sources from urban gas reticulation networks (Phillips et al., 2013) and CSG 
infrastructure and seeps (LTE, 2007). When the methane concentration data are combined with 
location (provided by a GPS receiver), detailed maps of the methane source may be developed. 

2. Product 2: A coarse resolution map of Queensland atmospheric methane concentrations using 
historical satellite data. In this component, dry air atmospheric column average methane 
concentration from the European Space Agency’s Scanning Imaging Adsorption Spectrometer for 
Atmospheric Chartography (SCIAMACHY) satellite sensor were analysed for methane anomalies in 
the Surat Basin relative to other parts of Australia over a seven-year period. 
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3. Product 3: A high resolution map of methane sources based on laser diode sensor observations. 
Laser diode sensors mounted on aircraft have been used to detect methane leaks in gas 
infrastructure such as high pressure pipelines but to date have not been applied to the problem of 
locating natural seeps. 

4. Product 4: An operating prototype background methane monitoring station. The location of the 
monitoring station was to be guided by the results of the mobile and remote sensing surveys to 
provide the ability to discriminate between the larger potential methane sources such as seeps, 
feedlots, CSG activities. 

In this report we present the findings of Phase 2 of the project, i.e. the field trials of the preferred methods 
identified in the review of methodology undertaken as part of Phase1. Section 2 of the reports provides a 
brief description of the various methods examined while in Section 3, Section 4, Section 5 and Section 6 we 
present the results of the experimental measurements of the ground surveys, satellite remote sensing, 
airborne surveys and establishment of the fixed monitoring stations, respectively. Finally, in Section 7, the 
implications of the results of this work are discussed and a summary of the proposed programme for Phase 
3 is presented in Section 8. 
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2 Preferred Methodologies 
 
 

The Surat Basin is well known for CH4 seeps (Day et al. 2013). Soil gas surveys conducted over a number of 
years through the 1980s and 1990s indicated significant quantities of CH4  and other hydrocarbons in 
various regions across the Surat and other Queensland sedimentary basins (Gasfields Commissions 2013). 
There have also been reports of gas outbursts associated with artesian bores dating back to the early 20 th 

century (Gray, 1967). More recently, vigorous gas seeps have been observed in the Condamine River 
downstream of the Chinchilla weir near Chinchilla in Queensland. Subsequent measurements made along 
the river indicated that almost 700 L CH4 min-1 was being released as a result of these seeps (Sherman et al., 
2014). 

Large CH4 seeps associated with artesian bores or rivers are generally relatively easy to detect; however, 
locating and quantifying emissions from less vigorous sources presents a significant challenge, especially 
over large areas such as the Surat Basin. Moreover, there are many other sources of CH4 apart from ground 
sources that also contribute to overall CH4 emissions. In particular, CSG activities and intensive agriculture 
are potentially significant sources that must be considered when developing regional emission inventories. 

One of the principal aims of Phase 1 of the current GISERA project, therefore, was to identify techniques 
that may be suitable for both locating and determining the emission rates of CH4 sources within the Surat 
Basin. In particular, the challenge was to identify CH4 that has migrated from a coal seam to the surface via 
seepage and separate these emissions from other sources such as biogenically derived CH 4. A summary of 
the methods investigated and suitability to this application is provided in Table 2.1. 

Of these methods, a number were identified as being potentially suitable and practical for the problem of 
identifying potentially low emissions sources such as seeps and measuring their emissions rates. The most 
promising methods were selected for trialling during Phase 2 of the GISERA project. The methods 
investigated were: 

 Mobile ground surveys using a vehicle equipped with a suitable CH4 analyser to locate emission 
sources. 

 Flux chambers to directly measure CH4 emission rates and map the spatial extent of ground sources 
 Remote sensing to detect emissions over wide areas. 
 Top-down atmospheric methods to provide long-term continuous emission monitoring at the 

regional scale. 

Each of these methods is discussed briefly in the following sections. 
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Table 2.1. Summary of CH4 detection and quantification methodologies considered during Phase 1. 
 

Method Comments Suitability 

Soil gas surveys – analyses Simple method to deploy locally. Expensive and difficult to deploy Too expensive and difficult to 

of gas within soil voids on large scale. May identify diffuse CH4 seeps. Does not provide deploy at large scale. However, 

 flux estimates. May be combined with isotopic measurements to  existing data should be 

 distinguish source. exploited. 

Terrestrial flux chambers Established and proven method. Straightforward to deploy. Can Suitable for estimation of CH4 

 provide accurate flux estimates over limited areas. Requires  flux from localised seeps but 

 intensive field campaigns of limited duration. impractical at regional scales. 

Mobile surveys using Can potentially cover large areas, provided vehicle access is  Suitable for survey of CH4 seep 

instrumented vehicle possible. Modern instruments provide very good sensitivity. When locations. 

 combined with plume dispersion models, suitable for estimation of  
 CH4 flux from localised sources.  

Vegetation surveys Has potential to locate high flux CH4 seeps. Not suitable for diffuse The dry climate vegetation in 
 large scale and low flux seeps. the Surat is generally not 

  suitable for locating seeps. 

Geological surveys Has potential to locate coal resource where outcropping occurs or  Not suitable due to high level 

 from geomorphological features in remote regions.  of stratigraphic knowledge for 

  this region already. 

Airborne concentration Expensive and complex method for accurately measuring plume  Possibly suitable but not 
measurements CH4 concentrations which, when combined with boundary layer practical within the timeframe 

 meteorology data can yield emission flux. of the project. May be useful 

  during longer term monitoring 

  phase. 

Atmospheric trace gas Cost effective method of accurate CH4 concentration Suitable for deployment 

concentration and measurement. Requires careful positioning of sample point with  subject to locating seeps via  
transport modelling respect to seeps and other sources, and prevailing wind direction.  survey methods. Requires 

 Has significant setup costs at start but yields benefits in long term access to power and location. 

 monitoring. When combined with atmospheric transport modelling This approach is one of very 

 can provide information on spatial location and flux of CH4 in few that potentially offers  

 landscape. Isotope sampling may yield information on CH4 source. continuous monitoring, 

  provided the wind direction is  

  suitable. 

Isotopic analyses Potentially important information to identify CH4 source. Relatively 

simple and cheap measurements for some isotopes (
13

C) but 
expensive and complicated for others (e.g. 

14
C). However, isotopic 

Suitable for strategic sampling 
in pilot stage, subject to 

limitations stated. 
 signatures from some sources may partially overlap (e.g. Surat CSG  
 and typical aquatic systems, e.g. see range of isotopic values of  
 Walloon CSG in Hamilton et al., 2014) thus making positive  
 identification difficult. Further complications arise from the   
 numerous strata containing coal and the need to discriminate   
 between strata.  

Aquatic flux chambers, Established and proven method for measuring emissions from Suitable for estimation of CH4 

bubble traps and flow aquatic systems. Straightforward to deploy. Can provide accurate  flux from localised aquatic high 
meters. flux estimates over limited areas. Requires intensive field flow seeps. 

 campaigns of limited duration.  

Hydroacoustic Relatively new techniques with potential for quantifying Not suitable as insufficiently 
 distribution function of bubble size. developed for application in 

  Surat Basin. 

Thin boundary layer Established method for application in lakes and ocean. Only applies  Not suited as it is peripheral to 

estimation to diffusive CH4 emissions (i.e. dissolved CH4 flux from water to the primary task. 

 atmosphere). Not suited to bubbles or plumes.  

Hyperspectral imaging and Established theoretical basis. The spectral resolution of satellite  Potentially suitable 
spectroscopy and airborne hyperspectral imagers is too coarse to locate low flux  spectroscopy methods are 

 diffuse CH4 seeps. Spectroscopic sensors (high spectral resolution) available. Requires proof of 
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-y 0 

 potentially useful and may provide ability to differentiate CH4 flux 

from a heterogeneous background. 

application. 

Differential absorption Airborne systems are a new technology for methane surveys.  Potentially most suitable 

LIDAR (DIAL) Expensive, limited duration and not widely available. Needs to be  
developed/proven for low flux diffuse seeps with heterogeneous 

technology for surveys of CH4 

seeps. Requires proof of 

 background. Ground based systems can be combined with mobile  application. 

 survey methods to yield accurate concentrations of plumes. Can be   
 combined with micrometeorology techniques to yield fluxes.  
 Limited duration and dependent on wind direction.   

Fourier transform infrared Mature methodology and potentially useful. Needs development  Potentially suitable but 
spectroscopy (FTIR) and proof of application for low flux and diffuse seeps as  requires proof of application. 

 potentially close to detection limit.  

Space borne sensors Spectral and spatial resolution too coarse for this task.  Not suitable to detect specific 

  seeps but may be useful to 

  look at regional trends. 

 

2.1 Ground Surveys 

The simplest of the selected methods was the use of mobile ground surveys where a vehicle fitted with a 
suitable methane analyser is driven across the landscape to continuously measure ambient methane 
concentrations. This system has been used previously to locate methane sources both in Australia and 
overseas (LTE, 2007; Phillips et al., 2013; Maher 2014). Recent advances in gas analysers have resulted in 
commercially available systems with sensitivity of around 1 ppb and high levels of stability so that the 
instruments can be used routinely in a mobile arrangement (Crosson, 2008). Moreover, the concentration 
data may be combined with spatial data and processed in GIS software to yield detailed maps of methane 
concentration as a function of location. Care must be taken when interpreting the data, however, since the 
concentration is dependent upon prevailing atmospheric conditions and is not necessarily an indicator of 
the emission rate of the source. 

While the concentration alone does not yield information on emission rates, when combined with 
micrometeorological data and knowledge of plume dispersion characteristics, it is possible in some 
circumstances to estimate emission rates. By traversing across a methane plume downwind of the source, 
the emission flux, F, may be estimated by integrating the CH4 concentration enhancement, C, of the plume 
in the horizontal, y, and vertical, z, directions and multiplying by the average wind velocity, u. 

 

F = u J
y

 J
z 

C(y, z)dydz 
 

(2.1) 

 
 

Because concentration measurements are usually made only at ground level, the vertical dispersion must 
be estimated by reference to plume dispersion models such as the Pasquill-Gifford curves of z (i.e. the 
standard deviation of the distribution of CH4 concentration in the vertical direction) as a function of 
downwind distance under given atmospheric turbulence conditions (Hanna et al., 1982). The vertical 
concentration profile of CH4 within the plume may be assumed to decrease from the ground level 
concentration with height according to a Gaussian distribution through the plane. Other plume dispersion 
models such as the backward Lagrangian stochastic model may also be used to estimate emission fluxes 
from ground level concentration measurements (Loh et al., 2009). 

In carefully designed experiments, ground based plume measurements can yield high levels of accuracy 
(e.g. Loh et al., 2009; Humphries et al., 2012). However in some cases, estimating the vertical extent of the 
plume introduces a significant source of uncertainty because the vertical concentration profile must be 
estimated from information on the spatial distribution of the source (i.e. an area or point source), 
downwind distance and prevailing atmospheric stability. Often these data are not well defined. 
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The uncertainty may be reduced by measuring the methane concentrations at various heights through the 
plume rather that attempting to estimate it; however, there are practical problems associated with 
measuring methane concentrations at elevated heights from a moving vehicle. A prototype system has 
been developed and demonstrated by the U.S. instrument manufacturer Picarro Inc. where samples from 
four points on a 5 m high mast attached to a vehicle enables the spatial distribution of the plume to be 
measured in both the horizontal and vertical axes simultaneously (Tsai et al., 2013). The emission rate from 
the source is calculated from the product of the resultant concentration profile and wind data using 
proprietary software. 

Although this system does not require modelling to estimate vertical distribution, it does rely on most of 
the plume being within the 5 m vertical swath, so is not suited to distant or large sources, where the plume 
is substantially higher than 5 m. 

An alternative approach is to use tracer gases to determine emission rate. Here, a stable gas unrelated to 
the source such as acetylene is released at a known rate, FTracer, from the same location as the methane 
source. Simultaneous downwind concentration measurements of both the tracer, CTracer, and methane, CCH4, 
are made and the emission rate of methane, FCH4, calculated according to Equation 2.2. 

 

FCH4   = FTracer  × 
CCH4I 

Tracer 

 

(2.2) 

 
 

The tracer method avoids the need to estimate the vertical methane profile in the plume and can yield 
accurate results (e.g. Lamb et al., 1995; Allen et al., 2013) but does require additional analytical capability 
to measure the tracer gas with sufficient accuracy and precision. 

In Phase 2 of the current study, mobile ground surveys were used extensively to locate methane emission 
sources within the Surat Basin. In some instances, downwind traverses of methane plumes were used to 
estimate emission rates from some sources. At the time these measurements we made, we did not have 
suitable instrumentation available to use tracer gas methods. However, this approach is being examined for 
future work in this area. 

 

2.2 Flux Chambers 

Flux chambers are often used to measure emissions of gases from soils (Denmead, 2008). There are various 
designs available but essentially, all operate by enclosing an area of soil, A, by placing a chamber of known 
volume, V, on the ground surface and measuring the concentration of CH4  (or other gas) within the 
chamber over time. Flux chamber measurements are mostly made in the ‘static’ mode where the gas 
concentration within the chamber is measured over a period of time. Since there is no exchange of air with 
the outside atmosphere, the methane concentration increases as gas flows from the soil into the chamber 
during the course of the experiment. By measuring the rate of change of concentration, dC/dt, the gas flux 
per unit area, F, can be calculated according to Equation 2.3. 

 

F = 
dC 

× 
V 

 

(2.3) 
dt A 

 
 

For high flow situations, flux chambers may also be operated in a flow through mode where a stream of 
diluent gas is passed through the chamber at a known rate, f. In this mode, the steady state concentration 
of the gas is measured and the flux is calculated by Equation 2.4.  
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A 
F = (Cout − Cin) × 

!
 

 

(2.4) 

 
 

where Cout is the gas concentration in the outlet flow from the chamber and Cin is the gas concentration in 
the inlet flow. 

Flux chambers may also be used in aquatic environments such as the Condamine River (Sherman et al., 
2014). 

During this study, flux chambers were used to map and measure emission rates from numerous ground 
sources located by mobile surveys. They were also applied to measure CH4 emission rates from natural 
surfaces. 

 

2.3 Remote Sensing 

Remote sensing is the practice of acquiring data from the Earth’s land and water surfaces using sensors on 
remote platforms such as aircraft or orbiting satellites. The sensors measure reflected or emitted radiation 
across the electromagnetic spectrum (Campbell, 2002). The remote sensing of gases relies on the 
acquisition of spectral data across the spectral regions containing narrow absorption features specifically 
related to each gas. For CH4 the spectral absorption features usually used are located around 1.65 µm, 2.3 

µm, 3.3 µm and 7.6 µm. 

Remotely sensed data specifically for gases can be obtained from a range of platforms, namely, satellite, 
airborne and ground/field. During Phase 2 of this study, we investigated the feasibility of using two systems 
for providing baseline methane levels at the Surat Basin. The first was the satellite-based SCanning Imaging 
Absorption spectroMeter for Atmospheric CHartographY (SCIAMACHY) (Burrows et al., 1995) data. The 
second system was an airborne diode laser sensor, Airborne Laser Methane Assessment Generation 2 
(ALMA G2) developed by Pergam (http://www.pergam-suisse.ch/en/application/airborne-gas-leak- 
detection/). These techniques were selected for investigation during Phase 2 because of their ability to 
provide spatially comprehensive measurements and the ability to access these data.  

The SCIAMACHY satellite data are available over a long time period thus offering the potential to provide an 
indication of trend over time, albeit at fairly coarse spatial resolutions. This system has been used recently 
to estimate total CH4 emissions associated with oil and gas production and seeps in the United States 
(Schneising et al., 2014; Kort et al., 2014). 

The airborne laser sensor has recently been made commercially available in Australia. It was developed for 
airborne pipeline leakage applications and has low detection limits but has never been applied for 
determining baseline levels. This study was the first time the ALMA G2 was deployed for such an 
application (see Section 5). 

 
2.3.1  SCIAMACHY SATELLITE 

 

Although Stage 1 of the study concluded that satellite data was unsuitable for detecting seeps due to its 
coarse spatial resolution (Day et al., 2014), it is possible that on a regional scale, temporal variations may be 
apparent. The SCIAMACHY satellite sensor is a passive spectrometer acquiring backscattered, reflected, 
transmitted or emitted radiation from the atmosphere and Earth's surface, which operates between the 
wavelength range of 240 and 2380 nm. The main objective of SCIAMACHY system was to provide global 
measurement of various trace gases in the troposphere and stratosphere (Burrows et al., 1995).  

The typical footprint of SCIAMACHY is 30 km (along track) by 60 km (across track) at nadir and the 
maximum swath width is 960 km. The spectrometer was launched on board the European ENVISAT satellite 
(Bruzzi et al., 1995) operating at an altitude of 790 km ± 10 km and was operational from March 2002 to 
April 2012. 

http://www.pergam-suisse.ch/en/application/airborne-gas-leak-
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The sensor characteristics for SCIAMACHY are discussed in more detail in Section 4.2. The channels that are 
used for the retrieval of methane are channels 6 and 8 depending on the retrieval algorithm used.  

 
2.3.2  ALMA G2 AIRBORNE DATA 

 
The Airborne Laser Methane Assessment Generation 2 (ALMA G2) is a laser diode sensor developed by 
Pergam Suisse AG primarily for gas pipeline inspection. The ALMA G2 is based on a pulsed beam from a 
diode laser tuned to the 1.65 μm methane absorption feature. The laser beam aimed downwind of the 
pipeline, is reflected and the scattered reflection collected by a receiving mirror. A photo-detector receives 
the signal which is compared to the signal from a reference channel. This reference consists of a laser beam 
projected through a cuvette containing a reference methane sample. When methane is present the laser 
light will be absorbed, and the attenuation of the signal is proportional to the concentration of methane 
along the laser beam path. 

