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9 ARGYLE FIELD DATA REVIEW

CSG fields produce gas by first pumping water, thereby depressurizing the reservoir until the
pressure falls below the critical desorption pressure of the coal seams. It is well known that
pumping at a water bore causes a “cone of depression” in the potentiometric surface that
gradually spreads outwards. Similarly, the zone of depressurization at a producing CSG well
propagates outwards’” and normally has impacts beyond the immediate vicinity of the
producing well. QGC’s Argyle CSG Field is the producing field closest to the Condamine
River gas seeps. The northern edge of the field is approximately five km southwest of the
Camping Ground seep and two km south of the Rock Hole seep (Figure 7-1) ™.

The initial site conceptual model (Section 5) presumed that coals in the WCM and Springbok
are the primary source of the gas observed at the seeps. This gas would be released by
depressurization.

Because of the proximity of the Argyle CSG Field to the area of investigation, Norwest
expanded the scope of the investigation to include information from the field. The purpose
was to identify data that would provide insight into potential connections between CSG
production and the occurrence of the gas seeps. This data was in addition to the agreed to
jointly by Origin and CSGCU (Table A.1), that were described in Sections 7 and 8.

Norwest requested, received, and reviewed the following information, which was provided by
QGC:

e Well locations and operational status as of July 2013.

e Well drilling and completion reports and Pason gas detection logs for a subset of the
Argyle wells that was selected by Norwest.

e Information which indicated that the CSG wells in the Argyle field were completed as
open-holes with perforated production casing and were not stimulated by hydraulic
fracturing (“fracced”)

e Daily and cumulative gas and water production from January 2004 to the end of
February 2013.

e  WCM pressure monitoring and testing data.

2 To avoid over-simplification, it should be noted that due to the additional presence of the gas phase the
propagation effect is much more complex for a CSG well compared with a water bore.
7 Figure 9-9 later in this section also presents CSG field locations.
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e  WCM permeability data
e  WCM stable isotope and gas composition analytical results.

e Geological characterization of the aquifers and aquitards of and permeability
measurements for the Springbok Sandstone.

e Baseline water bore sampling results.

The two most likely sources of the methane discharging at the Condamine River seeps are the
coal and gas bearing units immediately below the alluvium, i.e. the Springbok Sandstone and
the WCM.

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

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

RESULTS

9.1.1 Well Locations and Operational Status

There are approximately 59 CSG wells in the Argyle Field, The locations of these wells are
shown on Figure 7-1. At the end of February 2013, most of the wells were shut-in, but
approximately eight wells continue to be produced.

74 Scott, S., Anderson, A., Crosdale, P., Dingwall, J., and Leblang, G., 2006. Coal petrology and coal seam gas

contents of the Walloon Subgroup — Surat Basin, Queensland, Australia. In: International Journal of Coal
Geology 70 (2007), pp 209-222.
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Source: QGC 2013
FIGURE 9-1

WELL SCHEMATIC AND SUMMARY FOR ARGYLE 163
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e The daily drilling report from 14 May 2012 for the Argyle 163 well indicated that
there was a slight mudflow from the well after reaching the total depth of 552 m,
setting the 7” production casing, and testing the casing hanger seal. The well was
circulated clean, the flow was checked and static for 15 minutes, and then the casing
was cemented. Based upon the depth of the well when the slight mud flow occurred it
appears that the source of the pressure was the Taroom Coal Measures.

e The daily drilling report from 3 May 2012 for the Argyle 162 well indicated that there
was an electrical problem with the Pason system, so a gas detection log could not be
run. Drilling commenced using 8.8 pound per gallon (ppg) mud and a flow check was
performed on every connection. Flow from the well was observed at 205 m, which
was about 13 m into the Upper Juandah Coal Measures. The mud weight was brought
up to 9.4 ppg and drilling continued until the total depth (TD) of 542 m was reached
on 4 May 2012. Wiper runs and under-reaming occurred on 5 May 2012 and the well
began to flow after 77 production casing was set and pressure tested. Flow
continuously increased until gas was released at the surface. The rig was evacuated
and gas levels monitored. On 6 May 2012 well control was regained by pumping 190
bbl of 9.2 ppg mud into the well. On 7 May 2012 gas was flared from a BOP leak and
on 8 May 2012 a bridge plug was set inside the 9 5/8” surface casing at 175 m. The
bridge plug was hydrostatically tested and the well was checked for leaks. A cement
plug was set above the bridge plug. Personnel from the former Department of
Employment, Economic Development, and Innovation (DEEDI) inspected and
observed various aspects activities used to regain well control.

