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From: O'Sullivan, Michelle {Energy, Pullenvale}

Sent: Monday, 23 May 2016 2:09 PM

To: Barrett, Damian {Energy, Black Mountain); Guo, Hua (Energy, Pullenvale); Harris, David {(Energy, Pullenvale);
Hartley, Patrick (Energy, Clayton); White, Stephen (Energy, Newcastle)

Cc: Rodrigues, Karl (Energy, North Ryde)

Subject: Energy submissions for the EER report to ET - for your review due COB Friday 27th Ma




Key external relationships/business development

s22

e Qver the past month Damian Barrett has conducted numerous media interviews regarding GISERA research
into the Condamine River. These interviews stem from a TV interview on The Project {channel 10) and ‘went
viral” including CNN, BBC, Washington Post and The Guardian.

Michelle O'Sullivan
Executive Manager — Business Unit Operations
Energy

PO Box 883 Kenmore QLD 4069
WWW.Csiro.au

Please note I do not werk on a Wednesday.

PLEASE NOTE

The information contained in this email may be confidential or privileged. Any unauthorised use or disclosure Is prohibited. If
you have received this email in error, please delete it immediately and notify the sender by return email. Thank you. To the
extent permitted by law, CSIRO does not represent, warrant and/or guarantee that the integrity of this communication has
been maintained or that the communication is free of errors, virus, interception or interference.

Please consider the environment before printing this email.



Document 2

s22
w A
From: Barrett, Damian (Energy, Black Mountain)
Sent: ‘Thursday, 10 November 2016 7:.02 PM
To: Rees, Gavin {latrobe,edu.au) - Contact
Cc: Cham, Tsuey (CorpAffairs, Dutton Park)
Subject: Re: Condamine work

Hi Gavin

Firstly, apologies for delay in getting back to you. | know its been a while! My only excuse is the work load
of the last couple of months. Currently, GISERA is in the process of bringing together a fact sheet on the
Condamine River gas seeps using material from within and outside CSIRO. I've been in touch with Matt
previously about what material we will include and he has been quite supportive in describing the work
‘Origin have been doing. We've had a bit of a delay over the last few weeks in completing this task but it is
a priority now.

| would like to include reference to the latest findings of your work in the fact sheet so that it is maximally
up to date. We are citing all sources of information we use. Is it possible to get a copy of your report and
then we can have a discussion about various points (or do both concurrently). Early next week would be
advantageous if you are agreeable. I'll be re-checking with Matt that he is happy for any of the seeps
results be made public before this material is released.

Happy to discuss further if you'd like more information.

Many thanks

Cheers...Damian

Dr Damian Barrett

Research Director - Onshore Gas (Energy Business Unit)

Director Gas Industry Social and Environmental Research Alliance
CSIRO

Adjunct Professor

Centre for Water in the Minerals Industry
Sustainable Minerals Institute

University of Queensland, Brisbane
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From: : Barrett, Damian (Energy, Biack Mountain)
Sent: Wednesday, 16 November 2016 5:00 PM
To: Rees, Gavin (latrobe.edu.au) - Contact
Subject: Re: Condamine work

Thanks Gavin. Like all good research it raises more questions. Its a very comprehensive piece of work and |
am very pleased how it has come along, | am confident there will be more work to come in this space

Cheers...Damian

From: Gavin Rees

Sent: Wednesday, 16 November 2016 2:31 PM

To: Barrett, Damian (Energy, Black Mountain)

Subject: RE: Condamine work

Probably cant put a time scaie on it. They are relatively slow growing bugs, but we don’t really know how long it
would take to enrich given populations. My guess is that we would not be seeing something on the scale of
day/weeks.

| am under the impression that dissolved methane is always enriched at the main seep sites, although its likeiy to
vary over time. | don’t know anything about growth response of the methanotrophs to methane concentration.
This was our first look at the bactos, but hope to do some more in the future.

GaVIN e e
Sent: Wednesday, 16 November 2016 12:34 PM

To: Gavin Rees

Subject: Re: Condamine work

Hi Gavin

Thanks for sending the report through. A quick guestion: The presence of elevated methanotrophs in the
vicinity of the seeps. Can we attribute any timescale to that? i.e. does this reflect a long-term adjustment
of microbial population structure in response to methane being present over decades or is it a rapid
adjustment by the population to the build up of methane concentration in the river water during periods

of low flow?

Cheers...Damian




Duplicate
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From: Barrett, Damian (Energy, Black Mountain)
Sent: Monday, 28 November 2016 4:53 PM
To: Raiber, Matthias (L&W, Dutton Park); Cham, Tsuey (CorpAffairs, Dutton Park)
Cc: Creagh, Ben (CorpAffairs, Dutton Park)’
Subject: , Re: Condamine river fact sheet

Hi Mathias

That paper has added a complication to the source of methane. | think its results are indicative of methane
diffusion or deeper regions west of the seeps. However, at the Condamine bubbling, the coal is shallow
and the fractures are present. So | have changed that par to read:

"CSIRO’s isotopic analysis of methane gas collected from the main bubbling site in the Condamine River
shows that the origin of the methane is from bacterial metabolism of coal. Other research suggests that
methane in groundwater of the Condamine River alluvium may originate from the Walloon Coal Measures
‘or adjacent geological formations in the Surat Basin. However, conflicting data also exists suggesting
virtually no migration of methane from the Walloon Coal Measures into the alluvium, at least at sites west
of where bubbling occurs in the Condamine River. What is apparent, is that the methane seeps do not
originate from biological sources in the river sediments, "

I think this reflects the ambiguity of isotopic measurements west of the bubbling but still preserves what
we know. Let me know if you have any objection going with that statement

The figure looks fine to me, but I'll see if Tsuey can place it across both columns.

Cheers..Damian




From: Barrett, Damian (Energy, Black Mountain)

Sent: Sunday, 27 November 2016 11:59 AM

To: Raiber, Matthias (L&W, Dutton Park); Cham, Tsuey (Comms, Dutton Park)
Cc: Creagh, Ben (Comms, Dutton Park)

Subject: Re: Condamine river fact sheet

Thanks Mathias.

All - Here is the final version of the fact sheet. | just have one point of clarification:

Mathias - | agree with your point about the narrowing and thining of the Condamine Alluvium. I've added
this as text to the fact sheet. | also note your peint about groundwater chemistry showing CSG-water in
the alluvium long before development. | have added this sentence "Groundwater chemistry data in the
Queensland Government database show that Walloon Coal Measure groundwater was found in the
alluvium here long before CSG started". Do you have a reference for this statement or is it based on your
analysis of the DNRM geochem database? If you have a reference, please supply. If not, | am happy to go
with this sentence provided that it is what you see in your analysis of the DNRM data. Please confirm on
Monday.

Tsuey - With this final version can you please add a reference to the GISERA methane seeps report (where
noted) and change the Norwest Reference to the MDFRC reference (where noted). Mathias will provide
the final cross section figure on Monday. Once this is done and the fact sheet formatted its ready to go as
per steps laid out last Friday. I'll check with Matt K the release of the CSIRO work done for Origin.

Let me know if you'd like to discuss.

Cheers...Damian
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From: Barrett, Damian (Energy, Black Mountain)
Sent: Monday, 5 December 2016 12:50 PM
To: Cham, Tsuey (CorpAffairs, Dutton Park)
Subject: Re: Condamine River seeps Fact Sheet v7

Hi Tsuey
Thanks for finalising the fact sheet and getting it into the light of day.

In relation to the comment “There is no public health or safety risk caused by the methane concentrations
measured in the area of these or any other seeps in the Surat Basin CSIRO has measured”; this statement
is carefully constructed to (1) refer to methane concentrations only, (2) refer to both the Condamine River
seeps and other seeps measured by the CISRO/GISERA Methane Seeps project (which | have not cited), (3)
refers to the Qld Dept of Health study (cited) and (4) refers to the Qld DNRM Condamine River Gas Seeps
study (not cited) which stated: “...results indicate that there is no safety risk or evidence of environmental
harm occurring in the immediate area from the Condamine River gas seeps.” | only cited the one reference
due to space restrictions but the statement is a synthesis of this other material. | am happy to see all these
references cited if that makes the statement more strongly supported in the fact sheet.

In relation to the independent review of the Condamine River Gas Seeps Investigation: Thanks for sending
that through. | haven’t seen that before. On reading it there is general agreement between the Review and
the fact sheet. There are some minor differences (e.g. the review states gas pathways include “...natural
geologic pathways (such as faults and permeable layers), water wells and old coal exploration wells” there
is no evidence at all of water wells and old coal exploration wells in the vicinity of the Condamine River
bubbling). The review is also out of date on some of its recommendations as these are being addressed in
the GISERA/CSIRO methane seeps project and the CSIRO/MDFRC work done on the Condamine River. |
don’t think we need to change anything in the Fact Sheet to cover off these minor differences.

Cheers...Damian







Document 6

B —— 00

From: Barrett, Damian (Energy, Black Mountain)

Sent: Wednesday, 1 March 2017 10;16 AM

To: Proctor, Nicola (CorpAffairs, Newcastle), Beringen, Helen (CorpAffairs,
TownsvilleATSIP)

Subject: : Condamine River Fact Sheet

Attachments: CSIRO Condamine River Factsheet 010317_Final.Edits.pdf

Hi Nicola and Helen
Attached is the final version of the Condamine River Fact Sheet which Tsuey was working on with me to be released. It
contains a couple of very minor edits and then is ready to go on the website. | have been waiting for Origin Energy to put

a report up on their website but, in my view, we are ready to go with this. Once the release is imminent we will just need
to let our industry partners know that it is happening.

