8.4

TASK 10 – INSTALLATION AND OPERATION OF WATER LEVEL GAUGING STATIONS
8.4.1 Activities
Temporary water level gauging stations that include transducers, data loggers, and height
gauges were installed by Origin at three of the gas seeps. Origin was responsible for
conducting this work and for collecting the data. Data collected at the Chinchilla Weir and
downgradient governmental gauging stations was also obtained and evaluated.
Temporary water level gauging stations (pressure transducers) were attached below water
level to driven steel posts at the following sites:
Location

Data period

Upstream Pump Hole

18 Oct 2012 – 10 Dec 2012

Fenceline

17 Oct 2012 – 11 Dec 2012

Downstream Camping Ground

21 Nov 2012 – 11 Dec 2012

To measure the true height of water using a pressure transducer, it is standard practice for
pressure fluctuations due to barometric (air pressure) changes to be eliminated. The waterlevel gauges record absolute pressure (i.e. they were not mechanically compensated for
barometric changes). To allow barometric effects to be compensated, an additional barometric
transducer was set up above water level at the Fenceline seep. Because increases in air
pressure are not related to changes in water level, air pressure is subtracted from absolute
pressure.
Results are shown in Figure 8-9. The main control on water levels is the flow at Chinchilla
Weir upstream. The confluence of the Condamine River and Charleys Creek is approximately
1.2 km downstream of the Camping Ground seep, so flow down Charleys Creek does not
affect water level measurements taken at the three main gas seeps. Even smaller flows of less
than 1 ML/d resulted in observable water level changes downstream during the period 17
October – 20 November, 2012. The large rainfall event on 20 November, 2012 led to a
discharge at Chinchilla Weir of 67 ML/d, causing a rise in water levels of about 50 cm.
Greater “noise” in the record at the Pump Hole and Camping Ground seeps (compared with
Fenceline) probably reflects different transducer ranges and sensitivity.
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FIGURE 8-9
WATER LEVEL GAUGING RESULTS
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8.4.2 Recommendations
The water level recordings provide a good context for the ecological assessment and water
quality studies. However, the water level measurements to date have been relative, i.e. they
indicate the variations in water level at each station, but do not indicate the absolute elevation
in metres above AHD. This means that the data cannot be compared with the bathymetric
survey (see Section 8.7) or to water levels measured elsewhere e.g. at Chinchilla Weir. They
also cannot be used to determine when the river transitions from continuous flow to
discontinuous pools and vice versa. Therefore it is recommended that the transducer
elevations should be accurately surveyed.
Transducers in surface water channels can be and have been washed away during high flood
events. As the readings during flood events are important, the anchoring should be improved
to the extent possible. Additionally, communications cables should be fitted with watertight
seals between data downloads in case of a sudden rise in water level, so that they can continue
to record and be downloaded after water levels have receded.
The transducers have been recording at 15-minute intervals, which is probably more detail
than is required for this long-term investigation. If they are to remain deployed, the frequency
should be reduced to perhaps 6-hourly intervals.
While the water elevation is useful, it does not address the question of the erosive power of
flood events, which is hypothesized as a factor in the appearance of the gas seeps. The
potential for erosion and/or sedimentation is a function of water velocity, which can either be
measured directly or calculated. Alternatively, erosion effects can be determined from followup bathymetry surveys.

8.5

TASK 14 – REVIEW OF CSG INDUSTRY AND OTHER SCIENTIFIC INFORMATION
REGARDING GAS SEEPAGE
Origin, CSGCU, and the Principal Consultant reviewed existing information and experience
regarding the investigation of similar gas seep events and situations elsewhere in Australia
and in other parts of the world, in particular in Colorado, USA. Information and insights
obtained from this review were used to help develop the strategy for conducting the Phase 2
focused field investigations.
A summary of the review is provided in Section 4.4 and in Section 4.5.

8.6

TASK 15 – SURFACE AND SHALLOW SUBSURFACE SOIL GAS SURVEY
Initial visual inspections carried out during Phase 1 by Origin, CSGCU, and contractors
confirmed that gas was seeping at four locations along the Condamine River. An important
step in investigating these gas seeps was accurately mapping the locations and aerial extent of
each. This work was carried out in Phase 2 Task 15. The spatial information captured for each
seep provides the baseline against which subsequent monitoring and mapping of the gas seeps

ORIGIN ENERGY – 588-1
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT
8-23

will be compared to determine whether changes are occurring. The bathymetric survey
conducted in Phase 2, Task 17 (Section 8.7), added additional spatial information about the
seeps.
Methane seepage to the ground surface can stress or kill vegetation. In the San Juan Basin of
Colorado, a report prepared for the COGCC regarding gas seepage in the Pine River Ranches
describes the likely effect of methane seepage on vegetation 66. At the active seeps, methane
displaced the normal atmospheric-derived soils gases, eliminating the oxygen necessary for
normal root respiration processes. Visible vegetation stress is difficult to quantify because
other factors (prolonged drought or flooding, insects, etc.) may also be at work; however,
stressed and dead vegetation were coincident with areas where methane concentrations
exceeded 40%. Stressed and dead vegetation occurs at all of the known gas seep areas in the
San Juan Basin and is one of the main parameters used to identify areas suspected new
methane seepage.
Landowners in proximity to the Condamine River gas seeps expressed concern that stressed
and dead vegetation in certain areas might be the result of methane gas seepage. Shallow
subsurface soil gas surveys were conducted in these areas to determine whether methane was
present at concentrations sufficient to stress or to kill trees and other vegetation.
Four CSG pilot wells (Orana 8, Orana 9, Orana 10, and Orana 11) were drilled by Origin in
2008. These pilot wells are located south of the Condamine River, approximately
1,500 m to 2,000 m west of the Camping Ground seep. Questions have been raised about
whether these wells are acting as or have the potential to act as conduits for migration of gas
from the subsurface to the ground surface and/or to the gas seeps. Shallow subsurface soil gas
surveys were conducted in the vicinity of each of the pilot wells to obtain data to help answer
this question. In addition, well completion reports, geophysical logs, and other records related
to the four pilot wells were reviewed. The results of the review are presented in Section 7.1.
SGS Leeder (Leeder) was selected to conduct the surface and shallow subsurface soil gas
mapping and sampling activities because of their experience in conducting similar
environmental monitoring at other locations and their familiarity with the seeps from earlier
sampling. The Principal Consultant was onsite to observe and to coordinate the field activities
associated with the task. The site-specific activities included:

