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7 PHASE 1 - INITIAL RESPONSE: FIELD WORK AND DESKTOP
ASSESSMENT

A description of the activities conducted and the results of the tasks included in Phase 1 of the
Condamine River Gas Seep Investigation are provided in this section.

71 TASK 1 - STATUS OF SURROUNDING CSG WELLS

The potential sources, pathways, and mechanisms in the site conceptual model include
desorption of WCM CSG gas, and its upward migration by buoyancy either via CSG wells, or
if not captured, up-dip within the WCM, or via fault conduits, to shallow alluvium and thence
to the Condamine River. To assess the potential for CSG exploration and production to be
contributing to the Condamine River gas seeps, Origin personnel compiled and reviewed
regional well and production information from a wide area. This included Origin’s Talinga
Field and Orana pilot wells, Queensland Gas Company’s (QGC) Argyle, Kenya,
Codie/Lauren Fields and Argyle pilot wells, and Arrow Energy Limited’s (Arrow) Dundee
pilot wells. Well data obtained during this compilation for the Orana 8, 9, 10, and 11 pilot
project were reviewed in detail by Norwest personnel. Table 7-1 summarizes the distances of
these CSG field to the Camping Ground seep.

TABLE 7.1
APPROXIMATE DISTANCES OF CSG FIELDS TO CAMPING GROUND SEEP

Company Nearby CSG Wells Distance
APLNG - Origin Energy | Oran@ P;'gf \1’\26)’"3 ®.9, ~1.6km
Queensland Curtis LNG Argyle Main Field Area ~6 km

Arrow Energy Limited Dundee Pilot ~7km
Queensland Curtis LNG Ar?;/,lg,gP,l‘l](:)t,\‘ll\ﬁ()ells ~8km
APLNG - Origin Energy | Orana Pilot Wells (2,3,4) ~ 15km
Queensland Curtis LNG Kenya Main Area ~16 km
APLNG - Origin Energy Talinga Main Area ~16 km
Queensland Curtis LNG Codie/Lauren ~16 km

QGC’s Argyle Field and Origin’s Talinga Field are located to the southwest of the seep sites
(Figure 7-1). Figure 7-1 shows which CSG wells were producing as of July 2013. Origin’s
four pilot wells (Orana 8, Orana, 9, Orana 10, and Orana 11) are within a 3-km radius of the
seeps. These wells were drilled in 2008 as part of a pilot project. CSG pilot wells are drilled
to obtain information about the nature, extent, and variability of the coal secams and the gas
they contain. The four Orana pilot wells are awaiting the advancement of the field. They have
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not produced nor are they equipped to produce gas or water and they are not connected to
production pipelines.

A number of Argyle Field CSG producing wells are located within 10 km of the seeps. These
wells, and other QGC data, are discussed in Section 9.

As the CSG wells closest to the Condamine River gas seeps, the four Orana pilot wells were
investigated first to determine whether they are acting as or have the potential to act as
conduits for gas migration. The investigation consisted of field testing and review of well-
specific information looking for:

e Site-specific geologic conditions (i.e., lost circulation, blowouts, and gaining or
losing fluids) encountered during drilling that could indicate high permeability zones
or naturally occurring fractures or faults through which gas or fluids could migrate to
the ground surface or seeps.

e Anomalously high gas or water pressures in the well annulus, indicating a poor
annular seal.

e Depressurized shallow coal seams that could indicate the presence of free gas
available for migration up the well bore annulus, casing, fractures or faults, or
dipping coal seams.

e Incomplete isolation between the gas-bearing and water-bearing zones that could
allow mixing and migration of gas or fluids with groundwater.

Incomplete isolation, that could allow gas or fluids to migrate out of the coal seams into the
well bore annulus and up to the ground surface or into fractures or faults or water or coal
exploration bores and then up to the ground surface or seeps.
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7.1.1 Origin Regional Review

In 2012 Origin compiled and reviewed data about the CSG wells in the vicinity of the
Condamine River gas seeps (Table 7.1). The WCM in these fields generally exhibit relatively
high naturally occurring permeability, so most wells have not been hydraulically stimulated
(fracced). Of the approximately 80 wells located in the Talinga Field and Orana pilot areas,
only nine wells have been fracced, the closest of which is approximately 16 km from the gas
seeps.

The Orana 8, 9, 10, and 11 pilot wells are located within three km of the gas seeps. The Orana
pilot wells were not fracced and have not produced gas or water. They have not been
connected to production equipment, including pipelines. Because of their proximity to the gas
seeps, Norwest reviewed data for these wells to determine whether they are acting as or have
the potential to act as conduits for gas migration.

7.1.2 Colorado, USA Background - Investigating Allegations of Impacts from
CSG Wells

As described in Section 4.5, there is a long history of investigating gas seeps using a variety
of techniques in Colorado®'. Since the early 1990s, the Colorado Oil and Gas Conservation
Commission (COGCC), the federal and local government, the Southern Ute Indian Tribe
(SUIT), and the CSG industry have undertaken extensive investigations in the San Juan and
Raton Basins to determine whether allegations of impacts from CSG development could be
confirmed. The investigations revealed that in most, but not all cases alleging methane
contamination in groundwater, the methane occurred naturally in the aquifers in which the
water bores were completed and was not the result of result CSG development. However, the
investigations also revealed that old oil and gas exploration holes, conventional oil and gas
wells, poorly constructed, improperly plugged and abandoned wells, cathodic protection
wells, and injection wells have acted as conduits for methane migration from the coal seams
into overlying formations, into aquifers, into water bores, and to the land surface.

The COGCC’s investigations of these types of allegations include review of drilling and
completion, cementing, production, plugging and abandonment records and geophysical logs
to determine whether the wells were constructed with sufficient casing and cement seals to

*! 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). (5) Library > San Juan Basin (also Raton
Basin) > multiple reports.
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isolate the producing formations from the overlying formations, aquifers, and land surface.
Soil gas surveys have been conducted around wells to determine whether gas is migrating up
via the well to the ground surface. Gas samples are often collected from water bores, surface
water, soil gas, gas seeps, and from the oil and gas well for laboratory analysis. Analytical
results are compared to help determine whether gas detected in water bores, groundwater,
surface water, or the ground is from oil and gas operations.

COGCC also has rules that are intended to ensure that oil and gas wells are drilled, produced,
and plugged and abandoned to minimize the potential for migration of gas and fluids out of
the production zone or well and into the environment. Engineering staff review all drilling
and completion records, including cement bond logs (CBL). CBLs are used to verify
cementing records to determine whether the wells have been constructed with adequate casing
and cement to ensure that the production zone is isolated from the overlying formations,
aquifers, and land surface so that groundwater, surface water, and land are protected from
contamination. When wells are no longer productive they will be plugged and abandoned.
The plugging and abandonment reports submitted by the operators are carefully reviewed by
the engineering staff to ensure that the cement seals are properly placed so the production
zone is plugged and isolated and that the well cannot act as a conduit for gas and fluid
migration. Because of their importance in establishing and maintaining zonal isolation,
COGCC staff may also witness cementing operations during well construction and plugging
and abandonment.

7.1.3 Norwest Data Review

As described in Section 7.1.4 below, Norwest reviewed the drilling and completion, reports,
geophysical logs, and test records from four CSG pilot wells; reviewed the results from
composition and stable isotope analysis for gas samples collected from the gas seeps, water
bores, and CSG wells (see Section 7.3 for details); and coordinated and witnessed soil gas
surveys conducted around each well (see Section 8.6.2.3 for details). This investigation into
whether the Orana pilot wells are acting as or have the potential to act as conduits for methane
migrations followed a procedure, similar to the one described above and used by the COGCC
to investigate allegations of impacts from CSG and other oil and gas wells in Colorado (see
Section 4.5 for background).