Whereas most gas analysers measure the concentration of a particular component in a sample, open path 
monitors, like the ALMA G2, measure the total amount of a specific gas in the path of the laser beam 
between the transmitter unit and reflector (i.e. the ground in the case of the ALMA G2). This is a ‘total path’ 
measurement and the units of the measurement are parts per million metres, or ppm*m. Thus the 
integrated concentration within the air column is obtained by dividing the measurement (in ppm*m) by the 
path length. 

Since the ALMA G2 was designed for natural gas pipelines monitoring it is usually mounted on a helicopter 
flying along known locations of pipeline and operated at an altitude of 25-150 m. The detection range is 
dependent on the altitude and is quoted as 25-20,000 ppm*m at 50 m and 100-20,000 ppm*m at 100 m 
while the instrument accuracy is quoted at 1 %. 

Additional instrumentation acquiring data include three digital cameras (operating in the visible ranges) 
mounted to view 50 m to both sides and forward of the line being flown. A laser range finder is also 
included in the suite of instrumentation and is used in the processing of the ALMA G2 data. 

 

2.4 Top-Down Atmospheric Monitoring 

Atmospheric methods were chosen to monitor the net methane emissions across the broader Surat Basin. 
Measurements of atmospheric methane concentrations and meteorology from fixed stat ions combined 
with transport modelling (taking into account wind trajectories and turbulent dispersion) can be used to 
infer the net emissions strength and source locations across a wide region. The measurements can be 
continuous and long term and so can provide an early baseline and continue into the years of planned 
substantial growth in CSG activity. Shorter term variations in emissions caused, for example, by the 
different phases of the production process or by sporadic releases are more likely to be monitored in this 
way than by intermittent measurement surveys. Atmospheric methods are particularly suited to monitoring 
emissions distributed across a wide area. Point sources within an area can also be potentially resolved if 
sufficiently strong. 

A review of top down atmospheric methods suitable for geological source monitoring is given by Leuning et 
al. (2008) and their relevance to monitoring CSG emissions is outlined in Day et al. (2012).  

 

2.5 Gas Geochemistry 
 

2.5.1  GAS COMPOSITION 
 

Molecular composition of gas is widely used to differentiate the origin of natural gases (biogenic versus 
thermogenic, e.g. Scott et al., 1994, Golding et al., 2013), the maturity of their source rocks (e.g. Rezniko, 
1969; Stahl, 1974; Connan and Cassou, 1980) and elemental composition of the organic matter in coal, 
especially hydrogen/carbon ratio (Rice et al., 1989). Coal seam gas in the Surat Basin consists of mainly CH 4 
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but may also contain small quanties of light hydrocarbons such as ethane, CO2, and in some cases small 
amounts of N2  (Smith et al., 1985, Smith and Pallasser, 1996) H2, He (Clayton, 1998) and H2S (Clayton, 
1998). By comparision,coal seam gas from the adjacent Bowen basin is more thermogenic and contains 
higher chain hydrocarbons (Kinnon et al., 2010). The presence of ‘wetter’ components (i.e. hydrocarbons 
apart from CH4, typically ethane through to pentanes) tends to be a reflection of coal rank and pure 
microbial gases are characterised by low concentrations of ethane and heavier hydrocarbons. For desorbed 
gases from coal, the composition of gases analysed at different stages of desorption also varies (Hamilton 
et al., 2014). 

 
2.5.2  CARBON AND HYDROGEN ISOTOPES OF GASES 

 

The isotopic compositions of natural gases has long been used to help identify its origins (e.g. Stahl, 1977; 
Schoell, 1980; Rice et al., 1989; Whiticar, 1994), and the thermal maturities of their source rocks (e.g. Stahl 
and Carey, 1975; Dai and Qi, 1989; Berner and Faber, 1996). Thermogenic gases are generated from organic 
matter and oil by cracking at high temperature (Burruss and Laughrey, 2010). Methane also forms as a 
product of anaerobic microbial metabolism. Methane carbon isotope values between -20 to -50 ‰ relative 
to Vienna Pee Dee Belemenite (VPDB) typically indicate thermogenic gas and values lower than -50 ‰ are 
indicative of biogenic influences (Schoell, 1980, 1988; Strapoc et al., 2011). Intermediate values (-50 to -60 
‰) may be the result of mixing of thermogenic and secondary biogenic gases. Because variable 
contributions of the end members can result in a wide variety of carbon isotope values, distinguishing 

between thermogenic and biogenic contributions can be problematic on the basis of δ13C signatures alone. 
The use of hydrogen isotope ratios in addition to the carbon isotopes may provide further insight into the 
source as shown in Figure 2.1 (Whiticar,1999; Golding et al., 2013).  



10  |  Characterisation of Regional Fluxes of Methane in the Surat Basin, Queensland  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.1. Cross plot of carbon and hydrogen isotopes (adapted from Whiticar, 1999). 

 

Although this study focusses on methane fluxes in the Surat Basin, the isotopic analyses of carbon dioxide 
which is ever present in all gas samples ranging from CSG to atmospheric samples can in specific situations 
provide crucial supporting evidence for the origin of methane. The most pronounced example occurs in 
CSG areas dominated by significant secondary biogenic methanogenesis with carbon isotope values for CO2 

gas and DIC on CSG production water ranging from 0 to +33 ‰ (pronounced 13C enrichments). 

The isotopic values for atmospheric carbon dioxide tend to range from -8 to -12 ‰ depending on air 
pollution levels (Longinelli et al., 2005; Clark-Thorne and Yapp, 2003) and values for carbon isotopes of CO2 

in coal seams worldwide range between -28 ‰ and +19 ‰ (Golding et al., 2013, Smith et al.,1985; Rice, 
1993; Koatarba and Rice, 1995; Clayton, 1998) but does overlap biogenic (photosynthetic origin) CO2 which 
has carbon isotope values from about -10 to -30 ‰. Anaerobic bacterial reduction of CO2 to form methane 
leads to isotopically heavier C isotopes in the residual CO2 gas, in most cases positive values (Emery and 
Robinson, 1993; Golding et al., 2013; Kinnon et al., 2010). Carbon isotopic values of CO2 between -5 to -28 
‰ are indicative of thermogenic sources (Irwin et al., 1977, Chung and Sacket, 1979, Clayton, 1998). 
Isotopic values of endogenic CO2 are close to the main value for elemental C in the upper mantle and vary 
from -10 to -5‰ (Smith et al., 1985; Javoy et al., 1986; Hoefs, 1987; Jenden et al. , 1993). 

In the present study analyses of the isotopic compositions of carbon and hydrogen for CH4 were used to 
provide insight into the possible origin of gases collected at some locations within the study region.  
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3 Ground Surveys 
 
 

In this section we describe the methods and results of the mobile ground surveys and flux chamber 
measurements made during Phase 2. Also included in this section are the results of chemical and isotopic 
analyses of gas samples collected from a variety of sites. 

 

3.1 Experimental Methods 
 

3.1.1  GAS COMPOSITION AND STABLE ISOTOPIC ANALYSES 
 

During the project gas samples were collected from some seep sites. These were then analysed for 
chemical and carbon and hydrogen isotopic composition in the CSIRO Organic and Isotope Geochemistry 
laboratory in North Ryde. 

Sampling 

Samples were collected in evacuated 2.7 L stainless steel canisters. In the case of ground seep sites, a 
chamber was placed over the seep location to allow the gas to accumulate. After a suitable period of up to 
several minutes, the canister was connected to the chamber using a nylon tube and the canister valve 
opened to allow the canister to fill to atmospheric pressure.  

Gas Composition 

A gas sample was connected to the vacuum manifold on the Agilent GC to evacuate the air dead-volume. 
Then the gas sample was introduced through the vacuum manifold into a sample loop (0.25 mL) at 
atmospheric pressure for GC analysis on an Agilent 6890N Natural Gas Analyser, with a thermal 
conductivity detector (TCD). Four packed columns with Valco valve column switching are used to separate 
the gases, a 2 foot 12% UCW982 on PAW 80/100 mesh (pre-column), a 15 foot 25% DC200 on Paw 80/100 
mesh, a 10 foot HaysepQ 80/100 mesh and a 10 foot Molecular Sieve 13X 45/60 mesh column. The oven 
was isothermally maintained at 90°C throughout the 20 minute run. The amount of separated gas 
components was determined against an external standard calibration. The molecular composition of gas 
components was corrected to air free values, assuming atmospheric ratios for the oxygen+argon/nitrogen 
peaks. At 90°C, oxygen and argon co-elute on the 13X molecular sieve column. 

Carbon Isotope Composition 

The carbon isotopic composition of gases was measured by GC-C-IRMS (gas 
chromatography/combustion/isotope-ratio mass spectrometry). The GC-C-IRMS system consisted of a GC 
unit (6890N, Agilent Technologies, USA) connected to a GC-C/TC III combustion device coupled via open 
split to a Delta V Plus mass spectrometer (ThermoFisher Scientific, Germany). The analytes of the GC 
effluent stream were oxidised to CO2 and H2O in the combustion furnace held at 1000°C on a CuO/Ni/Pt 
catalyst. Water was removed on-line by a Nafion membrane and the CO2 was transferred to the mass 
spectrometer to determine carbon isotope ratios. 20 -100 μL of sample gas was injected to the 
split/splitless inlet system (Agilent Technologies, USA), working in split mode (20:1 ratio). The inlet was held 
at a temperature of 200 °C. The gas components were separated on a fused silica capillary column 
(PoraPlot Q, 25 m x 0.32 mm ID, Varian). The GC was held isothermally at 40 °C. Helium was the carrier gas, 
set to a constant pressure of 14.3 psi. All gas samples were measured in duplicate with a standard deviation 
of ≤0.5 ‰ for the standards and samples. The quality of the carbon isotope measurements was checked 
regularly by measuring secondary standards of pure CH4 and CH4/CO2 mixtures with known isotopic 
composition as determined by inter-comparison on dual bellows inlet mode on a Finnigan MAT 252 against 
international primary carbonate standards prepared by the phosphoric acid method. 
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Hydrogen Isotope Composition 

The hydrogen isotopic composition of gases was measured by GC-TC-IRMS (gas 
chromatography/temperature conversion /isotope-ratio mass spectrometry). The GC-TC-IRMS system 
consisted of a GC unit (6890N, Agilent Technologies, USA) connected to a GC-C/TC III interface device 
coupled via open split to a Delta V Plus mass spectrometer (ThermoFisher Scientific, Germany). After 
passing through the GC, hydrocarbons were reduced to H2 and elemental carbon in the pyrolysis reactor 
held at 1440 °C. H2 was transferred on-line to the mass spectrometer to determine hydrogen isotope ratios. 
20 -200 µL of sample gas was injected to the split/splitless inlet system (Agilent Technologies, USA), 
working in split mode (20:1 ratio). The inlet was held at a temperature of 200°C. The gas components were 
separated on a fused silica capillary column (PoraPlot Q, 25 m x 0.32 mm ID, Varian). For CH 4  analysis, the 
GC was held isothermally at 40 °C. Helium was the carrier gas, set to a constant pressure of 14.3 psi. All gas 
samples were measured in duplicate with a standard deviation of ≤3 ‰ for most of the compounds and 

samples. The H3+-factor was determined daily by measuring 10 reference gas peaks with increasing 
amplitude. This factor had an average value of 2.487 ± 0.056 ppm/nA. The quality of the hydrogen isotope 
measurements was checked regularly by measuring secondary standards of pure H2 and pure CH4 with 
known isotopic composition as determined by inter-comparison on a TC-EA against international primary 
solid hydrogen isotope standards. 

 
3.1.2  MOBILE SURVEYS 

Mobile ambient methane concentration measurements were made using a Picarro Model 2301 CH 4, CO2, 
H2O cavity ring-down spectrometer fitted into a four-wheel-drive vehicle. The gas analyser has a rapid 
response time and the high resolution (1 ppb for CH4) and low drift characteristics (Crosson 2008) necessary 
to detect small perturbations in methane concentration against background levels.  

The instrument was operated with a Picarro Mobile Kit that included an inverter so that the system could 
be operated continuously off the vehicle’s 12 V power supply. The Mobile Kit also includes a GPS receiver 
and software so that concentration data can be processed and displayed in GIS software. The nominal 
operating ranges of the analyser are CH4 0-20 ppm, CO2 0-1000 ppm and H2O 0-7 %. However, we have 
previously found that the actual operating ranges for CH4 and CO2 exceed these specifications, and 
provided that the instrument is calibrated against suitable standards, can reliably quantify significantly 
higher concentrations (Day et al., 2014). 

The instrument can be operated in either ‘three gas’ mode or ‘methane locator’ mode. In the three gas 
mode, CH4, CO2 and H2O are analysed simultaneously with the rate of data acquisition about 0.3 Hz. More 
rapid (about 2 Hz) data acquisition can be achieved by operating the analyser in the CH 4 locator mode; 
however, CO2  and H2O are not measured in this mode. 

The calibration of the analyser was regularly checked against a standard gas mixture containing 10.8 ppm 
CH4 (BOC Gases Australia). The results of the calibration checks showed that the indicated concentration 
was within about 0.7 % of the nominal concentration of the standard. This difference is less the uncertainty 
of the calibration standard of ±0.5 ppm. Periodic multipoint reference checks were also performed using 
this standard mix along with another containing 103 ppm CH4 and a reference air sample containing 1.732 
ppm CH4 and 383 ppm CO2 prepared by the CSIRO Marine and Atmospheric Research, now Oceans and 
Atmosphere, GASLAB (Francey et al., 2003). In the case of the reference air sample, the indicated CH 4 

concentration was within about 0.2 % of the nominal concentration, reflecting the higher precision of this 
reference sample. 

During mobile surveys, the spectrometer was operated continuously while the vehicle was travelling but 
also for extended periods when stationary (an auxiliary battery system allowed the instrument to be 
operated for up to two hours without the engine running). Air was sampled via a ¼” nylon tube from the 
front of the vehicle about 1 m above ground level. The normal flow rate of sample air to the spectrometer 

is approximately 100 mL min-1; however, to minimise the lag time between air entering the inlet tube and 
reaching the analyser, an auxiliary pump in the Mobile Kit was used to increase the flow rate to about 5 L  
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min-1. When used for flux chamber measurements (Section 3.5), the auxiliary pump was bypassed using a 
three-way valve. 

Surveys were made by driving the vehicle on public and sometimes private roads at speeds up to about 100 
km h-1. The rate of measurement of the instrument was such that relatively small methane anomalies could 
be detected at highway speed (i.e. ~ 100 km h-1) although the response time of the instrument, which was 
about 14 s, resulted in an offset of several hundred metres at this speed. Usually, where elevated levels of 
methane were detected lower speed passes were made to identify and locate the source of the emissions.  

Wind speed and direction were measured while the vehicle was stationary (to avoid the contribution of 
wind caused by motion of the vehicle) using a 2-dimensional sonic anemometer (Climatronics 
Sonimometer) mounted on the roof of the field vehicle. 

 
3.1.3  SURFACE GAS FLUX 

 

Emissions from the ground surface were made at locations where elevated CH4 concentrations measured 
during the mobile surveys indicated that surface emissions were present. Similar measurements were also 
made on unaffected surfaces throughout the study region to assess natural soil emission rates. Surface 
methane flux measurements were made using one of two systems, both of which are based on a closed 
accumulation chamber method. The first measurement system comprised a plastic cylindrical chamber 37.5 
cm in diameter and 40 cm high with a total volume of about 45 L and an area of coverage of 0.11 m2. The 
chamber was placed on the ground and connected to the Picarro analyser in the field vehicle via a ¼” nylon 
tube with a sample flow rate of approximately 100 mL min-1. The CH4 concentration within the chamber, C, 
was continuously measured over a period of several minutes while a small fan inside the chamber ensured 
that the sample was well mixed during each measurement. Emission flux was calculated according to 
Equation 2.3. 

This arrangement is capable of measuring very low gas fluxes normally encountered in natural systems (Day 
et al., 2014). However, at a number of sites, the emission rates were too high for the Picarro instrument to 
be used. Instead, a portable flux meter (West Systems srl, Italy) was used at these locations. The West 
Systems flux meter uses a 6 L chamber covering 0.03 m2  and is connected to a tuneable diode laser 
methane analyser with an operating range of 0-10 % CH4 and a resolution of 100 ppb (cf. 0-20 ppm range 
and 1 ppb resolution of the Picarro instrument). The instrument also measures soil CO2 emissions 
simultaneously. The West Systems flux meter is shown in Figure 3.1. 

In both cases, measurements were made at multiple points within the emission zone to determine the 
spatial extent of the seep. 

At a number of seep locations, samples of gas were collected to determine their isotopic and chemical 
composition. These samples were collected by placing a chamber over the source to capture gas seeping 
from the surface, then extracting a sample into an evacuated stainless steel canister which was then 
analysed at the CSIRO North Ryde laboratories. 
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Figure 3.1. West Systems portable flux meter in use at a site in the Surat Basin. The CH4 and CO2 analysers and 
battery are mounted in the backpack. 