If the Argyle 162 well is equipped with a wellhead and access to the annular spaces,
then measuring the pressure at the wellhead and the annular spaces is recommended
to verify that the WCM is isolated. In addition, a soil gas survey around the well is
recommended to verify that the well is not acting as a conduit for gas migration to the
ground surface.

The conditions encountered during drilling and completion of these wells do not necessarily
mean that there continue to be issues with the wells or that subsequent and future CSG wells
cannot be safely drilled in the Argyle Field. QGC appears to have taken safe, appropriate, and
reasonable steps to mitigate gas and water flows in these wells and to complete the wells.

9.1.3 Hydraulic Fracturing

The well stimulation technique known as hydraulic fracturing (aka “fraccing”) has received a
great deal of attention from certain members of the public who are concerned about its
potential to impact the environment; therefore, Norwest requested and received information
from QGC regarding well completion and stimulation in the Argyle Field. The information
indicated that the wells in the Argyle field were completed as open-holes and were not
stimulated by hydraulic fracturing (“fracced”).
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9.1.4 Daily Gas and Water Production

To determine whether the observations of the gas seeps in the Condamine River coincided
with any unusual production trend, such as a significant increase in water and/or gas
production in the Argyle Field, daily gas and water production records were reviewed. In late
2004 seven wells were drilled and completed in the Argyle Field. Production from these wells
was suspended in May 2005. Production and additional well drilling resumed in 2007 and the
number of wells steadily increased over the next six years. At present there are 59 CSG wells
in the Argyle Field, although some of these wells have never been produced.

Figure 9-2 and Figure 9-3 present daily gas and water production data, respectively, for each
of the Argyle wells. The bold coloured line on each of the figures represents the total daily
production for all wells in the field. From September 2009 through August 2012, total daily
gas production was approximately 20,000 Mscf/day and water production ranged from
approximately 15,000 bbl/day to 26,000 bbl/day. A green vertical line representing the date
when the gas seeps in the Condamine River were reported to the CSGCU has been placed on
these two graphs. It does not appear to coincide with or follow any unusual production trend,
such as a significant increase in water and/or gas production.
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GAS PRODUCTION - ARGYLE FIELD
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By September 2012, 45 wells were producing in the Argyle Field (Figure 9-4). Total gas
production volume had increased significantly and was approximately 50,000 Mscf/day. Total
water production also had increased to approximately 50,000 bbl/day, but declined quickly to
approximately 30,000 bbl/day. At the end of February 2013, QGC temporarily shut-in most of
the wells in response to the Argyle field compression and gathering systems issues.

The increase in gas and water production observed in September 2012 was due in part to
additional wells being drilled and brought onto production, but also appears to be in response
to de-watering and the resulting depressurization of the WCM from production. The effects of
de-watering and depressurization and the corresponding increase in gas production can be
seen on the daily gas and water production curves from the Argyle 41 and Argyle 45 Wells
(Figure 9-5, and Figure 9-6, respectively).

The Argyle 41 Well began producing in May 2009. Figure 9-5 shows that gas and water
production from the Argyle 41 Well has been typical for a CSG well drilled early in the
development of a field. Initially water production rates were high and gas production rates
low. Over the next three years gas production gradually increased and water production
gradually decreased in response to de-watering and depressurization. In November 2012 the
production curves crossed, with a significant increase in gas and decrease in water production.

The Argyle 45 Well began producing in August 2012. Figure 9-6 shows that gas and water
production from the Argyle 45 has been typical for a CSG well drilled into a CSG reservoir
that has already experienced de-watering and depressurization. Within about two months of
initial production, the gas production curve crossed the water production curve and gas
production rates increased while water production rates decreased rapidly.