7.1.4 Orana 8, Orana 9, Orana 10, Orana 11 Pilot Wells

Origin reviewed data from wells in the Orana, Talinga, Argyle, Kenya, and Dundee fields.
Norwest’s review focused on Origin’s four pilot CSG wells, Orana 8, Orana 9, Orana 10, and
Orana 11, which are located within three km of the Condamine River gas seeps. These wells
were drilled in 2008. The records indicate that the Orana 8, Orana 9, Orana 10, and Orana 11
pilot wells are shut-in and temporarily suspended.

To evaluate the potential for these four pilot wells to act as conduits for methane migration to
groundwater, ground surface, or the seeps (as described in Section 7.1 and Section 7.1.2),
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Norwest reviewed the daily drilling, completion, plugging and abandonment reports,
geophysical logs, and drill stem test (DST) results, including:

e Driller’s daily logs — The driller’s daily logs were reviewed. The daily logs did not
indicate that the wells encountered lost circulation zones, blowouts, fluid gain or loss
zones, or other indications of higher permeability zones or naturally occurring
fractures or faults through which gas or fluids could migrate to the ground surface or
seeps.

e Geophysical logs — The geophysical logs were reviewed and information including
depths of coal seams, low-density layers, bore washouts, and indications of gas were
noted. This information was used to develop an understanding of the site-specific
geology, including the depths at which coal seams were encountered and to evaluate
whether the overlying formations and aquifers were isolated from the coal seams by
casing and cement.

e Completion and plugging reports — The well completion and plugging reports were
reviewed and pertinent information evaluated, including: well depth; number and size
of the casing strings; cement volumes and placement depths; and completed intervals.
This information was used to understand how each well was constructed and whether
the overlying formations (Springbok Sandstone and alluvium) and groundwater were
isolated from the WCM by casing and cement. In addition, the plugging records for
the Orana 8 well were reviewed to determine whether the coal seams were isolated
from the ground surface and whether problems were encountered during placement of
the cement plugs.

The Orana 8 well is the deepest of the four pilot wells. The holes for the surface and
intermediate casing were drilled with conventional techniques and the remainder of the hole
was continuously cored through the WCM and into the underlying Eurombah Formation.
DSTs were conducted in selected zones. This well was not hydraulically stimulated
(“fracced”). The well was temporarily suspended by placing cement plugs across selected
intervals.

The Orana 9, 10, and 11 wells were drilled using conventional techniques and were not cored.
The holes were drilled through most of the WCM, but may not have penetrated the entire
stratigraphic thickness. The wells were not fracced, they were completed as open-holes
behind pre-perforated production casing.

Annotated versions of the dual-spaced density, sonic, gamma ray, and calliper logs for the
Orana 8, Orana 9, Orana 10, and Orana 11 wells have been included in as Figures B-1, B-2,
B-3, and B-4, respectively. In general the coals can be recognized on these logs by their low
density and low gamma ray responses.

The annotations on the left-hand side of the logs provide information about the geologic units
penetrated by the wells. The annotations on the right-hand side of the log show the surface,
intermediate, and production casing strings, and annular cement seals calculated based on
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volume of cement used and observation of cement returns to ground surface. The annotated
log for Orana 8 also shows the zones across which DSTs were conducted, and zones across
which cement plugs were placed based on the volume of cement and water spacers used.

Casing and cement are essential to drilling and completing gas wells. Casing is a strong pipe
that is used to ensure a pressure-tight connection from the gas reservoir to the ground surface
so that formation pressures are contained. Casing also prevents the hole from caving, and
keeps water from other formations out of the producing formations. Cement is placed
between the casing and the wall of the wellbore to stabilize and help prevent casing failure.
By isolating the gas-producing formations from the overlying formations and the ground
surface, casing and cement protect freshwater zones from contamination by production fluids
and gas. When a well is no longer economically productive, cement is also used to plug and
abandon it. Cement plugs are placed in the well to prevent the migration of oil, gas, water, or
other substances from the reservoirs in which they originally occurred.

In the Orana 8 Well there are cement plugs isolating the WCM coal seams; however, the top
of the Upper Juandah Coal Measures is open to the well bore. Origin intentionally completed
the Orana 8 well in this manner to allow for pressure monitoring in this zone. Origin’s records
indicate that the overlying Springbok Sandstone is isolated by casing and cement. The Orana
9 Well, Orana 10 Well, and Orana 11 Well are perforated across the WCM coal seams for
possible future production. They are currently suspended with cement plugs in the casing to
prevent the flow of water or gas while the wells are static. In these wells the Springbok
Sandstone is also isolated from the WCM by casing and cement. Origin believes that the
wells are compliant with the Code of Practice for Constructing and Abandoning Coal Seam
Gas Wells in Queensland (2011) and that there are no currently identified integrity issues.

Norwest checked the hole and casing sizes and the cement and spacer volumes provided in
the daily drilling reports for the Orana pilot wells. The calculated cement volumes were
sufficient to seal the annular space between the surface casing and the wellbore and the
surface casing and the intermediate casing in all four pilot wells and should preclude the
migration of gas up the backside of the either casing. However, CBLs were not run in the four
pilot wells; therefore were not available to provide verification of the cement placement.
Observations of cement flowing to surface during Orana well completions were recorded.

A CBL is created by lowering a specialized tool into the hole after the casing and cement
have been placed and the cement has hardened. Typically it is a “sonic” tool that uses
resonance to detect the cement bond between the casing and the wellbore, and between
different strings of casing. CBLs can be used to determine whether channels have developed
through the cement or whether there are sections with only a partial or incomplete bond; both
of these situations can allow gas or other fluids to migrate from the production zone up
through the cement and into overlying formations or aquifers, or up to the ground surface.
CBLs are used to locate the depths at which casing with no or reduced cement occurs, and to
find the top of cement seals.
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As currently configured the four pilot wells are not equipped with access to the annular space
between the surface and intermediate casing; therefore “bradenhead” monitoring cannot be
conducted. CSG wells in Colorado, USA are required to have wellheads equipped with
appropriate fittings to access the annular space between the production casing and the surface
casing and any intermediate casing. This allows for the safe and convenient measurement of
pressure and fluid flow. Systematic and periodic bradenhead monitoring has been
instrumental in the identification and subsequent remediation of defective wellbores. It is an
effective way to identify whether wells have complete isolation of gas producing zones from
overlying aquifers and other formations. Periodic monitoring is important, because initially
there may not be gas, but as production in nearby CSG wells continues and gas begins to
desorb from the coals seams, gas may eventually find a migration pathway up a wellbore that
does not have zonal isolation and into aquifers, fractures or faults, or to the ground surface. In
the San Juan Basin of Colorado, bradenhead testing has led to the identification of
approximately 275 wells that required cement or wellhead seal remediation. Bradenhead
monitoring has also been used in non-CSG producing basins to identify conventional oil and
gas wells that have impacted overlying aquifers and water bores because the production zone
is not isolated and gas has migrated up the borehole annulus or out of leaking well casing or
wellhead seals.

On 29 and 30 October, 2012, as part of Phase 2, Task 15, a soil gas survey was conducted
around each of the four pilot wells to determine whether methane seepage was occurring.
Field measurements indicated that methane occurs at very low, background concentration in
the shallow soil gas in the vicinity of the four Orana pilot wells, and did not indicate that the
pilot wells were acting as conduits for methane seepage to the ground surface. The results of
the soil gas surveys are provided in Section 8.6.2.3.

7.1.5 Orana 8 Well - Review

Norwest reviewed the daily drilling and completion reports, geophysical logs, and DST
results for the Orana 8 Well.