 

3.2 Results 
 

3.2.1  GAS GEOCHEMISTRY 
 

Samples of gas were collected from two ground seeps located during the project (Sites 2 and 3; see Section 
3.2.4 for details), which were subsequently analysed for their chemical and isotopic compositions. The 
results of the analyses are summarised in Table 3.1. For comparison, two samples of production CSG from 
the Surat Basin, previously analysed in this laboratory are also shown. The CSG samples were analysed 
under a CSIRO strategic project (previously unpublished). 
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Table 3.1. Molecular, carbon and hydrogen isotopic composition of gas samples analysed 
 

Sample CO2 (%) CH4 (%) C2H6 (%) N2 (%) O2  + Ar δ13C CO2 

(‰ VPDB) 
δ13C CH4 

(‰ VPDB) 
δ2H CH4 (‰ 

VSMOW) 

CSG 1 0.78 96.3 0.02 2.34 0.53 +9.1 n.a. -210.1 

CSG 2 0.38 95.1 0.01 3.98 0.57 +6.2 -50.9 -216.3 

Seep, Site 2 0.04 3.05 - 77.8 19.1 -9.5 -56.9 -202.8 * 

Seep, Site 3 0.10 3.18 - 77.7 19.0 n.a. -50.1 -210.2 * 

Note: *Data needs to be treated with caution as gas sample in the canister was below atmospheric pressure at time of hydrogen  

analyses. Pressure drops below atmospheric pressure cause isotopic fractionation to occur.  

n.a. : not available, in part due to a lack of sufficient gas pressure or concentration in the sample container.  

Variations in the concentration of CH4, CO2 and nitrogen for the two CSG samples (CSG 1 and CSG 2 in Table 
3.1) are typical of those obtained from Surat Basin coal in general and are influenced by variations in the 
inherent CSG properties (Golding et al., 2013, Hamilton et al., 2015, Hamilton et al., 2014). Some of the 
variations in gas composition that can occur are due to a myriad of factors such as: coal type, coal rank 
(thermal maturity due to burial), presence of intrusive volcanics (contact zones have localised high CO2), 
fracture/cleat system (permeability to gases and formation water flow), connectivity to meteoric water and 
nutrients (possibility for microbes to thrive), stratigraphy, outcropping at basin margins, gas fractionation 
(depending on the stage of coal desorption, i.e. CH4 vs CO2 have different coal diffusion/absorption 
coefficients) as well as variations in gas sampling (e.g. air contamination, leaks, sample container stability, 
etc.). For most CSG samples the dominant gases are methane, carbon dioxide and nitrogen, with the 
concentration of CO2 mostly below 1 %. In the case of samples CSG1 and CSG 2, there are also traces of 
ethane (C2H6). Biogenically derived gases (marsh gas, biogas, sewage treatment plant, anaerobic digester 
gas, some CSG) which are strongly dominated by methanogenesis produce CH4 and CO2 almost exclusively; 
however there can be traces of ethane but usually no detectable heavy hydrocarbons and the CO2 is usually 
in significant proportions (~10-30 %). Many of the samples can have variable amounts of nitrogen, largely 
due to air contamination during sampling but a representative CSG sample from the Surat Basin with 
minimal air contamination typically has nitrogen in the ~2-3 % range or lower (Hamilton et al., 2014). 

In contrast to the Surat Basin CSG samples, the bulk molecular composition for the gas samples from the 
Surat Basin seeps (Site 2 and Site 3) are dominated by atmospheric ratios (high O2+Ar, high N2, low CO2) 
found normally in air, over-printing the CH4 escaping from the ground. This is largely due to these samples 
being collected in surface flux chambers (see Section 3.2.4) which often results in high levels of air being 
entrained with the sample. 

The molecular and isotopic values of the samples when used in conjunction sometimes allow a chemical 
signature to be developed, which may allow some degree of source contribution to be made.  

Carbon isotopic compositions of CH4 in the CSG gas samples range from ~-50 to -60 ‰ (Table 3.1). 
Traditionally, δ13C values of CH4 less than -55 to -60 ‰ are regarded as indicative of biogenic origin (Hunt, 
1979, Burruss and Laughrey, 2010, Stopler et al., 2014), however, biogenic methane derived from 
carbonate reduction can have isotopic values ranging from less than -100 to -39‰ (Jenden, 1986, 1988; 
Valentine, D.L., 2011, Strapoc et al., 2011) indicating that biogenic and thermogenic methane cannot be 
necessarily distinguished from each other on the basis of δ13C CH4 values alone (Scott et al., 1994). 
Additionally, oxidation of CH4 by aerobic or anaerobic bacteria selectively removes 12C, thus shifting toward 
more positive values (Whiticar et al., 1986). However, the combination of the δ13C and δ2H data for CH4 in a 
cross-plot generally provides greater insight into their origins (Whiticar, 1999, Golding et al., 2013). As 
shown in Figure 2.1 the results shown in Table 3.1 would plot in the early mature thermogenic field, close 
to the transition area. 

In contrast, gas produced in a feedlot, anaerobic digester, freshwater swamp and landfill (Table 3.2) all 
utilise bacterial methyl-type fermentation. The carbon isotopic compositions of the CH4 generated ranges 
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from -49 ‰ to -53 ‰ which is outside the generally accepted carbon isotope values for biogenic methane 
(i.e. <50 ‰; Schoell, 1980, 1988). However biogenic CH4  can have a wide range in δ13C values (-40 ‰ to - 
110 ‰) depending on the isotopic composition of the original substrate, partial pressure of hydrogen in the 
system, the methanogenic pathways and the species of methanogens involved (e.g. Games and Hayes, 
1978; Jenden and Kaplan, 1986; Valentine et al., 2004; Conrad, 2005). The hydrogen isotopic composition 
of CH4 generated from the samples ranges from -341 ‰ to -255 ‰. Taken together with carbon isotope 
values of CH4, the feedlot and anaerobic digestor values are generally consistent with bacterial origins and 
methyl type fermentation (Figure 2.1); while the freshwater swamp and landfill values plot in the mix and 
transition area. 

 
Table 3.2. Examples of carbon and hydrogen isotopic composition of gas from various sources measured in the 
CSIRO Geochemistry Laboratory. 

 

Sample δ13C CO2 δ13C CH4 δ13C C2H6 δ13C C3H8 δ13C δ2H CH4 δ2H C2H6 δ2H C3H8 

 (‰ (‰ (‰ (‰ nC4H10 (‰ (‰ (‰ 
 VPDB) VPDB) VPDB) VPDB) (‰ VSMOW) VSMOW) VSMOW) 
     VPDB)    

CSG, NSW +25.3 -52.8 -29.1 -25.0 -22.1 -247.6 -202.4 -150.2 * 

Feedlot biogas, +4.4 -49.0 - - - -341.0   

QLD         

Anaerobic +10.4 -49.7 - - - -326.2   

digester, NSW         

Commercial -2.2 -39.4 -30.9 -29.1 -29.5    
natural gas,         
NSW         

Commercial - - -34.6 -31.7 -    

LPG, NSW         

Freshwater -10.4 -51.2 - - - -258.6 - - 
swamp , NSW         

Landfill, NSW +16.4 -53.0 - - - -255.2 - - 

Note: *Data needs to be treated with caution as gas sample was below atmospheric pressure at time of hydrogen analyses.  

During bacterial CO2 reduction, the formation water supplies the hydrogen, whereas during fermentation, 
up to three quarters of the hydrogen comes directly from methyl groups in the coal, which is already 
depleted in the heavier deuterium atoms. Most Surat basin coal samples have hydrogen isotope values - 
220 to -200 ‰ VSMOW, hence would sit squarely in the mixed gas portion of the carbon vs hydrogen 
isotope plot (i.e. mixture of thermogenic and biogenic gases from CO2 reduction) (Golding et al., 2013, 
Strapoc et al., 2011)). 

In summary, the Surat Basin CSG and seep samples are considered to have mixed source inputs from early 
mature thermogenic methane gas from the coal matrix mixed with some bacterial CO2 reduction generated 
methane; classification is based on the combination of molecular, carbon and hydrogen isotopes (Hamilton, 
et al., 2014). Eastern Australian basin studies where coals locally contain more than 90 volume % CO2 show 
that coal bed and natural gases with CO2  contents greater than 10 vol % exhibit a narrow range of δ13C – 
CO2 values between -3 and -10 ‰, and are derived largely from inorganic sources (Golding et al., 2013). For 
the sample from Site 2, the CO2 value of -9.5 ‰ is indicative of an inorganic CO2 input. 
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3.2.2   MOBILE SURVEYS 
 

Surveys were made in the region of the Surat Basin generally between Dalby in the east and Roma to the 

west, roughly within the 350  200 km area shown in Figure 3.2. The total area of the survey region was 

approximately 70,000 km2 and included the major CSG production areas of the Surat. Mobile monitoring 
was conducted on public and private roads over seven separate field campaigns between January 2013 and 
July 2014, covering a total distance of more than 7,000 km along the routes shown in Figure 3.2. Many of 
these roads were traversed on numerous occasions to provide an indication of the temporal variation in 
the concentrations measured. 

 

Figure 3.2. Survey area showing a composite of all routes travelled during the mobile surveys (red lines). 
 

The methane concentrations measured over most the survey area were generally around background 
ambient levels, averaging between about 1.75 and 1.80 (dry basis), depending on the season. Carbon 
dioxide concentrations were also often measured during these surveys; however, the results were 
frequently affected by vehicle exhaust from traffic on the survey roads. Carbon dioxide concentrations are 
also likely to vary widely due to diurnal and seasonal variation in CO2  flux associated with vegetation 
(Hutley et al., 2005). Although elevated ambient CO2 concentrations have been suggested as an indicator of 
CSG related fugitive emissions (Maher et al., 2014), this seems unlikely given that CSG produced in this 
region contains less than 1 % CO2  (Hamilton et al., 2014). 

A summary of ambient CH4 concentration data measured between Jan 2013 and July 2014 is plotted in 
Figure 3.3. The two July surveys were made between the 8th and 10th July (Jul 2014 a) and 21st to 24th (July 
2014 b).The data are presented as box plots showing the median, 25th and 75th percentiles, minimum and 
maximum for each data set. Given the wide range of concentrations measured during these surveys the 

Roma 

Chinchilla 

Dalby 
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median is considered to be the more representative ‘average’ because it is less affected by extreme values 
than the mean. Note also, the datasets have been filtered to include only data collected when the vehicle 
was travelling at greater than 0.5 m s-1. This was to eliminate the contribution from flux chamber 
measurements where the methane concentration was measured inside the chamber rather than ambient 
air. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3. Summary of CH4 concentration data made during four surveys within the study region. Data are 
presented on a dry basis. 

 

The results shown in Figure 3.3 are reported on a dry basis, i.e. corrected for atmospheric moisture content 
to allow comparison of data measured under different levels of humidity. These measurements were made 
when the Picarro analyser was operating in the ‘three gas’ mode where CH4, CO2 and water were analysed 
concurrently. The instrument was also operated in ‘CH4 locator’ mode on many occasions to increase the 
speed of data acquisition. However, in this mode moisture is not measured hence dry basis data are not 
determined. Surveys made in this mode are not included in the data presented in Figure 3.3.  

The median CH4 concentrations varied between about 1.75 and 1.80 ppm. Some of the observed variability 
may be due to differences in the routes driven during each survey; however, most of the observed variation 
is likely to be due to normal seasonal effects where higher CH4 concentrations occur during the winter 
months. The median CH4 concentrations are consistent with ambient measurements made at the CSIRO 
Cape Ferguson monitoring station in northern Queensland (location 19.28ºS, 147.05ºE). A comparison of 
the survey data and monthly averages measured at Cape Ferguson during the same periods as the surveys 
is shown in Table 3.3 (World Data Center for Greenhouse Gases,  2015). 

 
Table 3.3. Median CH4 concentrations (dry basis) measured during four surveys. 

 

Survey Median CH4 

Concentration 
(ppm, dry basis) 

Cape Ferguson CH4 

Concentration (ppm, dry 
basis) 

Difference (%) 

Jan 2013 1.7470 1.7530 0.30 

Mar 2014 1.7649 1.7640 -0.05 

Jul 2014 a 1.7961 1.7979 0.10 

Jul 2014 b 1.8026 1.7979 -0.26 

max = 18.39 ppm 
 

max = 12.40 ppm 
 

max = 8.72 ppm 

1.90 
max = 8.27 ppm 
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1.80 

1.75 

1.70 
Jan 2013 Mar 2014 Jul 2014 (a) Jul 2014 (b) 

C
H

4 
C

o
n

ce
n

tr
at

io
n 

(p
p

m
, d

ry
 b

as
is

) 



Characterisation of Regional Fluxes of Methane in the Surat Basin, Queensland  | 19  

Although these data show that overall methane concentrations throughout the survey region were close to 
background levels, there were numerous occasions where elevated methane concentrations were 
detected. These ranged from less than 20 ppb above ambient to almost 20 ppm above background. While 
there are no exposure limits set for methane, it is classified as a ‘simple asphyxiant’ meaning that high 
concentrations will reduce the oxygen content of the atmosphere to below 18 % (NOHSC, 2001). The lower 
explosive limit of CH4 is approximately 5 % (50,000 ppm) so it is unlikely that any ambient CH4 

concentrations measured during these surveys pose any human health or safety risks.  

The range of elevated CH4  concentrations detected during the surveys varied substantially depending on 
the time of day (higher levels are generally encountered during the early morning due to low mixing 
conditions in the near surface boundary layer) and prevailing wind conditions. This effect often resulted in 
significantly different ambient CH4 concentrations being measured for the same region at different times of 
the day. Similar effects have been reported for surveys conducted in the same region by Iverach et al. 
(2014) who described some of the complexities of attempting to attribute sources of CH4 based on ambient 
concentration measurements. 

Some examples of the mobile surveys are shown in Figure 3.4 where the ambient CH4 concentration is 
plotted in relation to the vehicle position. The location and source of some the elevated concentrations are 
also marked in Figure 3.4. The CH4 sources are discussed in more detail in the following sections. 
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Figure 3.4. Some examples of the data obtained during mobile surveys in the study region, with sources of elevated 
CH4 levels identified. Top – route driven during January 2013; middle – route driven during March 2014 

(accompanied by UNSW and RHUL researchers); bottom – route driven during July 2014. 
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3.2.2 CATTLE AND OTHER BIOGENIC SOURCES 
 

One of the most common sources of methane detected during the mobile surveys was cattle grazing near 
the edge of the road. During the March 2014 survey, CH4 emissions from cattle were also recorded by the 
teams from UNSW Australia (Bryce Kelly and Charlotte Iverach) and Royal Holloway, University of London 
(Dave Lowry, Rebecca Fisher and James France). Cattle emissions from feedlots and individual animals were 
observed at many locations throughout the other surveys made during the study period.  

The CH4 concentrations associated with cattle depended on the proximity to and number of cows and the 
prevailing wind conditions. In one case, where the vehicle was driven slowly within a few metres of cattle 
on an unfenced roadside and under essentially still conditions, the measured concentration was more than 
10 ppm. Usually, however, CH4 concentrations from individual cattle were much lower. A typical example of 
the measured CH4 concentration profile encountered in the vicinity of cattle is shown in Figure 3.5. 

 

Figure 3.5. Methane concentration (dry basis) profile near grazing cattle and a large cattle feedlot (the CSIRO data 
used in this plot were initially processed by Bryce Kelly of UNSW). Maximum plume concentration was 0.64 ppm 

greater than background atmospheric methane concentration of 1.77ppm. 
 

In this example, which was measured at the same time as the UNSW and RHUL researchers, cattle grazing 
in a paddock within about 50 m of the road resulted in several CH4 peaks up to about 1.83 ppm (i.e. about 
0.07 ppm above ambient). Figure 3.5 also shows the emission profile from a large cattle feedlot located 
south east of Dalby. Here, a broad plume with a peak CH4 concentration of about 2.4 ppm was measured 
about 1,000 m downwind of the feedlot. McGinn et al. (2008) estimated average CH4 emissions from a 

cattle feedlot in this region of Queensland to be equivalent to 166  90 g CH4 day-1 animal-1. Assuming that 
this feedlot was operating at its maximum capacity of 26,500 head of cattle (JBS, 2014), the total CH4 

emission rate from the facility is equivalent to approximately 4,400 kg of CH4 day-1 or about 4,500 L min-1. 

On another occasion a CH4 plume about 600 m wide and a peak concentration of 7.8 ppm was detected 
about 700 m downwind of another large cattle feedlot in the region.  

South eastern Queensland is a major cattle producing region and consequently there are numerous 
intensive feedlots operating within the study area. Figure 3.6 shows the location of many of these feedlots 

Background 1.77 ppm 

2.41 ppm 

2.30 ppm 
Cattle Feedlot 

Peaks due to grazing cattle 2.25 ppm 

1.83 ppm 
1.81 ppm 1.83 ppm 

1.79 ppm 
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(DAFF, 2014). Although the size of feedlots varies considerably (the example shown in Figure 3.5 is probably 
among the largest) these facilities nevertheless represent significant sources of CH4 throughout the region. 

 

Figure 3.6. Cattle feedlots, shown as red diamonds, within the study region (map generated from 
http://wali.daff.qld.gov.au on 10 Nov 2014). The location of the feedlot shown in Figure 3.3 is marked on the map 

by the red circle. © State of Queensland (Department of Agriculture, Fisheries and Forestry). 
 

Other biogenic sources included irrigation ponds and natural water bodies (Figure 3.7). In the example 
plotted in Figure 3.7, there is a significant increase in CH4 concentration adjacent to a water storage 
impoundment and near the Condamine River. Although there are a number of well known CH4  seepage 
sites along parts of the Condamine River that are believed to be derived from geological sources (Sherman 
et al., 2014), these are located much further downstream of the location shown in Figure 3.7. It is probable 
that the CH4 measured at this location was produced by anaerobic microbial activity in the river. This tends 
to be supported by measurements of 13CH4 in gas bubbles collected from upstream of the Condamine weir 

(Iverach et al., 2014). Keeling plots derived from measurements made at this site yielded 13CH4 of -60 ‰ 
relative to Vienna Pee Dee belemnite (VPDB). While this is consistent with that associated with CH 4 derived 
from wetlands, it could also indicate a mixed CSG-aquatic system source. This ambiguity tends to highlight 
the difficulty of attributing CH4 sources based on 13CH4 alone. 