9.1.5 Cumulative Gas and Water Production and Gas:Water Ratio

Figure 9-7 and Figure 9-8 present cumulative gas and water production volumes for each of
the wells as “bubbles”. The size of the bubble is proportional to the total production volume.
Bubble maps can be used to assist in defining production trends and reservoir characteristics
across a field. The geographical orientation of cumulative production data from the Argyle
Field does not show obvious trends, other than larger gas volumes from the wells in the
southern part of the field where production began and had continued relatively uninterrupted
until the end of February 2013 when most of the wells were temporarily shut-in.
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NUMBER OF WELLS PRODUCING GAS OR WATER - ARGYLE FIELD

ORIGIN ENERGY — 588-1
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT
9-12



NORWEST

O N

CORPORAT

6,000

5,000

4,000

,000

[as]
(se8) a/42SN ‘(4232M) adMd

2,000

1,000

- St o « o 9
Ll e oe e
RN . 4 . <
- T el o PR
B <t TS sele .
. -i;” P - -
A
. LR L]
“ . PR
- PP
bk
L . -3
- - SRR s
. « B .
. B
s B
# : :
.
. o eee . e
. -o!'“"”mvnal ‘w h
-
. 8 [ had i b oulﬂ.. Lﬂhn‘
0e e8 8 od sedthN,, “ PR
S

€L07/TT/0€

TL0T/TT/0E

TLOT/TT/TE

0T0T/TT/0¢

600T/TT/0E

8007/TT/0€

£L00T/TT/TE

9007/TT/0€

S007/TT/0€

t00T/TT/0E

€007/TT/TE

Date

« Water -« Gas

FIGURE 9-5
DAILY GAS AND WATER PRODUCTION - ARGYLE 41 WELL

ORIGIN ENERGY — 588-1

CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT

9-13



NORWEST

O N

CORPORAT

R R
—u w3t e < e

@

6,000

5,000

4,000

(=}

3,000
2,000
1,000

(sed) a/40SIA {(121eM) Qd Mg

€T0T/TT/0E

TL0T/TT/0¢

TT0T/TT/TE

0T0T/TT/0¢

6007/TT/0¢

8007/TT/0€

L00T/TT/TE

9007/TT/0¢

S007/TT/0€

v00T/TT/0E

€00T/TT/TE

Date

+ Water » Gas

FIGURE 9-6
DAILY GAS AND WATER PRODUCTION - ARGYLE 45 WELL

ORIGIN ENERGY — 588-1

CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT

9-14



~ e
ABrewarrina‘-/ j
Bourke \ P

O
Miriam Vale

Bundaberg

g 7
QO

EXTENT

LOCATION MAP

Goondwindi

ARG_WH004
\o

ARG_WHO001
- \E)

ARG_WHO002
CI) —

®ARG_WH 005

ARG WH023\® B
ARG_WHO015 Q
ARG_WHO018

. ARG_WH006

o— ARG_WHO003

ARG_WH121
- e o ARG_WH122

ARG_WH131 —
o ARG_WH132

ARG_WHO008
— \6

@ARG_WH 009

ARG_WH007 —¢)