Drilling proceeded on the Orana 8 Well from 1 April 2008 through 12 April 2008. The well
was cored from 83 m to 477 m below ground level (mGL). Anomalous conditions and issues,
such as excessive loss or gain of fluids or gas were not encountered during drilling.

The daily drilling reports indicate that a 7-1/8” boring was drilled to 34 mGL, and 6-5/8”
surface casing was installed. Surface casing was cemented with 800 litres (L (5 barrels (bbl))

of cement displaced with 494 L (3.1 bbl) of water over the calculated annular volume of
2.0 bbl.

A 6” boring was drilled through surface casing to 84 mGL, and 4-1/2” intermediate casing
was installed. The intermediate casing was cemented with 7.6 bbl of cement displaced with
3.8 bbl of water with returns to surface over the calculated annular volume of 2.5 bbl.

A CBL was not run to verify surface casing or intermediate casing cement.
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The well was cored from 83 metres below ground level (mGL) to the total depth of 477 mGL.

Three DSTs (DST 1, DST 2, and DST 3) were conducted in the hole. In 2008, when the tests
were conducted, the results indicated:

Gas bubbles were observed in all three tests.

Permeability in the Lower Juandah (DST 2) and Taroom (DST 3) coal measures was
relatively high.

Pressure in the WCM appeared to be normal hydrostatic, but the Upper Juandah coal
measure (DST 1) may have been slightly depleted and underpressured.

Fluids in the annulus dropped slowly during DST 1.
Fluids in the annulus flowed slowly during DST 2.

Fluids in the annulus dropped slowly during DST 3.

After drilling and coring were completed, geophysical logs were run in the hole. Figure B-1

presents an annotated version of the dual spaced density, sonic, gamma ray, and calliper log.

Cement plugs:

Four cement plugs were mixed and placed in one procedure, with water spacers
between each plug. Only the depth of the top plug was verified in the daily drilling
reports. Reported cement volumes correlate with reported plug thicknesses for the
4-1/2” core hole.

The top plug was tagged at 133 mGL. According to the daily report, another 50 m
cement plug was placed above the top plug. This would have brought the cement up
to 83 mGL and to the bottom of the intermediate casing. But the cement only came up
to 110.5 mGL, as verified by tagging the top of the plug; therefore coal seams located
from approximately 94 mGL to 103 mGL are not covered by cement (Figure B-1).
This may indicate that within the Upper Juandah there may be a zone into which the
cement flowed rather than staying in the wellbore, such as a higher permeability zone,
an under-pressured zone, or a fault or fracture (“thief zone). The lower formations
were isolated, but the coal seams in the Upper Juandah Coal Measures (located from
approximately 94 mGL to 103 mGL, see Figure B-1) were intentionally left open to
allow pressure monitoring in this zone. Under 2012 pressure conditions gas did not
appear to be desorbing from coals in the Upper Juandah at this location.
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Well and casing monitoring:

e Figure 7-2 presents photographs of the Orana 8 Well which show the surface
equipment and current configuration. On 22 May 2012, Origin personnel opened the
gate valve on the wellhead. Methane was not detected.

o The wellhead does not appear to be equipped with a fitting that allows determination
of pressure or fluid flow between the surface and intermediate casing.

7.1.6 Orana 9 Well

Norwest reviewed the daily drilling and completion reports, and geophysical logs for the
Orana 9 Well.

Drilling proceeded on Orana 9 Well from 18 July 2008 through 22 July 2008. The well was
drilled to a total depth of 340 metres below the rotary table (mRT). The distance from the
rotary table to ground level was reported as 4.30 metres (m). Anomalous conditions and
issues, such as excessive loss or gain of fluids or gas were not encountered during drilling.

After drilling was completed, geophysical logs were run in the hole. Figure B-2 presents an
annotated version of the dual spaced density, sonic, gamma ray, and calliper log.

Daily drilling reports indicate that a 14” boring was drilled to 10 mRT, and 14” surface casing
was installed. A 12-1/4” boring was drilled through surface casing to 76.5 mRT, and 9-5/8”
intermediate casing was installed. An 8-3/4” boring was drilled through the intermediate
casing to a total depth of 340 mRT, and 7” pre-perforated production casing was installed. An
external casing packer (ECP) was installed over the interval from 78 — 80 mRT. The
intermediate casing and production tubing were cemented with a total of 41 bbl of cement
with 7 bbl returns to surface over a total calculated annular volume above the ECP of
33.6 bbl.

A CBL was not run to verify surface casing or intermediate casing cement.
Well and casing monitoring:

e The well does not appear to be equipped with a wellhead that allows determination of
pressure or fluid flow between the surface and intermediate casing. Figure 7-3 is a
photograph of the Orana 10 Well which appears to show a cap on the intermediate
casing. The Orana 9 Well is configured in the same way.

e On 22 May 2012, Origin personnel conducted gas monitoring around the wellhead.
Methane was not detected.
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7.1.7 Orana 10 Well

Norwest reviewed the daily drilling and completion reports, and geophysical logs for the
Orana 10 Well.

Drilling proceeded on well Orana 10 from 22 July 2008 through 26 July 2008. The well was
drilled to a total depth of 345 mRT. The distance from the rotary table to ground level was
reported as 4.30 m. Anomalous conditions and issues, such as excessive loss or gain of fluids
or gas were not encountered during drilling.

After drilling was completed, geophysical logs were run in the hole. Figure B-3 presents an
annotated version of the dual spaced density, sonic, gamma ray, and calliper log.

Daily drilling reports indicate that a 14” boring was drilled to 10 mRT, and 14” surface casing
was installed. A 12-1/4” boring was drilled through surface casing to 65 mRT, and 9-5/8”
intermediate casing was installed. An 8-3/4” boring was drilled through the intermediate
casing to a total depth of 340 mRT, and 7” pre-perforated production casing was installed to
235 mRT. An ECP was installed over the interval from 88 — 90.6 mRT. The intermediate
casing and production tubing were cemented with a total of 36.7 bbl of cement with 4 bbl
returns to surface over a total calculated annular volume above the ECP of 30.6 bbl.

A CBL was not run to verify surface casing or intermediate casing cement.
Well and casing monitoring:

e The well does not appear to be equipped with a wellhead that allows determination of
pressure or fluid flow between the surface and intermediate casing. Figure 7-3 is a
photograph of the Orana 10 Well which appears to show a cap on the intermediate
casing.

e On 22 May 2012, Origin personnel conducted gas monitoring around the wellhead.
Methane was not detected.

7.1.8 Orana 11 Well

Norwest reviewed the daily drilling and completion reports, and geophysical logs for the
Orana 11 Well. Drilling proceeded on Orana 11 Well from 1 August 2008 through 4 August
2008. The well was drilled to a total depth of 360 mRT. The distance from the rotary table to
ground level was reported as 4.30 m. Anomalous conditions and issues, such as excessive loss
or gain of fluids or gas were not encountered during drilling.

After drilling was completed, geophysical logs were run in the hole. Figure B-4 presents an
annotated version of the dual spaced density, sonic, gamma ray, and calliper log.

Daily drilling reports indicate that a 14 boring was drilled to 9 mRT, and 14” surface casing
was installed. A 12-1/4” boring was drilled through surface casing to 65 mRT, and 9-5/8”
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intermediate casing was installed. An 8-3/4” boring was drilled through the intermediate
casing to a total depth of 360 mRT, and 7 pre-perforated production casing was installed to
360 mRT. An ECP was installed; however the ECP interval is not reported in the drilling
report. Assuming that the ECP in Orana 11 Well would have been placed in a manner similar
to that used in the Orana 9 and Orana 10 wells, an estimated setting depth for the ECP interval
is shown in Figure B-4 and was used in the annular volume calculation. The intermediate
casing and production tubing were cemented with a total of 57 bbl of cement with 28 bbl
returns to surface over a total calculated annular volume above the ECP of 29 bbl.