Many thanks

‘Cheers...Damian

Dr Damian Barrett

Research Director - Onshore Gas (Energy Business Unit}

Director - Gas Industry Soclal and Environmental Research Alliance {GISERA)
Cs

P
P
Ej

Adjunct Professor

Centre for Water in the Minerals Industry
Sustainable Minerals Institute

University of Queensland, Brisbane
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Methane seeps in the Condamine River

This fact sheet presents the current state of scientific knowledge on methane seeps

in the Condamine River including natural and human causes, and the human and
environmental health and safety impacts of methane escaping from underground. This
fact sheet has been developed by CSIRD researchers with expertise in the hydrogeology,
geclogy, ecology and biogeochemistry and from multiple sources to summarise what we

currently know about these methane seeps.

e

Capturing methane

Methane is a colourless, odourless, non-toxic gas. Itis the
main component of coal-seam gas (CSG), a gas taken from
underground coal seams. The gas is lighter than air, so rises
into the air when released. Methane originates naturally -
from biological sources {fakes, rivers, wetlands), agricultural
sources (cultivation, ruminants), and geological sources
{coal seams). Methane may also be released by humans
when digging for coal from mines, producing Liquefied
Natural Gas {LNG} from
CSG and from city waste

(land fill). CH,
‘ Methane
maolecule

Methane is a potent
greenhouse gas with a
warming potential about
28 times that of CO,
when considered over a
100 year lifetime in the
atmospherel,

Sedimentary basins around the world that contain coal or
arganic matter naturally leak methane to the atmosphere.
About a third of the 200 million tonnes of methane
released to the atmosphere annually comas from these
geological sources, which are derived from ancient organic
matter deposited over millions of years and turned to

coal under high temperature and pressure conditions
underground. The fossil fuel Industry including natural gas,
coal and oil contribute between 15 and 22% of total global
methane emissions?.

Where leaking methane can be captured, it can be used
as fuel to generate electricity. On combustion, methane
produces carbon dioxide and water vapour, which trap

heat in the atmosphere less than the original methane.

1 Kirschke et al {2013), Three decades of global methane sources and sinks, Nature Geosclence, dei:10,1038/ngeo1955
2 Schwietzke et at (2016), Upward revision of global fossil fuel methane emission based on isotope database, Nature 538, pp 88- 1 dof: 10,1038



Geology of the Condamine River region

- The Surat Basin is situated in southern-central Queensland
and is part of Australia’s Great Artesian Basin. The Surat
Basin contains the Walloon Coal Measures with large
quantities of methane gas that are being extracted for
LNG production. The Condamine River, near Chinchilla in
southeast Queensland, is situated on the eastern edge of
the Surat Basin.

The Surat Basin formed tens to hundreds of millions

of years ago?. It consists of multiple aquifers (typlically
consisting of sandstones) and aquitards (typically
dominated by claystones, siltstones and mudstones)®.
The Walloon Coal Measures rise at an angle of about

1 degree to the surface from the west and meet the
alluvial sediments deposited by the Condamine River
{the ‘Condamine River alluvium’). The layers of porous
and non-porous rock above the Walloon Coal Measures
intersect the surface and can be seen as outcropping rock
formations along the river channel. The Condamine River
has eraded the landscape over aeons, and the Surat Basin
formations are intersected with numerous faults that have
dissected and fractured these underground formations®.

Geology of Walloon Coal Measures

Researchers have used seismic surveys, drill core data and

other direct measurement techniques to create an image

of the subsurface geometry and structure of the Walloon

Coal Measures and other aquifers and aquitards beneath
this region of the Condamine River.

Condamine
River

__River

This work has identified complex folding, faulting and
deeply fractured rock layers beneath the surface®. These
fractures can form natural links between coal seams and
the surface via fissures and cracks that formed millions of
years ago. ;

The Walloon Coal Measures in the vicinity of the
Condamine River, near Chinchilla, Queensland, is a highly
permeable underground environment which allows
methane to flow easily’. In this part of the Condamine,
the alluvium is very narrow and thin, and the Walloon
Coal Measures are much shallower and closer to the base
of the river than elsewhere within the catchment. The
combination of fractured formations and permeability
beneath the Condamine River allows migration of
methane to the surface. The fractured geology also show
structures underground at shaliow depths where gas may
accumulate in traps. These traps can collect. methane
under pressure (e.g. hydrostatic pressure from the
alluvium above). As this pressure is eased the methane

in these traps can expand and find its way to the surface.
This could explain variation in methane fluxes we see at
some places in the Condamine River.

In the vicinity of the Condamine River where bubbling
occurs, it is possible that depressurisation of the Walloon
Coal Measures during CSG production could generate
some horizontal migration of free methane gas. However,
with the shallow strike of these formations and the 6 to 10
km distance to gas production fields, this flux of methane
is likely to be small.

Condamine
tributary
” e

i

% Surat Basin aquifer or partial aguifer
I surat Basin aquitard
- Base of Surat Basin

Conceptual geological cross section of the Surat Basin and Condamine River alluvium near Chinchilla

Jell, P.A, {2013}, Geology of Queensland, Queensland Geological Survey, pp 928.

State of Queensland {2018) Underground Water Impact Report for the Surat Cumulative Management Area, The Office of Groundwater Impact
Assessment, Department of Naturai Resources and Mines. .

5 Esterle, 1S, Hamilton, SK, Ward, ¥, Tyson S, Sliwa, R, (2013}, Scales of Geological Heterogenelty within the Walloon Subgroup and Its Coal Measures.
February 2013, Final report of Activity 1.3 of the Healthy Head Waters Coal Seam Gas Water Feasibllity Study. Department of Natural Rescurces and
Mines. ) '

6 Hamilton S.K,, Esterle, 1.S. & Sliwa, R. {2014} Stratigraphic and depositional framewcrk of the Walloon Subgroug, eastern Surat Basin, Queensland,
Australian Journa! of Earth Sciences, 61:8, 1061-108C, DO(: 10.1080/08120092.2014.560000 ’

7 S.K. Hamilton, 1.5, Esterle, 5.D. Gelding (2012) Geological interpretation of gas content trends, Wallocn Subgroup, eastern Surat Basin, Queensland,
Australia, International Journal of Coal Geology 101, 21-35
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Both CSIRO and the Gas Industry Social and Environmental migration of methane from the Walloon Coal Measures

Research Alliance {(GISERA) are undertaking researth into the alluvium, at least at sites south-east of where

to locate and measure these natural methane seeps, bubbling occurs in the Condamine River, What is apparent,
including the gas appearing as bubbling in the Condamine is that the methane seeps do not originate from biclogical
River. While the bubbling in the Condamine Riveris sources in the river sediments.

spectacular, it is only one location of many in this region
where methane is being released at the surface. The other
locations are cracks and fissures that are not visible and
CSIRO researchers are using sensors to locate and measure
the flow of methane at these locations®®, CSIRO has also
undertaken research on the potential impacts of the
bubbling methane on the biogeochemistry and aquatic
ecology of the Condamine River.

The bubbling of methane from the Condamine River area
has increased three-fold since ongoing measurement
began in early 2015%, but has declined again recently.
There may be many reasons for this variation in methane
flow to the surface through the Condamine River. CSIRO
researchers provide three posslbﬂuﬂes for this variation in
methane flow:

1. that an increase In flow in river water has scoured the

river bed moving sand and sediments that previously
Natural and human causes of methane sat over the seeps and limited their flow

Ieakage 2. that groundwater receding from the Condamine River
‘ alluvium since the 2011 floods has reduced pressure
over the Walloon Coal Measures near Chinchilla,
allowing trapped gas to expand and rise to the surface

In addition to the natural underground formations and
fissures which can form migration pathways for the
methane to the surface, human activities such as drilling

water bores, extracting gas, and exploring for gas and oil 3. that €SG industry activity in production fields 5 to 6 km

can allow methane to escape. Some of these activities away has reduced pressure in the coal seams leading to
(e.g. drilling of water bores or coal exploration holes) have possible up-dip flow of gas into the network of fractures
created further pathways for gas to rise to the surface'®. and thereby into the Condamine River®,

The presence of methane in water bores has been
documented well before development of the region’s

CSG industry as far back as 1919, Since the early 1900s,
there has been natural gas in water bores in nearby Roma,
which have led to well blowouts and occasionally caught
fire. Methane in water bores in the Surat and Bowen
basins has also been documented In drilling reports from
the 1960s and 1970s.

CSIRO’s isotopic analysis of methane gas collected

from the main bubbling site in the Condamine River®
shows that the origin of the methane is from bacterial
metabolism of coal. Other research suggests that methane
in groundwater of the Condamine River alluvium may
originate from the Walloon Coal Measures or adjacent

. ] . . l3 .
geolcfglt':al formations 'r’ the Surat B.asm N However, Scientists measuring methane gas using rising chambers from
conflicting data also exists™ suggesting virtually no Condamine River (Source: Brad Sherman}

8 Day, S., Dell'Amico, M., Etheridge, D., Ong, C., Rodger, A., Sherman, B., Barrett, DJ. {2013) Characterisation of reglonal fluxes of methane in the Surat
Basin, Queensland ~ Phase 1: A Review and Analysis of Literature on Methane Detection and Flux Determination. CSIRO, Australla

9 Day, S., Ong, C., Rodget, A,, Etheridge, D., Hibberd, M., van Gorsel, E., Spencer, D., Krummel, P, Fry, R., Mark Del’Amico, M., Sestak, $., Williams, D.,
Loh, Z., Barrett, D. (2015) Characterisation of regional fluxes of methane in the Surat Basin, Queenslanc: Phase 2: A piiot study of methodology to
detect and quantify methane sources. CSIRO, Australia.

10 Walker, G.R,, Mallants, D,, Methodologies for investigating gas In water bores and links to coal seam gas development (2014). CSIRO. Australia
11 Gray, AR.G. (1967) Natural Gas Occurrence in the Brigalow Area, March 1967. Queensland Government Mining Journal, 68, 394 - 396
12 Sharman B.S. and Ford, PW. (2014} Condamine River Coal Seam Gas Emissions: Final Report. CSIRD, Water for a Healthy Country Flagship, Australia

13 Iverach, C.P, Dioni |. Cendédn, Stuart |. Hankin, David Lowry, Rebecca E. Fisher, James L. France, Evan G. Nisbet, Andy Baker & Bryce F. J. Kelly (2015)
Assessing Connectivity Between an Overlying Aquifer and a Coal Seam Gas Resource Using Methane Isotopes, Dissolved Organic Carbon and Tritium.
Scientific Reports. DOI: 10.1038/srep15996

14 Owen, D.D.R, Shouakar-Stash, ., Morgenstern, U. & Aravena, R. (2016} Thermadynamic and hydrochemical controls on CH, in a coal seam gas and
overlying alluvial aquifer: new insights inta CH, origins, DOI: 10.1038/srep32407

15 CSIRO flux measurements hrtps://www.aplng.com.auftopiss/coal-seam-gas/condamine-river-seeps. himl
16 Norwest report, Executive Summary, p.17-18



It is well known that water and gas extraction activities
reduces pressure in underground coal seams and aguifers,
thereby releasing methane. Experiments undertaken by
the CSG industry that involve shutting down gas wells in
these production fields have shown pressure changes due
to gas industry activity in the vicinity of the Condamine
River, but only a few per cent of the current methane
flows in the Condamine River can be explained by these
activities. Furthermore, the very low angle of dip (about
1 degree) of the Walloon Coal Measures would preclude
large-scale transport of gaseous methane underground.
Hydraulic fracturing is not the cause of this increase

in bubbling in the Condamine River because there has
been no hydraulic fracturing by the CSG industry in these
praduction fields.