Mobile ground surveys in the vicinity of the documented river CH4 seep sites were not made during Phase 2 
of this project because the land adjacent to the river seeps is privately owned; however, a separate study 
has determined that the total CH4 flux from these sites is about 700 L min-1 (Sherman et al., 2014). Airborne 
surveys were made over the river seeps during July 2014 as described in Section 5.  

Chinchilla 

Dalby 

http://wali.daff.qld.gov.au/
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Figure 3.7. An example of CH4 detected near irrigation facilities and the Condamine River with a peak concentration 
about 0.23 ppm above the natural atmospheric background level of 1.77 ppm. 

 

Another occasional source of CH4 was found to be bushfires. Bushfires are a significant source of CH4 and it 
has been estimated that they contribute as much as 1502 Gg y-1 in south eastern Australia (Wang and 
Bentley, 2002). During July 2014, a fire was burning near Chinchilla, probably as a result of hazard reduction 
activities ahead of the bushfire season. Methane levels of up to several ppm above ambient were detected 
when driving through the smoke plume. 

Finally, landfills and sewerage treatment plants near population centres are also sources of CH4. There are 
numerous such facilities throughout the Surat, although it is expected that overall these would contribute 
relatively minor amounts of CH4 compared to other sources within the region. During these surveys made 
as part of this study, elevated CH4 concentrations were detected at landfill sites near Dalby and Macalister. 
At the Macalister site, a maximum CH4 concentration of 2.4 ppm was recorded within 50 m of the tipping 
area. 

 
3.2.3 CSG INFRASTRUCTURE 

Some CSG facilities were found to be sources of CH4 emissions. Occasionally slight perturbations in CH4 

concentrations were detected downwind of CSG wells located near roads. For example, a plume about 
70 m wide with a maximum concentration of 1.82 ppm (i.e. 0.07 ppm enhancement above background) 
was detected about 100 m from a well located in a paddock. 

Coal seam gas wells are likely to represent spatially distributed potential sources of CH 4 across large areas 
of the Surat Basin because of the large number of wells currently in operation and the expected increase in 
production over the coming years. Many of these wells are visible from public roads and the survey vehicle 
was driven past numerous CSG wells during the course of the project. Mostly, little or no CH4 was detected 
from wells during these ‘drive-bys’. This was because in many cases the wind direction was unfavourable 
(i.e. moving any plume away from the vehicle) but even under favourable wind conditions, CH4 levels were 
low. On a few occasions, slightly elevated CH4 concentrations of a few tens of ppb above background were 
observed when passing CSG wells within about 100 m of the road thus indicating that CH4 was being 
emitted from these wells. Mostly, however, no CH4 plume was detected downwind of CSG wells. Since 
many of these wells were several hundred metres from the road it is possible that any CH4 emission 
occurring on the pad was too low to be detected at this distance. Closer monitoring would be required to 
confirm whether or not CH4 was being released from these more distant wells. 

Peak ~2 ppm CH4 

1000 m 
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To specifically examine the contribution of CSG wells to regional CH4 emissions, we made a number 
traverses near a gas field west of Dalby in conjunction with researchers from the University of NSW and 
Royal Holloway University of London in March 2014. On this occasion, surveys were made along roads that 

enclosed a region about 10  10 km square containing around 100 CSG wells (Figure 3.8). Measurements 
were made during the morning over about three hours between 7 am and 10 am with a wind generally 
from the north east at between 1.5 to 3.5 m s-1. 

As shown in Figure 3.8, CH4 concentrations within the region were relatively constant and consistent with 
background levels, although there were several small peaks observed. Two of these peaks were from the 
exhaust of the vehicle while parked but there were two others on the eastern leg of the traverse. In both 
cases the CH4 enhancement was approximately 50 to 60 ppb but did not appear to be derived from CSG 
operations within the survey area. One of these was a broad peak with a maximum concentration of 1.82 
ppm. This may have been due to microbial activity occurring in the wetland within the Broadwater reserve. 
Another narrower peak of 1.83 ppm was also observed but in this case the source was not apparent since 
there were no CSG wells or other identifiable sources immediately upwind of the peak, although there 
were cattle in the region which may have been the source. 

 

Figure 3.8. Methane concentration (dry basis) profile measure around CSG wells near Dalby. 
 

Although mobile surveys did not locate significant emissions from CSG wells, it is nevertheless likely that 
wells do contribute to overall emissions in the region. Recent research (Day et al., 2014) has shown that 
most wells (albeit within a small sample of 43 wells) were emitting CH4 to some extent. These emissions 
were found to be derived from equipment leaks, operation of vents and pneumatic equipment and exhaust 
from engines used to power dewatering pumps. Overall, the average emission rate from the 43 wells 
examined in that study was around 3.2 g CH4 min-1 (~5 L min-1); however, there was a wide range of 
emissions. Emissions from the CSG wells examined ranged from zero to 44 g min-1 (67 L min-1). It is probable 
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that these relatively low emission rates would be difficult to detect during mobile surveys made several 
hundred metres or more downwind of the wells. 

In addition to wells, high point vents were also found to be sources of methane within the study region. 
These vents are installed on water gathering networks to prevent gas locks from forming in the pipeline 
system and are designed to periodically vent gas to the atmosphere. During this study we noted a number 
of high point vents releasing gas which was indicated by the occasional audible ‘puff’ as the valves 
actuated. On one occasion when the vehicle was parked about 10 m from a vent, a CH4 peak of 5.8 ppm 
was measured immediately after the vent operated (see Figure 6.12 in Section 6).  

Other sources of CH4 associated with CSG production that resulted in elevated ambient CH4 concentrations 
were gas compression plants and water treatment facilities, which are distributed throughout the gas 
fields. An example of the CH4 concentration profile along the Kogan-Condamine Road plotted as a function 
of the vehicle position is shown in Figure 3.9. This particular profile was measured during the early morning 
during the September 2013 field campaign. 

 

Figure 3.9. CH4 concentration profile on Kogan-Condamine Road. The scale of the CH4 trace in this figure has been 
expanded to illustrate the location of the plumes detected; the maximum concentration detected was less than 

0.35 ppm above the background concentration of approximately 1.76 ppm. 
 

A number of distinct plumes were identified during the traverses, two of which (Plumes 4 and 5 in Figure 
3.9) were from two gas compression plants adjacent to the road. Both gas plants yielded double plumes 
with the larger peak in each case from the gas processing plant itself with a second smaller plume 
apparently derived from adjacent water treatment facilities. In the case of Gas Plant 1, there are a number 
of CSG wells upwind of the facility so some of the CH4 in the plume detected during the traverse may have 
originated from these wells. The maximum concentration enhancement in these plumes was about 0.35 
ppm above the background. 

Emissions from gas processing facilities are not unexpected since they are known to emit CH 4 through vents 
and gas-actuated pneumatic devices (Clearstone Engineering, 2002). The engines that drive the 
compressors are also normally fuelled by CSG so it is probable that some unburnt CH4  may be emitted in 
the exhaust. Water treatment plants and holding ponds are also likely to be sources as CH4 degasses from 
the water. A recent study of CSG emissions in the Surat Basin also found elevated concentrations of CH 4 in 
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the vicinity of CSG infrastructure (Maher et al., 2014). Like the current GISERA study, the Maher et al. work 
was based on mobile surveys that were made on a route similar to that driven during the current study.  

Several other CH4 plumes besides those from the processing plants were detected during these traverses 
which are shown in Figure 3.9. The first (Plume 1) was about 4 km wide with a peak CH4 enhancement of 
0.07 ppm but the source of the methane is unclear. It may have originated from a number of leaking 
abandoned boreholes in the region that were found to be sources of CH4 (see below) but other, as yet, 
unidentified sources may have also contributed. Plume 2 was from a small ground-level source adjacent to 
the road, also probably an old borehole. Plume 3 was most likely from at a cattle feedlot located about 7.5 
km upwind. The other two plumes (4 and 5) were from two gas compression plants and associated water 
treatment facilities. 

During an initial traverse made during January 2013, only one plume was detected along this road which 
was attributed to Gas Plant 1, whereas in subsequent traverses, other sources were apparent. The reason 
for the absence of elevated methane levels during the January is probably related to the very hot 
conditions (T > 35 °C) at the time of the traverse. Under these conditions atmospheric mixing is high and 
consequently ambient CH4 concentrations near the source are much lower than under more the stable 
conditions encountered during the September traverses. 

 

3.2.3.1 Estimation of CH4  Emissions Rates 

The variation in the measured concentration of CH4 illustrates the potential problems with attempting to 
assess the level of emissions by concentration data alone. It is more useful to report the emission rates 
from the sources. We therefore attempted to quantify the emissions from the sources detected on the 
Kogan-Condamine Road during an experiment conducted during September 2013. A number of traverses 
were made over two days along this road during the first two to three hours after sunrise when the mixing 
height was relatively low and ground level concentrations are enhanced. Due to the formation of a 
nocturnal inversion and the associated stable atmospheric conditions at the times of the traverses, it was 
necessary to estimate wind speed at higher levels than possible with the roof mounted anemometer. This 
was achieved by periodically releasing a helium-filled balloon and timing the duration of travel between 
two points about 200 m apart after the balloon had risen about 50-70 m above the ground. The direction of 
the balloon travel was also noted. Wind speed and direction were reasonably constant above tree height 
(~20 m). Background CH4 concentrations were measured along the Leichhardt and Warrego Highways, 
upwind of the CH4 sources examined. 

Data from these traverses were used to estimate CH4 emission rates from the two gas compression plants 
and the cattle feedlot using the general approach described in Section 2.1. However, because this 
methodology requires knowledge of the downwind distance from the emission source, we were unable to 
estimate the emission rate associated with Plume 1 because the location of the source was not known.  
Plume 2 was apparently from a ground based seep next to the road but the source appeared to be on both 
sides of the road. Hence the traverse passed through the centre of the emission source so downwind 
traverses could not be applied in this case. The emission rate from this source was estimated separately 
using surface flux chambers as discussed later in this report.  

The emission rates estimated for the two gas processing facilities and feedlot are summarised in Table 3.4. 
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Table 3.4. Emission rate estimates derived from plume traverses along the Kogan-Condamine Road during 
September 2013. 

 
4 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

During the Day 1 traverses, the plumes from the two gas plants were not fully resolved probably due to the 
low wind speed of about 1 m s-1 and hence the emission rate is shown combined for both plants. Assuming 
that the plants each contribute half the emissions, the emission flux from each plant is equivalent to about 
820 kg CH4 day-1. This is in reasonable agreement with the results obtained during Day 2 of 850 and 650 kg 
CH4 y-1 for Gas Plants 1 and 2, respectively. 

The feedlot emissions were estimated to be 2300 kg CH4 day-1 during the Day 1 traverses but only about 
half this figure on Day 2. While it is possible that the wide variation in these results was due to changes in 
the feedlot’s operation (e.g. large changes in cattle population), it seems more likely that the variability is 
the result of the inherent uncertainty associated with the ground level traversing methodology used to 
estimate these emissions. 

Although the ground level traverses provided an accurate measure of the CH4 concentration profile in the 
horizontal plane of the plumes, the vertical extent had to be estimated based on knowledge of plume 
dispersion characteristics. Under some conditions, ground level plume measurement can provide accurate 
emission estimates. For instance, Loh et al. (2009) applied the method to measure emissions from a 
controlled release experiment to generally within 10 % of the actual emission rate. Humphries et al. (2012) 
reported uncertainties of 3 % for a similar experiment using a network of fixed monitors located around a 
controlled release of CH4. In a previous study of fugitive emissions from individual CSG wells, we used near 
field vehicle traverses (i.e. within 50 m of the source) to estimated emissions rates where controlled release 
experiments yielded uncertainties of around 30 % (Day et al., 2014).  

However, all of these studies were made at much smaller scales where the plume rise was relatively small. 
In the measurements made on the Kogan-Condamine Road, the sources were much larger in area and more 
distant. Moreover, the emissions within these sources are likely to be distributed unevenly throughout the 
facility. Consequently there is likely to be a much higher level of uncertainty associated with determining 
the vertical dispersion of the plumes. 

While it is difficult to quantify the uncertainty on these measurements, previous work suggests that the 
uncertainty may be of the order of a factor of two or more. Williams et al. (1994) used ground level 
traverses to estimate CH4 emissions from open-cut coal mines in NSW and Queensland using essentially the 
same technique as used here. They estimated that the uncertainty was about a factor of two. More 
recently, Lilley et al. (2012) used a similar method (among others) to measure greenhouse gas emissions 
from self-heating in spoil at open-cut coal mines. In that case the traversing method yielded emission rates 
that varied by a factor of three. Some of this variability was attributed to seasonal effects, however, it was 
also noted that the largest source of uncertainty lay with determining the plume characteristics.  

Because of the uncertainties associated with these emission rate estimates it is stressed that the data 
presented in Table 3.4 are indicative only and cannot be interpreted as accurate emission rates from these 
facilities. Further work is required to better define the emissions from these sources. The atmospheric ‘top- 

 Source Maximum CH Wind Speed Emissions Rate (kg day-1) 
 Enhancement (ppm) (m s-1)  

Day 1 Gas Plants 
1 and 2 

0.055 1 1650 

 Feedlot 0.15 1 2300 

Day 2 Gas Plant 1 0.36 3.1 850 

 Gas Plant 2 0.40 3.1 650 

 Feedlot 0.065 3.1 1200 
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down’ method using a network of fixed monitoring stations proposed for Phase 3 of this project (see 
Section 6) is likely to significantly reduce the uncertainty of flux estimates for CH4 sources, including major 
CSG infrastructure such as gas processing facilities.  

 
3.2.4  SEEPS 

During the mobile surveys a number of localised CH4 plumes were found that were not directly associated 
with CSG facilities, agriculture or other obvious sources. Many of the peaks detected were minor, with CH 4 

concentration enhancements of only a few tens of ppb. Often when travelling near rivers and creeks small 
CH4 peaks were observed, which as discussed above, were probably due to aquatic microbial activity. Figure 
3.10, for example, shows a small peak with a maximum concentration of 1.77 ppm (i.e. ~20 ppb above 
background) on Charleys Creek near Chinchilla. However, there were numerous occasion when much 
higher methane concentrations were encountered. This is illustrated in Figure 3.10 where three significant 
but narrow peaks were found within a distance of less than 4 km on Greenswamp Road west of Chinchilla. 

Where practical, when such peaks were observed, low speed (<1 m s-1) traverses were made to locate the 
source of CH4. Concentrations in excess of 20 ppm were sometimes observed during these traverses and at 
all locations, CH4 was found to be seeping from the ground surface. In some cases where the wind 
conditions and access were favourable, downwind plume traverses were made to estimate the emission 
rate from these sources using the method described in Section 2.1. 

 
 

 

Figure 3.10. CH4 plumes associated with ground seeps. Peak of 3.28 ppm CH4 is located at seep Site 1 and peak of 
5.32 ppm CH4 is at Site 2 (see Table 3.5). Note that the CH4 concentrations are not corrected for atmospheric 

moisture content because the analyser was operating in ‘locator’ mode. 
 

An example of the results of traverses made at one site (Site 1) is shown in Figure 3.11 where the CH4 

concentration profile of the plume during four individual traverses is plotted as a function of distance 
across the plume. 

5.32 ppm 

3.28 ppm 

1.92 ppm 

Background = 1.75 ppm 

1.77 ppm 
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Figure 3.11. Methane concentration as a function of distance across the plume originating from Site 1. 
 

In this example, measured during September 2013, the plume was reasonably constant in profile with a 
maximum concentration of around 10 ppm and a total width of approximately 100 m. Based on these 
traverses the emission rate from the site was estimated to be 55 g CH4 min-1 or about 80 kg day-1 (Table 
3.5). An earlier set of traverses made during January 2013 yielded an emission rate of about 49 kg day -1, 
which given the inherent uncertainty of this method is reasonable agreement. It is also possible that there 
is some temporal variation in emissions from the site which would also contribute to the difference.  

Traversing measurements were made at two other ground seeps; Site 3 and Site 10 (Table 3.5). Like Site 1, 
Site 3 was also on the side of a public road and plume CH4 concentrations of up to 10 ppm were measured 
about 20 m downwind of the site, yielding an estimated emission rate of more than 100 kg day-1 (Table 
3.5). Site 10, on the other hand, yielded much lower levels of CH4 emissions. Methane was detected within 
10 m of the source but the maximum concentration observed was less than 0.05 ppm (50 ppb) above 
background. The emission rate from Site 10 was estimated to be less than 0.1 kg CH4 day-1. 

Site 10 was on private land and according to the property owner, was the site of an exploration borehole 
drilled about 30 years ago. The property owner also identified two other abandoned coal exploration 
boreholes drilled during the 1980s; however we found no sign of elevated CH4 at either of these locations. 

A number of other known abandoned exploration boreholes were examined at another property. In this 
case the land holder had a detailed map showing the location of individual coal exploration boreholes 
drilled during 2008. These holes have since been covered and the sites rehabilitated. Only one of these sites 
(Site 9) yielded slightly elevated CH4 levels in the vicinity of the hole although we were unable to derive flux 
estimates from the ambient CH4  concentration data in this case (but surface flux measurements were 
made). No CH4 was detected at the other five locations identified as abandoned boreholes.  