66

Bennett, P.C. and Lee, R.1995, Pine River Ranches, Colorado – Soil Gas Investigation Final Report, prepared
for the Colorado Oil and Gas Conservation Commission. www.cogcc.state.co.us, Orders > Cause 112 Order 150
> Hearing Files > Document 1146763 “RP Ranches, Col. Soil/Gas Investigation (Final Report”.
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•
•

•

•

•

Mapping and photographing the locations and extent of the visible gas seeps.
Obtaining GPS coordinates with sub-metre accuracy for important features (e.g. areas
and linear trends of bubbling and individual bubble locations) within the seeps, to
ensure the locations of these features can be relocated as conditions change.
Conducting soil gas surveys on the land adjacent to the visible seeps to assess
whether gas is seeping in these areas, and collecting soil gas samples from selected
probes or “implants” for laboratory analysis.
Conducting soil gas surveys around suspect areas of stressed vegetation, in particular
those identified by landowners and collecting soil gas samples from selected soil gas
probes for laboratory analysis.
Conducting soil gas surveys around the four Orana pilot wells and collecting soil gas
samples from selected soil gas probes for laboratory analysis.

Figure 8-1 shows the locations at which this work was conducted.
8.6.1

Methods

8.6.1.1 GPS DATA COLLECTION AND DATA MANAGEMENT
Detailed mapping was achieved using an Omnistar VBS sub-metre differential GPS unit,
which provided real-time horizontal accuracies of 0.3 m to 0.7 m at all of the sites. Each data
point was recorded using Earth Systems Research Institute (ESRI) ArcPad software,
operating on a personal digital assistant (PDA). GPS data were collected for:
•
•
•
•

Gas seeps, as indicated by visible bubbles.
Soil gas probes.
Flag markers positioned by the CSGCU.
Stressed and dead vegetation

8.6.1.2 MAPPING OF CONDAMINE RIVER GAS SEEPS
During October and November 2012, the Pump Hole, Fenceline, Camping Ground, and Rock
Hole seeps were inspected by walking the river banks, by wading in the river, and by using a
small boat where the water was deep (Figure 8-10). The locations of visible bubbles were
identified and accurately surveyed using an Omnistar VSB GPS. GPS coordinates were
obtained for more than 200 visible bubble locations.
These data were used to create individual maps for each of the four gas seeps. Pump Hole,
Fenceline, Camping Ground (South and North), and Rock Hole seeps are shown on
Figures B-22 through B-26, respectively. Based on the results of the mapping, the locations
and aerial extent of the gas seeps have been established. This information will be compared
with that from subsequent mapping and monitoring to determine whether changes in the
methane seepage are occurring.
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FIGURE 8-10
67
M APPING VISIBLE BUBBLES AND GROUNDWATER SEEP

67

A groundwater seep is a spring with a flow rate of <0.5 L/min.
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At the time of the mapping in 2012 the lengths of the river reaches that contained the four
visible gas seeps were:
Seep

Approximate length

Pump Hole

59 metres

Fenceline

196 metres

Camping Ground

278 metres

Rock Hole

100 metres

8.6.1.3 INSTALLATION OF SHALLOW SOIL GAS PROBES
Visual observations of bubbles can be used to identify locations where gas is seeping through
water, such as the four seeps within the Condamine River; however, gas seeps on dry land
often cannot be seen. Their locations are identified by making field measurements using
equipment that can detect the presence of methane and other gases. Stressed and dead
vegetation can also indicate areas of high methane flux through soil.
Soil gas probes are commonly used to assess the presence of hydrocarbon gases in the
shallow subsurface. A total of 107 soil gas probes were installed to provide an initial
assessment of whether methane gas was seeping through the river banks adjacent to the four
gas seeps, in the three areas of stressed and dead vegetation of concern to landowners, and
through the ground adjacent to the four Orana pilot wells. The distribution of the probes per
site is summarized in Table 8.2.
Locations for the shallow soil gas probes were selected in the field based upon site-specific
conditions. At the four gas seeps, probes were installed along both banks of the Condamine
River at a spacing of approximately 25 m for the entire length of each seep. The spacing had
to be increased in some locations because the steepness of the river banks precluded soil gas
probe installation. Probes were also installed at each seep upstream and downstream of the
extent of visible bubbles. When methane was detected, another soil gas probe was installed
approximately 10 m perpendicular to and further away from the river. Probes continued to be
installed until methane was not detected. At all but one of the seeps, the methane
concentrations dropped to below the instrument detection level within 10 to 20 m of the river.
At the Camping Ground seep, methane was detected in soil gas probe CNSG12 which is
located approximately 30 m from the river in a narrow gully.
At the areas of stressed and dead vegetation, soil gas probes were installed: adjacent to
selected dead or stressed trees and living trees; in areas of no vegetation; and in adjacent areas
where the vegetation appeared healthy. Four soil gas probes were installed around each of the
four Orana pilot wells.