A CBL was not run to verify surface casing or intermediate casing cement.
Well and casing monitoring:

e The well does not appear to be equipped with a wellhead that allows determination of
pressure or fluid flow between the surface and intermediate casing. Figure 7-3 is a
photograph of the Orana 10 Well which appears to show a cap on the intermediate
casing. The Orana 11 Well is configured in the same way.

e On 22 May 2012, Origin personnel conducted gas monitoring around the wellhead.
Methane was not detected.

7.1.9 Results

Based upon the information reviewed and test results, it does not appear that the Orana 8§,
Orana 9, Orana 10, or Orana 11 wells are currently acting as conduits for gas migration to the
ground surface.

7.1.10 Recommendations

An evaluation of the future use of the Orana pilot wells should be made and if a future use is
not identified then they should be plugged and abandoned. Origin has indicated it will
consider options for its ongoing use of the Orana pilot wells as part of its standard business
review.

Consideration should be given to whether the wells could be used for:

e Future CSG production.
e Pressure and gas composition monitoring in the WCM.

As with any wellbore there is some risk that incomplete zonal isolation could create a
potential pathway for gas migration; therefore, soil gas surveys should be conducted
periodically around each well, to verify that the wells do not act as pathways for gas
migration. This should be done regardless of whether the wells are used for production,
pressure monitoring, or plugged and abandoned. The Orana 8 wellhead should be monitored
periodically to determine whether gas is flowing into the intermediate casing and to ensure
that it is not leaking.
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7.2

TASK 2 — STATUS OF SURROUNDING LANDOWNER, GOVERNMENT, AND COAL MINE
EXPLORATION BORES

The potential sources, pathways, and mechanisms in the site conceptual model include
methane desorption due to depressurization of WCM and Springbok coal seams, and its
upward migration via landowner, coal exploration, and other bores, or if not captured and
brought to the surface by such wells, migration up-dip, or via fault conduits, to shallow
alluvium and thence to the Condamine River. Depressurization could be the result of pumping
water for domestic use or farming use (including at least one registered water bore with an
allocation of 240 Ml/year for water from the WCM and the Hutton Sandstone) or from CSG
production. However, depressurization does not necessarily require bores to be pumped. It
can occur during drilling, if the bores: (1) are drilled using air, foam, or underbalanced mud,
(2) are dewatered as part of cleaning, surging, developing, or testing the bore, or (3) intersect
a gas trap or a coal seam desorbing gas and “gas lifting” water in the bore.

The preliminary geologic map (Figure 4-6) shows that the area of investigation is underlain
by the Springbok Sandstone and WCM. Both of these formations contain coal seams that are
known to produce gas. Water bores have been completed in both the Springbok Sandstone
and the WCM. Coal exploration bores have been drilled through the Springbok Sandstone and
into the WCM. Published scientific information, government records, anecdotal information,
field testing, and laboratory analyses indicate that methane can be present at very high
concentrations in water and coal exploration bores completed in either the Springbok
Sandstone or the WCM. This widespread occurrence of gas in water and coal exploration
bores in this area is discussed in more detail, with supporting references, in the following
subsections: 7.2.4, 7.2.5,7.2.6,7.3,7.4,7.6,and 7.9.

Information about bores within five km of the seeps, and other bores further away from the
seeps that are also considered “key” to the investigation, was reviewed. The purpose of the
review was to investigate whether water and/or coal exploration bores could be the source of,
or contributing to, the methane at the Condamine River gas seeps. This included information
obtained during the baseline sampling conducted in 2010-2011 prior to the observations of the
Condamine River gas seeps. In 2012, Origin inspected key bores, measured water levels and
gas concentrations, and deployed a downhole camera to record the condition of the bore, the
presence of methane, and to determine whether gas is discharging from shallow geologic
formations, including the Springbok Sandstone or from beneath low permeability alluvium.

The bores investigated included those with information from Origin’s landowner water bore
baseline testing program, anecdotal information, or information from other sources including
bore card reports (formerly available from Department of Environment and Resource
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Management (DERM) and now available from DNRM via the groundwater database and the
Coal Seam Gas Globe**) and published scientific articles that indicated:

e The bore was completed in the WCM or the Springbok Sandstone.

e Methane gas was encountered when the bore was drilled, detected during the baseline
testing program, or detected or observed at some other time.

e The bore had headworks that allowed access to the bore for monitoring equipment.

Government records and landowner information were used to identify water supply bores,
government and industry monitoring bores, and coal exploration bores. More than 45 bores
were initially identified. The locations of these bores and the possible formation in which the
bores are completed are shown on Figure 7-4 and listed on Table A.3. Data were compiled
from various sources, including:

e Interviews with landowners.

e Details published on bore card reports and other government sources, such as
location, drilling, completion, and casing information, description of strata
encountered, zone from which the bore is producing, and water level and water
production data.

e Abandonment records and anecdotal information.

e Published bore card data and reports and Origin’s geologic and structure maps and
cross section were used to help identify the zone from which the bore is producing.

e Baseline water bore data was collected by Origin’s independent consultants, such as
Worley Parsons and Klohn Crippen Berger, between 2010 and 2011, before methane
seepage at the Pump Hole, Fenceline, and Camping Ground seeps was observed. The
condition of the bore and surface equipment was documented; water level, methane
concentration in the bore, and field parameters were measured; and for a few key
bores, water and gas samples were collected. The water samples were typically
analysed for an extensive suite of parameters by ALS Group, a National Association
of Testing Authorities, Australia (NATA) accredited laboratory.

2 Department of Natural Resources and Mines: Coal Seam Gas Globe, www.dnrm.qld.gov.au/mapping-

data/maps/queensland-globe > coal seam gas globe
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7.2.1 Landowner Bores

Water bores included in the DNRM Groundwater Database are assigned Registration
Numbers (RN) and the bore card reports and other records associated with a particular well
generally reference that number. However, there can be confusion about what RN applies to
what well, because landowners typically refer to wells by a name rather than the RN, records
may not be passed on to the new owner when a property changes ownership, and when bores
are not used information about them may be forgotten.

Nonetheless, Origin identified more than 45 bores of potential interest. This was
accomplished by contacting landowners to obtain access and location information, and
conducting field inspections to attempt to locate each bore. Some of the bores could not be
found because the available location information was not correct, there was confusion about
bore names and RN, the landowner knew that the well had been destroyed or buried, the
landowner was not available to provide access, or would not provide access.

7.2.2 Coal Exploration Bores

At least three former coal exploration bores (Greenswamp Coal Bore West, Greenswamp
Coal Bore East, and Little Meadows North Bore) and one bore that may have been drilled for
petroleum exploration® (RN 22020) were included in the investigation. Anecdotal
information and government records indicate there are other coal exploration bores in the area
that have been destroyed, buried, or ploughed over, and therefore cannot be found. In the past
some of the coal exploration bores may have been used as a source of water, but currently
most are not.