Impact on health and environment

CSIRO has found no evidence that the seepage of
methane from the Condamine River area has any
adverse environmental impact on the plant or animal
life of the river and its surroundings®’. While higher
concentrations of methane are present in the river

up to 8 km downstream the river seeps, temperature,
electrical conductivity and turbidity are not affected.
Nitrogen, ammonium, phosphortus and organic carbon
concentrations in the vicinity of the seeps are not
different to other parts of the river and are typical of
Australian inland rivers. Phytoplankton, zooplankton and
macroinvertebrates are unaffected by the presence of the
seeps; although, bacterial and fupgal populations were
higher which is to be expected given that methane is the
faod source of methanogenic bacteria.

There is no public health or safety risk caused by the
methane concentrations measured in the area of

these or any other seeps in the Surat Basin CSIRO has
measured*®, Analysis shows the gas is very pure,
composed almost entirely of non-toxic methane, with
traces of carbon dioxide and nitrogen. There is no
evidence of volatile organic compounds or dangerous
hydrocarbons in the seeping gas. Metals, such as silver,
cadmium, chromium, mercury, lead, aluminium, iron and
manganese, were either at the threshold of detection or
within the range expected for inland Australian rivers.

Methane is only dangerous if concentrated in enclosed
spaces to levels where it is explosive, and there are safety
risks if it is deliberately lit. In the Condamine River the
seeps can only be [it when the river is not flowing and
where flames are supported by additional combustible
material.

Ongaing monitoring

CSIRO has been undertaking research on gas seeps in the
region for more than three years. Scientists have used
remote sensing, isotopic analyses, field surveys, computer
modelling and other techniques to map methane sources
and understand the processes that lead to methane
emissions.

CSIRO wilt continue to independently measure and
monitor methane from geological sources and from other
origins including old coal exploration wells from the 1960s,
fugitive emissions from the gas industry, and methane
emissions from cattle and agriculture. In addition, the
Queensland Government is monitoring water quality and
gas levels to identify any environmental harm or safety
concerns, and reviewing relevant research to ensure a
high level of scientific rigour and independent research is
maintained.

17  Rees GN, Nielsen DL, Cook RA, Petrie R, Watson GO, Davey C, Cliver R, Lorenz Z {2016} Condamine River: Ecological study. Report to Qrigin Energy.
18  State of Queensland, Department of Natural Resources and Mines (2012) Summary Technlcal Report - Part 1 Condamina River Gas Seep Investigation.

19  State of Queensland, Queensland Health {2013) Ccal seam gas in the Tara region: Summary risk assessment of health comglaints and environmental
monitoring data,
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From: Barrett, Damian (Energy, Black Mountain)
Sent: Thursday, 9 March 2017 5:29 PM
To: Close, David
Cc : Aryana, Amir (Energy, North Ryde)
Subject: Re: Condamine Seeps and Chinchilla - Shallow Gas studies

Hi David

Great to hear from you.

| think it is an excellent initiative to bring together all the relevant expertise around the Condamine River
Gas seeps and beyond. Happy to be involved and pull together the relevant people in CSIRO to attend. Let

me know when is the most suitable time for you and I'll get on to it.

I've included our acting Research Director for Onshore Gas on this email too because it would be worth
inviting a select group in CSIRO across the unconventional gas and environmental research areas.

Let me know if there are any specific points you'd like to discuss further.

Cheers...Damian

Dr Damian Barrett '

Research Director - Onshore Gas (Energy Business Unit)

Director Gas Industry Social and Environmental Research Alliance
CSIRO

Adjunct Professor

Centre for Water in the Minerals Industry
Sustainable Minerals Institute

University of Queensland, Brisbane
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From: Barrett, Damian (Energy, Black Mountain)
Sent: Thursday, 23 March 2017 12:48 PM
To: Proctor, Nicola (CorpAffairs, Newcastle); Beringen, Helen (CorpAffairs,
TownsvilleATSIP)
Subject: Condamine River Gas sheet

Hi Nicola and Helen

You can go ahead and put the condamine river fact sheet up on the GISERA webs site. I've made Origin
people aware of this happening this week.

Cheers...Damian
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From: . Barrett, Damian (Energy, Black Mountain)
Sent: Thursday, 20 April 2017 5:29 PM
To: Howard, Will
Subject: Re: Office of the Chief Scientist paper on methane and fugitive emissions

[SEC=UNCLASSIFIED]

G'day Will
Great to hear from youl

Yep, | can provide comment for you on the paper you attached regarding fugitive emissions and our CSIRO
research.

In fact, we are just in the process of pulling together a 'fact sheet' to synthesise the current science on
fugitive emissions in relation to the onshore gas industry. This will have the look and feel of the fact sheet.
we produced in relation to the current state of the science of the gas bubbling in the Condamine River in
Queensland (https://gisera.org.au/wp-
content/uploads/2017/04/GISERA_MethaneSeepsCondamineRiver_4ppFactsheet_170310.pdf). We are
trying to get this finished and released before the end of May 2017.

Are you thinking of making your paper public? It occurred to me that, if that was the case, it might be
worth coordinating? Happy to chew over the idea with you if you are interested.

Cheers...Damian

Dr Damian Barrett

Research Director - Onshore Gas (Energy Business Unit)

Director Gas Industry Social and Environmental Research Alliance
CSIRO

p: s47F

P:

E:

Adjunct Professor

Centre for Water in the Minerals Industry
Sustainable Minerals Institute

University of Queensland, Brisbane
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Project Order

Proforma 2012

1. Short Project Title (less than 15 words)

Methane seepage fluxes, Surat Basin, Queensland

Long Project Title Characterising the regional fluxes of methane seepage in the
- Surat Basin, Queensland .

GISERA Project Number Gas 1315

Proposed Start Date June 2013

Proposed End Date November 2017

Project Leader Stuart Day

2. GISERA Research Program

] Biodiversity Research [] Marine Research [ ] Land Research
[l WaterResearch - [] Social & Economic Research X< GHG Research
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3. Research Leader, Title and Organisation

Stuart Day
CSIRO Energy Flagship
Newcastle

4. Summary (less than 300 words)

This research proposal aims to address significant uncertainties associated with
background seepage of methane and their detection and measurement in the Surat
Basin, Queensland. By seepage we refer to the diffusive flux of methane to the
atmosphere through the land surface and water bodies, the localised flux of methane via
connectivity pathways consisting of leads, faults and outcrops and the flux from
agricultural wells and bares. It does not consider the fugitive emissions of methane
occurring as part of open cut and underground coal mines or emissions occurring from
infrastructure (wells, compressors, associated water reticulation, or gas pipelines)
associated with CSG production.

The research will provide:

(1) A desktop review and analysis of remote sensing imaging and direct detection
(ground based flux) methods to quantify methane sources and fluxes;

(2) A field trial of methods at (a) a remote sensing pilot site, and (b) a ground based
direct detection and monitoring pilot site. The remote sensing pilot will test the
acceptable method(s) developed in Task 1 for deployment within a defined test
area and ability to detect methane seeps more broadly in the Upper Condamine
River catchment. The ground detection and monitoring pilot will test in situ
measurement of on-ground methane fluxes at up to two pilot sites. Isotopic
chemical tracers will assist in distinguishing coal methane seeps from biogenic
methane sources. Each pilot is contingent on results from Task 1 and the client’s
input at decision points in the project; and,

(3) broad scale application of methods to a larger region in the Upper Condamine
River catchment. This research will provide baseline monitoring data of methane
seepage fluxes over different seasons. The final design is contingent on results
from Tasks 1 and 2, their successful application and the client’s input at decision
points. '
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The following table provides a summary of the aims, methods, outputs and outcomes of this
project:

Yearl

range of spatial and
temporal scales in the
Surat Basin,
Queensland.

Task 1.The
development of agreed
plans for a pilot
program for measuring
CH, fluxes on at keast
one study site.

Task 2. Based on
sucoessful
development of a plan.
pilot program, deploy
appropriate technology
for the measurement
and soureing of CHy
from sources in the
Surat Basin,

terrestrial outcrops, preferential

1 pathways, alluyium losses, river

fluxes, biogenic sources, agricultural
wells, and other infrasn'_ucture not
part of CSG development ficlds).

Scoping of a pilot program of
application of methods for CH4 flux
measurement and its sources.

Deploy CH; megasurement
technologies as agreed in Task 1
(iocluding, but not limited to, FTIR
spectroscepy, laser, atmospheric
concentration measyrement, inverse
atmospheric transport modeling, eddy
covariance measuretent, Flux
chamber measurement, hyperspectral
imaging, and/or isotope sampling) at
pilot test site(s). Establish value of
applied methodologies and identify

The report is to include a plan for
deployment of these activities as
part of a pilot study (Task 2) and
year one ot an ongoing baseline-
meonitoring program (Task 3).

A report on the application of
specified CHj methods at the
pilot test site(s), the value off
measnrements and analysis and
recomuendations for
development of the pilot test into
g baseline-monitoring program,

Task 1. A literature Desktop study of scientific literature A report advising on the A comprehensive assessment of the application
review of the science with, potentially, limited numerical scientific capabilities of all forms | of methods of CH, detection and measurement
on all methods and modeling using synthetic or limited of CH, detection and to an important sedimentary basin in which
technologies of CHy datasets to demonstrate feasibility of | measurement methodologies to CS8G development is underway.

measurement in light methods and their applicability to the | be used in the Surat Basin to

of their applicability to | measurement of diffuse CH, fluxes quantify tluxes and sources of

quantifying fluxes and | from a range of potential sources background emissions.

their variations at a (including but not confined to

A folly scoped plan for analysis of CH4 fluxes
and sources for an impottant sedimentary basin
in which CSG development is underway.