Surface flux measurements were made at all of the sites found to be seeping CH4 except Site 10 where thick 
vegetation cover precluded the use of the flux chamber. At Site 1, 50 individual flux chamber 
measurements were made within a 40  80 m area to define the spatial extent of the source. Surface 
emission rates ranged from zero up to 270 g day-1 m-2 with the highest emissions concentrated within an 

area less than 20  20 m square (Figure 3.12). Measurements made at other sites yielded generally similar 
profiles in that emissions were concentrated within a very localised area, sometimes within only a few 
square metres. In all cases, the bulk of the CH4 emissions were centred on a relatively small region as 
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shown in the examples in Figure 3.12 where the surface emission rate is plotted as a function of the x and y 
distance (note the different scales in the vertical axes in each plot).  

 

 

Figure 3.12. Surface emission profiles measured by surface chambers at Site 1(a), Site 2 (b), Site 5 (c), and Site 6 (d). 
Note that the vertical scales vary significantly in each plot. 

 

While surface flux measurements confirmed that CH4 emissions were generally localised at each site, the 
emission intensity varied considerably. At Site 5, for instance, the maximum emission rate was about 100 g 
m-2 day-1 whereas at Site 6, the highest emission rate measured was more than 14,000 g m-2 day-1 (Figure 
3.12). 

The total emission flux from each site was calculated by integrating the data presented in Figure 3.12 across 
the area of measurement; the results are summarised in Table 3.5 along with the emission rates 
determined by plume traverses, where available. 
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Table 3.5. Summary of emission flux results made by the flux chamber and traversing methods at 10 ground surface 
sources. NA means measurements were not made. 

 

Site Location Emission Rate (kg day-1) 

  Traverse Flux Chamber 

Site 1 Jan 2013 26°46'48.51"S, 150°31'20.85"E 48.8 46.6 

Site 1 Sept 2013 26°46'48.51"S, 150°31'20.85"E 79.8 na 

Site 2 26.79670655°S, 150.48894°E na 102 

Site 3 26°48'59.49"S, 150°32'10.90"E 103 61.3 

Site 4 26°52'45.36"S, 150°26'2.39"E na 7.1 

Site 5 26°49'46.15"S, 150°36'9.89"E na 3.7 

Site 6 26°49'53.58"S, 150°37'8.55"E na 51.5 

Site 7 26°53'18.09"S, 150°42'16.88"E na 1.7 

Site 8 26°55'21.92"S, 150°41'57.40"E na 1.0 

Site 9 26°32'44.37"S, 150°14'39.86"E na 0.2 

Site 10 27°01'04.50"S, 150°57'12.26"E 0.1 na 

 

The emission rates estimated from these ground seeps ranged over three orders of magnitude from less 
than 0.1 kg CH4 day-1 at Site 10 up to more than 100 kg CH4 day-1 at Site 2. 

The source of the emissions at most of the sites examined was not immediately apparent since there were 
no surface manifestations associated with the emissions (such as vegetation dieback, discolouration of the 
ground etc.). Gas samples collected from Sites 2 and 3 yielded 13CH4 values of -56.9 ‰ and -50.1 ‰ VPDB, 

respectively (Table 3.1). This compares with 13CH4 value of -50.9 ‰ VPDB measured for a sample of coal 
seam gas collected from a well in this region. The isotopic composition of the gas from Site 3 is very close to 
that of produced CSG tending to confirm its geological origin. However, the sample from Site 2 is somewhat 
depleted in 13C compared to CSG suggesting a stronger biological component. Measurements made by 

Iverach et al. (2014) at Site 2 also yielded a 13CH4 value of about-60 ‰ VPDB. Despite this, however, it 
seems likely that the gas being emitted from these ground seeps was in fact derived from coal seams. An 
informal conversation with a long-term resident in the region confirmed that exploration drilling occurred 
at Site 2 during the 1970s. Moreover, the emission profiles of these sites are consistent with those 
measured at abandoned oil and gas wells in the United States (Etiope et al., 2013), although natural seeps 
have also been found to occur over relatively small regions (Etiope, 2010). The presence of a borehole was 
confirmed at Site 3 when at the end of the measurements we attempted to mark the maximum emission 
point with a metal stake. When driving the stake into the ground, the overlying soil collapsed revealing a 
borehole about 200 mm in diameter. When the hole was cleared the gas flow appeared to increase with a 
discernible breeze at the opening of the hole. 

The reason for relatively light 13CH4 results obtained at Site 2 is unclear. One explanation is that that there 
is a significant amount of biological activity occurring in the subsoil that is enriching the biogenic 
component of CH4 in the gas reaching the surface. However, it is difficult to make a definitive conclusion in 
this regard because of the wide range of isotopic data that have been reported for the region. For instance 
Hamilton et al. (2014) found isotopic ratios in the Walloon coal measures range from -58.5 ‰ to -45.3 ‰ 
which clearly shows that there is a genuine substantial variation in isotopic makeup in the gas within the 
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coal. This therefore makes source attribution on stable carbon isotopes alone difficult. Sherman et al. (2014 
has also noted high levels of variability in isotopic ratios of gas collected from the Condamine River seeps 
which complicates source attribution. When taken together with the other isotopic data the source of the 
gas seems to be similar in origin to other geological sources within the region which tends to support the 
notion that these sites are indeed leaking boreholes. 

Because of the exposed open hole at Site 3, the Queensland Department of Natural Resources and Mines 
capped the hole with concrete about two weeks after the initial flux measurements in accordance with a 
policy to remediate abandoned boreholes (DNRM, 2013). During November 2013 about four weeks after 
the borehole at Site 3 was capped, a follow up visit was made to this site to remeasure surface emissions. 
The results are summarised in Figure 3.13. 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.13. Surface CH4 emission profile at Site 6 before capping (left hand plot) and after the exposed borehole 

was filled with concrete (right hand plot). Units are kg CH4 y-1 m-2.  

The left hand image in Figure 3.13 shows the original measurements where the total flux from the site was 
estimated to be approximately 61 kg CH4 day-1. After the hole had been capped, CH4 emissions continued 
despite the presence of the concrete plug although the profile was substantially altered as shown in the 
right hand image in Figure 3.13. The reduction in emissions from the original hole is clearly evident; 
however, a significant amount of CH4 has bypassed the concrete plug to find alternative routes to the 

surface. Integrating the data yielded an overall emission rate of 14 kg CH4 day-1, i.e. about a quarter of the 
emission rate before capping. 

It is understood that there are many ‘legacy’ boreholes drilled throughout Queensland although the exact 
number is unknown. Since these boreholes were drilled long before GPS was available, their locations are 
often poorly defined, if at all and consequently, they are difficult to locate. In this study leaking boreholes 
were located by their CH4 signature. Most of the boreholes located to date have been in the Chinchilla 
region although it is certain that there are many boreholes spread over large areas of the Surat Basin. Some 
of these may also be leaking and further work is required to fully assess the extent to which legacy 
boreholes are contributing to the overall CH4 emissions in the region. 

While some of the boreholes found during this study individually had significant CH4 emissions, it seems 
likely that many of the legacy boreholes are not leaking. In addition to the 10 sites where CH4 was found to 
be leaking, there were eight others that were identified as old boreholes that showed no signs of CH 4 

leakage. A key challenge is to undertake an audit of legacy boreholes to determine their contribution to the 
region’s CH4 budget. 
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The variation of emissions with time may also be an important aspect. It is not known when the boreholes 
started to emit CH4. It is possible that progressive reduction in the level of groundwater through extraction 
for irrigation or gas production may initiate gas flow that would otherwise not occur with higher water 
levels. The interaction of gas flow and hydrology is an important area of ongoing research. 

 
3.2.5  NATURAL SURFACES 

 

Surface flux chamber measurements were made at a six other locations throughout the study region. These 
sites ranged from dry compacted soil, pasture and moist soil along water courses. A brief description of 
each site is provided below. In addition to these sites, measurements were made at three other locations 
well outside the Surat Basin. These are also described below. 

Site A. Dry largely bare surface in a lightly wooded area next to Greenswamp Road, approximately 
10 km west of Chinchilla; approximate location: -26.798°S, 150.485°E.Thie site was several hundred 
metres west of the seep at Site 2. 

Site B. Grassed surface adjacent to pasture on Greenswamp Road about 500 m east of Charley’s 
Creek; approximate location: -26.773°S, 150.547°E. The ground at this site was moist from recent 
rain. 

Site C. Dry compacted surface along the Chinchilla-Kogan Road. This site was within about 100 m of 
the seep at Site 4; approximate location: -26.879°S, 150.434°E. 

Site D. Dry compacted surfaces within a CSG field. Measurements were made within about 500 m 
of several CSG wells; approximate location -26.955°S, 150.361°E. 

Site E. Sandy beach at the Chinchilla Weir reserve; approximate location -26.801°S, 150.581°E. 

Site F. Sandy bed of the Condamine River about 17 km west of Dalby; approximate location - 
27.122°S, 151.091°E. 

Other Sites. Soil CH4 flux was also measured at Yaegl Nature Reserve on the north coast of NSW 
(approximate location -29.453°S, 153.220737°E), Newcastle Energy Centre (approximate location - 
32.885°S, 151.727693°E) and Girraween National Park (approximate location -28.832°S, 151.938°E). 
Although each of the three sites are quite different, the results have been grouped together since 
only a small number of measurements were made at each site and differences in emissions rates 
between sites could not be discerned. 

Because CH4 fluxes associated with natural surfaces are usually very low, measurements on these surfaces 
were made during this study using only the Picarro system (i.e. not the West Systems portable flux meter 
with much lower sensitivity), which has sufficient sensitivity to measure concentration changes of less than 
a few parts per billion. 

The results of the soil flux measurements from these sites are summarised in Table 3.6.  
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-2 -1 Table 3.6. Summary of soil flux measurements made on natural surfaces. Units are in mg CH4 m   day  . 
 

 Site A Site B Site C Site D Site E Site F Others 

n 3 8 5 5 3 9 8 

Minimum -7.58 -4.19 -1.23 -0.52 1.94 -0.19 -1.00 

25th percentile -3.81 -0.74 -1.06 -0.51 2.22 0.50 -0.59 

Median -0.05 0.26 -1.04 -0.19 2.50 5.76 3.49 

25th percentile 0.81 6.00 -0.25 0.03 3.42 275.89 0.19 

Maximum 1.67 902.73 0.26 0.95 4.35 418.36 62.79 

 

The soil CH4  fluxes measured at these sites were unsurprisingly very much lower than those measured at 
the seep sites described previously. At most sites where moisture was present, slight CH 4 emissions were 
measured. The highest of these (Site B) was on muddy soil immediately adjacent to a large puddle amongst 

a stand of trees, with an emission rate of about 900 mg CH4 m-2 day-1 (cf. > 14,000 g CH4 m-2 day-1 measured 
at the ground seep at Site 2). Methane emissions of up to about 400 mg CH4 m

-2 day-1 were also measured 
on wet sand at the edge of stagnant pool in the Condamine River while somewhat lower emissions were 
found at the water’s edge upstream of the Chinchilla Weir. However, CH4 emissions dropped substantially 
even short distances from the wet areas. It is most likely that these CH4  emissions were a result of 
anaerobic microbial activity within the soil at the time the measurements were made.  

While some of the sample sites with free water were found to be emitting small amounts of CH 4, most of 
the others sites yielded negative emissions, i.e. the soil was consuming CH4 from the atmosphere. This 
phenomenon is the result of certain microorganisms capable of oxidising CH4 in aerated soils. Methane 
uptake rates are dependent upon many factors including type of soil,  temperature, moisture content, level 
of aeration and numerous others (Dalal et al, 2008). Published values therefore vary widely although Dalal 

et al. (2008) suggest that on average CH4 uptake is generally less than 100 g CH4 m
-2 h-1 (2.4 mg CH4 m

-2 

day-1). Kiese et al. (2008) reported a maximum CH4 uptake rate for a Queensland rainforest during the dry 
season of 109 g CH4 m

-2 h-1 (2.6 mg CH4 m
-2 day-1) while Crill (1991) found 4.9 mg CH4 m

-2  day-1  in a 
hardwood forest in the United States. 

Methane uptake rates at these sites ranged from approximately 0.04 to about 7 mg m-2 day-1, which are 
consistent with previous published studies. 

The measurements made at these sites provide a basis for comparison but the spatial distribution is not 
sufficient to provide detailed information on natural sources and sinks in the region. It is however an 
important aspect in relation to overall regional methane fluxes and it is therefore anticipated that further 
surface flux measurements will be made throughout the region during Phase 3 of the project.  
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4 SCIAMACHY Satellite 
 
 
4.1 Instrumentation 

The satellite SCIAMACHY sensor is a passive remote sensing spectrometer acquiring backscattered, 
reflected, transmitted or emitted radiation from the atmosphere and Earth's surface, operating in the 
wavelength range between 240 and 2380 nm (Burrows et al., 1995). The typical footprint of SCIAMACHY is 
30 km (along track) by 60 km (across track) at nadir and the maximum swath width is 960 km. The sensor 
characteristics for SCIAMACHY are tabulated on Table 4.1. Channels 6 and 8 are used for retrieving CH 4 

data, depending on the retrieval algorithm used. 
 

Table 4.1. Spectral configuration of the SCIAMACHY instrument from Gottwald and Bovensmann (2013) 
 

Channel Spectral Range 
(nm) 

Resolution (nm) Spectral Stability 
(nm) 

Operating 
Temperature Range 

    (K) 

1 214 - 334 0.24 0.003 204.5 – 210.5 

2 300 - 412 0.26 0.003 204.0 – 210.0 

3 383 - 628 0.44 0.004 221.8 – 227.8 

4 595 - 812 0.48 0.005 222.9 – 224.3 

5 773 - 1063 0.54 0.005 221.4 – 222.4 

6 971 - 1773 1.48 0.015 197.0 – 203.8 

7 1934 - 2044 0.22 0.003 145.9 – 155.9 

8 2259 - 2386 0.26 0.003 143.5 – 150.0 

9 214 - 334 0.24 0.003 204.5 – 210.5 

 

There is potential for the SCIAMACHY data to be used to understand regional scale impacts, as shown by 
Schneising, et al. (2014) and Kort et al. (2014), where the data were used to highlight underrepresentation 
of emissions values from the fossil-fuel extraction activities in the Bakken and Eagle Ford formations and 
Four Corners region in the USA, respectively. The size of the Surat Basin, at approximately 320,000 km², is 

much smaller than the Four Corners region but with a spatial resolution of 30  60 km, the SCIAMACHY 
image still contains 177 pixels. 

 

4.2 Methane Retrieval Algorithms and Data Used for Analysis 

There have been quite a few algorithms developed for the retrieval of the different trace gases since the 
launch of SCIAMACHY. The ones specific to CH4 include Weighting Function Modified DOAS (WFM-DOAS) 
developed by the Institute for Environmental Physics, University of Bremen (Buchwitz et al., 2000; Buchwitz 
et al., 2005; Buchwitz et al., 2006; Schneising et al., 2009), Iterative Maximum Likelihood Method (IMLM) 
developed by the Space Research Organization Netherlands (SRON) (Gloudemans et al., 2005) and Iterative 
Maximum A Posteriori-DOAS (IMAP-DOAS) developed by the University of Heidelberg (Frankenberg et al., 
2005). 
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The WFM-DOAS and the IMAP-DOAS algorithms rely on channel 6, which is tuned for the 1.65 µm methane 
absorption feature, while the IMLM algorithm uses channel 8, which is tuned for the 2.3 µm CH 4 absorption 
feature (see Table 4.1). 

Most of the data collected over the operational life of the SCIAMACHY have been processed to retrieve the 
column methane using the WFM-DOAS and IMAP-DOAS algorithms and are accessible to the general public. 
These retrieved column methane measurements, available for the time period 2003-2012 for the IMAP- 
DOAS and for 2003-2009 for WFM-DOAS, were acquired for further analysis for this project. Note that the 
latest version of WFM-DOAS (v3.7) covers the time period October 2002 to December 2011. 

The WFM-DOAS methane data product that was used for this study was the level 3 product (version 2.02) 
containing the gridded quality filtered data at monthly time resolution. The monthly data are a composite 
of data flagged as good quality for the calendar month. These data provide the methane column-averaged 
mole fraction at the geolocation of the given grid cell, which is gridded at 0.5° spatial resolution. More 
information on the data products and algorithms used can be obtained from Schneising and Heymann 
(2012). 

The level 3 IMAP-DOAS data (version 6.0) was also used to generate the methane product. Similar to the 
WFM-DOAS, this product also has been filtered for quality and provides the monthly average but was 
gridded at 2° spatial resolution. See Scheepmaker and Frankenberg (2007) for more information on these 
data products. 

 

4.3 Additional Data Analysis 

The analysis conducted on the SCIAMACHY data included calculation of the statistical maximum, minimum, 
mean and standard deviation. These statistics were calculated for each of the monthly average data for the 
areas defined as the Surat Basin and the whole continent of Australia without the Surat Basin. These data 
are intended to be used to determine if a trend can be observed through time for the Surat Basin and to 
compare this trend for the Basin against the rest of Australia. 

 

4.4 Results from SCIAMACHY Data Analysis 

Figure 4.1 shows the column methane product generated using the WFM-DOAS algorithm and produced by 
University of Bremen for the month of October in 2003, while Figure 4.2 shows the methane product 
generated using the IMAP-DOAS algorithm and produced by SRON/JPL for the same month in 2003. The 
outline of the Surat Basin, which was used for extracting the statistics, is shown on Figure 4.1 in the central 
eastern portion of Australia. Generally, the two images (and images of the same month produced from the 
two algorithms) show the same patterns. That is, Northern Australia and areas of population build up 
showing higher levels than Southern Australia. However, there are differences in the absolute column 
methane levels between the two algorithms. 
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Figure 4.1. Total column methane measurement produced using the WFM-DOAS algorithm. The data were gridded 
at 0.5°. The Surat Basin outline can be seen in the central eastern portion of Australia. 
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Figure 4.2. Total column methane measurements produced using the IMAP-DOAS algorithm. The data were gridded 
at 2°. The Surat Basin outline can be seen in the central eastern portion of Australia. 