ORIGIN ENERGY – 588-1
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT
8-27

TABLE 8.2
SOIL GAS PROBES PER LOCATION

Number of Soil Gas
Probes

Number of Soil Gas Probes with
Methane Detections Measured
(GA2000 Gas Analyser)

Pump Hole seep

18

5

Fenceline seep

17

1

Camping Ground seep

34

6

Rock Hole seep

10

1

Stressed Vegetation Site 1

3

0

Stressed Vegetation Site 2

6

0

Stressed Vegetation Site 3

3

1

Orana 8

4

0

Orana 9

4

0

Orana 10

4

1

Orana 11

4

0

Site
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To install the soil gas probes, holes were drilled to a depth of approximately 1.0 m using a
hand auger or a vehicle mounted hammer drill (Figure 8-11). Lithologic information for each
hole was recorded on a field report. A ¼ inch Teflon® tube was attached to a 0.1 m perforated
stainless steel probe with a brass Swagelok fitting. Clean coarse sand was placed in the hole
around and above the probe. Granulated bentonite was placed above the top of the sand and
filled the hole to the ground surface. The bentonite was then hydrated with water to seal the
hole from the atmosphere. A cross section showing the components of a typical soil gas probe
is presented in Figure 8-12. Figure 8-13 is a photograph of an installed probe. Additional
information about the installation procedure is provided in Leeder’s final field report, which
has been provided under separate cover.
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HAND AUGER

ELECTRIC HAMMER DRILL
FIGURE 8-11
DRILLING HOLES FOR SOIL GAS PROBES
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FIGURE 8-12
TYPICAL SOIL GAS PROBE - COMPONENTS
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FIGURE 8-13
INSTALLED SOIL GAS PROBE
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FIGURE 8-14
GA2000 GAS ANALYSER
MEASURING SOIL GAS
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LUNG BOX
AND PUMP

LUNG BOX AND FLEXFOIL BAG

GA 2000 GAS ANALYSER WITH FLEXFOIL BAG

FIGURE 8-15
SOIL GAS SAMPLING
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8.6.1.4 SOIL GAS MEASUREMENT – FIELD
Before measuring the concentration of gases, the probes were purged and allowed to
equilibrate. A GA2000 gas analyser was then attached to the tubing (Figure 8-13) and gas
concentrations were measured. After the measurements stabilized, the concentrations of the
following gases were recorded on the field report for each probe:
•

Methane (>0.1% to 100%).

•

Oxygen (0.1% to 25%).

•

Carbon dioxide (>0.1% to 100%).

•

Carbon monoxide (CO) (0 to 500 ppm).

•

Hydrogen sulphide (0 to 500 ppm).

At the four gas seeps, if methane was detected in a probe, then another probe was installed at
a distance of approximately 10m, perpendicular to and away from the river. This process was
continued until methane was not detected.
The soil gas measurements taken at all of the probes are presented in Table A.5.
8.6.1.5 SAMPLE COLLECTION FOR COMPOSITION AND ISOTOPE ANALYSIS
A standard technique used for differentiating between different types and sources of methane
involves collecting gas samples for composition and isotope analysis (Section 4.3 and
Section 7.3). Gas samples were collected from selected probes and submitted to Geotech,
Western Australia, which is a satellite laboratory of Isotech Laboratories, Inc., Champaign,
IL, USA, for analysis. The collection method used was based on United States Environmental
Protection Agency (US EPA) procedures 68. As an improvement to this procedure, SKC
FlexFoil® bags rather than Tedlar® bags were used to collect the gas samples. FlexFoil® bags
provide stability for low molecular weight compounds such as methane and carbon dioxide
which are of critical importance to this investigation. FlexFoil® bags also effectively hold
hydrogen sulphide.
The FlexFoil® bag is placed into a “lung box”. The fitting on the bag is connected to the
Teflon® tubing from the soil gas probe. An SKC PXCR series sampling pump is connected to
another fitting on the “lung box” and used to remove the air from inside the box. This creates
a pressure differential and the gas sample flows from the probe into the FlexFoil® bag. Gas
samples were also collected using the internal pump of the GA2000 gas analyser to fill the
FlexFoil® bag (Figure 8-15).

68

U.S. Environmental Protection Agency, 2003. Standard Operating Procedure Eleven, General Air Sampling
Guidelines, version 2.0. Modified from U.S. EPA Environmental Response Team SOPs 2102, 2103, and 2104.
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The soil gas probes selected for sample collection and laboratory analysis included those with
higher methane concentrations as measured with the GA2000 gas analyser. To verify field
measurements, some probes with low field-measured methane concentrations and some at
which methane was not detected were also sampled. A total of 26 gas samples were collected
from soil gas probes, three duplicate samples were collected, and one sample was collected
from a small less vigorous bubble site at the Camping Ground seep (C2C2 on Figure B-25).
The samples were submitted for laboratory analysis. The analytical results are summarized in
Table A.6. An evaluation of the isotopic data is provided in Section 8.6.2.4.
Table A.7 provides a comparison of the methane concentrations detected by field
measurements made with the GA2000 gas analyser to the laboratory analytical results.
Overall the data shows there is a reasonably good, “order of magnitude”, correlation, which
confirms that field measurements made with a GA2000 gas analyser are an acceptable
screening technique for identifying methane seepage.
8.6.2

Results

8.6.2.1 PUMP HOLE, FENCELINE, CAMPING GROUND, AND ROCK HOLE SEEPS
At the four gas seeps soil gas probes were installed along both banks of the Condamine River
at a spacing of approximately 25 m for the entire length of each seep. The spacing had to be
increased in some locations because the steepness of the river banks precluded soil gas probe
installation. Soil gas probes were also installed at each seep upstream and downstream of the
visible extent of the bubbles. Locations for the shallow soil gas probes were selected in the
field based upon site specific conditions.
•

Pump Hole seep – 18 soil gas probes (PNSG1 – PNSG7 on the north bank and
PSSG1 – PSSG11 on the south bank).