A scientifically defensible pilot program to
demonstrate the value of application of CH.
measurement methodologies in the Surat Basin
for the purpose of developing a long term
monitoring program as CSQ development
oceurs.
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uncertainties/gaps in their application.
Scope plan for depleyment of
methods for one yeat to establish
baseline monitoring

Year 2

Task 3, Based on
successtul
demonstration of value
of the pilot program,
deploy appropriate
technology for CH,
mgasurement and
sourcing for the
purpose of initiating a
baseline monitoring
study.

Application of the demonstrated
methods to long term monitoring
conditions. Analysis of the variation
in CH4 fluxes from vatious sources
in time and space, Analysis of the
attribution of sources of CH4 fluxes
to biogenic/thermogenic origins. An
assessment of the value of baseline
monitoring of background CHy
fluxes.

A report on the long-term
application of specified
technologies for measursment of
CH. fluxes and their sources in
the Surat basin, Queensland,
including an assessment of the
degree of variation in fluxes on a
range of space and time scales
and specitications for ongoing
operation of a baseline
monitoring program.

The foundation of a baseline monitoring

program, its methods and quantified

uncertainties that will underpin an ongoing,
long term monitoring program for the Surat

Basin,
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i
Report on review and analysis of GISERA 1.07.2013 | 31.08.2013"
literature on detecting and : '
measuring diffuse sources of
methane seeps and proposal for

discrete testing at pilot sites in

Task 2

Task 2 2.1 Remote sensing pilot studyf GISERA CSIRO 1.09.2013 | 08.09.2014 14/15 2
Task 2 2.2 Ground detection piiot study GISERA CSIRO 1.10.2013 | 30.11.2014 14/15 2
Task 3 3.1 e  The continuous monitoring GISERA CSIRO 1.07.2014 30.11.2015 15/16 2

results - installation,

commissioning and

operation of the two field

stations.

. Preliminary data available.

Task 3 3.2 s  Modelled development and GISERA CSIRO 1.12.2015 30.11.2016 16/17 2

analysis of continuous data.
e  Periodic monitoring and
field validation
»  Trial of remote sensing
technologies.
Task 3 33 . Delivery of final report for GISERA CSIRO 1.12.2016 30.11.2017 17/18 . 2
Remote sensing baseline
study and Ground detection

baseline study
TRE : SR
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data management

Time :
Commitment Principle area of Years of N
Researcher (project as a expertise experience Organisation
whole)
Environmental science
Damian Barrett 0.05 and resources sector >20 CSIRO
Methane sensing and
Stuart Day 0.30 detection 25 CSIRO
. Atmospheric trace gas
David Etheridge 0.50 composition and fluxes 20 CSIRO
Methane flux
Brad Sherman 0.20 measurement in aquatic >12 CSIRO
environments
Atmospheric transport
Ashok Luhar 0.40 modelling 20 CSIRO
Concentration
Zoe Loh 0.40 measurements and 5 CSIRO
interpretation
Colin Allison 0.35 Isotopes and tracers 20 CSIRO
Cindy Ong 0.30 Remaote sensing >20 CSIRO
Andrew Roger 0.10 Remote sensing 11
¢ A Methane sensing and
Mark Dell ‘Amico 0.25 detection 25 CSIRO
Robyn Fry 0.1 Methane emissions . 10 CSiRO
High level skills in flux
tower deployment and :
Steve Zegelin 0.30 operation, and related >30 CSIRQO
soil and atmospheric
measurements
: Micrometeorology and
Eva van Gorsel 0.25 fluxes 15 CSIRO
Remote atmospheric
Technical Assistant 0.80 monitoring, calibrations, 5-20 CSIRO

6b. Other Researchers (variation 2 - Methane emissions enhanced modelling)

Researcher

Time
Commitment
(project as a

Principle area of
expertise

Years of
experience

Organisation
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7. GISERA Objectives Addressed

This research will determine the flux and sources of background seeps of methane to
the atmosphere which is an important determinant of the GHG footprint and a baseline
for estimation of fugitive emissions from industry

8. Program Qutcomes Achieved

See section 13

9. Program Quiputs Achieved

Details are provided in Section 15. Project Objectives and Qutputs

10, What is the knowladge gap that these research outputs will address?

There is currently no information on the size and source of background methane

seepage to the atmosphere from the Surat Basin. This project will provide important
baseline information on the characteristics and magnitude of methane seepage.
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11. How will these Research outputs and outcomes be used in State Government and other
water managers to achieve Adaptive Management of Water Resources?

The outputs of this project form the basis of a further project on estimation of methane
fugitive emissions by coal seam gas development in the Surat Basin, Queensland.

12. Project Development

The Jurassic and Permian coal beds of eastern Australia have become an increasingly
significant source of Australian gas production. Geochemical and isotope data indicate
that the considerable stores of methane in these shallow coal seams are the result of
CO,-reduction methanogenesis from microbial activity occurring since uplift of eastern
Australian geologic basins during the late Cretaceous and Tertiary (Faiz and Hendry
2006). The known 2P gas reserves in these seams amount to over 35,000 PJ, of which
~92% occur in the Surat and Bowen Basins (Kaye et al 2012).

Methane is a powerful ‘greenhouse’ gas contributing more than 20 times the global
warming potential of CO, on a per mass basis. It is the most abundant organic
compound in the earth’s atmosphere. The total annual source of methane to the
atmosphere is estimated to be about 580 Tg/year (Denman et al, 2007) largely from
wetlands, lakes, rice cropping and ruminant animal production, biomass burning,
landfill, and waste with about 6% from coal mining activities. Natural geological sources
may account for about 10% of the total methane source (Lassey et al., 2007; Etiope et
al., 2008).

Important geological sources of methane enter the atmosphere through natural seeps
and fissures occurring in terrestrial and marine settings. The potential natural sources of
methane to the atmosphere from sedimentary basins include surface exposed outcrops
of shale and near-surface coal and vig connectivity pathways along faults, cleavages, and
alluvial sediments associated with rivers. ‘Background’ methane fluxes (i.e. those not
associated with the CSG production) occur through biogenic processes in wetlands,
swamps, rivers, and dams. In some locations, further background sources of methane
are agricultural bores, feed lots, old exploration wells, landfill, wastewater and biomass
burning. Fluxes from all of these sources are often episodic, ephemeral and difficult to
observe. B

It is possible that, in the Surat Basin, Queensland, all of these sources of methane to the
atmosphere exist and it is important to be able to distinguish among them to determine
those potentially susceptible to CSG production. Baseline data on the fluxes, sources,
pathways and variations in natural methane seeps is required to separate ‘background’
or ‘baseline’ emissions from other human induced variation in methane emissions
particularly in gas production regions such as the Surat Basin. Any perceived variation in
methane production from seeps in this region are potential conflict points with

13



G Induisiry
Social & Enwlromimental
Resaarch Ml

communities and hence risks to the gas sector’'s production if there is a perception, even
incorrectly, that the industry is responsible for this variation.

This project will address pathways of methane emissions that are considered ‘non-
anthropogenic’; that is, natural connectivity between coal seams and coal bearing
aquifers and the atmosphere as a result of links occurring between these sources and
the surface and will separate these sources of methane from biogenic sources such as
decomposition of organic matter and feed lots. It will also consider methane emissions
from agricultural wells. Consideration of the impacts of CSG field development on
potential connectivity and preferred pathways of methane to the atmosphere will be part
of future studies and their mitigation and are not considered in this study. Detection and
quantification of fugitive emissions from CSG production will be part of another study to
be undertaken by CSIRO (Day et al 2012).

Currently, there is virtually no information on baseline methane seeps in the Surat and
no existing study has examined the impacts of coal seam gas development on these
background fluxes of methane. Nor have these studies investigated potential impacts of
gas field development (both positive and negative) on these fluxes.

This project aims to generate for the first time a comprehensive quantitative estimate of
haseline methane emissions from soils, rivers and agricultural infrastructure at a
regional scale in the Surat Basin. The project is designed in Tasks that increment
knowledge toward this aim. Both the client and research agency have input into
decisions during the project on the emphasis and timing of Tasks. The approach is to
examine a range of methods and their applications in a phased manner. At the
conclusion of the two years, the result will be a comprehensive study of the location and
flux of methane seeps (terrestrial and aquatic), the governing processes and sources of
methane and the establishment of a baseline against which ongoing monitoring can
occur,
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13. Project Objectives and Outputs

The three Tasks of this research program build a hierarchy of knowledge whereby later
Tasks use information and understanding developed in the earlier Tasks to underpin
further work.

The first Task consists of a survey, review and analysis of literature on methane
detection and measurement. The literature will be assessed on its applicability to
develop customised methods for application to the task of quantifying methane sources
and fluxes from seeps in the Surat Basin. Utilising the collective, internationally
recognised skills within CSIRO, methods for remote sensing imaging, spectroscopy,
atmospheric concentration, flux and source detection will be reviewed and a best
strategy based on these methods will be proposed for deployment in the Surat Basin in
Tasks 2 and 3. Proposals for limited discrete testing of remote sensing and ground
detection methods at pilot sites will be completed and evaluated by the client. From this,
agreement will be reached on how to proceed with either a remote sensing pilot, a
ground detection pilot or both in Task 2. The proposals will include a review of methods
for monitoring fluxes to determine baseline sources and potential natural variation. A
report will advise on the best methods for deployment of a pilot study flux and
establishment of a broader scale application of methods.

