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4 BACKGROUND INFORMATION 

4.1 GEOLOGY 

The area of investigation is located on the eastern edge of the Surat Basin. The stratigraphic 
section presented in Figure 4-1 shows the sequence of geologic units for the Surat Basin. The 
geologic units of interest in this investigation are, in ascending order, the Walloon Coal 
Measures (WCM), the Springbok Sandstone, and the Westbourne Formation. Together these 
rocks comprise the Injune Creek Group, which is middle to late Jurassic in age. Both the 
WCM and the Springbok Sandstone contain coal seams.  

Along the eastern edge of the Surat Basin, where it overlies the Bowen Basin, there are north-
south trending fault systems that have been investigated by McKillop, Dixon, and 
Hodgkinson (2011) to determine their importance and potential impact on the migration of 
gas, namely carbon dioxide (CO2), and other fluids. The investigation concluded that these 
fault zones can be either barriers to or flow pathways for the migration of fluids under 
pressure.6 The Moonie and Leichhardt fault systems are located approximately 30 km to 
40 km east and west, respectively, of the gas seeps (see Figure 4-2). The Leichhardt fault is in 
part coincident with a geologic structure known as the Undulla Nose, and may contribute to 
the naturally enhanced permeability of the coal seams in this area. 

Figure 4-2 also shows other regional geologic structures including two anticlines, the Kogan 
anticline and the Undulla Nose to the west. Early on several exploration wells were drilled on 
these anticlines and encountered gas in the WCM. This is not unexpected given that the 
permeability of coal seams may be enhanced by reduced horizontal stress on or near the crests 
of anticlines.7 

                                                      
 
 
6 McKillop, M.D., O. Dixon, and J. Hodgkinson, 2011. A new interpretation and model of the Moonie-
Goondiwindi and Burunga-Leichhardt fault systems in Queensland. Queensland Geological Record 2011/01. 
7 Lohe, E.M., 1993. Coalbed Methane Potential of the Walloon Coal Measures, Northeastern Surat Basin, 
Queensland. Geological Survey of Queensland Report CR 24507 (EPP 261). 
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FIGURE 4-1 
STRATIGRAPHY OF THE SURAT/BOWEN BASINS

Source: Origin Energy 
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Much of the area of investigation is covered by Cainozoic aged alluvium. What has been 
called “older alluvium” by Wolff8 includes lateritised Tertiary alluvium, including the 
Chinchilla Sand. A conglomerate containing silicified sandstone or “billy” and petrified wood 
that is found in many places may be a coarse-grained facies of the Chinchilla Sand9; however 
it has also been mapped as part of the Jurassic-aged Kumbarilla Bed10 and as part of the 
Jurassic-aged Orallo Formation.11 The upper part of the older alluvium is comprised of black 
clay and silty clay. The older alluvium is not related to the Condamine River as it exists 
today. 

Water bores have been completed in the Westbourne, Springbok Sandstone, WCM, and in the 
alluvium. Published information indicates that there are approximately 73 existing and 
17 abandoned private water bores within 10 km of the seep area.12. These include bores that 
supply water for livestock watering or domestic purposes. Water bores completed in the 
Springbok Sandstone and the WCM tend to produce water of poor quality with concentrations 
of total dissolved solids (TDS) ranging from 2,000 milligrams per litre (mg/L) up to 
6,000 mg/L and in some areas produce large quantities of methane13. 

Figure 4-3 is a map that shows the depth to the top of the WCM below the ground surface. It 
was constructed by Origin geologists using information from CSG wells, seismic surveys, and 
published information. In the area of investigation, the WCM is approximately 300 m thick 
and the top of the formation ranges from approximately 20 m to 90 m below the ground 
surface. The map also shows the location of preliminary geologic cross section A-A’ 
(Figure 4-4) that was also constructed by Origin geologists. The cross section shows what 
have been interpreted from seismic data as naturally occurring fractures and faults that extend 
through the WCM. Although resolution above the WCM is poor, the seismic data may 
indicate that some of the fractures and faults extend up into the Springbok Sandstone. Site 
specific geologic conditions determine whether faults and fractures act as conduits for or 
barriers to the migration of gas and other fluids that are under pressure. 