 

Although the satellite derived column CH4 cannot be directly compared with surface measurements, with 
the WFM-DOAS product it was noted that the minimum values for some of the data such as those on Figure 
4.1 appear to be much lower than those recorded from ground long term monitoring stations (CSIRO 
Oceans and Atmosphere GASLAB). Further analysis including acquiring additional ground validation data 
and processing of available ground validation data to more directly comparable products are required to 
better understand the differences. Additionally, both images show a trend of increasing CH4 concentration 
mapping towards the north of Australia with lower values towards the south. While it is known that CH 4 

concentrations increase towards the tropics in the southern hemisphere (Nisbet, et al., 2014), this effect 
nevertheless warrants further investigation. Further, with the data used for the Surat Basin and continental 
Australia, on closer examination of the WFM-DOAS product, the low values appear to be close to areas 
where no data were gridded, as the data did not meet the quality criteria (more information on the quality 
criteria can be found on Schneising and Heymann (2012)), and hence, there may be a higher level of 
uncertainty related to these data because of this. However, in the context of this study, the absolute values 
of the calculated methane levels are not the prime objective. Rather, the data product values are used as 
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relative indicators and will be used to observe trends over time periods. Therefore, the main statistics that 
may be useful to observe this trend are the averages over the time period of the SCIAMACHY observations.  

These averages are plotted on Figure 4.3 for clarity. It is noted that there appear to be two peaks for the 
Surat Basin averages located on May 2005 and May 2006 on the IMAP-DOAS data. Further examination of 
the data indicates that these are likely to be outliers, as they are at the edge of pixels that were blank, 
meaning that it did not meet the quality criteria for inclusion. The fact that the WFM-DOAS product did not 
replicate these patterns tends to confirms this. 

In addition to the major outliers, there are other differences are observed between the two algorithms. The 
validation work which compared the satellite-derived measurements with ground-based FTIR data (Dils et 
al., 2014) provides an insight into why differences may be observed between the satellite-derived and 
ground observations. Specifically, the results of the Dils et al. (2014) research suggested that all algorithms 
exhibit a level of biases. Additionally, the biases, especially those of WFM-DOAS, are larger: “The 
differences between the algorithms are fairly distinct. Obvious is the far larger scatter in the WFM-DOAS 
data (overall 76 ppb compared to 50 ppb for IMAP)”, from Dils, et al.  (2014). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.3. Mean column CH4 values across the Surat Basin and Australia extracted from data products generated 

using the WFM-DOAS and IMAP-DOAS algorithms. 
 

The investigation of SCIAMACHY data indicates that the data were able to provide an indication of the 
column CH4  trends over time at a regional scale. The statistics show that the satellite-derived average 
trends across the entire Surat Basin was close to the average trends across the rest of Australia for the time 
period analysed (2003-2009). If it is important to track the regional scale trends after the establishment of 
the CSG industry or regional scale impacts, it may be useful to acquire longer term data of this nature.  
Although the SCIAMACHY instrument is no longer operational, there are other sensors that have provided 
continuity to this mission. Some of these are Atmospheric Chemistry Experiment-Fourier Transform 
Spectrometer (ACE-FTS) (http://www.ace.uwaterloo.ca/instruments_acefts.html), Greenhouse gases 
Observing SATellite (GOSAT) (http://www.gosat.nies.go.jp/index_e.html), Atmospheric Infrared Sounder 
(AIRS) (http://disc.sci.gsfc.nasa.gov/AIRS/documentation/airs_instrument_guide.shtml), TROPOspheric 
Monitoring Instrument (TROPOMI) (http://www.tropomi.eu/TROPOMI/Home.html) and Infrared 
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Atmospheric Sounding Interferometer (IASI) (http://wdc.dlr.de/sensors/iasi/). It is possible that some of 
these spaceborne systems could be applied to longer term regional monitoring of the Surat Basin and other 
gas producing regions. However, it must be noted that these data yield regional scale trends and will not 
provide the ability to identify and separate local scale impacts such as the contributions from feedlots 
compared to a gas well, for example. Some sensors such as GOSAT have higher spatial resolutions than the 
SCIAMACHY sensor (10.5 km) but different systems may use different technology and spectral ranges.  
Therefore the combined use of data products from different sensors will require careful harmonisation and 
cross calibration. Additionally, further research and development is necessary to understand the 
uncertainties and constraints in using these data. These include: 

1. Modelling the impacts of complicating factors such as the ground composition, land use, seasonal 
variations, sampling resolution, topography and other interferences such as atmospheric water 
vapour. 

2. Determining the optimal option from the published algorithms for retrieving column methane for 
the Surat Basin. Ultimately, a tailored algorithm may be required, either by adapting the algorithms 
for the environment or developing new methods. This must be undertaken together with the 
acquisition of independent data for the calibration of the model as well as validation of the model. 
This is of course not possible with previous datasets but will be possible with sensors that are 
currently in orbit. The adapted or new algorithms may be transferable to the previous datasets but 
cross calibration studies would be required to validate the results. 

A more detailed discussion of the uncertainties associated with SCIAMACHY is provided in Section 7 of this 
report. 

http://wdc.dlr.de/sensors/iasi/)
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5 ALMA G2 Airborne Survey 
 
 
5.1 Instrumentation 

The ALMA G2 instrumentation is described briefly in Section 2.3.2. More details can be found in the report 
of the Chinchilla trial prepared by the instrument’s operator, Skyline Sensing, which is provided in the 
Appendix. Figure 5.1 shows the ALMA G2 sensor mounted on the underside of the Bell JetRanger helicopter 
used during the trial. 

 

Figure 5.1. Photo showing the ALMA G2 (in circle) mounted on the underside of a Bell JetRanger 206 helicopter. 

 

5.2 Experimental Design 

The experimental setup was designed to test some of the unknowns with the application of the ALMA G2 
instrument to determine the spatial distribution of the background CH4 levels. This is because the ALMA G2 
was designed for the detection of pipeline leakages, that is, peak levels above background, not background. 
The experiment was designed to test: 

1. the detection limit, and the required flying speed to achieve the optimal detection limit, and, 
2. the line spacing required to understand the distribution of an anomalous gas plume. 

To obtain the optimal detection limit, the flying height was set at 30 m. This was determined by advice from 
the instrument developer, who was present during the data acquisition. The flying speed determines the 
detection limit, that is, the lower the flying speed the better the detection limit. However, the low flying 
speed also limits the data acquisition and hence, a practical solution needs to be determined between 
amount of data and detection limit. To explore this, data were acquired several times at different speeds 
along a selected number of flight lines. 

The flight plan was designed to assist in determining the line spacing required to understand the 
distribution of an anomalous gas plume. The flight lines are shown on Figure 5.2 in red. These flight lines 
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were selected based on known locations of seepages from old wells and feedlots identified by the ground- 
based surveys made using a Picarro 2301 cavity ring down spectrometer mounted on a four-wheel drive 
vehicle. The yellow circles in Figure 5.2 denote the locations of previously located CH4 seeps; probably 
leaking abandoned boreholes (see Section 3.2.4). Additionally, the locations of natural seepages along the 
Condamine River were also used to select the flight lines and these are shown by the green polygons. The 
first flight line is drawn directly above the identified seepage locations, after which, additional flight lines 
are added adjacent to the first flight lines. The first four adjacent flight lines were spaced 50 m apart a nd 
the next four 100 m apart. 

 

 

Figure 5.2. Flight lines (in red) across the Chinchilla test area overlaid over a black and white satellite image. The 
yellow circle denotes the locations where leakage from abandoned boreholes has been detected using the ground 
surveys. The green polygons show areas where natural methane seepages have been identified along the 
Condamine River. 

 

5.3 Results 

The initial data provided by the instrument operator consisted of a spreadsheet identifying the locations 
where peaks have been found across the survey area, Google Earth kmz files of the locations of these areas, 
a report documenting the peaks found and a set of ‘raw’ data (see Appendix). The former are standard 
products delivered as part of the service for pipeline inspection work. The latter were additional data 
requested to obtain the complete datasets acquired from the survey necessary to undertake further 
processing. 

Figure 5.3 plots the peak data provided by the data operators. These peaks are plotted as circles with cool 
colours (starting with blue) depicting low column methane values to warm colours (ending with red) 
depicting high column methane values. Note that some of these peaks extend some distance along the 
flight lines but only the start of each peak has been plotted. The values range from the lowest peak 
detected by the ALMA 2 to the highest value. Additional data (beyond the planned flight lines) were 
acquired during the mobilisation of the helicopter to Miles where the aircraft was refuelled. These are 
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located towards the west of Figure 5.3. A number of peaks were identified and on further investigation, 
some of these appear to correspond to possible methane sources such as feedlots and/or water treatment 
plants, which are identified as green stars in Figure 5.3. 

Figure 5.3. Peaks detected from the ALMA G2. Note that the units are ppm*m. The green stars denote locations 
associated with possible methane sources (e.g. feedlots). 

 

Figure 5.4 shows a zoomed in area of Figure 5.3 which included only the track flown for the planned flight 
lines. The peaks (large circles) generally identified areas of high values previously identified by the Picarro 
analyser during ground surveys and also areas of known natural seepages. Note that the colour coding is 
similar to Figure 5.3, that is, cool colours (starting with blue) depicting low column CH4 value detected to 
warm colours (ending with red) depicting high column methane values. The tracks acquired concurrently by 
the Picarro instrument during the airborne survey are also plotted (unbroken line with smaller circles). Note 
that although the same colour legend was used, the ALMA G2 is in different units than the mobile Picarro 
survey (i.e. ppm*m for the ALMA; ppm for the Picarro). Therefore, only relative comparisons can be done 
between these measurements. At this stage, detailed investigation of the relationship between the ground- 
based Picarro measurements and the airborne ALMA G2 measurements has not been undertaken.  
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Figure 5.4. Zoomed in area of Figure 5.3 showing only the planned flight lines. The large circles show the peaks 
detected from the ALMA G2. The methane levels recorded by the ground surveys, which were acquired 
concurrently with the ALMA G2 survey, are plotted with small circles showing a continuous unbroken line. Note 
that although the same colour legends were used, the ALMA G2 and the ground survey results do not have the 
same units.  The ALMA G2’s units are ppm*m and the ground survey ppm. 

 

The survey conducted with the ALMA G2 represents the first time that this system has been tested for use 
to obtain baseline methane values. The standard products delivered provided an indication of the areas 
where peak levels of methane were detected. Many of these peaks correlated to known peaks previously 
indentified using other methods. However, in the context of this study, the aim was to obtain a spatially 
comprehensive image of the distribution of all the CH4 levels and not just the peaks. Therefore, it was 
necessary to negotiate access to all the ‘raw’ data for analysis. This request has not been made previously 
as the data were only ever used to determine ‘hot spot’ areas (i.e. leaks in pipelines). The next stage of 
work that will be undertaken will be to reprocess and analyse these data, specifically focussing on: 

 collation of all the ‘raw’ data, GPS and laser ranger finder data; 

 as data are not all synchronised, it will be necessary to manually aligning the raw data, GPS 
and laser finder data; 

 plot and analyse the raw data to provide a spatial map; and, 
 analysis and further processing to produce the final map. 

It was initially envisaged that the digital camera data may be able to provide extra information, such as 
changes in vegetation that may be related to areas of emissions. Further investigation of these data and 
their acquisition details indicate that it will not be possible to generate quantitative, geo-located data of 
sufficient quality for further analysis. 
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6 Fixed Monitoring Network 
 
 

In this section, we describe the progress to date on the fixed monitoring network for the ‘top-down’ 
atmospheric methods, including the selection of the monitoring sites and establishment of the facilities. 
Some preliminary results are also presented. 

 

6.1 Site Selection for Monitoring Stations 

The selection of monitoring site locations for the Surat Basin CSG field was based on the following: 

• To allow measurement of CH4 concentrations of both the background (air arriving at the Surat 
Basin) and the signal resulting from CH4 emissions in the Surat Basin (total CH4 concentration 
minus background). 

• To optimise the size and frequency of concentration signals from the broader CSG source area 
without being overly influenced by individual sources close to the measurement site. 

• To differentiate as much as possible the emissions from non-CSG sources such as livestock, 
power stations, coal mines, vehicles, biomass burning and cities from CSG sources. 

• To take into account characteristics such as land cover and topography. 
• Practical considerations such as access, power and security. 
• Potential assistance by land owner or operator. 
• Future gas development possibilities which could affect the site. 

Potential CH4 sources in the region include production and exploration wells, produced water, pipes, pumps 
and other infrastructure, processing plants, and sources existing before CSG production, such as seeps and 
agricultural bores and coal exploration wells. 

CSG industry sources were assumed to be represented by the locations of CSG projects (DNRM 2014). The 
likely locations and strength of seeps were based on geological mapping (Gas Migration Region of Interest, 
B. Pinder, Arrow Energy, 2014). This shows a band extending about 300 km along a NW-SE axis and 
between about 30 and 100 km wide, centred approximately on Chinchilla. Other potential CH4 and CO2 

sources related to CSG and to activities unrelated to CSG are also shown.  

The original strategy of having only one measurement site was supplemented with plans for a second site 
to obtain more accurate and frequent downwind-upwind differences. Our experience of monitoring 
elsewhere is that the accuracy of background-subtracted concentrations (that is, the potential emission 
signal) is often limited by poorly quantified background. Measurement of the background is more accurate 
and in the end requires less effort than estimating it by other means (e.g. Luhar et al., 2009; Wilson et al., 
2014). 

A requirement for both measurement sites was to be 10-20 km away from the region of large CSG sources 
in order to integrate emissions across the region. They were also situated away from, or upwind of nearby 
individual sources, so that those emissions are not overly represented. Monitoring within the CSG belt by 
Origin Energy is also planned and measurements from those stations could be incorporated in the 
modelling. Methane measurements will be accurately inter-calibrated so that differences across the region 
(from which emissions are inferred) can be precisely found. 

Two sites were identified on either side of the CSG belt that met many of the above requirements, subject 
to the outcomes of the gas source dispersion modelling described next.  
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6.2 Simulated Concentration Signals 

The first step in identifying possible locations for atmospheric monitoring stations was to analyse the winds 
in the region. The meteorological model TAPM (e.g. Hurley et al., 2005) was used to generate an annual 
wind rose (i.e. a graphical representation of wind speed and direction in the region) for a central location in 
the Surat Basin at Miles. The model predicts the regional and local-scale meteorology such as terrain- 
induced flows and sea breezes given inputs of large-scale synoptic weather analyses, terrain, vegetation, 
etc. It was run for the three years 2011-2013 to generate robust annual and monthly wind roses. The 
annual wind rose in Figure 6.1 shows the predominance of easterly winds with a range from north-north- 
easterlies to east-south-easterlies. There are also periods with south-westerlies but very few winds along 
the main north-west to south-east axis of the Surat CSG region. 
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Figure 6.1. Annual wind rose at Miles derived from TAPM meteorological modelling for the three years 2011-2013. 
 

The monthly break-down of the wind roses in Figure 6.2 shows significant variations in the wind patterns 
during the year. The key features can be seen by categorising them in (mainly) three-month blocks. The 
months from January to April are dominated by winds in a fairly narrow easterly sector. The following three 
months (May to July) have a mixture of roughly equal periods of easterly and south-westerly winds with 
almost no northerly component. Moving into spring (August to October), the north-easterly sector 
dominates the wind roses with a decreasing proportion of south-westerlies. November has a fairly narrow 
range of north-easterly winds, which broadens in December to include more easterlies as the wind roses 
move to the summer pattern dominated by easterlies. 

The key features of this wind rose analysis are: 

• Dominance of winds in the easterly sector 
• Easterly to north-easterly winds significant in all months of the year 
• South-westerly winds significantly from May to August but rare at other times of the year 
• Very few winds along the north-west to south-east axis of the Surat basin CSG fields 
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Figure 6.2. Monthly wind roses at Miles derived from TAPM meteorological modelling for the three years 2011- 
2013. 

 

This wind analysis indicates that the most suitable locations for atmospheric monitoring stations are on the 
south-west and north-east edges of the Surat Basin CSG field. This analysis also shows that having a 
monitoring site on each side of the Basin would ensure that during much of the year, one of the sites would 
be able to provide upwind background measurements of methane concentrations. This would improve 
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interpretation of the measurements from the other downwind site by providing a better estimate of the 
impact of emissions from the region between the two monitoring sites.  

The dispersion modelling was also undertaken using TAPM (Hurley et al., 2005) with the model grid shown 
in Figure 6.3. The grid size is 5 km  5 km. The grid squares shaded green were modelled as sources of CH4 

at an assumed nominal emission rate of 10 L min-1 km-2. This value was based on the ground-based 
monitoring (Section 3) and was used as the best available estimate for undertaking this preliminary 
modelling study. In practice the emission rate will vary from site to site and could differ significantly from 
this estimate. 

Two separate scenarios were modelled – one with emission from grid squares containing an operating CSG 
project, the second including both operating and projected (under development) CSG projects. Both were 
derived from a recent coal seam gas overview for Queensland. The second scenario included emissions 
from all of the green-shaded grid squares in Figure 6.3. Modelling was undertaken for calendar year 2013. 
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Figure 6.3. TAPM model grid overlaid on a Surat Basin CSG resource map (DNRM, 2014). The grid squares shaded 
green were modelled as sources of methane at an assumed emission rate of 10 L min-1 km-2. Two separate scenarios 
were modelled – one with emission from grid squares containing an operating CSG project, the second including 
both operating and projected (under development) CSG projects as given in DNRM (2014). The second scenario 

included emissions from all of the green-shaded grid squares. 
 