7.2.3 Government and Industry Monitoring Bores

Information available from the DNRM groundwater database and the Coal Seam Gas Globe*
indicates that there are 21 government monitoring bores within approximately 15 km of the
gas seeps (Figure 3-1 and Figure 7-4). Nineteen monitoring bores (RN 42230205 through
RN 42230208, RN 42230213 through RN 42230215, RN 42230297 through RN 42230304,
RN 42231471, and RN 42231473 through RN 42231475) were drilled and completed in the
alluvium of the Condamine River and one (RN 42230204) in the WCM. The formation in
which RN 42231522 is completed is not provided in the bore report; however, using
lithologic information from the bore report and the preliminary geologic map (Figure 4-6) it
appears this bore is completed in a coal seam of either the lower Westbourne or the upper
Springbok Sandstone. Most of the alluvial bores have been abandoned and destroyed, but

* Geological Survey of Queensland: Occurrence of Petroleum and Natural Gas in Queensland. Publication
Number 299, 1960.
W Department of Natural Resources and Mines: Coal Seam Gas Globe, www.dnrm.qld.gov.au/mapping-

data/maps/queensland-globe > coal seam gas globe.
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water level data are still being collected periodically from the six alluvial bores, the WCM
bore, and the Westbourne or Springbok Sandstone bore.

Linc Energy, an underground coal gasification (UCQG) pilot operator, has at least two bores
(RN 147140A and RN 147140B) within 10 km of the gas seeps that they apparently use to
monitor the WCM. These bores were locked and could not be accessed during this
investigation, although they were inspected by Origin during groundwater bore baseline
testing before the seep investigations.

The Underground Water Impact Report for the Surat Cumulative Management Area®
presents a water monitoring strategy that includes developing and expanding a regional
network of monitoring bores. This network will be implemented and operated by petroleum
tenure holders. A number of new monitoring bores are to be drilled within 10 km of the
Condamine River gas seeps.

Data from the DNRM, Linc Energy, and the regional network monitoring bores could be
evaluated and included in future analysis, if available and relevant.

Origin has numerous groundwater bores that are used to monitor water levels in the
Springbok, Gubberamunda and other formations. These bores are more than 15 km away
from the gas seeps and closer to their producing fields. Because of the formations in which
they are completed and/or their distance from and geologic relationship to the gas seeps, these
monitoring bores are not considered key to this investigation.

7.2.4 Field Inspections

During the field inspections, Origin personnel, assisted by landowners, were able to find
many, but not all of the 45 bores initially identified by the desktop review. During the field
inspection, Origin personnel collected data from, made measurements in, made observations
about, and interviewed landowners about the bores, including:

e GPS coordinates.
e Measurement of gas concentration in the bore (“headspace”).

e Physical observations, such as hearing bubbling inside the casing, smelling odours, or
observing bacterial slime and sludge on the water.

e Condition of the bore, such as whether the bore was covered or open.

e  Use of the bore.

* Department of Natural Resources and Mines, Office of Groundwater Impact Assessment website:

http://www.dnrm.qld.gov.au/__data/assets/pdf file/0016/31327/underground-water-impact-report.pdf
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e Presence and type of pump and surface production equipment (i.e. storage tank,
piping)

o Downhole video camera to examine the interior of the bores (see Section 7.9)
e @Gas and water samples were collected from selected bores.
e Measurement of water levels.

Water levels measured in bores that are routinely pumped and used and bores that are flowing
gas typically are not indicative of the actual water level in the aquifer. Pumping lowers the
water table so unless the bore has sufficient time to recover before a measurement is made the
measurement will reflect a “pumping water level” that is lower than the water level in the
aquifer. Gas flowing out of a bore “lifts” the water as it moves upward through the water
column. Therefore, in bores that are flowing gas, water levels typically are calculated using
the bottom hole (water and gas) and wellhead (gas only) pressures measured in shut-in bores
or bores with sealed wellheads. In addition, bores that are open to the atmosphere and do not
have wellhead seals could be subject to inundation by seasonal flooding or irrigation. Surface
water could flow down the bore and artificially raise the water level and could potentially
“kill” gas flow temporarily. Accurate water level measurements cannot be made in bores that
are open to the atmosphere and have flowing gas.

7.2.5 Water Bore Baseline Sampling (2010 and 2011)

During 2010 and 2011, third party contractors, on behalf of Origin, conducted baseline
sampling, before the Pump Hole, Fenceline, and Camping Ground gas seeps were observed.
The bore records were obtained from DNRM (formerly DERM), the bores were inspected and
photographed, field observations and measurements were recorded. Gas concentrations in the
headspace were measured to determine whether free gas was present and water levels were
measured in bores when the headworks allowed access for monitoring equipment. Water
samples were collected from selected bores for laboratory analysis of a large suite of
parameters, including dissolved methane. The landowners were provided the data for their
water bores.

The concentrations of headspace and dissolved methane and water levels are summarized on
Table 7.2. The concentrations of methane in the headspaces ranged from not detected to
greater than the detection limit of the instrument. Dissolved methane concentrations in water
samples ranged from 0.69 mg/L to 40.9 mg/L.

7.2.6 Results

Of the 45 bores initially identified in the desktop review, 25 were considered key and were
located and inspected. The possible formations in which these bores are completed were
identified using published records and documents, landowners’ site-specific knowledge, and
Origin’s geologic information. The bores of primary interest are completed in the Springbok
Sandstone and the WCM. Anecdotal accounts, field testing and sampling, and published
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information, indicate that bores completed in these formations often contain methane. This is
not unexpected given the fact that coal seams in the Surat Basin and elsewhere in the world
contain methane.

Origin personnel measured the concentration of methane in the headspace of the 25 bores that
were found. Methane was detected in 17 of the bores. Methane was detected in the headspace
of most, but not all bores completed in the Springbok Sandstone and in most, but not all bores
completed in the WCM. The results of these measurements and measurements made during
other visits to the bores are summarized in Table 7.2. The highest methane concentrations
measured in the headspaces are posted on Figure 7-4.

Because many of the bore completion records are incomplete or unreliable, Origin used a
downhole video camera to attempt to verify published information and to observe how the
bores were completed, the formation tapped by the bores, and, the occurrence and source of
methane bubbles. The results of this work are provided in Section 7.9 and summarized on
Table A.3.

Origin also considered using geophysical logging techniques in one of the coal exploration
bores, Greenswamp Coal Bore West, to determine the completion zones and the depths at
which gas was entering the bore. Field inspection of this bore identified that it was collapsed,
therefore geophysical logging was not possible.

Gas samples were collected from RN 26083 and RN 19949 for laboratory analysis of
composition and stable isotopes. Water bore, landowner records, and other geologic
information indicate that RN 26083 is completed in the Springbok Sandstone and RN 19949
is completed in the Springbok Sandstone and\or the WCM. The gas analytical results and
interpretation are presented and discussed in Section 7.3.