                                                      
 
 
8 Wolff, K. W. 1964: Chinchilla Water Supply. Second Geological Report.  Geological Survey of Queensland, 
Record 1964/15, CR No. 41548 (unpublished). 
9 Laycock, J. W., 1970: Chinchilla Water Supply. Geological Report. Geological Survey of Queensland, Record 
1970/13, CR No. 40979 (unpublished). 
10 Chinchilla, Queensland 1:250,000 Map (SG56-9), 1st edition 1971. Bureau of Mineral Resources, Geology, 
and Geophysics, Canberra, A.C.T. 
11 Laycock, J. W., 1970: Chinchilla Water Supply. Geological Report. Geological Survey of Queensland, 
Record 1970/13, CR No. 40979 (unpublished) Drawing E57-G-5 Locality and Regional Geology. 
12 Queensland, Department of Natural Resources and Mines, 2012. Summary Technical Report – Part 1 
Condamine River Gas Seep Investigation, v. 1, December 2012. 
13 Queensland Government Mining Journal Vol. LXVIII September, 1967, and other sources including field 
measurements and anecdotal accounts by landowners (Table A.2 and Table A.3). 
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Figure 4-5 is a map that shows the depth of the top of the WCM below sea level.  The map 
shows that the rocks dip at very low angle (approximately 1 degree) from the northeast 
(“Macalister Edge”) down to the southwest, so that the CSG wells in the south-western 
portion of the map are down-dip from the gas seep locations. 

In the 1970s the WCM became and continue to be an exploration target for coal mining in the 
Surat Basin14. Since 2000 the Surat Basin has become a focus for CSG exploration15 and the 
WCM are now also the target of CSG development and production.  

Figure 3-1 shows that within 10 km of the seep area there are different types of bores that are 
known to have been drilled into the WCM, including CSG wells and recorded coal 
exploration bores. Anecdotal information indicates that there may be other coal exploration 
bores that have not been recorded and whose locations are not documented. Figure 3-1 shows 
the location of a number of known and recorded coal exploration bores, the closest of which 
is approximately 0.8 km to the north of the Camping Ground and Fenceline seeps. 

Origin drilled four CSG pilot wells (Orana 8, Orana 9, Orana 10, and Orana 11) at locations 
approximately 1.25 km west of the Camping Ground seep (Figure 1-1). CSG pilot wells are 
drilled to obtain information about the nature, extent, and variability of the coal seams and the 
gas they contain. The four Orana pilot wells have not produced nor are they equipped to 
produce gas or water and they are not connected to production pipelines. 

 

                                                      
 
 
14 Lam, J. S. and J. Hodgkinson, 2008: Queensland Geological Record 2008/03 – A summary of company 
exploration results for minerals, coal and coal seam gas in the Chinchilla 1:250,000 (SG56-9) Sheet area, south-
east Queensland.  Queensland Government Department of Mines and Energy. 
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FIGURE 4-3 
DEPTH BELOW GROUND LEVEL TO TOP OF WALLOON COAL MEASURES

Source: Origin Energy. 
Line A-A’ is the location of the N-S cross section shown in Figure 4-4. 
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Note: 
This is a simplified cross section 
based on one interpretation of 
complex seismic data. 

 
FIGURE 4-4 

PRELIMINARY GEOLOGIC CROSS SECTION 
Source: Origin Energy. 

The location of N-S cross section A-A’ is shown on Figure 4-3 
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FIGURE 4-5 
TOP OF WALLOON COAL – DEPTH BELOW SEA LEVEL 

Source: Origin Energy 
Line A-A’ is the location of the N-S cross section shown in Figure 4-4. 
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4.2 COAL AND GAS BEARING UNITS  

The two most likely sources of the methane discharging at the Condamine River seeps are the 
coal and gas bearing units of the Springbok Sandstone and the WCM. 

In the Surat Basin CSG development has targeted coals in the Juandah (upper) and Taroom 
(lower) Coal Measures of the WCM Subgroup, which were deposited in a predominately 
fluvial/flood plain environment. Scott et al. (2006)17 provide a good overview of the 
stratigraphy, geology, coal petrology and coal seam gas contents of the WCM.  

The overlying Springbok Sandstone is lithologically heterogeneous and comprised of 
interfingering and interbedded sandstones, siltstones, and mudstone with some coals that were 
deposited in a variety of fluvial environments. In general the lower portion of the Springbok 
Sandstone contains more coarse grained rocks (fluvial sandstones) and less coal and fine 
grained rocks (overbank mudstones and coals) than the upper portion. Methane that is 
adsorbed onto coals in the Springbok Sandstone can desorb and become free gas when the 
hydrostatic pressure is reduced by water removal. Information from Springbok water bores 
indicates that many are gassy and may contain accumulations of free methane. In places the 
base of the Springbok Sandstone contains sandstones that were deposited in fluvial channels 
that had eroded into the WCM. Scott et al. (2006) describe how these channel sandstones in 
the lower Springbok Sandstone can become charged with methane from the underlying 
WCM. 