Figure 6.4. Modelled annual 99%ile 1-hour average concentrations (above background) due to methane seepage 
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Figure 6.5. Modelled concentration variability ratio due to methane seepage of 10 L min -1 km-2 in areas of current 
CSG operations 

 

Figure 6.4 shows results of the TAPM modelling for nominal emissions from the current CSG operations. 

The modelled region covers an area of 375  345 km, centred just west of Miles. The locations of some 
towns in the region are shown by labelled diamonds. The coloured shading shows the modelled 99th 
percentile 1-hour average concentrations of CH4 in ppb for the nominal emission rate of 10 L min-1  km-2 

from the grid squares containing a black dot. The results do not include the background methane 
concentration of 1780 ppb. Also shown are the locations of the two selected atmospheric monitoring sites: 
Site #1 – Ironbark, and GHG Site #2 (yet to be installed). As shown in more detail later (Figures 6.10 and 
6.11), both sites are away from individual sources and measure the impact of emissions from a range of 
source areas. 

Depending on the winds, the measured CH4 concentrations at the monitoring sites will vary depending on 
what sources are in the upwind trajectory. A measure of this variability is given by the ratio of the 99th 
percentile to the average concentrations shown in Figure 6.5. The average ratio is about 10. It is lower at 
Ironbark than at GHG Site #2 because of the more frequent winds in the easterly sector, which means that 
Ironbark is impacted more often by the modelled methane emissions.  

Results for the second scenario with modelled emissions from both current and projected CSG areas are 
shown in Figure 6.6 and Figure 6.7. With the increase in the number of modelled emission sources, the 99th 
percentile concentrations at the monitoring sites are about double those from the first scenario (only 
current operating regions) and the impacted region is much larger. This impact is seen more clearly in the 
change in the modelled cumulative frequency distribution of concentrations at Ironbark in Figure 6.8, which 
shows the percentage of time that the concentration is below the value shown on the x-axis. These results 
show that the monitoring sites would be well placed to detect any significant increase in emissions related 
to the expansion in CSG operations in the Surat. 
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Figure 6.6.Modelled annual 99%ile 1-hour average concentrations due to methane seepage of 10 L min-1 km-2 in 
areas of current & projected CSG operations 
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Figure 6.7. Modelled concentration variability ratio due to methane seepage of 10 L  min-1 km-2 in areas of current 
and projected CSG operations 

 

 

Figure 6.8. Annual cumulative frequency distribution of modelled concentrations at Ironbark monitoring site #1. 
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Figure 6.9. Simulated time series of absolute difference between Ironbark and GHG Site #2 concentrations for 
modelled year 2013. 

 

The time series of the absolute difference between the modelled concentrations at the two sites is shown 
in Figure 6.9. This could be considered to represent an idealised case with one of the monitoring sites 
upwind and the other downwind for many of the hours of the year. The lower concentrations from January 
to March are related to the higher winds speeds (and hence greater atmospheric mixing) seen in the 
monthly wind roses in Figure 6.2. 

These exploratory simulations for identifying fixed monitoring sites included nominal emission rates from 
regions with current or proposed CSG projects, but not detailed information about sources such as gas 
treatment or compression plants or power stations. 

An estimate of the impact of methane emissions from Brisbane and Toowoomba was made using the above 
modelling system. The methane emissions were based on information in the South East Queensland Air 
Emissions Inventory (Queensland EPA, 2004), which showed the largest non-industrial source to be landfill 
emissions. Scaling these based on population, the CH4 emission rate for Greater Brisbane was estimated to 
be 545 g s-1 and for Toowoomba 38 g s-1. The impact of the Greater Brisbane emissions at the two 
monitoring sites was a 99th percentile concentration of about 4 ppb, whereas the Toowoomba impact was 
less than 0.1 ppb. These impacts are small and would occur relatively infrequently, as seen by the wind 
roses in Figure 6.2, which show a low frequency of south-easterly winds. 

The above plots show the modelled concentration across the Surat region. Information about what sources 
the monitoring sites ‘see’ is given in Figures 6.10 and 6.11. These show the upwind footprints for each of 
the monitoring sites. The coloured shading shows the relative contribution of the various sources to the 
annual average concentration at the monitoring site. At Ironbark, the sources to the east and north-east 
make the largest contributions but there is some impact from sources up to 100 km away. The upwind 
footprint is different at GHG Site #2 with a slightly different group of sources making the largest 
contribution to the annual averages. The footprints show that some potential seepage areas may also be 
monitored by Ironbark and Site #2. These figures indicate the potential of the proposed inverse modelling 
techniques using information about measured methane concentrations, winds, atmospheric conditions and 
back trajectories to infer methane emission rates across the CSG areas.  
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Figure 6.10. Relative contribution of potential emissions (upwind footprint) from current and projected CSG areas 
to annual average concentrations at Ironbark site. 

 

Figure 6.11. Relative contribution of potential emissions (upwind footprint) from current and projected CSG areas 
to annual average concentrations at GHG Site #2. 
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6.3 Installation of Ironbark Greenhouse Gas Monitoring Facility 

The Ironbark site is 57 km southwest of Chinchilla and about 15 km from the edge of a zone of CSG activity, 
including wells, plants, produced water bodies, and a high potential of seepage. The monitoring facility is 
located within the Ironbark property, owned by Origin Energy. It was previously a grazing farm (Greenlea) 
and still runs a small number of livestock. CSG development is unlikely to proceed on the property for 
several years and there are presently few industrial gas sources. A camp comprising several offices and 
accommodation buildings was recently installed 250 metres southwest of the site but is not currently 
occupied. A gas pilot (Duke) is 3.5 km to the northwest, consisting of about 5 wells producing gas which is 
flared. Produced water from the pilot is fed to a dam about 2.5 km west of the monitoring container.  

Before committing to the site, the property was surveyed for nearby methane sources using the mobile 
Picarro analyser (Figure 6.12). High concentrations were found near the dam and the pipeline from the 
Duke pilot so winds from that direction should be treated with caution. However, because the sources are 
not within the key southwest-northeast direction they are unlikely to affect the 2 point monitoring 
strategy. Small methane elevations above background were found in the vicinity of livestock, which may 
need to be fenced away from key zones near the monitoring container. Otherwise CH4 concentrations in 
the area were at the background level for that time of year. A generator for the camp about 200 metres 
west of the monitoring container may also emit gases, including CO2 and CH4, but it only operates in the 
event of a power outage. The monitoring facility power is backed up by this generator. A temporary 
generator 70 metres west of the monitoring site was used to power the facility while awaiting connection 
to mains power from the camp and it is possible that its emissions were measured during the first four 
months of monitoring. 
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Figure 6.12. Methane concentrations in the vicinity of the Ironbark monitoring facility. Measurements were made 
at about 11 am on 9 July 2014. The yellow line shows the route travelled and its height reflects the concentration. 
Peak concentrations at the point sources are given in ppb. The distance scale applies at the bottom of the image. 

 

The monitoring facility comprised a container with a gas concentration analyser, tower, meteorological 
instruments, computer for logging and control, and communications modem. An eddy covariance flux 
station was installed about 150 metres northeast of the container. Both were previously used at the 
Arcturus CSIRO/Geoscience Australia site near Emerald in Queensland (Berko et al., 2012). The coordinates 
of their new locations at Ironbark are given in Table 6.1. 

 
Table 6.1. Location of Ironbark monitoring facilities 

 

Zone Easting Northing Latitude Longitude 

Container 56 0226806 6995596 -27° 08’ 06.57270” 150° 14’ 37.577729” 

Flux Tower 56 0226913 6995689 -27° 08’ 3.62976” 150° 14’ 41.53397” 
 

 

 

6.3.1  CONCENTRATIONS 

Atmospheric concentrations of CO2 and CH4 are a result of the fluxes between land and atmosphere and 
their subsequent dispersion in the atmosphere. Therefore measurements of concentrations and 
meteorology are needed to be able to detect, attribute and quantify emissions.  

The concentrations of CO2, CH4 and H2O in air are measured by a Picarro cavity ring down spectrometer 
(model G2301; number CFAD2324) from a 10 metre inlet on the tower adjacent to the container (Figure 
6.13). This height extends above the extreme vertical gradients at the surface and corresponds to the 
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lowest level of the TAPM modelling software. Measurement frequency is every few seconds, from which 
means over a range of periods from a minute to an hour are calculated. Measurements of a reference gas 
are made for 20 minutes every 2 days, and of calibration gases nominally every month. Concentrations of 
CO2  and CH4  are calibrated to these gases and corrected for H2O volumes to give dry-air concentrations. 
Data are stored on the computer at the site and downloaded daily by internet to CSIRO servers for 
processing by GCWerks software (GC Soft Inc., California). Concentrations are reported on internationally 
recognised mole fraction scales (WMOx2007 for CO2 and NOAA04 for CH4), which are adopted by the World 
Meteorological Organisation’s Global Atmosphere Watch (WMO GAW) program. This ensures certainty in 
trends over time and allows precise intercomparison between measurement sites in CSIRO and WMO 
networks and with the mobile Picarro surveys. Measurement accuracy is better than ±0.1 ppm for CO2 and 
±1 ppb for CH4. 

Meteorological instruments are fitted to the inlet mast to measure wind speed and direction, solar 
radiation, relative humidity, temperature, pressure and rainfall.  

 

Figure 6.13. Ironbark monitoring container and inlet tower shortly after installation. Inset: Picarro analyser, inlet 
pump, reference and calibration gas cylinders and regulators, air conditioner. 

 
6.3.2  METEOROLOGY, TURBULENCE AND FLUXES 

 

The spatial extent of the area contributing to the measured CO2 and CH4 concentrations at a fixed location 
(the footprint of CO2 and CH4) depends on the wind direction, wind speed, turbulence and the resulting 
height of the atmospheric boundary layer. 

The atmospheric boundary layer (ABL) comprises the bottom 200 m to 2 km of the atmosphere. It 
undergoes large daily variations of temperature, wind, static stability and turbulence. These variations are 
driven by the diurnal cycle of solar heating during the day and emission of thermal infrared radiation at 
night. It is to a large extent the height of the ABL that determines the volume of air available to mix 
atmospheric constituents. 



58  |  Characterisation of Regional Fluxes of Methane in the Surat Basin, Queensland  

On a sunny day the surface is heated and the boundary layer becomes unstable, promoting convective 
plumes and turbulent mixing. On a clear night the surface is cooled and the boundary layer becomes stable, 
suppressing vertical movement of air. Turbulence can also be created by shear. During very windy days the 
development of large convective cells is usually suppressed and smaller shear produced eddies will 
dominate the flow. On windy nights turbulence produced by wind shear can overcome buoyant 
consumption of turbulence leading to neutrally stratified flows. 

Quantification of energy fluxes, radiation components as well as shear and buoyant production (or 
consumption) of turbulence are critical for modelling CO2  and CH4  emissions. These are measured at the 
flux tower, located 140 m northeast of the concentration measurements (Figure 6.14). Energy fluxes and 
turbulence are measured using measured using Eddy Covariance (EC) instrumentation. Three -dimensional 
wind speed and direction is measured using a CSAT3 sonic anemometer (Campbell Scientific Inc.) which 
transmits and receives ultrasonic signals to sense wind speeds and directions, and measures the speed of 
sound through an air volume to measure air density (e.g. temperature and humidity). Gas sensor 
measurements are coupled with 3D wind measurements to calculate a flux of gas towards (negative flux) or 
away from (positive flux) the land surface. The LI-7500A, manufactured by LI-COR Biosciences, uses non- 
dispersive infrared detection to measure H2O and CO2 in the atmosphere with precision accuracies of 4.7 
ppm and 0.11 ppm respectively. Radiation components (long and shortwave incoming and outgoing 
radiation) are measured with a CNR4 manufactured by Kipp and Zonen.  

Several other variables are measured which feed into the overall energy flux calculation equations or are 
used for quality control. These include wind speed and direction (Gill 2D sonic anemometer), temperature 
and humidity (HMP45; Vaisala temperature and relative humidity probe). Soil property measurements are 
also required and include soil temperature (TCAV; Campbell type E thermocouple averaging soil 
temperature probes), soil heat flux (CN3; Middleton soil heat flux plates), and soil moisture (CS616; 
Campbell water content reflectometer). 
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Figure 6.14. Flux tower instrumented to measure wind field, turbulence and energy fluxes. Inset: EC instruments 
including sonic anemometer, temperature and humidity probes, gas sensor, radiometers. 

 
6.3.3  PRELIMINARY RESULTS 

 

Concentration measurements began at Ironbark on 12 November 2014. The flux tower became fully 
operational on 17 November 2014. 

Figure 6.15 shows a time series of some key variables measured in the first 20 days of operation.  
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Figure 6.15. Measurements over the period 18/11/2014 to 08/12/2014 of CO2 and CH4 concentrations from the 
Ironbark container, and wind direction, wind speed, friction velocity and dimensionless Obukhov length at the flux 
tower. 

 

Diurnal variations are apparent in the concentrations of both gases as a result of varying dispersion, with 
strong mixing during the day and stable conditions at night. The CO2 diurnal cycle is further enhanced by 
daytime photosynthetic uptake and nighttime respiration. 

For comparison, mean CO2 and CH4 concentrations in November 2014 were 396.6 ppm and 1789.4 ppb at 
Cape Ferguson, Queensland and 395.9 ppm and 1789.4 ppb at Cape Grim Tasmania, respectively. These 
represent the concentrations of the clean marine atmosphere for the corresponding latitudes.  

Several narrow peaks in CH4 concentration are evident and indicate point source emissions. Some of these 
are accompanied by CO2 peaks which suggest combustion as the source. Wind measurements and back 
trajectories computed using an atmospheric transport model (HYSPLIT; Draxler and Rolph) show that CH 4 

peaks above 1900 ppb occur in winds from the north which pass over large facilities such gas or power 
plants tens of kilometres away. 

Wind direction for the time period was mainly from the north and maximum wind speeds of 10 m s-1 were 
reached. Shear or friction velocity is closely linked to wind speed and high shear production of turbulence 
was frequently observed. The Obukhov length is the height at which the buoyant production of turbulent  
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kinetic energy is equal to that produced by shear and therefore is a good indicator of atmospheric stability. 
Figure 6.15 (bottom trace) indicates that during nighttime conditions were often close to neutral or slightly 
stable (note that a normalised inverse Obukhov length is given) but daytimes were characterised by 
unstable conditions. 

On November 26, peak concentrations of CO2 and CH4 were observed - on December 4 even higher CH4 

concentrations were observed. In both cases wind direction was from N (30° and 355° respectively), and 
wind speeds and friction velocities were moderate. While on November 26 the boundary layer stratification 
was unstable, relatively higher friction velocities on December 4 indicate more shear production that led to 
neutral stability conditions. 

Turbulence measurements carried out at the flux tower allow the measured concentrations to be related to 
the area they were emitted from. Given that the landscape is flat and homogeneous inverse modelling 
techniques can be used to determine the footprint of the measured CO2 and CH4 concentrations (see also 
Figure 6.10). For example, in the event of November 26 the source area lies to the ENE from Ironbark and is 
smaller than on December 4 when winds were more northerly and the source area is larger but narrower.  

These early results and model simulations suggest that the Ironbark facility, combined with the proposed 
Site #2 facility to the north, will be well suited to monitoring potential emissions from CSG activities in their 
present state and as they are projected to grow. The combined concentration, meteorology and turbulence 
data will be used as input to test the ability of inverse modelling to infer sources across the CSG area in the 
next phase of the project. 
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7 Discussion 
 
 

Mobile ground surveys have been demonstrated as a viable method for locating CH4 seeps and other 
emission sources. Modern instrumentation now has the sensitivity, stability and response time, which 
when combined with accurate positional data, provides a rapid means for covering large areas of landscape 
within a reasonable period of time. During this project a number of ground seeps of varying emission 
intensities with no apparent surface manifestations were located successfully using mobile surveys. Other 
groups have also recently used vehicle surveys to locate CH4 emission sources (Maher, et al., 2014; Iverach 
et al., 2014). However, one of the main limitations of this approach is that surveys are generally confined to 
formed roads. Off road surveys are feasible when vehicle access is available; however, given the scale of 

the Surat Basin, which covers approximately 300,000 km2, it is unlikely that the entire region can be 
surveyed in detail by mobile surveys alone. Mobile ground based surveys are also highly dependent upon 
prevailing wind conditions such that the vehicle must pass through the source plume. If the wind is from 
the wrong direction, sources may not be detected. 

Remote sensing potentially overcomes many of the limitations associated with ground based surveys 
because these methods allow access to larger areas and in less time, provided the sensors have sufficient 
sensitivity and spatial resolution for the purpose. Phase 1 of this project identified and recommended the 
SIGIS-FTIR and CHARM®-DIAL technologies for further investigation during Phase 2. Unfortunately, these 
systems were not available in Australia during the timeframe of Phase 2 so instead, the ALMA G2 pipeline 
inspection system, which had recently been made commercially available, was examined. The survey 
conducted with the ALMA G2 during this project is the first time that this system has been tested for use 
for baseline CH4 values. 