•

Fenceline seep – 17 soil gas probes (FNSG1 – FNSG8 on the north bank and FSSG1
– FSSG9 on the south bank).

•

Camping Ground seep – 34 soil gas probes (CNSG1 – CNSG19 on the north bank
CSSG1 – CSSG15 on the south bank).

•

Rock Hole seep – 10 soil gas probes (RNSG1 – RNSG4 on the north bank RSSG1 –
RSSG6 on the south bank).

Figures B-22 through B-26 are individual maps of the gas seeps that show the locations of
79 soil gas probes and the methane concentrations measured in them using the GA2000 gas
analyser. Methane was not detected in 66 of the soil gas probes and was detected in 13 soil
gas probes (Table A.5).
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When methane was detected, another soil gas probe was installed approximately 10m
perpendicular to and further away from the river. Probes continued to be installed until
methane was not detected. At all but one of the seeps, the methane concentrations dropped to
below the instrument detection level within 10 to 20m of the river. At the Camping Ground
seep, methane was detected in soil gas probe CNSG12 (Figure B-24) which is located
approximately 30m from the river in a narrow gully.
Overall soil gas measurements and laboratory analysis indicate that most methane seepage is
occurring at locations in the active channel of the Condamine River where gas bubbles have
been visually observed, with methane only detected in a few small areas on the adjacent river
banks.
Two possible explanations for this distribution are: (1) that the seepage is controlled by a
geologic feature (fault, fracture, rock outcrop) that is coincident with the active river channel;
or (2) that the clayey soils and/or the consolidated conglomerate in the river banks provide a
cap or seal except where the river has cut down through the clayey soils.
PUMP HOLE SEEP
Figure B-22 shows the locations of the 18 soil gas probes installed at the Pump Hole seep and
the concentration of methane detected in each. Methane was detected in five soil gas probes
using the GA2000 gas analyser at the concentrations listed below:
•

PNSG3 at 79.4%

•

PSSG2 at 0.1%

•

PSSG3 at 20.7%

•

PSSG5 at 73.1%

•

PSSG8 at 29.3%

Because methane was detected in these five soil gas probes, four additional probes (PNSG7,
PSSG7, PSSG9, and PSSG11) were installed to define the extent of field-measured methane.
Methane was not detected in these four probes; therefore the extent of field-measured
methane in the shallow soil gas was established.
Gas samples were collected from PNSG3, PSSG2, PSSG3, PSSG5, PSSG8, and PSSG11 and
submitted for laboratory analysis. The analytical results verified the field measurements of
methane in PNSG3, PSSG2, PSSG3, PSSG5, and PSSG8 (Table A.7). Methane was detected
at the trace concentration of 5 ppm in PSSG11 and confirmed that the extent of fieldmeasured methane in the shallow soil gas was established.
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FENCELINE SEEP
Figure B-23 shows the locations of the 17 soil gas probes installed at the Fenceline seep and
the concentration of methane detected in each. Methane was detected in one soil gas probe
using the GA2000 gas analyser at the concentration listed below:
FSSG7 at 0.1%
Because methane was detected at FSSG7, soil gas probe FSSG9 was installed to define the
extent of field-measured methane. Methane was not detected in FSSG9, which confirmed that
the extent of field-measured methane in the shallow soil gas was established.
A gas sample was collected from FSSG7and submitted for laboratory analysis. Methane was
detected at the low concentration of 461 ppm in FSSG7, which verified the field measurement
(Table A.7).
CAMPING GROUND SEEP
Figure B-24 and Figure B-25 show the south and north segments of the Camping Ground
seep, respectively, the locations of the 34 soil gas probes installed, and the concentration of
methane detected in each. Methane was detected in six soil gas probes using the GA2000 gas
analyser at the concentrations listed below:
•

CNSG12 at 0.1%

•

CNSG13 at 0.1%

•

CSSG1 at 0.1%

•

CSSG2 at 2%

•

CSSG6 at 0.4%

•

CSSG13 at 0.7%

Because methane was detected in the five soil gas probes listed above, additional probes
(CNSG14, CSSG8, CSSG9, and CSSG15) were installed to define the extent of fieldmeasured methane. Methane was not detected in these four probes; therefore, the extent of
field-measured methane in the shallow soil gas was established. Due to site constraints an
additional soil gas probe was not installed to verify the 0.1% methane measured at CNSG13.
However, it is likely that this low measurement indicates only a trace background
concentration of methane.
Gas samples were collected from CNSG12, CNSG18, CSSG1, CSSG2, CSSG4, CSSG6,
CSSG13, and CSSG15 and duplicate samples were collected from CSSG13, and CSSG15.
The samples were submitted for laboratory analysis. The analytical results verified the field

ORIGIN ENERGY – 588-1
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT
8-38

measurements of methane in CNSG12, CSSG1, CSSG2, CSSG6, and CSSG13 (Table A.7).
Methane was detected at the trace concentration of 38 ppm in CSSG15 and 2 ppm in
CSSG18.
ROCK HOLE SEEP
Figure B-26 shows the locations of the 10 soil gas probes installed at the Rock Hole seep and
the concentration of methane detected in each. Methane was detected in one soil gas probe
using the GA2000 gas analyser at the concentration listed below:
•

RSSG3 at 0.1%

Because methane was detected at RSSG3, soil gas probe RSSG5 was installed to define the
extent of the field-measured methane. Methane was not detected in RSSG5, which confirmed
that the extent of the field-measured methane in the shallow soil gas was established.
A gas sample was collected from RSSG3 and submitted for laboratory analysis. Methane was
detected at the low concentration of 453 ppm in RSSG3, which verified the field
measurement (Table A.7). A sample was also collected from RSSG4. Methane was detected
at the trace background concentration of 5 ppm, which verified the field measurement.
8.6.2.2 STRESSED VEGETATION SITE 1, SITE 2, AND SITE 3
Three sites were investigated to determine whether methane gas seepage was the cause of the
stressed and dead vegetation or bare areas with no vegetation. Soil gas probes were installed
at each of the sites, soil gas measurements were made, and samples were collected for
laboratory analysis.
Stressed Vegetation Site 1 is located just east of the Chinchilla-Tara Road approximately
2 km south of the Chinchilla Weir. Figure B-27 shows the locations of the three soil gas
probes (RRSG1, RRSG2, and RRSG3) installed at Stressed Vegetation Site 1 and the
concentration of methane detected in each. The perimeter of the stressed vegetation and bare
black soils was mapped and is shown on Figure B-27. Photographs of the site are provided in
Figure 8-16.
The locations of the soil gas probes were selected to provide information about different site
conditions as follows:
•

RRSG1 - in black soil with no vegetation.