Data provided by Origin and QGC indicate that overall permeability is higher in the Taroom 
Coal Measures (up to 6,000 md) and lower in the Jundah Coal Measures (4 md to 
<1,000 md). In general permeability in the Springbok Sandstone is lower than in the WCM. 
DSTs in the Springbok Sandstone provide permeabilities ranging from approximately 0.1 md 
to 800 md. The coarser grained sandstone facies can be aquifers exhibiting higher 
permeability while the finer grained mudstones and siltstones can have very low permeability 
and act as aquitards. 

Data provided by QGC regarding the CSG wells and production in their Argyle Field were 
evaluated and the results are provided in Section 9. Typically, gas monitoring during drilling 
in the Argyle field has shown low detections in the Springbok Sandstone, with the main gas 
shows occurring in the WCM. However, QGC provided documentation of the presence of 
large flows of gas from two CSG wells when they intersected the Springbok Sandstone. This 
indicates that both the Springbok Sandstone and WCM are potential sources for the gas 
observed at the Condamine River seeps. 

                                                      
 
 
17 Scott, S., Anderson, A., Crosdale, P., Dingwall, J., and Leblang, G., 2006. Coal petrology and coal seam gas 
contents of the Walloon Subgroup – Surat Basin, Queensland, Australia. In: International Journal of Coal 
Geology 70 (2007), pp 209-222. 
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For further information regarding gas in both the Springbok Sandstone and WCM, see 
Section 9, which presents data from the nearest operating CSG area – QGC’s Argyle Field. 

4.3 CONDAMINE RIVER HYDROLOGY 

The Condamine River is the major watercourse in the area of investigation and it is part of the 
Queensland Murray Darling Basin. Historical flooding, stream flow data, and water quality 
were obtained from Queensland Government, Department of Natural Resources and Mines 
(DNRM) website18. Since the construction of the Chinchilla Weir in 197319 the Condamine 
River exhibits no-flow conditions approximately 25 percent (%) of the time, and the reach of 
the river included in this investigation is considered to be ephemeral. Historical stream flow 
records indicate that an average of 45% of the flow in the Condamine River occurs during the 
summer (December to February), 30% of the average annual flow occurs in autumn (March to 
June), and the remaining 25% of the flow occurs in winter and spring (July to November)20. 
The weir has the dual purpose of providing a supply of irrigation water along the alluvial flats 
of the Condamine River and of augmenting the water supply to the town of Chinchilla. 

4.4 METHANE – DISTINGUISHING DIFFERENT SOURCES 

Methane (CH4) is a common hydrocarbon compound. It occurs in the earth’s atmosphere, 
oceans, soil, and in the subsurface. Methane is the main constituent of “marsh” or “swamp” 
gas, landfill gas, gas emitted from livestock and other agricultural operations, gas found in 
many of the water and coal exploration bores within the area of investigation, gas related to 
coal mine operations, and the natural gas produced from CSG wells completed in the WCM. 
 
Methane is produced in two main ways: (1) by thermal breakdown and decomposition of 
deeply buried organic matter, under the influence of heat and pressure, and (2) by 
methanogenic microbes in anaerobic environments. Methane produced by thermal breakdown 
is referred to as “thermogenic” methane. Methane produced by methanogenic microbes is 
referred to as “biogenic” methane, which has two subsets. Methanogenic bacteria produce 
methane either (i) by acetoclastic reaction (decomposition and fermentation of organic 
material) or (ii) by reduction of CO2 derived from respiration or dissolved bicarbonate.  
 

                                                      
 
 
18 Department of Natural Resources and Mine website: http://watermonitoring.derm.qld.gov.au/host.htm 

19 The Chinchilla Weir is a concrete faced earthfill structure and is the only storage for the Chinchilla Weir 
Water Supply Scheme. Water is supplied from Chinchilla Weir for the irrigation of cereal and melons as well as 
pasture and fodder crops. The town of Chinchilla is supplied from the scheme. 
(http://www.sunwater.com.au/schemes/chinchilla-weir)  

20 Australia Pacific LNG. March 2010. Australia Pacific LNG Project EIS. Volume 2, Section 11.3.9: “Existing 
stream flow.” 
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Methane produced from these three processes is the same, a molecule is composed of one 
carbon atom and four hydrogen atoms (CH4). Nonetheless methane produced by these 
different processes can be differentiated using the stable isotope ratios of C12 and C13 (δC13) 
and the stable isotope ratios of H1 and H2 (δD)21,22. This involves analysing gas samples from 
different sources, comparing the results, and identifying the stable isotope ratios that are 
typical of each source.23. 