The second Task will utilise the strategy from Task 1 to deploy a pilot study of methane
sources in the Surat basin. The pilot study will be field trial(s) of (a) a remote sensing
pilot, and/or (b) a ground based detection and monitoring pilot. The remote sensing
approach will test laser and imaging methods. The ground based detection will test the
use of atmospheric concentration and flux measurements as inputs to determine the
capability of atmospheric transport modelling to determine fluxes of methane cn a
range of spatial scales. Limited ground based gas geochemistry sampling for isotopic
analyses and dissolved methane concentrations will be used to determine whether pilot
site methane losses are of biogenic or coal origin and potentially assist with locating the
source of the methane,

Finally, the third Task will apply a broad scale application of methods to assess regional
methane sources (based on Task 2 results) based on remote sensing methods. An option
exists to apply these methods to develop a survey of regional methane sources within
the Surat basin from which a register of methane sources would be developed for the
Condamine. Ongoing ground based monitoring of pilot sites will provide a baseline of
methane seepage fluxes and their seasonal variations as the basis of an ongoing
monitoring program.
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14, Preiect Plan

The program of work applies existing CSIRO capability to review methods and develop
an integrated measurement program of methane sources and fluxes. CSIRO already has
expertise in this domain through a well established program of work on coal seam
methane fugitive emissions for the coal mining industry and more recently work on
fugitives related tc coal seam gas production.

The proposed work involves a comprehensive analysis of methane sensing' and
measurement methods followed by implementation of measurement activities at pilot
sites and extensive deployment within the Surat Basin.

The aim of this research program is:
To refine methods of methane detection, locate existing significant seeps, identify

sources of methane, characterize the flux of gas and develop a scientifically robust
baseline of methane fluxes from seeps.

Months 1

Honths 4-12

op
B
g
fad

asihs

The challenge is to identify methane that has migrated from a coal seam reservoir to the
surface via seepage and separate these fiuxes from other sources (e.g. biogenic
methane). The research is designed to proceed in three Tasks with decision points
separating each Task. The decision point is desighed to ensure shared
negotiation/decision making occurs between the Research Advisory Committee, APLNG
and CSIRO prior to embarking on Tasks 2 and 3 in order to ensure deliverables are
aligned with the best deployment of methods. The decision points also take into account
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the exploratory nature of the research in recognition of the significant uncertainties
surrounding background methane seepage in the Surat Basin. It is possible that parts of
Tasks 2 and 3 could be undertaken in a parallel fashion based on mutual agreement
between APLNG and CSIRO.

14.1 Project Schedule

eview & Stuart Day 1 July 2013 31 August
analysis of 2013
literature
Remote sensing | Stuart Day 1 October 8 Sep 2014
pilot study 2013
Ground detection | Stuart Day 1 July 2014 28 Feb 2015
i pilot study
. The continuous | Stuart Day 1 July 2014 30 Nov 2015
monitoring
results -
installation,

commissioning
and operation
of the two field
stations.

* Preliminary
data available,

Task 3.2 | . Modelled Stuart Day 1 Dec 2015 30 Nov 2016

development
and analysis of
continuous
data.

- Periodic
monitoring and
field validation

- Trial of remote
sensing
technologies,

Task 3.3 . Delivery of final | Stuart Day 1 Dec 2016 30 Nov 2017

report for
Remote sensing
baseline study
~and Ground
detection
baseline study
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Task 1
TASK NAME: Survey, review and analysis of literature

TASK LEADER: Stuart Day
OVERALL TIMEFRAME: It is proposed to finish Task 1 in 4 months.

BACKGROUND: xx. The first Task consists of a literature review and analysis of methane
detection and measurement methods with the aim of tailoring a set of methods to the
specific problem of locating and quantifying methane seeps in the Surat Basin. The review
will also consider the sensitivity of methods to the task of detecting and quantifying fluxes.
This Task wilt reduce the very significant uncertainties associated with this problem and
provide a sound basis for Tasks 2 and 3. The review will include two components: (a) remote
sensing methods (FTIR and laser spectroscopy and hyperspectral imaging/spectroscopy
methods) and (b) direct ground based detection (mobile Piccaro CRDS analyser + GPS). The
most suitable approach will depend on the type of sources (terrestrial or aquatic), the flux
and area of seepage and the resulting atmospheric concentrations (under differing
meteorological conditions). Existing remote measurement methods for methane
detection work well for concentrated point sources (e.g. pipeline leaks) but function
poorly when used to detect and measure diffuse fow concentration fluxes such as seeps. The
research task being tackled in this project is to design, tailor, develop and adapt methods to
this problem.

TASK OBJECTIVE: Review and analyse literature on methane detection and measurement.
Development of tailored methods for application at pilot sites in the Surat Basin, Queensland.
TASK OUTPUTS & SPECIFIC DELIVERABLES: The output from Task 1 will be a report
containing proposals for discrete testing of methods at pilot sites for use in Task 2 and the
design of measurement protocols to quantify the variability in baseline sources and ongoing
maenitoring at monitoring sites.

PROGRESS REPORT: The final draft report was submitted to APPEA on 18 December 2013.
The literature review has gone through the mandatory internal review process and is now
publicly available on the GISERA website

http://www.gisera.org.au/publications/tech_reports_papers/ghg-emission-proj-1--
lit-review.pdf. '
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Task 2.1

TASK NAME: Remote Sensing method pilot study
TASK LEADER: Stuart Day

OVERALL TIMEFRAME: [t is proposed that Task 2 be undertaken over 8 months and be
finished at 12 months.

BACKGROUND: Task 2 consists of utilising knowledge gained.in Task 1 to deploy methods
at pilot test sites. Prior to deployment at pilot sites, model testing is required to ensure
the best application of methods. Due to the highly uncertain nature of methane seeps in
this region, a significant amount of interpretation and testing of numerical models will be
required as part of the review process. It is important that characterization of the drivers
of methane fluxes and their response processes can be understood and interpreted by
source modelling. The review of methods will consider the measurements and numerical
modelling requirements for work undertaken at three scales or ‘footprints’ of methane
[oss to the atmosphere:

1) Localised (1 - 10 m) flux chamber measurements and interpretation of methane
sources _ _

2) Landscape (100 - 1000 m) eddy covariance measurements from which methane
fluxes are determined

3) Regional (100 - 10,000 m) inverse derivation of methane fluxes using atmospheric
transport modeling methods based on the observed concentrations.

The pilot studies will be applied to methane sources using a combination of methods
identified, developed, tested and refined in Task 1 and model testing in Task 2. Ground
based methods potentially include atmospheric concentration measurements with
accompanying meteorology and chamber measurements to both calculate fluxes and
obtain samples for pilot isotopic analyses.

TASK OBJECTIVE: The remote sensing pilot will examine Fourier Transform Infrared (FTIR)
spectroscopy, Laser spectroscopy and hyperspectral imaging/spectroscopy methods to
determine suitability for ground based or airborne measurements of seeps. A range of
new, cheaper sensors are appearing on the market and these will be evaluated along with
existing methods to determine best approach for this application. This will require
resolving a suite of technical difficulties and questions associated with each method and
testing them against diffuse, low concentration sources of methane in the atmosphere.

TASK OUTPUTS & SPECIFIC DELIVERABLES: Report on application of methods-at pilot 5|tes
and recommendations for establishing baseline measurements
PROGRESS REPORT: The interim report for Phase 2 (which only relates to the remote

sensing component) has been through the mandatory internal review and was submitted
to Rick Wilkinson at APPEA on 11 November 2014,
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Task 2.2

TASK NAME: Ground detection pilot study
TASK LEADER: Stuart Day

OVERALL TIMEFRAME: It is proposed that Task 2 be undertaken over 8 months and be
finished at 12 months.

BACKGROUND: Task 2 consists of utilising knowledge gained in Task 1 to deploy methods
at pilot test sites. Prior to deployment at pilot sites, model testing is required to ensure
the best application of methods. Due to the highly uncertain nature of methane seeps in
this region, a significant amount of interpretation and testing of numerical models will be
required as part of the review process. It is important that characterization of the drivers
of methane fluxes and their response processes can be understood and interpreted by
source modelling, The review of methods will consider the measurements and numerical
modelling requirements for work undertaken at three scales or ‘footprints’ of methane
loss to the atmosphere:

1) Localised (1 - 10 m) flux chamber measurements and interpretation of methane
sources

2) Landscape (100 - 1000 m) eddy covariance measurements from which methane
fluxes are determined

3) Regional (100 - 10,000 m) inverse derlvatlon of methane fluxes using atmospheric
transport modelmg methods based on the observed concentrations.

The pilot studies will be applied to methane sources using a combination of methods
identified, developed, tested and refined in Task 1 and model testing in Task 2. Ground
based methods potentially include atmospheric concentration measurements with
accompanying meteorology and chamber measurements to both calculate fluxes and
obtain samples for pilot isotopic analyses.

TASK OBJECTIVE: The on-ground pilot will utilise observations of atmospheric methane
concentration as data constraints in models to determine fluxes from locations and their
potential variation in response to known drivers. Inverse methods will be trialled at these
pilot sites to obtain best estimates of source fluxes of methane and their variability.
Inverse modelling is the most scientifically rigorous approach to examining the
mechanisms driving variation in background methane fluxes. The modelling undertaken
will form the bases for a scientifically robust interpretation of measurements and longer
application of methods in Task 3 to establish baseline fluxes and their variations.

If the pilot site consists of methane fluxes from water bodies, the work will build on
existing research undertaken in CSIRO in the Condamine River. Methane fluxes from
aquatic systems with free water surfaces (e.g. river weir pools, farm dams) will be
quantified using floating chambers used in one of two modes:
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1) For low fluxes typical of natural waters the head-space gas is recirculated through
a high precision gas analyser (Picarro CRDS) following the protocols used by CSIRO
for similar research in water supply reservoirs;

2) For high fluxes (i.e. vigorous bubbling), a once-through system currently being
developed and trialled by CSIRO will be employed in which gas captured by a
chamber is diluted by ambient air drawn through the chamber and subsequently
analysed using a high precision gas analyser.

Initial sampling is to be conducted at a coarse spatial resolution to identify important
spatial gradients in fluxes. Subsequent sampling will be undertaken at higher spatial
resolution to reduce uncertainty in the overall areal mean flux to within satisfactory levels.
Adequate characterisation of instantaneous fluxes from a weir pool experiencing
decomposition of catchment-supplied organic matter can be completed in 1-2 days of
sampling (depending on spatial scale; 1 day of sampling should be sufficient for volumes
< 2000 ML). Characterisation of seasonal variability requires 3 to 4 sampling experiments
and would be undertaken in Task 3. Interannual variability is likely to be very high in
systems subject to flooding on an irregular basis as flood waters will supply large amounts
of organic matter that will degrade rapidly over the first year but may continue to fuel
methanogenesis at a lower rate for several years. Characterising interannual variability
would require ongoing monitoring following Task 3.