ARG_WH010 —0
@/ ARG_WH011

G— ARG_WH163

o— ARG_WH162

ARG_WHO055 \
ARG_WHO054 \9

ARG_WHO053
G5ARG_WH 047

EARG WH052 Q/
@\ARG WH044

Caml ARG_WHO046

ARG_WH042
ARG_WH048 \€> \GD (O ARG_wHo4s
3 ~ ARG_WH043 (O ARG_WH038
ARG_WH040 —@ - -
(O ARG_WH036

ARG_WHO041
ARG_WHO039 @ ARG_WH 037

ARG _WHO034

ARG_WH033 @
ARG_WH032 — @ G/ ARG_WH028

ARG_WH029
ARG_WH031 ARG WH012\@ @

ARG_WHO024 ARG_WH027
ARG WHO017 ARG_WH021

ARG_WHo014
\® ARG_WH022
ARG_WH020
& ®\ARG_WH019 @ -
ARG_WHO016

ARG WH035 d)ARG_WH030

ARG _WHO013
Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community
Argyle Wells (as of 30 April, 2013) O Talinga / Orana 8 5 km Figure 9-7
. 1,000,001 - 1,500,000 i
Total Gas Production (MCF) o] CONCIT 10 km
©  0-1,000 ] CATINYR ~A_~ Streams
©  1.001-10000 __| Combabula / Ramyard Gas Seens 0 500 1,000 2,000 3,000 4,000 Argy|e Wells
’ ’ 1,500,001 - 2,000,000 Dalwogan P f t f t f t : t : :
QO 10,001 - 100,000 — Condamine River Basin 2 Meters Gas Production Totals
Q 100,001 - 250,000 ™ ainama Y 1:30.000
. )
O 250,001 - 500,000 Q 2,000,001 - 2,500,000 Data Source:
1 QGC July 2013 _ Coordinate System:
500,001 - 1,000,000 > DERM B oo " Date:1/8/2014 M.Dohnalova
http://watermonitoring.derm.qgld.gov.au/host.htm Units: Meter
2,500,001 - 2,734,635

Aerial Photography (ESRI Mapping Service: Digital Globe, 5-5-2010)




A ¢ .
~Brewarrina-”_ Y/
Y 4 "
Bourke \ .

LOCATION MAP

O

Miriam Vale
Bundaberg
\ ‘z Chinchilla
)
i v l“) ‘_/f:/
/ -~ Dalby
N £ L \",
. f’g oy "
) . L\“’""rg;oowoomba
2’?} Cecils Plains \\\\\(F"
; b NoSSY
§ MAP Millmerran
g o
EXTENT Goondwindi '/
O

ARG_WH004
\o

ARG_WHO01 ~__

ARG_WHO002
d) —

d)ARG_WH 005

o— ARG_WHO003

ARG_WH121
- e o ARG_WH122

ARG_WH131 —
o ARG_WH132

ARG_WHO008 S

ARG_WH007 \@
ARG_WH010 -0

CDARG_WHOOQ

E —~ ARG_WHO011

G— ARG_WH163

o— ARG_WH162

ARG_WHO055 \
ARG_WHO054 \Q

ARG_WHO052 @/ ARG_WHO053

ARG_WHO047
( }\ ARG_WH044 @

ARG_WH042 ARG_WHO046

ARG_WH048 «
ARG_WH040 —@ ARG_WHO41

ARG_WHO039

ARG_WH043 @—ARG_WH038

@ ARG_WHO036

_ ARG_WH034 Q/ ARG_WH037

ARG_WHO035 ARG_WH030
ARG_WH033 O
ARG_WH032 \@ @ ARG_WH028

ARG_WH012 \@ <§'°«RG_WH029

ARG_WHO031
\® ARG_WH024

ARG_WH027
ARG_WH023 \@ (gARG_WHOW ARG_WH021
RG_WH015 @

— ARG_WH006

A g :/: )
ARG_WHO018
ARG_WH022

ARG_WH020
®\ G\ARG_WHMQ e
@\ ARG_WH016

ARG_WH013

ARG_WH014 -

Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, and the GIS User Community

Argyle Wells (as of 30 April, 2013) *
Total Water Production (BBL)
©  0-1,000
1,001 - 10,000
10,001 - 100,000

100,001 - 250,000

@)

Q

O
Q 250,001 - 500,000

500,001 - 1,000,000

(O O00

1,000,001 -

1,500,001 -

2,000,001 -

2,500,001 -

1,500,000

2,000,000

2,500,000

2,833,587

Talinga / Orana

Condabri

Carinya

Combabula / Ramyard
Dalwogan

Gilbert Gully

Kainama

5km
10 km
~\~—— Streams

Gas Seeps

Condamine River Basin 2

Data Source:
1 QGC July 2013

2 DERM
http://watermonitoring.derm.qgld.gov.au/host.htm

Aerial Photography (ESRI Mapping Service: Digital Globe, 5-5-2010)

2,000
1

4,000
]