4.5 METHANE SEEPS 

Naturally-occurring seeps of methane gas and oil have been reported and confirmed in most 
hydrocarbon-producing basins24. Examples include the well-documented gas seeps in the 
California oil fields25, and the Terrigal gas seeps in the offshore Sydney Basin between 
Sydney and Newcastle26. Such seep locations have been used to focus oil and gas exploration 
drilling. These naturally-occurring seeps are often associated with the outcrops of 
hydrocarbon-bearing rocks, or geologic features such as faults, fractures, and igneous dikes 
which may act as conduits for gas and oil migration from deeper formations to the land 
surface. But as mentioned in Section 4.1, faults and fractures may also act as barriers to gas 
and fluid migration. 

Worldwide, poorly constructed or improperly abandoned old oil and gas exploration bores, oil 
and gas wells, cathodic protection wells, and injection wells have at times been found to have 
acted as conduits for methane migration from coal seams and other oil and gas reservoirs into 
overlying geologic formations, into aquifers, and to the land surface. Water bores and coal 
exploration bores that penetrate coal seams also have the potential to act as conduits for gas 
migration, as do coal mine ventilation shafts and other openings that are specifically designed 
and installed to remove methane from the working areas and vent it to the atmosphere.  

                                                      
 
 
21 Isaac R. Kaplan, Formation Mechanisms and Differentiation of Methane and Hydrogen Sulphide in Various 
Environments, Presentation to Solid Waste Association of North America, and numerous other publications. 
22 Dennis D. Coleman, Chao-Li Liu, Keith C. Hackley, and Steven R. Pelprey, Isotopic Identification of Landfill 
Methane, Environmental Geosciences, Volume 2, Number 2, 1995 pp 95-103. 
23 Dennis D. Coleman, Advances in the Use of Geochemical Fingerprinting for Gas Identification, Presented at 
the American Gas Association Operations Conference San Francisco, CA 9-11 May, 1994 and the SPE 
Continuing Education Seminar Mt. Pleasant, MI 11-12 April 1995. 
24 Hunt, John M., 1995 – Petroleum geochemistry and geology. W. H. Freeman & Co., New York. 
25 United States Geological Survey. Natural Oil & Gas Seeps in California. http://walrus.wr.usgs.gov/seeps/.  
26 Oil Online, Nov 11, 2008: 
http://www.oilonline.com/default.asp?id=259&nid=32577&name=MEC+Resources+confirms+hydrocarbon+ga
s+in+offshore+Sydney+Basin 
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4.6 COLORADO, USA EXPERIENCE 

In preparing this report, Norwest has drawn on its extensive CSG experience in Colorado. 
The state of Colorado has a long history of investigating gas seeps using a variety of 
techniques. This history provides some possible insights into investigating the occurrences of 
gas seeps in the study area. CSG exploration and production began in Colorado in the 1980s. 
Early in the development of the CSG production in the San Juan and Raton Basins, residents 
and local and federal government agencies raised questions about whether this industry had 
the potential to impact public health, safety, and welfare, and to have negative impacts on the 
environment: in particular, groundwater resources. Heightened awareness and publicity about 
potential and actual impacts from CSG has resulted in numerous allegations that CSG 
development was causing or might in the future cause methane to migrate into water wells, 
groundwater, surface water, or land. 

Since the early 1990s, extensive investigations have been undertaken in Colorado to 
determine whether the allegations could be confirmed and to document baseline and existing 
groundwater conditions27. It was determined that although not all of the occurrences of 
methane in water wells, groundwater, surface water, or in land seeps were connected to CSG 
development, some were. Geochemical analysis of gas samples, using the methods described 
in Section 4.3, is one of the tools used to determine the source of the methane and whether it 
is associated with CSG operations28.  

Incomplete zonal isolation in a well has the potential to allow gas to migrate from a gas 
bearing formation (either conventional or CSG) into groundwater or surface water or to the 
land surface. Chafin (1994)29 described the possible sources and migration pathways that 
could account for  methane migration into groundwater in the Animas River Valley of the San 
Juan Basin. The pathways included oil and gas wells that did not have complete zonal 
isolation. One scenario involves gas leaking out of production casing due to corrosion or 
wellhead seals, flowing into and along the uncemented annulus, and then into a sandstone 

                                                      
 