•

RRSG2 – base of dead tree.

•

RRSG3 – background in area of healthy vegetation.

Methane was not detected in soil gas probes using the GA2000 gas analyser (Table A.5).
Samples from RRSG1 and RRSG3 were submitted for laboratory analysis. Methane was
detected at trace concentrations of 10 ppm in RRSG1 and 4 ppm in RRSG3 (Table A.6).
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RRSG-1

RRSG-2

BLACK SOIL

RRSG-3

VEGETATION IN
BACKGROUND
AREA

DEAD TREE

FEBRUARY 2013
STANDING WATER

FIGURE 8-16
STRESSED VEGETATION SITE 1
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The field measurements and laboratory results indicate that the stressed vegetation and bare
black soil with no vegetation are not caused by methane gas seepage to the ground surface.
Another indication that methane is not seeping to the ground surface in Stressed Vegetation
Site 1 occurred in February 2013. Origin personnel had the opportunity to inspect Site 1 when
it was submerged under water (Figure 8-16) and they did not observe bubbles at that time.
Stressed Vegetation Site 2 is located approximately 1,500 m north of Camping Ground seep
on the east side of Charleys Creek. The locations of several prominent stressed, dead, and
living trees were surveyed and six soil gas probes (PVSG1, PVSG2, PVSG3, PVSG4,
PVSG5, and PVSG6) were installed. The locations of the soil gas probes and the surveyed
trees are shown on the map in Figure B-28 and photographs of the site are provided in
Figure 8-17.
The locations of the soil gas probes were selected to provide information about different site
conditions as follows:
•

PVSG1 – base of dead tree.

•

PVSG2 – base of stressed tree.

•

PVSG3 – base of dead tree.

•

PVSG4 – low flat ground.

•

PVSG5 – base of live tree.

•

PVSG6 - higher flat ground near live tree.

Methane was not detected in soil gas probes using the GA2000 gas analyser (Table A.5).
Samples from PVSG2, PVSG3, and PVSG5 were submitted for laboratory analysis. Methane
was detected at trace concentrations of 4 ppm in PVSG2, 7 ppm in PVSG3, and 2 in PVSG5
(Table A.6).
The field measurements and laboratory results indicate that the stressed and dead trees at
Site 2 are not caused by methane gas seepage to the ground surface.
Stressed Vegetation Site 3 is located approximately 2.5 km west of Camping Ground seep
on the south side of the Condamine River. The locations of several prominent stressed, dead,
and one living trees were surveyed and three soil gas probes (BSSG1, BSSG2, and BSSG3)
were installed. The locations of the soil gas probes and the surveyed trees are shown on the
map in Figure B-29 and photographs of the site are provided in Figure 8-18.
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PVSG-3

STRESSED TREE

FIGURE 8-17
STRESSED VEGETATION SITE 2
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DEAD
TREE

BSSG-1

FIGURE 8-18
STRESSED VEGETATION SITE 3
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The locations of the soil gas probes were selected to provide information about different site
conditions as follows:
•

BSSG1 – base of dead tree.

•

BSSG2 – near base of live tree.

•

BSSG3 – base of dead tree.

Field measurements using the GA2000 gas analyser did not detect methane in soil gas probes
BSSG1 and BSSG2, but methane was detected in BSSG3 at the instrument detection limit of
0.1% (1,000 ppm) (Table A.5). Samples from all three soil gas probes were submitted for
laboratory analysis. Methane was detected at trace concentrations of 50 ppm in BSSG1,
4 ppm in PVSG2, and 6 in BSSG3 (Table A.6).
The field measurements and laboratory results indicate that the stressed and dead trees at
Site 3 are not caused by methane gas seepage to the ground surface.
8.6.2.3 ORANA 8, ORANA 9, ORANA 10, AND ORANA 11 PILOT WELLS
In 2008 Origin drilled four pilot CSG wells, Orana 8, Orana 9, Orana 10, and Orana 11. They
are located on the south side of the Condamine River 1,500 m to 2,000 m west of the
Camping Ground seep (Figure 8-1). Questions have been raised about whether these wells are
acting as or have the potential to act as conduits for migration of gas from the subsurface to
the ground surface and/or to the gas seeps. Shallow subsurface soil gas surveys were
conducted in the vicinity of each of the pilot wells to obtain data to help answer this question.
In addition, well completion reports, geophysical logs, and other records related to the four
pilot wells have been reviewed. The results of the review are presented in Section 7.1.
Four soil gas probes were installed around each of the pilot wells:
•

Orana 8 – O8SG1, O8SG2, O8SG3, and O8SG4.

•

Orana 9 – O8SG1, O9SG2, O9SG3, and O9SG4.

•

Orana 10 – O10SG1, O10SG2, O10SG3, and O10SG4.

•

Orana 11 – O11SG1, O11SG2, O11SG3, and O11SG4.