Me{ers
1:30,000

Coordinate System:
Projection: Transverse Mercator

Datum: GDA 1994
Units: Meter

Figure 9-8

Argyle Wells
Water Production Totals

Date:1/8/2014 M.Dohnalovéa




NORWEST

CORPORATION

Table 9.1 presents the gas:water ratios for each of the Argyle wells. The low gas:water ratios
(<1) for many of the wells drilled in 2007, 2008, and 2009 indicate that dewatering and
depressurization was occurring from the time the wells were drilled and gas desorption was
not fully established. Before the field was shut-in the gas:water ratios for many of these wells
had begun to increase in response to dewatering and depressurization. The Argyle 41 well
described above is an example of this (Figure 9-5). The gas:water ratios for many of the wells
drilled in 2012, some years after the start of field production, were high from the beginning of
their production, which indicates that dewatering and depressurization had already occurred.
The Argyle 45 well described above is an example of this (Figure 9-6). Figure 9-9 presents
the daily gas:water ratio for the Argyle Field plotted against daily gas and water production.
The trend line clearly shows the continual increase in the gas:water ratio over time in
response to dewatering and the corresponding increase in gas production for the entire field.
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TABLE 9.1
TOTAL GAS AND WATER PRODUCTION AND GAS/WATER RATIO (GWR)

Totals to 30 April 2013
Well Water (BBL)|Gas (MCF)[ GWR

ARG_WHO001 0 4,017

ARG_WH002 32,425 4,007 0.1
ARG_WH003 0 0

ARG_WH004 0 0

ARG_WH005 88,720 13,720 0.2
ARG_WHO006 0 0

ARG_WHo007 422,647 47,169 0.1
ARG_WHO008 464,817 12,198 0.0
ARG_WHO009 588,333 162,907 0.3
ARG_WHO010 121,459 33,834 0.3
ARG_WHO011 395,457 110,874 0.3
ARG_WH012 105,385 55,036 0.5
ARG_WHO013 1,684,444| 2,194,792 1.3
ARG_WHO014 1,491,228| 2,573,665 1.7
ARG_WHO015 1,995,943| 2,734,635 1.4
ARG_WH016 1,043,365| 2,516,356 2.4
ARG_WHO017 26,966 110,334 4.1
ARG_WH018 1,120,697| 1,163,897 1.0
ARG_WHO019 962,776 1,007,557 1.0
ARG_WH020 1,555,488 20,829 0.0
ARG_WH021 793,466 477,353 0.6
ARG_WH022 1,045,627 788,965 0.8
ARG_WHO023 1,575,661| 1,273,153 0.8
ARG_WH024 859,108 2,223,988 2.6
ARG_WH025 0 0

ARG_WH026 0 0

ARG_WH027 1,305,346| 2,112,834 1.6
ARG_WH028 2,570,867| 2,207,109 0.9
ARG_WH029 238,434 256,237 1.1
ARG_WHO030 40,718 87,112 2.1
ARG_WHO031 1,474,631 556,626 0.4
ARG_WHO032 1,176,825 219,013 0.2
ARG_WH033 1,708,246| 1,939,072 1.1
ARG_WH034 2,833,587| 1,287,561 0.5
ARG_WH035 1,827,629| 1,570,198 0.9
ARG_WH036 244,869 126,003 0.5
ARG_WHO037 84,805 242,469 2.9
ARG_WHO038 244,576 221,437 0.9
ARG_WH039 2,807,421 1,033,112 0.4
ARG_WH040 472,537 387,354 0.8]
ARG_WHO041 2,531,541| 1,084,136 0.4
ARG_WHO042 298,899 250,433 0.8]
ARG_WH043 233,876 341,845 1.5
ARG_WH044 107,135 652,759 6.1
ARG_WHO045 278,574 338,782 1.2
ARG_WHO046 411,329 58,218 0.1
ARG_WHO047 348,841 58,028 0.2
ARG_WH048 459,865 159,021 0.3]
ARG_WH049 0 0

ARG_WHO050 0 0

ARG_WHO051 0 0

ARG_WH052 270,905 380,022 1.4
ARG_WHO053 241,231 17,236 0.1
ARG_WHO054 0 0

ARG_WHO055 0 0

ARG_WH056 0 0

ARG_WHO057 0 0

ARG_WH121 0 277]  2,132.7
ARG_WH122 3 263 80.9
ARG_WH131 36 0 0.0
ARG _WH132 0 26 134.8]
ARG_WH162 5,150 5,186 1.0
ARG WH163 8,316 6,534 0.8
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FIGURE 9-9