 
27 There are multiple references to these investigations. To access investigation documents, use the following 
links from the Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, (1) Database > 
Inspection/Incident > Complaint (There are several routes to a complaint. To search by county, specify the 
county code; County codes are found under Help > API County Codes”. It is also possible to search by name, 
operator, location, etc.). (2) Library > Annual Reports to the WQCC/WQCD > Link by year. (3) Library > San 
Juan Basin > Trend and Data Analysis San Juan Basin Water Quality Analysis Project San Juan Basin, Colorado 
(note that there are two dates) (4) Orders > Cause IV > (This leads to a compendium of cases where penalties 
were assessed, but not necessarily only those involving water bores). 
28 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Library > Water Related 
Reports > What’s in Your Water Well. 
29 Chafin, D. T., 1994. Sources and Migration Pathways of Natural Gas in Near-Surface Ground Water Beneath 
the Animas River Valley, Colorado and New Mexico. U. S. Geological Survey, Water-Resources Investigations 
Report 94-4006. 
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(e.g. aquifer containing ground water) that has not been isolated with surface casing and 
cement. Although Figure 4-7 depicts this occurring with a conventional well, the same 
situation can develop in CSG wells if they are not properly completed and maintained. 
Another scenario involves gas desorbing from CSG producing coals (“coals in Fruitland 
Formation”), flowing into the uncemented annulus of a conventional well, and then into a 
sandstone (e.g. aquifer containing groundwater) that has not been isolated with surface casing 
and cement (Figure 4-8). Bradenhead monitoring (described in more detail below) is a simple 
and effective method for measuring pressure and fluid flow in the annulus. It has been used 
effectively in the San Juan Basin to identify both conventional and CSG wells that did not 
have complete zonal isolation. 

WATER BORE SAMPLING: The collection and analysis of samples from water bores 
prior to (“baseline”), during, and after oil and gas operations is a very important activity. The 
baseline sample is used to assess pre-development groundwater quality. The follow-up 
samples are used to assess whether short-term impacts related to drilling and completion may 
have occurred, while subsequent samples are used to assess long-term impacts. One of the 
benefits of baseline testing is the identification of existing naturally occurring or 
anthropogenic contaminants, including methane.  

The use of analytical data from baseline and subsequent sampling can expedite investigations 
into whether groundwater resources are impacted by oil and gas operations. The analytical 
results from the various sampling events are compared to determine whether significant 
changes in water chemistry or gas content and composition have occurred. If significant 
changes have occurred, then the analytical results may be used to help quickly determine 
whether the source of the change is gas or other fluids from the oil and gas operations, or 
some other cause. If impacts from oil and gas operations are identified then appropriate 
mitigation measures can be implemented.  

In addition to helping resolve disputes over whether an individual water bore has been 
impacted, the results can also be used for regional data and trend analysis. The intent of such 
analysis is to identify short or long-term trends that might indicate regional impacts from oil 
and gas operations have occurred. In the San Juan Basin alone over 2,000 water bores have 
had baseline assessments performed and many have been sampled multiple times. Data and 
trend analyses of the results of this sampling have been used in the San Juan Basin to 
demonstrate that, although certain individual water bores have been impacted by oil and gas 
operations, overall there are no significant regional trends of adverse impacts30. 

                                                      
 
 
30 Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Library > Area Reports/Data > San 
Juan Basin > Trend and Data Analysis Reports. 
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FIGURE 4-7 
TYPES OF LEAKS IN CONVENTIONAL GAS WELLS 

Source: Chafin, D. T., 1994, USGS Water Resource Investigations Report 94-4006 
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FIGURE 4-8 
GAS LEAKING FROM COALS INTO UNCEMENTED ANNULUS OF CONVENTIONAL GAS WELL 

Source: Chafin, D. T., 1994, USGS Water Resource Investigations Report 94-4006  
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Many CSG operators in the Surat Basin have also established baseline monitoring programs. 
Prior to the ongoing investigation of the Condamine River gas seeps Origin had undertaken 
baseline assessment of approximately 700 water bores across their CSG tenements, including 
all accessible bores in the area of the seeps. Norwest reviewed baseline data from water bores 
within the area of investigation. 

PLUGGED AND ABANDONED WELL ASSESSEMENT: In Colorado, operators are 
required to assess and to monitor plugged and abandoned wells within one-quarter mile of 
CSG wells to determine whether they are acting as conduits for methane migration. Operators 
must conduct soil gas surveys around these old wells periodically to identify changes. This 
periodic monitoring is crucial because initially methane may not be detected around a plugged 
and abandoned bore, but as production in nearby CSG wells continues and gas begins to 
desorb from the coal seams, methane may eventually find a migration pathway up old wells  
into aquifers and to the ground surface. This requirement was adopted in part as a response to 
potential and actual groundwater impacts and to incidents involving the migration of methane 
from previously plugged CSG wells. In one case CSG methane leaked up the annulus 
between the production and surface casing in a previously plugged and abandoned well and 
accumulated in the ground under and around a home that was being built. Sparks from 
construction activities in the crawl space ignited the methane, causing an explosion that 
destroyed the home and caused personal injuries 31. 