One bore (RN 7444) that may be completed in recent alluvium and one bore (no RN, “Creek
Paddock Bore” that may be completed in a Tertiary alluvial deposit were also investigated.
Methane was not detected in the headspace of these bores.
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TABLE 7.2
WATER AND COAL EXPLORATION BORES — METHANE AND WATER LEVEL DATA
Analyte
Possible Formation
. . . Depth to | Depth to
RN# based fm Orilgm Depth (from Dissolved Methane Dissolved I'Aethane Headspace Methane (ppm) Water Water
Formation Picks - DGWDB) (mg/L) (mg/L) - Field DUP
) (mbgl) | (mbTOC)
Yet to be confirmed
Date Result Date Result Date Result
5906 WCM or Springbok
7804 Alluvium or baseline 2010/11 0 23.7
Springbok Dec 2012 0 23.55
8119 WCM 153.9
8665 WCM 160.6 June/July/Aug 2012 {>50250
14042 WCM 182 11/04/2011 21.72
June/July/Aug 2012 [>50250 20.577
15083 Springbok 84.73 6/04/2011 27.6 6/04/2011 0 12.6
June/July/Aug 2012 [1000 9,766
15/05/2012 >50,000 32.82
19949 WCM or Springbok 66.1 15/08/2012 880000
20/08/2012 31 20/08/2012 20 June/July/Aug 2012 |869000 36.705
19954 WCM or Springbok 5/08/2010
June/July/Aug 2012 [1000
9/08/2010 0 19.24]
19958 WCM 106.7 11/11/2010 760
June/July/Aug 2012 [0 19.726)
19984 Springbok 82.3
19985 Springbok 4/08/2010 18250
19989 Springbok 40.29 11/04/2011 1.08
24479 WCM 167.6 5/04/2011 0
24481 Springt.)ok or 36.6 3/08/2010 0.695 3/08/2010 70 18.45]
alluvium June/July/Aug 2012 [0 15.759
24504 WCM 165.27 5/04/2011 0 >1.26
June/July/Aug 2012 (4100 52.095
26063 WCM or Springbok 80.8 6/08/2010 28.33
4/08/2010 >50,000 30.81
26083 Springbok 79.2 15/08/2012 944000
June/July/Aug 2012 [>50250 31.31]
4/08/2010 40.9 4/08/2010 150 36.84
38191 WCM 151.7 16/02/2011 30.1 16/02/2011 >50000 30.48|
15/08/2012 12 15/08/2012 6.5 June/July/Aug 2012 [>50250 37.71
34846 WCM or Springbok 137.16 16/02/2011 150 62.1
June/July/Aug 2012 |>50250
48528 WCM 152.4
8'3627 Springbok 128.02 6/08/2010 48.41
(aka Chinta Bore 3) 28/06/2012 11300 28.17
87611 WCM 100 22/06/2010 2.6 22/06/2010 2500
June/July/Aug 2012 1100
94738 WCM 11/05/2011 50
22/06/2010 1.9 22/06/2010 11000 13.02]
107222 WCM
June/July/Aug 2012 |25500
107739 WCM 168 1/07/2010 0 39.69
11/04/2011 >50000 13.77|
119484 Springbok 186 10/05/2011 17.6
June/July/Aug 2012 [32750 13.97
8/04/2011 16.9 8/04/2011 0 0 (gas lifted)
147393 WCM 212.6 June/July/Aug 2012 [0 1.83
Dec 2012 12000
(Burnsdale 1) WCM or Springbok 5/04/2011 20.4 5/04/2011 0 42.48|
10898 WCM or Springbok 5/04/2011 12.5 5/04/2011 1000 43.43|
(Chinta Bore 1) WCM 24.3 6/08/2010 0 23.68
(Chinta Bore 2) WCM 21.003 6/08/2010 85 17.02]
(Creek paddock Bore) Tertiary alluvium 9/08/2010 0 9.61
(conglomerate) June/July/Aug 2012 [0 7.671
(Grassdale Bore) Springbok 5/08/2010 8.11 5/08/2010 0 13.722
June/July/Aug 2012 [0
11/11/2010 760
(GS Coal Bore East) WCM 9/08/2010 25 22.69
June/July/Aug 2012 [0
9/08/2010 >50000 18.73]
(GS Coal Bore West) WCM 25.26 10/11/2010 55
June/July/Aug 2012 (13200 18.44
107760 WCM 156 1/07/2010 4.5 1/07/2010 >50000 28.15
R 1/07/2010 >50000 32.39
107761a WM or Springbok 156 June/July/Aug 2012 [514000 32.78
107761b WCM or Springbok 1/07/2010 >50000
June/July/Aug 2012 (12000
11550? (Back bore) WCM 131.98 Dec 2012 0
11550? (Bealla Bore) Springbok
147140A WCM 148 11/04/2011 41.79
147140B WCM 149 11/04/2011 41.71]
19983 or 22020 Springbok 11/04/2011 a1.21
June/July/Aug 2012 [>50250 41.285
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Field testing of bores and laboratory analysis of samples from baseline (conducted before the
gas seeps were identified) and this investigation confirm the presence of methane both as free
gas in some bores and as a dissolved constituent in the groundwater. Assessing whether the
concentrations of gas change with time and determining whether observed changes in gas
concentrations are the result of depressurization of the coal seams by water bore extraction
and/or CSG production requires long term monitoring and repeated sampling; therefore it is
not possible at this stage of the investigation. Ongoing monitoring will be required to make
such an assessment and to identify trends.

Regardless of the source or cause, water bores and coal exploration bores that contain
methane have potential to act as conduits for gas migration into overlying aquifers and to the
atmosphere. They may also be contributing to the depressurization of the coals in the WCM
and the Springbok Sandstone. The potential for bores containing high concentrations of
methane to have contributed to the gas seeps observed in the Condamine River cannot be
eliminated at this time.

The water bore baseline sampling provided information about water levels in the Springbok
Sandstone which immediately underlies the Condamine River alluvium. As noted in
Section 7.2.4, measured water levels may not be correct when gas is flowing through the
water column, when wells have been pumped, or after flooding events. However, based on
several depth-to-water measurements of water bores completed in the Springbok Sandstone,
and ignoring near-surface levels that may indicate gas-lifting, the depth to water ranges from
10 to 50 mGL, with an average of about 25 mGL. This indicates that the Springbok Sandstone
may be unconfined in areas, and has an unsaturated zone between the water table and the base
of the alluvium averaging about 15 m thick. This unsaturated zone could contain air, gas, or a
mixture. Changes in the level of the water table could affect pressures in the air or gas in the
unsaturated zone and cause it to migrate.

7.2.7 Recommendations

A comprehensive evaluation of the all of the groundwater quality datasets was beyond the
scope of Phase 1 and Phase 2 of this investigation, but should be performed as part of the
Phase 3 investigation.

The currently available and future water quality and gas data should be compiled in a
centralized geo-referenced database, to facilitate trend and geographic analysis and
comparison with analytical results for samples collected from CSG wells. The intent of such
analyses would be to identify any short or long-term trends including those that might
indicate potential impacts from CSG operations or responses to other anthropogenic
influences or natural variation. Such evaluations are performed in the San Juan and Raton
Basins of Colorado, USA periodically and have proved a useful tool in demonstrating that
overall current CSG exploration and production are not negatively impacting groundwater
quality.
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Nested monitoring bores should be installed in WCM, Springbok Sandstone (including the
unsaturated zone), and alluvium (older terraces and younger deposits associated with modern
Condamine River). Given the thickness of the WCM, multiple monitoring bores should be
installed at different depths (e.g. in the Upper and Lower Juandah and in the Taroom Coal
Measures).

The groups of bores completed in different formations and/or at different depths should be
located:

e C(Close to and downdip of gas seeps.
e Close to and updip of gas seeps.
o In “background” areas that are away from gas seeps and CSG production.

Systematic and ongoing monitoring of water and coal exploration bores should be
implemented to identify changes in water levels, gas concentration, and water quality that
may be or may not be the result of CSG production.

TASK 3 —CONDAMINE RIVER METHANE GAS — GEOCHEMICAL ANALYSIS

One of the objectives of the investigation is to attempt to determine the source of the methane
gas at the Pump Hole, Fenceline, Camping Ground, and Rock Hole seeps. Tentative or
potential answers to the question of source are: methane produced by degrading organic
material in swampy areas associated with the Condamine River, or methane that occurs in the
WCM and Springbok Sandstone, or a combination of these sources. Composition and stable
isotope analysis can provide supporting evidence for determining the source of methane. If
methane samples collected from different locations have similar composition and stable
isotope ratios then there is an indication that they may be derived from the same source.

To help determine the source of the methane at the four gas seeps, gas samples were collected
from the four seeps and from two landowner bores for composition and isotope analysis. The
samples were collected by SGS Leeder (Leeder) and submitted to Geotech, Western
Australia, which is a satellite laboratory of Isotech Laboratories, inc., Champaign, IL, USA,
for analysis.