ARGYLE FIELD — DAILY GAS:WATER RATIO VS. GAS AND WATER PRODUCTION
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9.1.6 WCM Pressure Monitoring and Testing

As shown in Figure 9-10, Argyle 6 monitoring well is located near the southwest corner of the
Argyle Field approximately 16 km southwest of the Camping Ground seep. It located close to
the meeting point of the Argyle, Kenya, Lauren/Codie, and Talinga Fields. Pressure
monitoring results from the Upper Juandah, Lower Juandah, and Taroom zones of the Argyle
6 monitoring well are shown in Figures 9-11 through 9-14. Superimposed are water and gas
production data from the Kenya, Argyle, Lauren/Codie, and Talinga Fields. Figures 9-11 and
9-12 show the water and gas production from each field individually. Water production
(Figure 9-11) and gas production (Figure 9-12) started in the sequence: Talinga > Kenya >
Argyle > Lauren/Codie. Figures 9-13 and 9-14 show the combined water and gas production
from all fields. Combined water production (Figure 9-13) rose notably in May 2007, and
combined gas production started to climb soon after (Figure 9-14). The Taroom pressure
graph for the Argyle 6 monitoring well shows a number of distinct trends:

Taroom Pressure Graph

Trend Description

Pressure was relatively flat at 850 psi
1 throughout 2007 (slightly higher than its DST
pressure in 2003).

Pressure started to drop around December

2 2007, and continued to decline to 750 psi by
roughly May 2009
3 A flat period continued from May 2009 until

around May 2010

A decline resumed and continued to 700 psi at
the end of the data series in June 2011

In comparison, the Upper Juandah showed a relatively unbroken pressure decline from early
2007 to mid-2011, from 510 to 475 psi. The Upper Juandah gauge data is shown with an
enhanced scale in Figure 9-15, which shows that its pressure decline started in January 2007,
before the start of water production in the Argyle Field, but coincident with water production
increases in the Talinga and Kenya fields.

The relatively shorter Lower Juandah data record shows no decline, but the record does not
extend into the CSG-producing period.

The pressure decline segments in the Taroom apparently follow changes in combined water
production, with a time lag of several months. The start of decline (Segment 2) was roughly 6
months after the May 2007 increase in combined water production. The flat-line period
(Segment 3) followed a drop in combined water production between March and August 2008,
and the resumption of pressure decline (Segment 4) followed the increase in water production
in September 2009. The difference in response in the Taroom gauge compared with the Upper
Juandah gauge is one indication of the complexity of the WCM system.
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Overall, the water production and pressure decline data indicate that depressurization in the
Argyle Field is related to CSG water production, as would be expected. For this report, total
production per field was considered, and individual well production was not reviewed. There
are producing wells in the Argyle and the adjacent fields, any one of which potentially
contributed to the depressurisation at Argyle 6 monitoring well. Further evaluation could be
conducted through a reservoir modelling study, with the Taroom and Upper Juandah pressure
changes as calibration targets. Available data is not sufficient to determine whether
depressurisation extends beyond the Argyle Field.

Figure 9-16 presents initial static pressures for the Upper Juandah (A), Lower Juandah (" ),
and Taroom Coal Measures (/1) measured by DSTs in several Argyle wells. Pressures in the
Upper and Lower Juandah are close to a normal hydrostatic gradient. The Taroom Coal
Measures were normally pressured in 2003 and 2005 prior to the May 2007 increase in total
water production from the Argyle, Kenya, Talinga, and Lauren/Codie Fields. Pressure
measurements made subsequently in the Taroom Coal Measures show it to be below
hydrostatic. This confirms that pressure depletion in the Argyle Field took place as a result of
dewatering and depressurization for CSG production.