ORPHANED AND DOMESTIC WELLS: Oil exploration began in Colorado in 1862 when 
the first well was drilled in the Cañon City area. Since that time some wells that were no 
longer economically productive have not been properly plugged and abandoned and the 
owner of record no longer exists (“orphaned wells”). Other uneconomic wells have been 
turned over to the landowner to use as a source of fuel (“domestic well”) or water. These old 
wells can act as conduits for migration of fluids and gas from the production zone up into 
overlying formations, aquifers, and the land surface. The Colorado Oil and Gas Conservation 
Commission (COGCC) has an ongoing program for identifying orphaned or domestic wells, 
re-entering them, and properly plugging and abandoning to ensure they do not continue to act 
as conduits for gas and fluid migration.  

In the San Juan Basin the COGCC has plugged and abandoned 10 orphaned wells and two 
domestic wells32. Methane leaking from one of the orphaned wells impacted the ground and 
subsurface in an approximately 8-acre area, and six water wells, and accumulated under a 

                                                      
 
 
31 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, (1) Orders > Cause 1E > 
1E-8. (2) Images > Unique Identifier (Enter “1966”) > Search > Bouvier Emergency Response Investigation. (3) 
Orders > Cause 1 > Order 1-125. 
32 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Staff Reports > Read 
through reports. 
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residential trailer which resulted in an explosion and personal injury33. In another area, 
methane leaking from a domestic gas well impacted three water wells, two of which were 
located approximately 650m away34. 

BRADENHEAD MONITORING: In Colorado, operators are required to equip wellheads 
with appropriate and fittings to access the annular space between the production casing and 
the surface casing and any intermediate casing. This allows the safe and convenient 
measurement of pressure and fluid flow. Bradenhead tests must be conducted at least 
biennially on all wells (conventional and CSG). Periodic testing is crucial because initially 
there may not be any gas pressure detected in the bradenhead, but as CSG production 
continues and gas begins to desorb from the coal seams, some gas may eventually find a 
migration pathway up through an incomplete cement or wellhead seal and into aquifers or to 
the ground surface. 

Bradenhead tests are relatively inexpensive and are a quick way to identify wells that may not 
have complete isolation of the gas producing zones from overlying formations, aquifers, and 
the land surface. Bradenhead testing has been instrumental in identifying defective wells so 
that they can be quickly remediated and the problem mitigated. Since the early 1990s, in the 
Colorado portion of the San Juan Basin, approximately 275 oil and gas wells with high 
bradenhead pressures (out of approximately 3,000 wells in the basin35) have been identified , 
and remediation and mitigation (primarily wellhead seal repairs and casing/cement repairs) 
activities conducted.  

OUTCROP SEEP MAPPING AND MONITORING: In the San Juan Basin of Colorado at 
locations where methane is known to be seeping from the outcrop of the coal-rich Fruitland 
Formation, annual detailed surface mapping and flux monitoring of seeps continues to be 
used to assess changes in the extent and flux of the gas seeps36. This information is used by 
local, state, and federal government, industry, and landowners to ensure that existing homes 
and structures are not at risk from accumulation of methane, to ensure that new structures are 
located to avoid gas seep areas and constructed with appropriate methane mitigation. 

OUTCROP MONITORING WELLS – PRESSURE DATA: Approximately fifty 
monitoring wells have been installed into coal seams of the Fruitland Formation in the 
Colorado portion of the San Juan Basin.. Geophysical logs, cores, water and gas samples, and 

                                                      
 
 
33 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, (1) Library > Area 
Reports/Data > San Juan Basin > Bondad, Colorado Reports. (2) Orders > Cause 1E > Order 1E-3 and Order 
1E-4. 
34 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Orders > Cause IV > Order 
1V-387. 
35 This number includes conventional, injection, and CSG wells. 
36 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Library > Area 
Reports/Data > San Juan Basin > 3M and Archuleta County Fruitland Outcrop Monitoring Reports. 
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gas desorption and adsorption tests obtained from these wells provide important information 
about the characteristics of the coal seams and the gas they contain. The monitoring wells 
continue to be used to assess changes in CSG reservoir and near-outcrop pressures and to 
investigate trends37.  