7.3.1 Method

On 15 and 16 August 2012, gas samples were collected from each of the four gas seeps in the
Condamine River and two water bores: RN 26083, which is believed to be drawing water
from the Springbok Sandstone, and RN 19949, which is believed to be drawing water from
the WCM or the Springbok Sandstone. An attempt was also made to collect a gas sample
from water bore RN 38191, which is believed to be drawing water directly from the WCM.
During previous visits water bore RN 38191 had produced free gas; however, at the time of
this sampling it was not. An attempt was made to initiate gas flow by pumping the bore to
lower the water level, but this procedure did not result in gas flow; therefore, a gas sample
was not collected.
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TABLE 7.3

MOLECULAR AND STABLE ISOTOPE COMPOSITIONS OF GAS SAMPLES

Possible 5C
Sample | Completion | CO; N CH, H.S 5"CCHs | 5°HCH, co
Formation 2
. . . . . (%o (%o (%o
ID (Origin) % % % % VPDB) | SMOW) | VPDB)
Pump Hole 045 | 756 | 90.9 ND' -59.6 -208 0.1
(River)
Pump Hole
- Dup 045 | 692 | 91.69 ND -60.0 208 0.3
(River)
Fenceline 051 | 919 | 89.48 | 0.0005 -58.6 209 235
(River)
Fenceline -
Dup 053 | 844 | 89.95 | 0.00075 | -58.8 207 24.9
(River)
Rock Hole 035 | 129 | 839 ND -57.2 215 212
(River)
Camp
Hole 012 | 1251 | 84.59 ND -59.2 210 141
(River)
RN 26083 | Springbok | 0.23 | 8.01 | 9057 ND -59.3 208 4.1
RNszgss Springbok | 023 | 7.12 | 91.72 ND -59.8 208 4.1
RN 19949 | SPringbok | 4 40 1557 | 84.96 ND -65.5 211 0.5
or WCM

Note:

Source: Origin Energy, 2012
ND - Not Detected
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The sampling was carried out by SGS Leeder Consulting (Leeder) and was observed by
Origin and CSGCU personnel. The gas samples were submitted to Intertech-Geotech, Perth,
Western Australia (a satellite laboratory of Isotech Laboratories, Champaign, IL, USA) for
composition and stable isotope analyses.

7.3.2 Gas Composition

Based on the analytical results for gas samples collected from the four gas seeps and the two
bores it appears that the gas is primarily composed of methane (CHy) (80% to 92%) with
lesser amounts of nitrogen (N,) (7% to 13%) and CO, (0.12% to 1.4%). Trace amounts of
hydrogen sulphide (H,S) were detected in the gas sample collected from the Fenceline seep.
The stable isotope ratios for C'"° of methane ranged from -57.2 per mil (%o) to -65.5%o. The
stable isotope ratios for D of methane ranged from -207%o to -215%o. The analytical results
are summarized in Table 7.3 and shown graphically in Figure 7-5.

As shown in Figure 7-5, the isotopic ratios of the Condamine River gas seeps and the two
water bores plot within the range of biogenic methane produced primarily by CO, reduction
and plot within the scatter area of Surat Basin CSG methane samples.

7.3.3 Results

The gas flowing from the seeps in the Condamine River and the two sampled bores is
predominantly biogenic methane. It is produced by CO, reduction - not by acetoclastic
reactions (swamp gas) - and is isotopically similar to Surat Basin CSG gas. However, this
does not confirm that the source of the methane at the seeps is the WCM. Because of
uncertainty about the actual formation in which these bores are completed and whether the
Springbok Sandstone and the WCM are allowed to commingle or whether the isotopic
character of the methane from the coal seams in these two formations is similar, at this time
the stable isotope data do not provide a way to differentiate between WCM and Springbok
Sandstone methane. Therefore, neither the WCM nor Springbok Sandstone (and possibly
other formations) can be eliminated as a potential source of the Condamine River gas seeps.
In the future when monitoring bores are designed so that groundwater and gas from different
formations cannot commingle, i.e. are completed in specific formations (e.g., Springbok
Sandstone only, WCM only, alluvium only), gas samples should be collected for composition
and stable isotope analysis to determine whether gas from these formations can be
differentiated.

7.3.4 Recommendations

To understand the specific geochemical characteristics of the gases existing within the WCM,
the Springbok Sandstone and the overlying strata, additional samples should be collected and
analysed for gas composition and stable isotopes of methane and carbon dioxide. The samples
should be collected from wells drilled and carefully completed in the WCM, the Springbok
Sandstone, and the alluvium.
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Additional samples could be collected from existing landowner and coal exploration bores
and analysed for gas composition and stable isotopes of methane and carbon dioxide. Because
of uncertainty about the formations in which most of these bores are completed the analytical
results would not be used to characterize the gas in a specific formation, but it would be used
to characterize the gases in groundwater tapped by the bore and to identify changes in source
of the gas by comparing the results from periodic samples.

To determine whether changes in the geochemical characteristics of the gas seeps occurs over
time, additional samples should be collected periodically from each seep for gas composition
and stable isotopes of methane and carbon dioxide. Research into the occurrence of noble
gases and their isotopes in association with CSG™ indicates that additional gas analytes may
also be useful.

The analytical results from the bores, monitoring wells, and gas seeps should be compiled in a
centralized database and used to evaluate whether there are indications that the source,
mechanism, or pathways controlling the occurrence of methane are changing.

TASK 6 — INITIAL LANDOWNER INTERVIEWS AND FIELD RECONNAISSANCE

In response to reports of gas seepage in the Condamine River, Origin mobilized staff to:

e Interview landowners about their knowledge of newly observed and historic
occurrences of gas seepage in the Condamine River and surrounding area.

e Inspect and accurately locate the reported gas seeps,

e Determine whether gas seepage was occurring in other areas along the Condamine
River and Charleys Creek, its main tributary in the vicinity of the gas seeps.

At various times up to five staff members and three consultants (Paul Oldaker, Leeder, and
Commonwealth Scientific and Industrial Research (CSIRO) were involved in Origin’s initial
response activities.

7.4.1 Initial Landowner Interviews

A key activity of Origin’s initial response was to collect information from landowners about
their knowledge of and historical perspective on the occurrence of methane seepage in the
Condamine River and surrounding areas. Initially, over 30 people were interviewed by Origin
staff. The people interviewed included the owners of the land adjacent to the four gas seeps
and owners of land adjacent to other reaches of the Condamine River and Charleys Creek.

* E.G., Zhou, Z, Ballentine, C.J, Kipfer, R., Schoell, M., and Thibodeaux, S. (2005). Noble gas tracing of
groundwater/coalbed methane interaction in the San Juan Basin, USA. Geochimica et Cosmochimica Acta 69,
5413-5428.
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In addition to the initial landowner interviews, Origin has tasked one of their landowner
relations advisors working in the Chinchilla field office to coordinate field activities with the
landowners, to be the primary contact for the landowners, and to keep them informed about
investigation activities.

Origin has also organized two landowner meetings. At these meetings Origin and its
consultants have provided updates on the investigation and the activities undertaken, and the
landowners have had the opportunity to express their concerns, ask questions, provide
additional information, and make suggestions.

7.4.1.1 METHODS

Initial landowner interviews were conducted by Origin’s landowner relations advisor who is
most familiar with the owners of land adjacent to the Condamine River. A series of questions
were developed and used so that interviews would be conducted systematically and
thoroughly. The list of interview questions included:

e Had the landowner previously observed or did they have anecdotal information about
gas bubbles in the Condamine River and creeks?

e Had the landowner previously observed or did they have anecdotal information about
gas bubbles away from the river (i.e., surface water impoundments, lagoons, low
lying swampy areas)?

o Had the landowner previously observed or did they have anecdotal information about
unusual dead trees or patches of dead vegetation?