9.1.7 Permeability Data

As mentioned in Section 7.1.5, permeability measurements for the WCM have been derived
from DST tests in the Orana § pilot well and various other CSG wells including several QGC
Argyle wells. As measured in the Orana 8, permeability of the Upper Juandah was low
(approximately 29 md), while the permeabilities of the lower Juandah and the Taroom were
two orders of magnitude greater (2,825 md and 2,194 md, respectively).

QGC has collected 24 measurements of permeability by DSTs in the Argyle Field including
12 in the Upper Juandah, six in the Lower Juandah, and six in the Taroom. Permeabilities
ranged from as low as 4 md to over 6,000 md with the averages for these three units as

follows:
Geological Unit Average Permeability Based on DST Testing
(md)
Upper Juandah ~800
Lower Juandah ~400
Taroom ~2,300
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The variability of permeabilities measured by DSTs does not suggest that there are large scale
coal permeability barriers to flow present in the WCM of the Argyle Field.

QGC provided information about the geological characteristics, including permeability of the
Springbok Sandstone. The Springbok Sandstone is lithologically heterogeneous and
comprised of interfingering and interbedded sandstones, siltstones, and mudstone with some
coals that were deposited in a variety of fluvial environments. The coarser grained sandstones
can be aquifers with higher permeability and the finer grained mudstones and siltstones can
have very low permeability and act as aquitards.

Permeability values derived from DST testing of the basal Springbok Sandstone in three
wells, two in the Berwyndale Field and one in the Lauren Field ranged from approximately
0.1 md to 18 md. Permeability derived from QGC wells located throughout a larger portion of
the Surat Basin ranged from 1 md to 800 md. The higher permeability values occurred in the
coarser grained basal channel facies. Although these data are not from wells in the Argyle
Field, they provide some indication that permeability in the Springbok Sandstone is likely to
be relatively low except in the coarser grained facies.

9.1.8 Stable Isotope Data

QGC provided information about the stable isotope characteristics and composition of the
WCM from six CSG wells (Figure 9-17). Although these data are not from wells in the
Argyle Field, they show that the isotopes plot within the range of biogenic methane produced
primarily by CO, reduction, and are within the scatter for methane samples collected from
Surat Basin CSG wells and the Condamine River gas seeps (Figure 9-17).
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9.1.9 Baseline Water Bore Sampling

QGC provided results for the five water bores included in its baseline assessment program
that are located within 10 km of the Camping Ground seep. Of these, three were not included
in Origin’s baseline assessment and two were. QGC’s assessments were performed in July
and August 2012 and are summarized in Table 9.2. Origin’s baseline assessment is
summarised in Table A.3 (“Water and Coal Bores™).

At each bore, headspace gas monitoring was performed. Additionally a pumped water sample
was collected where possible, and analysed for dissolved gases. No gases were detected by
headspace gas monitoring. However, dissolved methane was detected at concentrations close
to solubility and suggestive of free gas at RN 107233 (19 mg/L) and RN 137978 (27 mg/L).
QGC’s baseline report records indicate that these are stock watering bores completed in the
Kumbarilla Beds (59 m) and the Springbok Sandstone (162 m) respectively. During pumping,
the water level in the Springbok bore was 38.3 mGL, suggesting the presence of an
unsaturated zone in the Springbok, but due to the unknown amount of pumping drawdown
below static water level it could not be confirmed. Water chemistry varied between bores,
with TDS ranging from 810 to 2,000 mg/L, field pH from 7.7 to 8.1, and overall water type
from sodium bicarbonate to sodium chloride-bicarbonate.

RN 23460 was originally drilled to 1,076 m, possibly as a conventional oil and gas
exploration bore, with 120 m of surface casing, and was completed open hole from the
Gubberamunda to below the Precipice Sandstone. It had been plugged back and was open
only to 165 m, i.e. the lower 45 m was open hole. The top of the WCM at this location is
approximately 300 mGL. Unlike the previously described bores, this bore was close to
artesian with the water level at 1.2 mGL. A pumped sample was not collected from this bore
and methane was not detected in the headspace.
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TABLE 9.2
ARGYLE BLOCK BORE BASELINE ASSESSMENTS