The Orana 8 and Orana 11 pilot wells and the soil gas probes associated with each are shown
on the map in Figures B-30 and the maps for the Orana 9 and Orana 10 pilot wells are shown
on Figure B-31 and Figure B-32, respectively. Photographs that document site conditions are
provided in Figure 7-2 and Figure 7-3.
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Field measurements using the GA2000 gas analyser did not detect methane in any of the soil
gas probes, except in O10SG3 where methane was detected at the instrument detection limit
of 0.1% (1,000 ppm) (Table A.5). A sample was collected from O8SG1 and both a sample
and a duplicate sample were collected from O11SG2. The samples were submitted for
laboratory analysis. Methane was detected at trace concentrations of 7 ppm in O8SG1, 5 ppm
in O11SG2, and 31 ppm in the duplicate of O11SG2 (Table A.6).
The field measurements and laboratory results indicate that methane occurs at very low,
natural background concentrations in the shallow soil gas in the vicinity of the four Orana
pilot wells and do not suggest that pilot wells are acting as conduits for methane seepage to
the ground surface.
8.6.2.4 EVALUATION OF ISOTOPE DATA
The object of studying stable isotopes of methane to discern sources or processes has been
discussed in Section 4.3 and Section 7.3. These same techniques were applied to interpreting
the analytical results from samples collected from soil gas probes. Gas samples were collected
and were submitted for laboratory analysis of gas composition and stable isotope of methane
(δ13C1 and δDC1) and carbon dioxide (δ13CO2). Gas composition analysis was performed on
all of the samples and when concentration was sufficient, stable isotope analysis was
performed. The analytical results are summarized in Table A.6.
Twenty-six of the samples were collected from soil gas probes, three were duplicate samples,
and one sample was collected from a small, less vigorous bubbling location (C2C2 on
Figure B-25) at the Camping Ground seep. The analytical results from the probes indicate that
methane is not uncommon in shallow soil gas, with concentrations ranging from very low
concentrations near detection at the majority of sites to 51% by volume methane. Duplicate
analyses indicate good sample and analytical reproducibility for both gas composition and
isotope analysis. The low methane concentrations and the biological transformation of the soil
gases, discussed below, make it difficult to identify the origin of the methane detected in most
soil gas probes.
Most of the soil gas samples showed a composition similar to atmospheric with only trace
amounts of methane (Figure 8-19). The three highest reported methane concentrations, 51%,
37%, and 22% (volume methane), were reported in gas samples from soil gas probes at the
Pump Hole seep, PSSG5, PNSG3, and PSSG2, respectively. Methane was reported in sample
C2C2 collected directly from a bubble location at the Camping Ground seep. Other samples
show very low concentrations of methane, including those collected from the soil gas probes
near the Orana pilot wells and the three areas of stressed vegetation of concern to landowners.
Some samples show more than 78% nitrogen and lower than 20.1% oxygen, which suggests
partial consumption of oxygen by soil microbial respiration, although nitrates may be a
possible contributor of nitrogen.
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The δ13C1 and δDC1 values for the gas samples collected directly from the four seeps have
also been plotted on Figure 8-20 and on Figure 7-5. The soil gas sample from PSSG5 and the
gas samples collected directly from the four seeps show isotope ratios characteristic of
predominately biogenic methane produced by bacterial reduction of CO2. The methane
isotopes ratios are similar to those known in the WCM (Figure 7-5).
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FIGURE 8-19
SOIL GAS COMPOSITION – LABORATORY ANALYSIS
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FIGURE 8-20
CARBON AND HYDROGEN ISOTOPIC COMPOSITIONAL RANGES OF METHANE FROM DIFFERENT SOURCES AND OXIDATION TREND
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In the soil gas samples with sufficient methane to conduct δ13C and δD analysis, the high δ13C
(less negative) and high δD (less negative to positive) values detected suggest the methane
has been subject to fractionation by microbial oxidation. The residual methane is enriched in
heavier (less negative) isotopes than the seeps (Table A.6, Figure 8-20) because the microbes
preferentially oxidize the lighter (more negative) methane6970. These samples were collected
from soil gas probes CSSG 1, CSSG6 and duplicate, and CSSG13 and duplicate at Camping
Ground, PSSG8 and PSSG2 at Pump Hole seeps.
Analysis of the carbon isotope ratio (δ13C) in CO2 can also be used to help indicate oxidation
of methane, by enrichment of lighter carbon (12C) in the CO2. Typical soil gas values for δ13C
of CO2 range between -23‰ to approximately -32‰ 71 (Figure 8-21) and atmospheric CO2 has
a value of -8‰; so, δ13C of CO2 values for shallow soil gas can range from the atmospheric
value of -8‰ to -32‰.Values in the soil gas samples ranged from -12.7‰ to -54.4‰, mostly
in the typical soil gas range, but some were anomalously light (more negative). This is
possibly due to conversion (oxidation) of methane to CO2 in the shallow soil, which adds
lighter (more negative) carbon to the CO2, both because the seep methane is lighter to begin
with, and the microbes preferentially oxidize lighter (more negative) methane; as exhibited by
PSSG2, PSSG8, FSSG7, CSSG6, CSSG13, and CNSG12 (Figure 8-22).
Methane was the only hydrocarbon compound detected in most of the soil gas samples;
however, trace concentrations of higher chain hydrocarbons (C4 through C6) were also
detected in nine of the soil gas samples, in particular CNSG12, but also in PSSG2, PSSG3,
PSSG5, and PNSG3, and to a lesser extent in CSSG2, CSSG4, and CSSG6, and FSSG7
(Table-A.6). The higher chain hydrocarbons were not consistently identified in all samples
and do not seem to be related to the concentrations of methane. Although C6+ was reported as
detected in the sample from CSSG6 it was reported as not detected in the duplicate sample
(CSSG 6-Dup) from this location and therefore its detection is questionable.
Higher chain hydrocarbons are not a product of microbial methane production, but are
associated with low maturity thermogenic production of natural gas; therefore, the presence of
the higher chain hydrocarbons (C4 through C6) suggests that there is a small thermogenic
component to the gas. At present the significance of these occasional trace detections is
unknown. As discussed above C6+ was reported as detected in the sample from CSSG6, but
not in the duplicate sample, which might indicate that some of the detections are questionable.