At the pilot sites, flux chamber measurements, combined with limited isotopic analyses
will be used to differentiate reservoir methane from other potential sources. Once started
the isotope observations will enable planning for potentially more detailed sampling based
on cost and importance (in Task 3). More extensive sampling and detailed work is planned
in Task 3 depending on results from the pilot sites. Terrestrial sites may include soil-air
space sampling and soil water sampling. Aquatic sites will include chamber measurements
of fluxes, samples of bubble methane and associated samples of river water to measure
dissolved methane concentrations. The geochemistry of these samples will assist with
establishing sources of methane and flux measurements will determine: quantities of
methane generated per unit time.

Measurements of samples will consist of limited isotopic composition (such as "*CH,, CH,D,
"“CH,), CH, concentration in air, soils, water and direct from source, and a suite of
geochemical elements as potential tracers to identify sources.

In aquatic sites, we will also conduct the following sampling and measurements:
¢ Collect and analyze (by ICPMS) water samples for basic geochemical constituents to
characterize possible groundwater exchanges with the river.
* Collect and analyze water samples for 13C isotopes, alkalinity and TIC.
e Collect gas samples and analyze for composition (C,-Cs, O,+Ar, N,, CO,, d'*C - CH,,
dZD = CH4)

Collect and analyze water samples to characterize the spatial variability of dissolved
methane and compute any associated fluxes.

TASK QUTPUTS & SPECIFIC DELIVERABLES: Report on application of methods at pilot sites
and recommendations for establishing baseline measurements
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PROGRESS REPORT: The final report for Phase 2 (which includes the remote sensing and
ground detection components) has been through the compulsory internal review. Itis
now undergoing an external review with an expected completion date of 31March 2015.

Task 3 .
TASK NAME: Broad scale application of methane detection

TASK LEADER: Stuart Day

OVERALL TIMEFRAME: It is proposed that Task 3 will be undertaken over 12 months and
begun at the end of the first year to coincide with the culmination of the pilot remote
sensing imaging of seeps.

BACKGROUND: The third Task will extend the tested remote sensing methods from Tasks
1 and 2 at a more broad scale in the Surat Basin (Upper Condamine River catchment) to
assess regional methane sources and fluxes. Using the most suitable remote sensing
methodology from Task 1 and 2, a survey to cover the Surat Basin will be undertaken to
enable identification of the location of sources of methane. The survey method will need
to be sufficiently wide and frequent to ensure that all material sources of methane are
located and documented. If successful this approach would allow development of a
register of methane sources. The register of significant methane sources provides further
information for a baseline to establish ongoing monitoring or for more intensive
examination of selected locations in the future. The approach and methods will be
developed in consultation with industry representatives to ensure the measurement
program compliments existing sampling already undertaken by industry and to meet
industry needs.

TASK OBJECTIVE: The third Task will also extend monitoring at the aforementioned pilot
sites in order to begin developing an ongoing set of baseline measurements used to
determine day-to-day, season-to-season and year-to-year variation in methane fluxes, This
activity will reduce the considerable uncertainties associated with background methane
fluxes in the Surat Basin and contribute to the establishment of a sound baseline. This
component extends and refines the direct concentration and flux measurement techniques
developed and applied in Task 2.

TASK OUTPUTS: Report on development of baseline measurements and plan for ongoing
monitoring ‘

SPECIFIC DELIVERABLES: The scientific review in Task 1 will provide robust knowledge
as to the best selection of detection and measurement methods for this particular
region.

The data provided by this project will provide an important baseline data set that allows
an objective, quantitative comparison of methane fluxes and concentrations to be
undertaken in the future as CSG production in the Surat Basin accelerates.

Outcomes from this work to APLNG, the CSG sector and communities include a
comprehensive and scientifically rigorous analysis of background methane fluxes and
the establishment of a baseline for an important part of the Surat Basin, Queensland, in
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which CSG development is occurring and against which ongoing monitoring can
conducted.

Through this program of research, a critical unknown in CSG production will be reduced
thereby contributing to maintaining and improving environmental stewardship by the
industry.

References used in Task section:

Day §, Connell L, Etheridge D, Nargate T and Sherwood N (2012) Fugitlve greenhouse gas emissions from coal seam
gas praduction In Australia. CSIRO Australia, 27 pp.

Denman, K. L., et al. {2007}, Couplings between changes in the climate system and biogeochemistry, in Climate
Change 2007: The Physical Science Basis. Contribution of Working Group | to the Fourth Assessment Repott of the
Intergovernmental Pane! on Ciimate Change, edited by $. Solomon et al., chap. 7, pp. 499 - 587, Cambridge Univ.
Press, Cambridge, UK.

Etiope, G., K. R. Lassey, R. W. Klusman, and E. Boschi, 2008: Reappraisal of the fossii methane budget and related
emission from gaologic sources. Geopliysical Research Letters 35: LGG307., 35, LOS8307.

Falz M and Hendry P (2006) Significance of microbial activity in Australia ceal bed methane reservoirs - A review.
Bulletin of Canadian Petroleum Geology. 54, 261 - 272

Kaye L, Barrett DJ, Vink S, Roux E, Murray C-E, White J, Robbins S (2012) Coal Seam Gas, Coal and Agriculture: Water
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15. Budget Justification

The budget for this project has been agreed between APPEA, APLNG and CSIRO. APPEA -
identified the project as one of particular public and industry interest and has, on behalf
of the industry and via APLNG, contributed whole-of-industry funds to the project. APPEA
funds appear ‘via APLNG’ because APLNG is a member of GISERA, APPEA is not. The
Research Advisory Committee and Management Committee have approved this budget.

16. Project Governance

The project leaders and APPEA/APLNG representatives will meet at least 1 month prior to
delivery of milestone reports to discuss project management issues and no less than on .
six monthly intervals. There are three ‘decisions points’ in the project plan that enable
input from industry representatives, the GISERA Research Advisory Committee and CSIRO
researchers as to the specific direction of research work conducted in this project.
Decisions will be made by mutual agreement between researchers and industry
representatives, and will be offered for and will require ratification by the GISERA
Research Advisory Committee.

17. Communications Plan

GISERA will manage communications in accordance with GISERA's Alliance Agreement
{available at: http://www.gisera.org.au/contract.html) and Communications Strategy.

18. Risks

‘Capacity to deliver this project will be managed by CSIRO. Risks in delivery will be
mitigated using the breadth of skills across the crganisation. Communication risks will
be mitigated by adherence to the communications protocols outlined in the GISERA
Communications Strategy and the GISERA Alliance Agreement. CSIRO will undertake all
project management tasks and will consult with APLNG on decisions points and
contingencies in the work program.
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19. inteliectual Property and Confidentiality

Description of Restrictions on | Value
Background IP use (if any)

CSIRO All atmospheric None $
transport
modelling, inverse
modelling
‘methods, prior
remote sensing
methods for
methane
detection, CH.
flux measurement
methods (aquatic
and terrestrial)

and eddy

covariance

techniques used

in this study.

$
CSIRO
Project results are not confidential.
Not applicable
Not applicable
Party : Commercialisation
. Interest

Australia Pacific LNG None
CSIRO None
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20. Approval from Project Parties
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In signing this document you are committing your organisation to provide the specified
funds, personnel and the required in-kind contributions.

Australia Pacific LNG

SIGNED for and on behalf of

by
in the presence of

.................................................

CSIRO

SIGNED for and .on behalf of

by
in the presence of

-------------------------------------------------

Australia Pacific LNG, exercising authority delegated by
the GISERA Management Committee

CSIRO, exercising authority delegated by the GISERA
“Management Committee

--------------------
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Executive summary

introduction

Methane in water bores is a major concern in areas of coal seam gas CSG) development There are risks
associated with igl SphyXiation K . There are
also other risks, such as gas lock in pumps, &6 ihd odolE fimpatts from water quallty cha nges, toxicity
di ¥ and build up of gases affecting the integrity of the bores,

To address these risks, there is a need for an appropriate monitoring, management and response strategy,
commensurate with the risks. Responsibilities for these strategies are variably divided between the '
industry, government and private concerns. This report deals with the state of the art of methods for
investigating gas in water bores and analysis of resulting data world-wide and historical presence of gas in
water bores in the Surat and Bowen basins. Informatlon from this report is to be used to mvestlgate and
respond to reports of ingr Seontent inand ~
such work to be effective, a good understanding of the processes for and limitations of measuring gas in
water bores is critical.

Methods for underiaking investigations into gas in water bores

Methane is a colourless, odourless and non-toxic gas, but is an asphyxiant at a concentration of over 50 per
cent in air. It is the largest component of the gas causing concern in water bores in the Surat and Bowen
basins. Methane in water bores may be present as “free gas” and/or “dissolved gas”. Methane usually only
exsolves from a still solution, if the concentration of methane in the fluid exceeds its dissolved gas
saturation point or solubility. Gas solubility varies with temperature, salinity, and pressure: it decreases

‘with increasing temperature and salinity and increases with increasing pressure. Coal seam gas-derived
methane will often co-exist with other gases such as short chain hydrocarbon gases such as ethane,
propane and butane, as well as carbon dioxide, nitrogen and hydrogen sulfide. The relative abundance of
such hydrocarbon gases (and their isotopic sighatures) may be used to determine the gas source.

For methane, the measurement is that of dissolved gas or as a free gas derived from a water sample in the
bore. Ideally, the sample should be collected from deep within the bare close to the screen either by low
flow pumping or an in situ device such as a diffusion sampler. However, the logistics of any sampling survey
and the need for consistency means that techniques involving sampling at the bore head are used.
Appropriate techniques reviewed include the inverted bottle method as used for both free and dissolved
gas and gas extraction samplers. Unfortunately, measured concentrations are sensitive to the exact
sampling protocol, the device used, the analysis technique, and even the water temperature, salinity, and
pressure. A study in Alberta, Canada, suggested that discrepancies in presence of free gas in water bores
was due to different sampling methods used by different firms conducting the sampling.