Total Screen
Date RN QGC Formation | Depth Interval/Open Date Drilled Water Headspace Dissolved Gas
Assessed Hole Sample | Gas Results Results
(mGL)
(mGL)
, 0% CHy; 19 mg/L CHy,,
11/07/2012 | 107233 Kumbarilla 59 47-53 24/06/2003 Yes 0 ppm H,S Non Detect H,S
, , 0% CHy; 27 mg/L CHy,,
21/08/2012 | 137978 | Springbok Sst. 161.65 Not provided 01/11/1944 Yes 0 ppm H,S Non Detect H,S
Westbourne 0% CHy; 0.009 mg/L CH,
03/09/2011 107298 Em. 25 19-25 2000 Yes 0 ppm H,S Non Detect H,S
Westbourne 0% CHy; 0.009 mg/L CHy,.
03/09/2011 137140 Em. 72 62-70 2007 Yes 0 ppm H,S Non Detect H,S
. S -
11/07/2012 | 23460 | MulPle(see | y5r5 9 | 120 openhole | 11/1986 No 0% CH; N/A
text) 0 ppm H,S
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9.2

ASSESSMENT OF RESULTS

Review of drilling and completion reports and associated Pason gas detection logs
indicate that although gas was detected in the Westbourne Formation and Springbok
Sandstone, largest and most numerous gas detections occurred in the WCM.
However, in the Argyle 4 well the Springbok Sandstone contained a significant
amount of methane gas.

In general drilling and completion proceeded normally. In several wells gas bubbles
had to be circulated out, a slight flow of mud and gas cut mud was circulated out of
one well, and significant gas flow in two wells required additional resources to regain
well control.

The CSG wells in the Argyle Field have been completed as open-holes with
perforated production casing and have not been stimulated by hydraulic fracturing
(aka “fracced”).

The date on which the Condamine River gas seeps were reported to the CSGCU does
not coincide with or follow any unusual production trend, such as a significant
increase in water and/or gas production in the Argyle Field.

At the end of February 2013 most of the CSG wells in the Argyle Field were
temporarily shut-in pending upgrades to and expansion of the gathering and
production facilities.

Pressure monitoring and testing data in the Argyle 6 monitoring and infill production
wells demonstrate that within the Argyle Field CSG production is causing
depressurisation of the WCM, in particular the Taroom Coal Measures and to a lesser
extent in the Upper Juandah Coal Measures. There are insufficient data to draw a
conclusion regarding the Lower Juandah or to determine whether depressurisation
extends beyond the Argyle Field.

Pressure monitoring and testing data in the Argyle 6 shows that depressurization in
the Upper Juandah started in early 2007, prior to start up of significant production in
the Argyle Field. It is therefore likely to be attributable to production in the Talinga
and/or Kenya Field.

As development of the Argyle Field has progressed, the increase in gas/water ratio
over time indicates that dewatering from the earlier wells created depressurization
that extended to the later wells, indicating some degree of continuity across the field
and perhaps extending into adjacent fields.
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e The permeability of the Taroom is greater than that of the Upper and Lower Juandah
Coal Measures and in general the permeability of the Springbok Sandstone is lower
than the WCM.

e The stable isotope ratio of QGC WCM gas indicates that it is biogenic methane
produced by CO, reduction and it is similar to that of CSG methane produced
elsewhere, including the Talinga Field, similar to gas in the Springbok Sandstone, and
the gas discharging from the Condamine River gas seeps.

e Baseline landholder water bore sampling showed that there is methane in the
Springbok Sandstone.

9.3 RECOMMENDATIONS

In addition to the well integrity and leak detection monitoring conducted in accordance with
the Petroleum and Gas Act and if the Argyle 4 and Argyle 162 wells are equipped with
wellheads with access to the annular spaces, then measuring the pressure at the wellhead and
the annular spaces is recommended to verify that the WCM is isolated.

In addition to the well integrity and leak detection monitoring conducted in accordance with
the Petroleum and Gas Act, a soil gas survey around the Argyle 4 and Argyle 162 wells is
recommended to verify that the wells are not acting as conduits for gas migration to the
ground surface.

Given the complexity of the geology and the potential interplay of different mechanisms and
pathways, the need and value of preparing a CSG reservoir model should be evaluated.
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