69

Coleman, D.D., Risatti, J.B., and Schoell, M., 1981. Fractionation of carbon and hydrogen isotopes by
methane-oxidizing bacteria. Geochim. Cosmochim. Acta 45, 1033-1037.
70
Whiticar, M.J. 1999. Carbon and hydrogen isotope systematic of bacterial formation and oxidation of
methane. Chemical Geology 161, 291-314.
71
Gillion, M., F. Barbecot, E. Gibert, C. Plain, J.-A. Corcho-Alvarado, M. Massault, (2012). Controls on 13C
and 14C variability in soil CO2. Geoderma 189–190, 431–441
ORIGIN ENERGY – 588-1
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT
8-49

Analysis of additional samples could be used to corroborate the presence of the higher chain
hydrocarbons that were reported as detected in some of the 2012 soil gas samples.
As discussed in Section 7.3, the results from the stable isotope analysis for gas samples
collected directly from the four seeps indicate that the methane is biogenic, produced
predominately by microbial reduction of CO2. Methane was detected at very low
concentrations in most of the soil gas probes; therefore, stable isotopes could not be analysed.
In most of the probes with higher methane concentrations, the isotope ratios have been altered
by oxidation and fractionation; therefore, are not useful in determining the source of the gas
detected in these probes.
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FIGURE 8-21
STABLE CARBON ISOTOPE RATIO OF CO2 SHOWING TYPICAL SOIL GAS RANGE
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FIGURE 8-22
COMBINATION PLOT OF CARBON ISOTOPE OF METHANE AND CARBON DIOXIDE WITH OXIDATION TREND
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The extent of the Pump Hole, Fenceline, Camping Ground, and Rock Hole seeps as they
existed in late 2012 was mapped with sub-metre accuracy. This will be the baseline against
which future mapping will be compared to determine whether changes in the extent of the
seeps occur.
Overall soil gas measurements and laboratory analysis indicate that most methane seepage is
occurring at locations in the active channel of the Condamine River where gas bubbles have
been observed, with methane only occurring in a few small areas on the adjacent river banks
at concentrations above trace levels.
Two possible explanations are that the seepage is controlled by a geologic feature that is
coincident with the active river channel or that the clayey soils and consolidated conglomerate
in the river banks provide a cap or seal except where the river has cut down through them.
Field measurements and laboratory results indicate that the stressed and dead vegetation and
bare soil observed at the three sites of landowner concern are not caused by methane gas
seepage to the ground surface.
Field measurements and laboratory results indicate that methane occurs at very low
concentrations in the shallow soil gas in the vicinity of the four Orana pilot. The results do not
suggest that the pilot wells were acting as conduits for methane seepage to the ground surface.
Methane was detected at very low concentrations in most of the soil gas probes; therefore,
stable isotopes could not be analysed. In most of the probes with higher methane
concentrations, the isotope ratios have been altered by oxidation and fractionation; therefore,
are not useful in determining the source of the gas in the probes.
8.6.3

Recommendations

Pump Hole, Fenceline, Camping Ground, and Rock Hole seeps should be mapped
periodically and gas samples should be collected and analysed to document whether changes
in extent or gas composition are occurring. To facilitate ongoing GIS analysis and mapping,
the spatial data should be compiled in a centralized database.
Although the shallow soil gas surveys were successful, the installation, purging, and sampling
of soil gas probes are time consuming and can be limited by site-specific conditions such as
rock outcrops and very steep slopes. Other techniques, such as the use on land of a West
System, LLC portable flux meter (Section 8.3.1), or some other non-intrusive method for
detecting gas seepage at the ground surface should be identified and deployed for future soil
gas surveys in the vicinity of the known seeps and the Orana pilot wells, and in new areas that
are suspected of seeping methane. If methane is detected, then soil gas probes can be installed
as necessary to facilitate collecting gas samples for laboratory analysis.
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8.7

TASK 17 – BATHYMETRIC SURVEY
Three-dimensional (3D) digital terrain models of the Condamine River were created for the
Pump Hole, Fenceline, and Camping Ground seeps to:
•
•

•

Test the hypothesis that channel depth may be a controlling factor in the locations of
the seeps.
Document the existing river bathymetry for comparison with subsequent surveys to
identify changes and to help determine whether flooding results in significant
changes.
Use for calculating of river discharge that in turn may be used for calculating mass
flux of dissolved gas at the gas seeps.

From 26 through 28 November 2012, O’Reilly Nunn Favier Surveyors (ONF) conducted a
bathymetric survey of the Condamine River. The survey covered a 3,700-metre reach from
approximately 200m upstream of the Pump Hole seep to approximately 250m downstream of
the Camping Ground seep. The Pump Hole, Fenceline, and Camping Ground seeps and the
river segments between them were surveyed. Figure 8-23 shows the location of the
bathymetric survey. Both land-based and water-based survey techniques were used. A digital
terrain model of the bed and banks of this portion of the river was created and the locations of
gas seeps were verified and mapped.
8.7.1 Method
Land areas, such as the dry areas and shallow edges along the river banks, were surveyed on
foot using a GPS. Water areas, such as the deeper sections of the channel, were surveyed
using a GPS and hydrographic survey equipment mounted on a canoe. A Trimble RTK GPS
with two Rovers was used to establish XYZ locations. A Ceeducer Dual Frequency Digital
Survey Echo Sounder was used for depth soundings.
The river bed and the visible gas bubble locations were the main focus of the bathymetric
survey and high resolution and frequency measurements were made in these areas. Lower
resolution and frequency measurements were made on the upper banks and in areas away
from the gas seeps. Soundings were taken in a zigzag pattern in the river. Individual bubbles
were located by positioning the GPS receiver/transducer over the bubbles and recording a
position and depth. On the river banks significant changes in grade were located.
The XY positions were transformed to Map Grid of Australia (MGA) coordinates and
Z heights were transformed to Australian Height Datum (AHD) by connections to the State
Permanent Marker (PM) 180966, which is located adjacent to the gauging station at the
Chinchilla Weir.
In the submerged areas the sounder depth was applied to the GPS height to give an accurate
bed height. To enable proper 3D modelling, the submerged points were interpolated from the
direct readings in an approximately 5-metre by 5-metre grid.
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For future reference a new PM 193125 was established near the Fenceline seep. Information
about PM 193125 has been provided to the State for inclusion in into the Survey Control Data
Base.
Origin will provide ONF’s final field report under separate cover.
8.7.2

