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1.3

1.4

PRINCIPAL CONSULTANT

Norwest Energy Consultants Pty. Ltd. (Norwest) was engaged as an independent consultant
(herein referred to as “Principal Consultant”) to assist in developing the strategy and scope for
conducting this comprehensive investigation and to ensure that it is done in an open and
transparent manner. Norwest was selected in part because of its previous experience with
CSG development and production, and with investigating gas seeps in Colorado, USA.

Phase 2 field activities were undertaken by independent consultants, including: assessment of
aquatic ecology, surveys of surface and shallow subsurface soil gas, development of methods
to measure riverine gas flux, and survey of river bathymetry. Norwest observed and
coordinated the shallow subsurface soil gas surveys and aquatic ecology assessment and
provided input and technical review for the development of methods to measure riverine gas
flux. Norwest has reviewed and compiled information from Phase 1 and Phase 2 activities and
used it to refine the conceptual geologic and hydrogeologic model and hypotheses and to
develop recommendations for future technical investigations and monitoring.

REPORT ORGANISATION

In summary the report presents:

e Background information about regional and site-specific geology, the occurrence of
methane, and the approach to investigating methane seeps in the United States
(USA).

e The initial site conceptual model.

e Methods and findings from the Phase 1 and Phase 2 tasks.

e The revised conceptual model, and hypotheses regarding the potential source(s),
mechanism(s), and migration pathway(s) of the gas seeps in the Condamine River.

o Recommendations, with justification, for future technical investigations for Phase 3.

e Recommendations for an ongoing monitoring program for Phase 3.

The report is organized into 12 sections, including this introduction (Section 1), which
provides introductory material including the goals of developing a conceptual model that
explains the source(s), pathways(s), and mechanism(s) of the Condamine River gas seeps and
of implementing desktop and field activities to gather and compile scientific information to
test, validate, refine, and revise the model. Section 2 presents the investigation objectives.

Section 3 describes the geographical location of the project area. Section 4 introduces
regional factors that affect oil and gas exploration and gas and fluid flow; presents site-
specific geologic information; introduces the concept of using geochemical analysis to
differentiate between sources of methane gas; and provides a high-level review of
investigations of methane gas seepage in the San Juan and Raton Basins of Colorado, USA.

Section 5 presents the initial geologic and hydrogeologic conceptual model of the project
area.
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Section 6 presents the investigation rationale; introduces the activities carried out in Phase 1

and Phase 2 and how the information collected was used to evaluate environmental impacts,

refine and revise the conceptual model, and to develop recommendations for ongoing
investigations and monitoring.

Section 7 contains ten sub-sections that present methods used, data collected, and results of
the initial response tasks carried out in Phase 1 including:

investigating and gathering information from CSG wells and landowner water bores,
government monitoring bores, and coal exploration bores.

collecting and geochemical analysis of gas samples from seeps, water bores, and CSG
wells.

interviewing and gathering information from landowners about the occurrence of new
and historic gas seeps.

conducting reconnaissance inspections beyond the limits of the observed seeps to
determine whether there were additional areas of seepage.

collecting and reviewing additional information from landowners, published reports,
and government records.

collecting and reviewing regional and site-specific geologic information.

examining water and coal exploration bores using a downhole video camera to record
the condition of the bores and to look for gas bubbles and their source.

reviewing hydrographic and rainfall records for the Condamine River.

Section 8 contains seven sub-Sections that present methods used, data collected, and results of

the focused field investigations carried out in Phase 2, including:

initial surface water quality sampling and assessing the aquatic ecology in the vicinity
of the seeps.

developing and deploying a method for measuring the gas flux from the seeps;
installing and monitoring surface water level gauging stations.

collecting and reviewing additional scientific information regarding gas seepage in
Australia and elsewhere.

conducting surface and shallow subsurface soil gas surveys in and around the seeps,
areas of stressed and dead vegetation of concern to landowners, and the CSG pilot
wells.
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e conducting a bathymetric survey of the Condamine River.

Section 9 contains a review and evaluation of the information provided by QGC about well
drilling, completion, and production from CSG wells in its Argyle Field and associated
baseline water bore monitoring.

Section 10 summarizes the results of all of the Phase 1 and Phase 2 tasks in a table format to
facilitate review.

Section 11 presents the revised site conceptual model based upon the results of the
investigation to date.