¢ Did the landowner have other relevant historic information about gas seepage?

e Had the landowner made other relevant environmental observations (e.g., unusual
fish deaths)?

e  Were there outcrops of rock or other geological formations on the property?
Did the landowner have photographs of observations?

7.4.1.2 RESULTS

More than 30 landowners were contacted and interviewed by Origin personnel. Most of these
people stated that they had not observed or noticed bubbles before in the Condamine River.

One person stated that there had been bubbles at a location in the Condamine River known as
“the Cables”. He stated that the bubbles formed a small, but constant stream. This location is
one of the four gas seeps under investigation and is referred to as the Rock Hole seep.
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One person believes that gas seepage has occurred in several locations along the Condamine
River. He also stated that a number of other local residents have seen bubbles in the
Condamine River, but not at the current level of intensity.

Information obtained from the initial landowner interviews was field verified by Origin
personnel, who confirmed that there were four methane seeps. The results of the field
verification are presented in Section 7.5.2.

A number of landowners also mentioned that water bores or old coal exploration bores on
their property contained gas. One landowner remembered that as a teenager he had set
methane in water bores on fire. One land holder described using many bags of cement and
water to put out a fire in his water bore. Another described a neighbour who used the methane
gas from his water bore to burn for the purposes of drying grain. One landowner described
that two of the coal exploration bores (RN 19958 and Greenswamp Coal Bore West) on his
property were very gassy when they were drilled: RN 19958, which was drilled in 1966,
“roared like Brisbane Airport” and Greenswamp Coal Bore West “formed a geyser while
drilling”. Origin has requested additional information from Cameby Coal and the landowner
about the gas encountered and discharged during the drilling of this bore. If additional
information becomes available it will be included in subsequent report updates.

Water and coal exploration bores known to contain methane gas were investigated as part of
the field reconnaissance efforts described in Section 7.5.2. Published information about bores
was obtained and reviewed as part of Phase 1 Task 2 - Status of Surrounding Landowners and
Government Bores (Section 7.3); three water bores were included in Phase 1
Task 3 - Geochemical Fingerprinting of Condamine River Methane Gas (Section 7.3); and
approximately eight water bores were included in Phase 1 Task 13 - Downhole Video of
Selected Water Bores.

7.4.1.3 RECOMMENDATIONS

Landowners should continue to be interviewed periodically to collect and compile additional
observations they have made about the known methane seeps, about the occurrence of new or
suspected methane seeps, or changes in their water bores. Their observations should be
followed up with appropriate field investigations and the results should be provided to the
landowner. Interview information and investigation results should be compiled into a
centralized database.

7.4.2 Field Reconnaissance

By mid-June 2012 Origin and CSGCU had identified four areas where methane gas was
seeping up through the Condamine River (Pump Hole, Fenceline, Camping Ground, and Rock
Hole gas seeps). To determine whether there were other yet unidentified areas, Origin
personnel inspected approximately 70 km of the Condamine River from approximately 10 km
upstream of the Chinchilla Weir downstream to western boundary of Origin’s Condabri
tenement. Charleys Creek, a major tributary, was also inspected from its confluence with the
Condamine River upstream approximately 21 km to the Charleys Creek Weir (Figure 3-1).
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The reconnaissance included a reach of the Condamine River that bisects Origin’s Talinga
Field with producing CSG wells on both sides of the river.

The field reconnaissance included areas where the Condamine River and Charleys Creek flow
through agricultural properties and CSG tenements leased by Australian Pacific LNG
(APLNG) and QGC. The purpose of the field reconnaissance was to look for indications of
gas seepage, in particular bubbles coming up through the water; however stressed or dead
vegetation can also be an indication of gas seepage, so the locations of stressed and dead
vegetation, especially those indicated by landowners were recorded. Given the possibility that
bedrock geology is one of the potential controls on the locations of the known seeps, rock
outcrops along the river and creek banks were also recorded.

7.4.2.1 METHOD

The field reconnaissance inspections were carried out during a period when both the
Condamine River and Charleys Creek were flowing steadily; therefore all reaches were
covered with water, which facilitated finding areas where bubbles occurred.

The inspections of the Condamine River were carried out primarily by canoe. In reaches
where log jams, fallen trees, or very shallow water precluded using the canoe, the inspectors
made observations while walking along the river banks. Charleys Creek also was inspected on
foot.

Bubbles, stressed vegetation, and rock outcrops were located using GPS. Photographs were
taken and observations were recorded. Approximately 100 features were observed. The
locations of these features are shown on Figure 3-1 and field observations are compiled on
Table A.2. The number used to identify the symbols on Figure 3-1 refers to the ID numbers
used in Table A.3.

7.4.2.2 RESULTS

Although approximately 30 areas of minor, intermittent to very intermittent bubbles were
observed, no areas of significant bubbling, other than the Pump Hole, Fenceline, Camping
Ground, and Rock Hole were observed. The minor, intermittent to very intermittent bubbles
are believed to be caused by natural processes, such as gas released by bacterial fermentation
(acetoclastic reactions) of buried vegetation. When organic material accumulates in sediments
of reservoirs, rivers, swamps, etc., it will be consumed by anaerobic bacteria and methane is
produced as a by-product of the degradation. Some of the methane will dissolve into the
water, but when the concentration of dissolved methane exceeds the solubility limit of the
water it forms bubbles. The bubbles move by buoyancy up through the water and can be seen
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at the surface. The CSIRO has studied and documented this process in several reservoirs in
Australia, including the Little Nerang and Hinze Dam ',

The areas of stressed vegetation were often in low areas that would be prone to flooding and
water saturated soils, and did not appear to be related to gas seepage. Areas of primary
concern to three landowners were investigated in detail using soil gas survey techniques. This
work was carried out as part of Phase 2, Task 15, and the results are presented in Section 8.6.

CSGCU personnel also conducted longitudinal surveys of the Condamine River from the
Chinchilla Weir and extending downstream approximately 60 km and Charleys Creek from
its confluence with the Condamine River upstream approximately 10 km. Their work
confirmed the locations of the four key seep sites and did not identify other significant
seeps ™.

7.4.2.3 RECOMMENDATIONS

To determine whether methane seepage occurs at new locations, the Condamine River should
be surveyed periodically. Locations where minor bubbling was observed during the 2012 field
reconnaissance should be inspected to determine whether changes in intensity have occurred.
All observations should be carefully documented, GPS coordinates collected, and all data
should be compiled into a centralized database.

TASK 7 — ADDITIONAL LANDOWNER INTERVIEWS AND LITERATURE REVIEW

In an effort to obtain more information about bubbles or methane seeps in the Condamine
River, additional landowner interviews and literature searches (library, coal mines,
Queensland Government, (DNRM), etc.) were conducted. The review did not identify
published reports of methane seepage in the Condamine River; however, anecdotal
information from one landowner indicated that there has been a gas seep at the Rock Hole
seep for at least several decades. It is not known whether changes in the exact location and
quantity and composition of the gas have occurred recently or in the past.

Information about gas seepage from water and coal exploration bores is discussed below in
Section 7.6.

4 Sherman, R., Ford, P., and Drury, C. (2012). Reservoir Methane Monitoring and Mitigation — Little Nerang
and Hinze Dam Case Study. Urban Water Security Research Alliance Technical Report No 96/
* State of Queensland, Department Of Natural Resources and Mines (2012); Summary Technical Report —

Part 1, Condamine River Gas Seep Investigation, December 2012, Version 1.0.
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