REGIONAL SEEP MAPPING AND MONITORING: Aerial and driving surveys are used 
to cover larger areas looking for evidence of gas emissions. Regional reconnaissance efforts 
to identify methane seepage in the San Juan Basin of Colorado have included infra-red (IR) 
aerial photography and imagery review to identify areas of stressed or dead vegetation along 
the outcrop of the Fruitland Formation. Differential absorption laser technology deployed 
using an airplane has also been used to identify potential gas seepage along the outcrop of the 
Fruitland Formation. To confirm airborne data, detections or indications of methane seepage 
identified by remote sensing techniques should be followed by field verification, if land 
access can be obtained. Soil gas measurements should be made and samples should be 
collected to determine whether methane seepage is occurring. Approximately 60 miles 
(100 km) of the outcrop of the coals in the Fruitland Formation have been and continue to be 
surveyed periodically using remote techniques. 

Regional reconnaissance efforts in the Raton Basin of Colorado have included IR driving 
surveys used to identify the locations of methane seeps. Approximately 4,200 miles 
(6,720 km) of state, county, local, and oil and gas access roads were driven in 2001, and 
3,200 miles (5,120 km) were driven in 2007. The surveys were conducted using 4-wheel drive 
vehicles equipped with IR-based gas detectors. The leak detection system was a 3-channel 
instrument capable of measuring methane, total hydrocarbons, and carbon dioxide at sub parts 
per million (ppm) concentrations and a speed of 10 samples per second. The vehicles were 
also equipped with a global positioning system (GPS)-based navigation system, and wind 
speed, wind direction, and temperature sensors. The surveys identified areas where gas 
plumes crossed the driven roads. Field verification of the source(s) of the detections was 
conducted where land access could be obtained. Sources of the methane detections included 
leaks from a small number of gas wells, gas pipelines and equipment, coal outcrops, coal 
mine features such as old portals and core exploration bores, and igneous dikes.38  

                                                      
 
 
37 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Library > Area 
Reports/Data > San Juan Basin > 3M and 4M Monitoring Well Reports. 
38 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Library > Area 
Reports/Data > Raton Basin. 
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RESERVOIR AND GROUNDWATER MODELING: Numeric groundwater and reservoir 
models have been developed and used to predict whether changes in CSG development would 
result in changes to methane seepage, and groundwater/surface water interaction, at the 
outcrop of the Fruitland Formation in the San Juan Basin39 and at the outcrop of the Raton 
and Vermejo Formations in the Raton Basin40.  

Experience gained in investigating gas seeps in Colorado has been used to help develop the 
strategy for investigating the Condamine River gas seeps and for the site conceptual model, 
and hypotheses which are discussed in Section 5 and Section 10. Insights gained helped to 
refine the initial site conceptual model and hypotheses regarding the potential sources, 
mechanisms, and migration pathways of the gas seeps in the Condamine River and to develop 
recommendations for ongoing and future investigations and monitoring. 

 

                                                      
 
 
39 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Library > Area 
Reports/Data > San Juan Basin > 3M Project Reports > CBM Model and Hydrologic Model Final Reports and 
Coalbed Methane Stream Depletion Assessments. 
40 Colorado Oil and Gas Conservation Commission website: www.cogcc.state.co.us, Library > Area 
Reports/Data > Raton Basin > Coalbed Methane Stream Depletion Assessments. 
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5 INITIAL SITE CONCEPTUAL MODEL 

The approach to investigating and arriving at the explanation for observed phenomena in 
complex geologic situations should incorporate standard scientific site investigation methods, 
including the following: 

• Developing an initial conceptual model of the site that incorporates current geologic, 
hydrogeologic, and hydrologic data. 

• Proposing a number of tentative or potential hypotheses (i.e. multiple working 
hypotheses). 

• Collecting information, including samples and analytical results, to test the tentative 
or potential answers. 

• Considering analytical results and evaluating the feasibility of each hypothesis. 

• Questioning underlying assumptions, remaining open to new possibilities, and 
avoiding “group-think”. 

• Considering and discussing information obtained and published by others regarding 
similar geologic situations. 

• Eliminating hypotheses that are not borne out by scientific facts. 

• Working towards finding the explanation with the highest probability of being 
correct. 

• Continuing to monitor and collect appropriate data to test and verify that initial 
explanations continue to be supported by subsequent data. 

Answering the complex question of what the sources, pathways, mechanisms, and impacts are 
for the methane seepage observed in the Condamine River, and whether seepage may occur in 
other areas, requires this approach. It ensures that any future investigations or remedial 
strategies can be designed based on sound scientific information and not on inference or 
speculation. 