Methane concentrations have been shown to be highly variable in space and time. This variability can be
related to real processes that cause methane concentrations to go up and down. Some studies have shown
that sampling error and analytical error also contribute to this variability; this suggests that a certain
number of duplicate samples should be part of any larger survey, perhaps cne in ten, or repeated sampling
at a single site to provide standard deviation information.

For a better understanding of the impact of coal seam gas extraction and depressurisation on methane in
the groundwater resource as a whole, a more systematic sub-regicnal and regional strategy is required.
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This will allow the identification of gradual or sudden changes, irrespective of cause, and understanding of
periodic changes of methane that may not be of concern. '

When analysing methane data, careful consideration should be give to the following issues:

© e methane occurs naturally in groundwater and in the vapour phase of the unsaturated zone,
especially in areas where there Is coal seam gas;

¢ methane concentrations will have been exacerbated by depressurisation caused by pumping for
water and conventional gas development aver time, as well as exploration for oil and gas before
any coal seam gas development occurred;

+ changes in methane may be due to a range of causes other than coal seam gas development. In
many cases overseas, investigation of complaints have found that poor maintenance of water bores
resulted in microbially-mediated methane production as a cause of changes in water quality.
Presence of nearby landfill sites may be another source of methane; '

* the coal seam gas development is sornewhat different from many other industries due to the
number of extraction wells required at relatively close spacing, the areal extent of the developmient
and the number of companies involved;

. variability with time of measured methane concentrations due to sampling and analytical error and
processes leading to presence of methane in the water bore; and

- o variability of concentration of methane and related constituents within each of the different
sources of methane,

A strategy, designed to address this plethora of issues, will need a sampling and analysis methodology that
is robust enough to provide consistent measurements with sufficient sensitivity to detect trends in time
and spatial patterns. Overseas experience with various sampling protocols have shown that to consistently A
and reliably measure concentrations with sufficiently low variability, requires focus on training, adherence
to strict protocols, including split and duplicate samples, and consistency in the information recorded. For
example, in the San Juan Basin in the USA, such a rigorous approach has lead to the situation where it could
be shown that apart from a few bores, the coal seam gas development has not had a measurable impact on
the methane levels reglonally. In Alberta, Canada, where different trained consultants were used, large
inconsistencies between results were found, despite considerable guidance being given by regulators. Best
overseas praciice often has data stored on an audited transparent database, a practice that helped identify
and resolve inconsistencies between different firms measuring methane.

The sources of methane, transport processes from those sources to the well, pathways through which this
transport occurs and transformations that might occur along the way have been reviewed. This forms a
basis for understanding how chemical and Isotopic data might inform us about the causes of gas
occurrences and possible mitigation measures.

Most methane in water bores is of biogenic or thermaogenic origin. The general relationship is that gas
sources grade from biogenic to thermogenic with depth, Biogenic methane production is the most common
of the processes in shallow groundwater systems and involves bacterial decomposition of organic matter in
the absence of oxygen through either fermentation of organic matter or reduction of carbon dioxide. These
processes can occur under conditions found in both near ground surfaces, such as in wetlands, as well as at
depths to several hundred metres below ground surface. Shallow sources include organic-rich soils, landfills
and manure/sewage storage systems. Thermogenic methane is formed by the thermal breakdown of
complex hydrocarbons resulting from decompaosition of organic material largely originating in ancient
shales. Thermaogenic gases typically originated at great {several 1000s of m) depths; however, over geologic
time these gases may have migrated far from the original source area and subsequently accumulated at
shallower depths. Thermogenic methane may be associated with a wide range of heavier hydrocarbon



gases such as ethane and propane, as either gases or heavier long chain hydrocarbans found in crude oil
liquids, and hydrogen sulfide. The ratio of methane to ethane and propane is a commonly used method to
distinguish between microbial and thermogenic gases.

Coal seam gas extraction in water-saturated coals involves pumping groundwater from a well to decrease
the water pressure until methane desorbs from the coal. The methane first dissolves in water. When the
water pressure is decreased sufficiently for methane to exist largely as a free gas phase, the gas migrates to
the point of lowest pressure which is the production well. However, the pumping for production is not the
only way to create the pressure reduction needed for gas to form. Dissolved methane can exist in the
groundwater near a water bore, When the water bore is pumped, water pressures in both the bore and
the adjacent formation are decreased. Such a decrease in pressure can lead to methane degassing as water
is drawn into the bore. Pressure declines due to pumping are exacerbated if the pumping rate is increased
or if adjacent areas of abstraction start to overlap and interfere with each other or if pumping continues
long-term. These declines in pressure could lead to enhanced methane degassing and migration from
increasingly larger areas around the bore.

Methane migration can also he affected by water, oil and gas developments, i.e. when water bores or gas
production wells provide conduits through the different geclogical layers. Such borehole breaches present
a number of opportunities for leakage of fluids in the vertical direction, Experience in the USA has indicated
that older wells producing oil and gas from deep conventional reservairs are more likely to provide gas
migration pathways to the surface than shallower and newer coal seam gas wells. For example, in the La
Plata County part of the San Juan Basin, approximately 20% of the conventional wells required remedial

. cement or were plugged and abandoned, while during the same period, approximately 3% of the coalbed
gas wells were found to require remedial cementation or were plugged and abandoned.

The ability to identify the causes of any high concentrations of methane in water bores or changes requires
measurements of other constituents besides methane. For example, methane from coal seam gas or other
deep geological sources can be distinguished using isotopes of hydrogen and carbon of methane and
associated wet gas components. Because water from different sources may mix before arriving at the water
bore, a measurement of other hydrochemical signatures of water may help distinguish these further, Other
useful measurements are (i} the stable carbon isotope ratio of dissolved inorganic carbon, which may be
used to identify any bacterial consumption of methane that has occurred between the source and the bore
and (ii) the radioactive carbon isotope (**C) which identifies a younger source of carbon originating from
shallower groundwater unrelated to coal seams targeted for CSG extraction. The ability to conduct such
forensic analysis cbviously adds expense to any baseline or ongeing monitoring program and makes it
difficult to tailor the program so that cost is commensurate with risk.

Occurrence of gas in water bores in Surat and Bowen basing

There has been a long history of methane, both in dissolved form and as a free gas, detected in existing
water bares or during drilling for water in the Surat and Bowen basins, dating back to the beginning of the
twentieth century around Roma. Since then, there have been several occurrences of gas being reported
during drilling, in bores, or gas in bores igniting. Gases from micro-seeps at the land surface have been
measured in the region in the 90’s. Gas companies have been required by the Water Act to collect and
analyse baseline samples and for the results to be sent to the Queensland Government. The collated results
are presented here and show that methane is present in water bores across the region. The methane is
found at higher concentrations above features such as faults and above known gas reservoirs. The
concentrations of gas vary in time according to atmospheric and other others factors.
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Dngoing studies in Surat and Bowen basins

There are a number of recent and current projects investigating issues related to methane In water bores.
Perhaps, the most notable has been the study of gas bubbling in'the Condamine River. Norwest has
conducted a study which showed that the source of the gas was from deeper aquifers, but could not rule
out any specific pathways or causes for any increase in gas bubbling. It is only through further monitoring
and studies that these will become clearer. Some baseline studies of methane and associated chemistry are
also conducted by research institutions on hehalf of land-holders. Here we report on the measurement of
atmospheric methane being done in three studies by different institutions, While such studies are generally
aimed at accounting for greenhouse gases, the patterns with respect to time and space can help target
management options at reducing methane emissions and also support our understanding of methane
pathways to the land surface. Finally, the understanding of broader chemistry from the perspective of
carbon storage and recovery, inter-aquifer leakage, organic contamination of groundwater and the study of
methane production all provide useful baseline information for methane in water bores. In particular, a
recent program by Geoscience Australia and the Queensland Government for the purposes of carbon
capture and storage has many relevant measurements for baseline and forensic interpretation. There does
appear to be good coordination between the hydrochemical studies although coordination on methane-
specific aspects could be improved. -
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introduction

The Coal Seam Gas Compliance Unit {CSGCU) in the Queensland Department of Natural Resources and
Mines ([DNRM) is responsible for investigating complaints associated with impacts to water bores from coal
seam gas (C5G) development in the Surat and Bowen basins in Queensland. Increasingly the complaints are
related to increased gas in bores causing problems with the operation of pumps in sub-artesian bores and
causing blockages in distribution lines from artesian bores. '

The CSGCU has contracted CSIRO to undergo a literature review to support decision making around the
issue, Broadly, the review should address the issue of an accepted methodology for sampling, analysis, and
data interpretation to address risks associated with gas in water bores, If a methodology could be accepted,
it is believed that it would help to resolve uncertainties and disputes associated with gas in water bores in
coal seam gas development areas. More specifically, the report includes:

The occurrence of gas in water bores prior to the commencement of the coal seam gas industry in
Queensland;

Methods for undertaking investigations into gas in water bores including:
o hydrochemical methods;

o sampling techniques to collect representative groundwater samples of dissolved or free
gas;
o dissolved or free gas composition analyses including stable isotope composition; and

o field measurement of in situ total dissolved gas pressure and volume;

Methods for determining methane gas migration potential including gas migration processes and
mitigating factors affecting vertical / lateral gas migration;

Investigations undertaken into gas in water bores to date in Australia and in particular the Surat
and Bowen basins including assessment of the occurrence, volume, stable isotopic composition and
source formation of the gas.

An information sheet, "Methane Gas in Water Bores” {CSIRQ, 2014) has been developed in conjunction
with the review,

In addressing the topics above, the review recognises that:

12
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Methane is the dominant gas of concern. Methane is associated with smaller concentrations of
other gases and hydrocarbons. Some of these, such as H,S (hydrogen sulfide), may create issues of
odour {“rotten egg” smell) and toxicity. Others are useful for understanding the source of methane;
The risks of methane in water bores are broader internationally than problems with pumps and
distribution lines;

San"ipling is one component of a monitoring strategy aimed at addressing these concerns through
the identification of risks, measurements of any relevant changes in state, identification of the
causes of these changes, identification of likely mitigation strategies and determination of whether
the mitigation strategies have been successful; ‘

Understanding the variability in space and time of gas concentrations in water bores is necessary to
underpin investigations of gas occurrence in groundwater aquifers; well constructed and tiered



baseline surveys provide key information to relate gas occurrence to appropriate sources and
pathways; and that
5. Coal seam gas is not the enly cause of increased methane in groundwater.