The ALMA G2 system demonstrated the ability of such systems to locate CH4 sources and preliminary 
results show that it had sufficient sensitivity to locate even small emission sources. However, the detection 
limit is inversely proportional to the flying speed of the aircraft, hence relatively slow speeds and low 
altitude are required to achieve the necessary detection limits required for low level seeps. Further, unlike 
the CHARM® system, it is a profiling system (similar to geophysics) where one pixel of approximately 1 m 
footprint is recorded along a path rather than an imaging system where a number of pixels are acquired 
along track. Therefore, a large number of flight lines are required to provide a spatially comprehensive 
coverage over an area. While the method shows some promise for locating seeps and other CH 4 sources at 
the local scale, the limitations in the speed of data acquisition and footprint places the application of this 
technology to discreet local scale surveys (such as surface infrastructure) rather than regional scale basin 
wide assessments. Imaging systems may provide a better method of rapidly surveying large areas but the 
instrumentation required is of very limited availability in Australia, although it proposed to investigate this 
further during Phase 3 of the project. 

The determination of an appropriate remote sensing method is important because it is the only method 
where spatially comprehensive data can be efficiently acquired over large areas such as the Surat Basin. 
Besides providing a baseline of the spatial distribution and locating the source of anomalies, with 
appropriate data complemented with other independent corroborative observations, remote sensing could 
become an important component of routine monitoring. Additionally, remote sensing is complementary to 
the atmospheric methods discussed in this report. For example, remote sensing may be useful for 
validating and verifying the model(s) developed, and possibly as a source of input data for the model(s). 

Satellite based remote sensing data such as SCIAMACHY has potential for providing regional scale trends of 
gas production regions. The investigation of SCIAMACHY satellite data indicates that this technology was 
able to provide an indication of the trends over time at a regional scale. The statistics show that the 
average trends across the entire Surat Basin were close to the average trends across the rest of Australia 
for the time period analysed (2003-2009). This provides a regional scale trend of the column CH4 level close 
to before the establishment of the CSG industry. If it is important to track regional scale trends and impacts 
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after the establishment of the CSG industry, it may be useful to acquire longer term data of this nature. 
However, it must be noted that these data only yield broad scale information and will not provide the 
ability to identify and separate local scale impacts such as the contributions from the feedlots compared to 
a gas well. 

Although our analysis of the satellite data acquired over the Surat Basin did not show significantly higher 
CH4 levels within the CSG production region, it is worth noting that two independent studies also using 
SCIAMACHY data have found elevated CH4 concentrations in some U.S. gas production regions (Schneising 
et al., 2014; Kort et al., 2014). These studies examined satellite-derived column CH4  measurements near 
the San Juan coal seam gas production region (near the junction of the borders of Arizona, New Mexico, 
Colorado and Utah; Kort et al., 2014) and near the shale oil and gas production fields of Eagle Ford in Texas 
and Bakken in North Dakota (Schneising et al., 2014). 

Based on the calculated fluxes, these three regions alone appear to account for 2.11 Tg yr -1 of the 7.7 Tg yr-1 

(2008) of CH4 missions from natural gas when compared with the US-EPA Greenhouse Gas Reporting 
Program (i.e. approximately 27 % of national gas emissions), suggesting a disproportionately large 
contribution from these regions. In addition, the leakage to production ratios for the Eagle Ford and Bakken 
regions are more than 10±7 % and 9±6 %, respectively. Such values are higher than the 3% threshold in 
fugitive emissions ratios that would eliminate any potential 'climate benefit’ derived from substituting gas 
for coal (Alvarez et al., 2012). These two studies based on SCIAMACHY data have added to the intense 
debate in the U.S. on the magnitude of fugitive emissions from onshore gas development and recent top- 
down versus bottom-up studies (Pétron et al., 2012; Howarth et al., 2011; Howarth et al., 2012; Cathles, 
2012; Cathles et al., 2012). These studies highlighted differences between the different types of 
measurements which warrant further investigations. However, the two studies of Schneising et al (2014) 
and Kort et al (2014) also introduce their own uncertainties and so do not provide a definitive conclusion 
regarding fugitive emissions from unconventional gas in the United States.  

While some of the recent studies of emissions from unconventional gas production in the Unites States 
have reported high levels of emissions, there is a wide range of reported emission rates, highlighting the 
large uncertainties associated with these estimates. When using atmospheric CH4 concentration data 
derived from SCIAMACHY observations to determine fugitive emissions, there are four important 
uncertainties that must be considered when interpreting the results: 

1. Different column methane maps. 

While both studies (Kort et al., 2014; Schneising et al., 2014) use the same data from the 
SCIAMACHY sensor, each study uses different algorithms for determining atmospheric column 
methane concentrations. Kort et al. (2014) use the IMAP–DOAS algorithm (see Section 4.2) which 
uses the CO2 concentrations as a proxy for air column in the computation of methane mole 
fractions. In contrast, Schneising et al. (2014) uses the WFM-DOAS algorithm (see Section 4.2) 
consisting of a simplified radiative transfer model and atmospheric column normalised weighting 
functions to determine total column CH4 concentration. “The differences between the algorithms 
are fairly distinct. Obvious is the far larger scatter in the WFM-DOAS data (overall 76 ppb compared 
to 50 ppb for IMAP)” Dils, et al., 2014. As a consequence, these two algorithms produce different 
‘raw’ column methane maps for North America. For example the San Juan CH4 ‘raw’ column 
methane map (Kort et al., 2014) doesn't appear in the equivalent maps of Schneising et al. (2014). 
It is necessary to harmonise the CH4 concentration anomalies across the continental United States 
before accurate fluxes can be determined. 

2. Sensor degradation and observation uncertainties. 

Since November 2005, SCIAMACHY’s channel 6+, which is used for the methane column retrievals, 
suffered from an increasing number of dead and bad detector pixels including so-called random 
telegraph detector pixels, which unpredictably jump between at least two quasi-stable dark signal 
levels (Lichtenberg et al., 2006; Frankenberg et al., 2011; Schneising et al., 2011). Thus, retrievals of 
atmospheric methane concentration from both algorithms are of reduced quality and suffer 
increased noise after this date compared to retrievals made pre-November 2005. Additional errors 
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also arise from random excursions from the dark standard that have appeared during specific orbits 
since 2005. 

Measurements of regional relative precision for column methane using the WFM-DOAS algorithm 
(Schneising et al., 2012) based on direct comparisons with instantaneous ground observations were 
12 ppb prior to November 2005 (relative accuracy approximately 3 ppb) and 17 ppb after 
November 2005 (relative accuracy 10-20 ppb) for monthly averages at a spatial scale of ~500 km 
(Schneising et al., 2012). The methane concentration anomalies reported for the Eagle Ford and 
Bakken production fields are less than 10 ppb. The similarity in magnitude of anomaly and 
uncertainty suggest that this could potentially translate to large uncertainties associated with flux 
calculations (see below). 

3. Methane flux estimation uncertainties. 

The increase in detector noise associated with the SCIAMACHY has resulted in higher uncertainties 
with the associated methane fluxes for each of the Eagle Ford and Bakken production fields 
(Schneising et al., 2014). This yields a coefficient of variance of over 60 % on the estimated fluxes. 
On the other hand, Kort et al. (2014) report lower uncertainties with estimated fluxes for the San 
Juan basin vicinity (coefficient of variance ~14 %). This is most likely to be related to the differences 
in the algorithms used to derive the column methane values (Dils, et al., 2014) but further evidence 
is required to determine this. 

4. Methane flux attribution. 

Each of the studies (Kort et al., 2014; Schneising et al., 2014) report on fluxes calculated from 
model simulations constrained by observed atmospheric column methane concentrations and 
taking into account lower troposphere meteorology. In both cases, all modelled fluxes are 
attributed to gas industry sources based on the time evolution of atmospheric concentration 
anomalies. While this approach provides circumstantial evidence for gas industry methane sources 
(notwithstanding the above uncertainties), corroborative evidence needs to be collected (e.g. 
isotopic or other tracer measurements) to correctly and accurately attribute methane sources. This 
is particularly important because of correlated increases in methane fluxes from other northern 
hemisphere land based sources unrelated to the gas industry. The magnitude of these sources, 
which are dispersed throughout landscapes, is unknown at this stage but, locally, may be an 
important contributor to enhanced methane emissions. Furthermore, in regions where significant 
natural background methane seeps occur (such as in the Surat Basin in Queensland) these fluxes 
may be important sources of methane flux to the atmosphere. 

Until the above uncertainties are addressed, no definitive statement on fugitive emissions can be made 
using the SCIAMACHY data alone. Further research is required particularly in harmonising satellite, airborne 
and ground based observations in order to get a full understanding of the fluxes attributed to natural 
background seeps, other methane sources and fugitive emissions. The present project in the Surat Basin 
seeks to address these issues. Such a comprehensive approach is necessary as input to life-cycle analyses 
required to accurately determine the climate impacts/benefits of substituting gas for coal in energy 
production. Therefore, it would be fruitful to undertake further investigations to help ascertain the optimal 
information retrieval method to obtain the best estimate for column methane and the uncertainties 
associated with their usage. Further, there are uncertainties related to the ground composition, land use, 
seasonal variations, sampling resolution, topography and other interferences such as atmospheric water 
vapour which need to be accounted for as well. 

Detection of CH4 sources, either by mobile surveys or remote sensing methods, is obviously an important 
aspect of developing a comprehensive emissions inventory of the Surat Basin or any other region. However, 
concentration data collected during these surveys, in isolation, provide limited information on the emission 
rates, which are essential for assessing the impact of activities on the overall CH4 budget. In some cases, 
emission rate estimates may be derived from concentration data measured during ground level surveys 
when combined with local meteorological data. However, these estimates may be subject to large 
uncertainties, especially if attempting to measure emissions from spatially large or distant sources. Other 
techniques based on downwind traverses using controlled releases of tracer gases may yield more accurate 
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emission data and this is being investigated further within CSIRO. More sophisticated atmospheric methods 
based on continuous monitoring at fixed stations such as those discussed in Section 6 are likely to yield 
more reliable and continuous emission flux data for the broader region than periodic measurements of 
downwind plume concentrations made by vehicle traverses. However, it is apparent that top-down 
atmospheric methods will require a detailed understanding of the location and relative sizes of the CH 4 

sources within the monitoring field if individual sources are to be quantified. Mobile surveys are likely to be 
able to provide much of this prior ‘initialisation’ data required to properly set up inverse models and 
potentially provide high resolution data needed to resolve closely spaced sources of CH4. 

Surface flux chambers are an effective and reliable method for directly measuring emissions flux from many 
terrestrial sources. In particular, localised sources such as legacy boreholes, natural soil respiration and 
river seeps are amenable to this method. The primary drawback however, is that many individual 
measurements are required to accurately map and quantify emission sources and hence for large areas, the 
method may not be practical. Nevertheless, the simplicity of the technique means that it has considerable 
application for any detailed survey of surface emission points, particularly when information such as the 
location of abandoned boreholes or geological faults is available. 

One of the challenges that will be faced during Phase 3 will be developing a detailed map and emission 
inventory of the CH4 sources in the region covered by the monitoring network. It is clear for the results 
obtained to date that there are many sources or potential sources of CH4 that will be detected by the fixed 
monitoring stations. Many of these are associated with CSG production infrastructure; wells, gas processing 
plants pipelines etc. and initial monitoring data from the Ironbark site confirm that emissions from CSG 
processing facilities to the northeast are contributing to the CH4 signal. Agriculture is also an important 
source of CH4. Cattle feedlots, which are widespread throughout the study region, are significant emitters 
of CH4. Irrigation may also contribute to CH4 emissions, either through microbial activity in dams and other 
wetlands but also potentially from CH4  reaching the surface via groundwater wells. This latter aspect has 
not been widely considered but given the large number of irrigation bores across Queensland is an 
important area for further research. If the known source locations and strengths (many of which are 
independently quantified) are included in the inverse modelling, the top down monitoring may be able to 
provide information on these lesser known sources. 

Another, as yet unquantified, CH4 source contributing to regional emissions was from leaking legacy coal 
exploration boreholes. A recent study in the U.S. concluded that leaking abandoned oil and gas boreholes 
are contributing between 4 and 7 % of anthropogenic CH4  emissions in Pennsylvania (Kang et al., 2014). 
This is a significant finding as it may account for some of the discrepancies between high emissions rates 
reported in most top-down studies and the usually lower rates top-down estimates of current gas 
production facilities (Allen et al., 2013). In the Australian context, recent reports indicate that abandoned 
exploration boreholes, some of which are more than 60 years old, are widespread throughout Queensland 
(Gasfields Commission, 2013b). Methane emission rates from 10 such boreholes located during this project 
were found to be significant, ranging from about 0.1 to more than 100 kg CH4 day-1. One of these leaking 
boreholes was subsequently filled with concrete which reduced the emission rate to about one quarter of 
the original leak rate. While this was effective at reducing any fire safety hazard associated with high levels 
of CH4 leakage, greenhouse mitigation may require alternative approaches if surrounding strata have high 
permeability. 

Although some of the boreholes located during this study had high CH4 emission rates, it is important to 
recognise that these results are very much preliminary and are not representative of emissions from legacy 
boreholes more generally. Consequently it is not valid to extrapolate these results to estimate regional CH4 

for the Surat Basin using the approach of Kang et al. (2014). It is clear that considerably more work is 
required to properly assess the contribution from legacy boreholes. However, locating many of these legacy 
boreholes may present somewhat of a challenge given that probably all predate current GPS technology 
and hence records, if they still exist, may not provide an accurate location. For wells with appreciable CH 4 

emissions, mobile surveys such as those used during this project can be used to find leaking wells, provided 
access to the area is possible. Remote sensing technologies, especially those with imaging capability may 
also have application to locating leaking boreholes. Surface flux chamber measurements can then be used 
to accurately determine emission rates from these leaking abandoned wells. 
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While detecting and quantifying CH4 emitting legacy boreholes is important, it is equally important to 
determine the numbers of non-emitting boreholes to be able to gauge what proportion are leaking. 
However, this is generally more difficult than locating leaking boreholes (which have elevated CH 4 levels in 
the vicinity) since there is often little evidence of the borehole remaining on site and as already noted, 
existing records may not provide accurate locations. 
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8 Future Work 
 
 

Phase 2 of the project was primarily aimed at developing and trialling techniques to locate and quantify 
emissions within the Surat Basin. Phase 3 is intended to extend this work by deploying the most promising 
of these methods at selected locations to provide the basis for an ongoing baseline monitoring programme. 

Originally, it had been proposed that Phase 3 would run for one year. However, the LNG facilities currently 
under construction in Gladstone are scheduled to commence operation during 2015 and it is anticipated 
that CSG production in the Surat gas fields will progressively increase to meet demand from these plants. 
Hence a unique opportunity exists to measure methane emissions from the Surat Basin during the initial 
stages of one of Australia’s largest gas development projects. To take advantage of this opportunity, it is 
proposed that Phase 3 be conducted over three years, rather than one, to provide baseline monitoring of 
emissions from the Surat gas fields during the period of increasing gas production that will occur over the 
next few years. Longer term monitoring is also more likely to reveal any seasonal variability in emissions 
that would be difficult to discern from a 12-month monitoring campaign. 

The main components of Phase 3 will be: 

1. Operation of the two fixed methane monitoring stations at two locations within the Surat Basin 
and estimation of regional emissions. The first of these stations is now operational (Section 6) 
while the second is expected to commence operation during the second half of 2015 provided 
Phase 3 proceeds. 

2. Periodic field surveys using an instrumented vehicle. 
3. A trial of an imaging remote sensing system for locating terrestrial seeps. 

Previous work by CSIRO has shown the potential of inverse modelling to monitor dispersed emission 
sources; however, the technique has not been applied at the scale proposed for Phase 3. Consequently, a 
significant effort will be directed at developing suitable models for monitoring at the regional scale and 
including them in an inverse framework to infer source locations and strengths from concentration and 
wind measurements. 

Given that there are a number of significant CH4 sources such as cattle feedlots and coal mines, etc. 
throughout the region, source attribution will be an important aspect of Phase 3. This will be attempted by 
including the locations and inventory emissions estimates in the dispersion modelling. A flask sampling 
system will also be installed at one of the sites to collect ambient air samples for offline analyses at the 
CSIRO Aspendale and North Ryde laboratories for chemical and isotopic composition to compare with the 
source compositions found from sampling during Phase 2. Further ground surveys will also be made from 
time to time to provide positive identification of sources that contribute to the methane signals detected 
by the monitoring stations. 

During Phase 3 of the project it is also intended to examine other remote sensing instrumentation. While 
the ALMA G2 system trialled during Phase 2 demonstrated a high level of sensitivity that is sufficient to 
locate even small CH4 sources, the relatively low speed of the surveys and the narrow footprint of the beam 
limit the system to local surveys rather than regional scale operation. Accordingly, during Phase 3 it is 
proposed to conduct further remote sensing trials using an imaging system based on Fourier transform 
infrared spectroscopy (FTIR) as recommended as part of Phase 1 of this project. Such a system, which was 
not available during Phase 2, may potentially provide spatially comprehensive data which was lacking in the 
airborne ALMA G2 system. We have now secured the use of the Bruker HI90 and potentially SIGIS systems 
for a trial. An experiment will be designed to evaluate the feasibility of such a system for determining the 
spatial distribution of CH4 emissions. The location of the field trial is likely be in the Chinchilla region with 
preliminary testing conducted on the CSIRO site at Newcastle.  

The initial trial will be limited to deployment from a fixed ground platform (rather than an aircraft) and will 
consist of: 
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1. A controlled release where different flow rates and instrument heights will be tested to determine 
the detection limits of the instrument. 

2. Deployment of the instrument to a known site where leakage has been previously detected, such 
as near Chinchilla. 

At the end of Phase 3, it is anticipated that a robust method for continuously monitoring regional CH 4 

emissions in the Surat Basin will be available. Phase 3 will also provide an init ial set of data on baseline CH4 

emissions for the region. 
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Appendix 
 
 

ALMA Airborne Methane Gas Detection Trial, July 2014. Report prepared by Skyline Sensing.  
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