The initial site conceptual model is the geologic and hydrologic framework for the study. The 
geologic framework was described in Section 4.1, and the Condamine River hydrology was 
described in Section 4.2. These conceptual model elements were relatively well understood at 
the beginning of the study, and are shown in Figure 5-1. 



  

 

 
 

ORIGIN ENERGY – 588-1 
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT 

5-2 

 
FIGURE 5-1 

SITE CONCEPTUAL MODEL – GEOLOGY AND HYDROLOGY



  

 
 

 
 

ORIGIN ENERGY – 588-1 
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT 

5-3 

Key elements of the initial site conceptual model (Figure 5-1) are: 

1. The Springbok Sandstone overlies the WCM. 

2. Coals within the WCM and Springbok Sandstone are the presumed primary source of 
the gas. The greater abundance of coals (and hence the main exploration target for 
CSG development) is in the WCM. 

3. The widespread presence of free gas in the shallow geology within the study area has 
been observed for many decades as noted in water bores and coal exploration bores 
during drilling and under static conditions. 

4. Because the Springbok Sandstone and WCM formations outcrop at the surface in this 
location and they are in part overlain by the Condamine River and associated 
alluvium, the study area represents part of the “intake beds” or recharge area for 
these formations.  This is the location in the Surat Basin where the outcrop of these 
can receive inflow of water which then infiltrates into the basin.  These formations 
are close to or at the surface and are therefore susceptible to water level/and pressure 
variations from rainfall and flooding events.  

5. The study area has been subjected to historical and multiple recent substantial 
flooding events (4 times in 4 years). 

6. The potentiometric head in the WCM at the Orana 8 well in 2008 was close to 
normally-pressured, that is, the water level in this CSG well would be close to the 
ground surface. 

7. Water levels in the Springbok Sandstone are approximately 25 m below the ground 
surface. There is in some areas an unsaturated zone above the water table in which 
gas, air, or a mixture could be present. 

8. The strata are gently-dipping (approximately1 degree), but not perfectly flat. As a 
result of the gentle dip to the southwest, the Springbok Sandstone outcrops and can 
be observed within the Condamine River channel near the upstream Pump Hole seep, 
whereas it is mapped as subcropping (near the regional edge of the Westbourne 
Formation) vertically below the downstream Rock Hole seep. 

9. Variations in permeability, overall dip and stratigraphic thickness, and displacements 
across steep faults, present the potential for classic “gas traps”. 

10. Near-surface older alluvium, of two types: the upper unconsolidated clays and fine 
sands, and a lower consolidated conglomerate. 

11. The Condamine River channel is deeply and steeply incised (~8 m) below its flood 
plain. 
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12. The consolidated conglomerate outcrops in large areas of the Condamine River 
channel, and has been cut through by river erosion.  

13. High-angle faults that could be flow barriers, or conduits.  

14. Man-made conduits: CSG wells, water bores, and coal exploration bores. Typically 
CSG wells are cemented in formations above the producing zone, whereas water and 
coal exploration bores may be un-cemented. 

15. Water bores may produce from single formations, or may penetrate two or more 
formations, thereby connecting them. 
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6 INVESTIGATION RATIONALE 

Gas seeps, surface water, groundwater, water bores, CSG pilot wells, coal exploration bores, 
aquatic ecology, and vegetation were assessed in this multi-disciplinary investigation. The 
information collected was used to:  

• Evaluate the environmental impacts, if any, of the gas seeps. 
• Evaluate alternative hypotheses of the sources, pathways, and mechanisms, of the gas 

seeps. 
• Eliminate possible explanations that are not supported by the scientific data. 
• Refine the conceptual models based upon the scientific data. 
• Identify the potential source(s) of the gas and the potential migration pathway(s). 
• Recommend future technical investigation work, as necessary. 
• Propose an ongoing monitoring program. 

 
The tasks involved in accomplishing this investigation are being carried out in phases. 
Phases 1 and 2 are described in more detail in Sections 7 and 8, respectively and a summary 
of the results is presented in Section 9. The expanded and revised site conceptual model 
including sources, pathways, and mechanisms, is described in Section 10. Recommendations 
for future technical investigations and monitoring are presented in Section 11. A list of the 
three phases and the tasks that have been or are proposed to be carried out is included in 
Table A.1. The performance of all field tasks was and will be contingent upon obtaining 
landowner permission to access the areas and to conduct the necessary activities. Landowners 
have been very cooperative in facilitating this investigation. 

 