Results

The bathymetric survey was conducted on an approximately 3,700-metre reach of the
Condamine River. Gas seepage was observed and locations recorded in approximately 530m
or 14.4% of the total surveyed reach. The combined total length of visible bubbles at each of
the bathymetric surveyed seeps is:
•
•
•

Pump Hole seep – approximately 59 m
Fenceline seep – approximately 196 m
Camping Ground seep –approximately 278 m

Figure 8-23 presents the results of the bathymetric survey as a 3D AutoCAD drawing with
contours interpolated at 0.25-metre spacing. Colours have been added to facilitate visualizing
the shape of the river bed. The darker red colours indicate the deeper “holes” and the darker
green colours indicate the shallower areas along the river banks and the divides between the
holes. Numbers have been assigned to different segments of the river for reference purposes.
Visual observations about gas seep activity were recorded, including:
•
•

Individual bubble size (large, medium, small)
Bubble clusters

Longitudinal bathymetric profiles were constructed for the Pump Hole, Fenceline, and
Camping Ground seeps. The longitudinal profiles follow the lowest points along the length of
the river bed or “thalweg”. These profiles have been inserted into Figure 8-23. The locations
of gas bubbles are also shown on the profiles. The shape of the channel and the locations of
the bubble and non-bubble areas can be visualized using the map and the profiles.
Observations made during the bathymetric survey and Phase 1 Task 15 – Surface and Shallow
Surface Soil Gas Survey (see Section 8.5) regarding the locations and vigour of bubbles are
summarized below from upstream to downstream.
PUMP HOLE SEEP
•

River segments 2 and 3: The most vigorous bubble location is not in the deepest hole
(segment 2), but in a shallower reach (segment 3) where the river bottom rises up
over an outcrop of sandstone/siltstone bedrock. In this area gas flows up through
natural fractures in the bedrock, which can be observed where the rock extends just
above water level or into shallow water near the river bank.
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FENCELINE SEEP
From the bathymetry data, the visible bubbles at Fenceline seep (segments 15, 16, and 17) are
closer to the north bank of the river following a linear trend that is parallel to, but not
coincident with the deeper parts of the channel.
•

•
•

•

River segment 14: There is a deep hole in segment 14 with no visible bubbles. This
hole is approximately 75 m upstream of the most vigorous bubble locations (segment
15).
River segment 15: The most vigorous bubbles occur in segment 15, where the river
bottom rises away from the deep hole in segment 14.
River segment 16: There are visible bubbles in segment 16. There is a sand bar in this
segment, which makes the river bottom relatively high. Bubbles were mapped in the
slightly lower portion of the sand bar where there was still enough moisture to see the
bubbles, but gas was also detected using a gas meter in other portions of the sand bar.
River segment 17: In segment 17, the river bottom drops down away from the sand
bar in segment 16 and there are deeper holes. The bubbling in segment 17 is not
vigorous.

CAMPING GROUND SEEP
•

River segment 21: The most vigorous bubbles appear to be in the deepest portion of
river segment 21. There are also less vigorous bubbles in shallower water, close to
and parallel with the east/northeast bank of the river. Some of the bubbles occur in
linear trends.

•

River segment 22: There are deep holes in segment 22, but not as deep as in
segment 21. There were no visible bubbles in this segment.

•

River segment 23: The river bed rises from the holes in segment 22 over a small high,
where a small area of gas bubbles was observed; then drops down into a series of
deeper holes, where bubbles were not observed; and then rises again where bubbles
were observed along the north bank.

•

River segment 24: In segment 24 there are 2 linear trends of bubbles, one in the
deeper portion of the river and one in a shallower portion along the south bank.

The bathymetry map and profiles do not indicate a strong relationship between the depth of
the river bottom and the locations of the Pump Hole, Fenceline, and Camping Ground gas
seeps. Active bubbling occurs in areas where the river bottom is characterized by deep holes,
in areas where the river bottom is relatively high, and in areas along the edge of the active
channel.
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8.7.3

Recommendations

The bathymetric information provided by the 2012 survey is a “snapshot in time”. The shape
and depth of the Condamine River and the adjacent banks, and the thickness and type of
alluvium may change in places due to erosion and reposition that may occur in response to
changes in discharge and flow rates. Flooding events may cause significant erosion of the
river bottom and banks and will redistribute alluvial deposits. Bathymetric data obtained
during this survey should be compared to data collected in the future to help determine:
whether erosion and redistribution of sediment opens up additional pathways or closes
existing pathways for gas migration; what role bathymetry has in the locations of existing gas
seepage; and whether bathymetric data can be used for predicting future areas of gas seepage.
The seepage observations include areas where the gas flows up through natural fractures in
the bedrock, or where bubbles occur in lines. As both observations may indicate a geological
control, the orientations of such fractures and linear seeps should be mapped and compared
with local geologic structures.
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