Section 12 presents the recommendations for future investigation and monitoring in a table
format to facilitate review.

Appendix A and Appendix B contain selected Tables and Figures, respectively, and follow
the text in separate sections.

1.5 CSG COMPLIANCE UNIT* — CONDAMINE RIVER GAS SEEP INVESTIGATION

The CSGCU has undertaken its own independent and comprehensive investigations and
testing in the vicinity of the Condamine River gas seeps. Queensland Department of Natural
Resources and Mines (DNRM) published a technical report and a later update that summarize
the results of the work’. A two phased approach has been used: one focused on ensuring
public safety, assessing environmental harm, and determining the extent and locations of the
gas seeps; and the other a long-term investigation that involves a process in which technical
experts will verify the information received from Origin and its consultants.

Initially the focus of the government was to ensure public safety and to conduct an assessment
of environmental harm. To assess gas safety risk in the immediate area of the seeps, the
Petroleum and Gas Inspectorate inspected the area, collected samples, and evaluated the
results. To assess environmental harm, Environmental Officers from the Department of
Environment and Heritage Protection (DEHP) inspected the area and collected additional
water samples at the Camping Ground seep. The results of these assessments indicated that,
based on the data collected, there is no gas safety risk in the immediate area of the seeps, nor
environmental harm at the Camping Ground seep when compared to background conditions.
The Government report concluded with recommendations for further work and this comment:

* Formerly LNG Enforcement Unit.

> Queensland, Department of Natural Resources and Mines, (1) 2012: Summary Technical Report — Part 1
Condamine River Gas Seep Investigation. Version 1.0. December 2012; and (2) 2013: Condamine River Gas
Seep Investigation, January 2013 update.
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“It is recognised that the source and cause of the Condamine River gas seeps is unlikely to be
determined in the short-term, and that a long-term approach to find more science-based
answers to the phenomenon is needed.”
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2 OBJECTIVES
The objectives of the Condamine River Gas Seep Investigation are to:
e QGather, review, and compile existing technical and anecdotal information.

e Collect new information and conduct focused seep-specific activities that were used
to help determine the locations, source(s), pathway(s), and mechanism(s) for gas
migration and seepage into the Condamine River and nearby land.

e Refine conceptual geologic and hydrogeologic models that attempt to explain the
occurrence of the gas seeps.

e Determine whether the gas seeps have impacted groundwater and surface water
quality, water bores, vegetation, aquatic ecology, and/or air quality.

o Identify additional technical data needed to test and to refine the conceptual geologic
and hydrogeologic models or hypotheses, and propose plans for collecting the data.

e Develop a plan for ongoing monitoring of the gas seeps to determine whether changes
in the rate or areal extent occur.

ORIGIN ENERGY - 588-1
CONDAMINE RIVER GAS SEEP INVESTIGATION: TECHNICAL REPORT
21



NORWEST

CORPORATION

3 PROJECT AREA

The investigation is focused primarily in an area southwest of the town of Chinchilla,
Queensland. The project area is centred approximately 4 km downstream from the Chinchilla
Weir, and extends from the weir, downstream along the valley of the Condamine River and
the land adjacent to it, to approximately 500 m downstream of the Rock Hole seep
(Figure 1-1). The seeps are located on properties which have not yet experienced CSG
development (only exploration drilling). The area of investigation was agreed to by Origin
and the CSGCU; however, based upon the results of the initial tasks, the investigation was
extended into other areas.

As part of the initial response, Origin personnel visually inspected approximately 70 km of
the Condamine River and 21 km of Charleys Creek, where they flow through the Origin and
some neighbouring tenements (Figure 3-1). The initial inspections were conducted from the
middle of June through the middle of July 2012. A summary of the observed features is
included in Table A.2. One of the goals of the initial reconnaissance inspections was to
determine whether there are other areas of gas seepage and vigorous bubbling. Based on the
results of the field reconnaissance, it is generally agreed that currently visible gas seepage is
occurring in four different segments of the Condamine River (Figure 1-1). From east to west
(i.e., upstream to downstream) the gas seeps are referred to as:

e Pump Hole

e Fenceline

e Camping Ground
e Rock Hole

Information obtained from landowners and local residents indicated that the Rock Hole gas
seep has been observed for at least several decades, but that the Pump Hole, Fenceline, and
Camping Ground gas seeps had not been observed bubbling vigorously before late 2011 or
early 2012.
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