The review addresses each of the topics and sub-topics in the following order:

1. Methods for undertaking investigations into gas in water bores. Under this topic, the following sub-
topics are discussed:

a)

b)
c)
d)

e}
f)

A brief overview of the properties of methane, the major concerns o_f methane in water
bores and mitigation measures to address these;

Sampling of disselved and free gas;
Developing a monitoring strategy beginning with a baseline survey;

Sources of methane, transport of methane from source to the water bore and
transformations along the way;

Impacts of water and gas development on increased methane; and
Conducting a forensic analysis.

2. Occurrence of gas in Surat and Bowen basins: This topic provides a historical perspective of
methane in water bores within the Surat and Bowen basins; along with other evidence of gas in
water bores before coal seam gas development occurred.

3. Relevant studies in Surat and Bowen basins, and elsewhere in Australia: This topic provides an
overview of projects currently being undertaken to address the issue in Queensland and Australia.

This review has been aided by many excellent analyses on the topic internationally. In particular, the paper
by Jackson et al. {2013) was provided with the terms of reference. The authors of this paper were also
senior authors on many of the analyses on the topic, information which supported this review.
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2 Methods for undertaking investigations into gas
in water bores

2.1 Properties of Methane and Associated Risks

Natural gas is typically accumulated in a subsurface reserveir - any rock formation with adequate porosity,
fractures, or sorption potential that can store liquid or gas hydrocarbons. The different forms of natural gas
are generally categorised into conventional and uncenventional gas. Conventional gas is obtained from
reservoirs that largely consist of porous sandstone formations capped by impermeable rock. The gas can
move to the surface through the gas wells without the need to pump. Unconventional gas is generally
produced from complex geological systems that prevent or significantly limit the migration of gas and
require innovative technological solutions for extraction. The difference between conventional and
unconventional gas is the geology of the reservoirs from which they are produced.

There are several types of unconventional gas such as coal seam gas, shale gas and tight gas. Coal seam gas
is entirely adsorbed into the coal matrix. Movement of ccal seam gas to the surface through gas wells
normally réquires extraction of formation water from the coal cleats and fractures. Shale gas Is generally
extracted from a clay-rich sedimentary rock which has naturally low permeability. Tight gas is trapped in
ultra-compact reserveirs characterised by very low porosity and permeability.

Methane is the largest component of the gas causing concern in water bores in the Surat and Bowen
basins. It is a colourless, odourless and non-toxic gas, but is an asphyxiant at a concentration of over 50 per
cent in air. Many of the specific properties of methane can be found in Staiker (2013).

Methane in water bores may be present as "free gas” and/or “dissolved gas”. One of the analogies used to
differentiate these two forms is that of the soda bottle. While the lid is sealed, pressure keeps the gas
dissolved in the liguid. Removing the lid causes a drop in pressure, allowing the previously dissolved gas to
form bubbles (exsolve') and rise to the liquid surface as free gas.

Methane usually only exsolves from a still solution, if the concentration of methane in the fluid exceeds its
dissolved gas saturation point or solubility (Jackson et al., 2013}. For a sample at the land surface, the
solubility at normal levels of atmospheric pressure is 24.7 mg/L (or 34.6 ml/L) at 20 °C and 20.7 mg/L (or 29
ml/L) at 30 °C (Wiesenburg and Guinasso, 1979; Hirsche and Mayer, 2009).

Gas solubility decreases with increasing temperature and salinity and increases with increasing pressure.
The effects are non-linear in all cases. A temperature difference of 20 °C (between 10 and 30 °C) for fresh
water (zero salinity) results in a difference in solubility of 10 mg/L. At 20 °C, methane solubility ranges from
25 mg/L for fresh water to 19.3 mg/L at 40,000 mg/L salinity (Figure 1).

Hirsche and Mayer (2009} cite the example of a 360 m column of water leading to a methane solubility of
863 mg/L at 25 °C. Pressure effects can lead to water degassing as it is brought from depth to atmospheric
pressure at the surface. This is similar to removing the lid of a soda bottle resulting in free gas coming to
the surface.

* Gas to separate out from groundwater and form a free phase
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Wiesenburg and Guinasso, 1979

Agitation due to pumping and movement through samplers can lead to free gas release at under-saturated
conditions. This is similar to shaking or heating a soda bottle, which causes more gas to bubble out.

Because it Is odourless, methane can accumulate undetected in bores and bore enclosures that are not
properly vented. Methane is extremely flammable and can be easily ignited by heat, sparks or flames.
Methane is explosive at volumes of 5 per cent to 15 per cent (50,000 ppm to 156,000 ppm) in air. Methane
is also an asphyxiant at a concentration of over 50 per cent in air. Although methane will rise, it can
displace oxygen in confined spaces and hence such spaces can become vulnerable. Such risks can be
mitigated through monitoring and proper ventilation. There are a number of useful sources of information
on this (National Groundwater Association (NGWA), 2013a; NGWA, 2013b; Indiana Department of Natural
Resources; Pennsylvania Department of Environmental Protection {DEP), 2011; Griffiths, 2007). Gas may
also leak from the bore into the shallow sub-surface and then leak into closed buildings (Pennsylvania DEP,
2013). Some water quality issues can be treated with some form of treatment plants (Figure 2).

The bubbling of gas in water bores can also lead to other concerns. For example, it can affect pumps as the
gas bubbles can lead to a “gas lock”, in which the gas bubbles adhere to the impeller and impede the water
flow. Harris et al. (2012) reported on the need to replace bore pumps due to the mators burning out as a
result of “cavitation” when the dissolved gas comes out of solution. Pump shrouds or sleeves could be
used or the type of pump changed (Figure 3; NGWA, 2013a). The shroud or sleeve is a tube open only at its
base enclosing the submersible pump.

Gas bubbling can affect water guality in at least two ways. First, bubbles cause sediments that accumulate
at the bottom of water bores ta move through the water column, which in turn leads to water being used
going from being clear to being “coloured, turbid, slimy, and smelly”. Secendly, in certain circumstances, it
can lead to the conversion of dissolved sulfate into “odiferous, noxious, and toxic” sulfides {Gorody 2012},
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Under the most extreme circumstances, build-up of pressure may be great enough to dislodge the entire
bore casing and pump assembly. At lower pressure, the water column can be gas lifted and promote
artesian flow. It is not unusual to detect significant, yet short-lived, changes in water quality during such
events, resulting from the mixing of deeper aquifer fluids with thase of the shallow aquifer regimes.
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Alberta Environment’s investigations indicate that, in the majority of complaints it investigates, the cause
of water quality issues is not due to oil and gas activity (Armstrong et al,, 2009). Inadequate water bore
maintenance or the age of the bore is often determined to be the cause (Armstrong et al., 2009). Bacteria,
such as iron and sulfate-reducing bacteria, can build up in bores that are not properly maintained, resulting
in slime growth. In other cases, such bubbling may be natural or caused by pressure reductions from
nearby bores. Dealing with water quality generally involves understanding and dealing with the causes of
water bore nuisance aspects.

Coal seam gas-derived methane will often co-exist with other gases” such as short chain hydrocarbon gases
including ethane {with its molecular formula C;H;, abbreviated as C,), propane (C3Hg, abbreviated as C;) and
butane {molecular formula for butane and its structural isomer 2-methylpropane is C;Hyo, abbreviated as
C,4), as well as carbon dioxide and hydrogen sulfide. The last can lead to problems of odour, toxicity, and
corrosion of casings and pipes (Moore, 2012).

Fortunately, methane gas is readily detected. Methane is sometimes recognizable as an effervescing” gas in
the bores. In some cases, the release of methane in a water bore may be recognized by a sound similar to
that of boiling water. Harris et al, {2012) report on anecdotal evidence from landowners referencing ‘gassy’
bores,’ burping’ bores, flaring bores and rumours of lighting farmhouses from the gas produced from the

% £SG contalns 54-98% methane (Sydney Catchment Authority, 2012), The Santas CSG is typically 94% methane, 4% nitrogen, and 1% carbon dloxide
{Santos, 2009a}
® The escape of gas from an aqueous solution and the foaming or fizzing that rasults from a release of the gas
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water bore. Griffiths (2007) reports that’ The usual evidence of gas is spurting water at a tap that is turned
on quickly after it has nct been used for a while and a milky colour to the water during the first few
seconds.” Any of these should cause the bore owner to obtain a measurement of free gas and/or dissolved
gas. Such measurements are described in the next section.
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Figure 3 Schematic showing 2 pump shroud to avoid gas lock (Source: NEWA, 20136),

As shown later, methane has been found in water bores in the Surat and Bowen basins over the last 100
years. In many cases, it has been Something that locals have learnt to deal with. However, there has been
an increasing number of potential ways in which methane can occur in shallow groundwater and water
bores. Any sudden or widespread increases in methane in bore water may reflect problems that need ta be
addressed.

2.2 Sampling of Methane in Water Bores

In 2006, the Alberta Energy Resources Conservation Board issued Directive 035. This directive mandates
that coal seam gas operators offer to test all active weter hores within a 600 m radius of a proposed coal’
seam gas bore under given conditions. A Science Review Panel (Science Review Panel, 2008) found that
there was a clear discrepancy hetween different environmental consulting firms conducting the sampling
and analysis in the fraction of bores sampled that produce free gas. For insta nce, as of December 2007, the
firm that conducted the largest number of tests {979) found free gas in 24% of the bores sampled. Other
firms report even higher fractions. In contrast, the firm that conducted the second largest number (892)
found free gas in only 2% of bores sampled. The Panel noted that many of the samples were collected in
overlapping geographic areas and therefore such a large difference in the fraction of bores producing free
17



gas is unlikely to be due to chance. This suggested that the sampling methods may have a significant effect
on whether or not free gas is observed and subsequently analysed.

The objective of the sampling strategy has a large impact on the type of sampling and analysis being
undertaken. In the above case, the sampling focussed on identifying whether gas exsalution may occur
during pumping {is there any dissolved gas present), rather than determining the dissolved gas
concentration. This would help determine if there were any likely risks associated with the build-up of gas.
Hence, the methods encouraged more rapid pumping and sampling methods that would more likely cause
gas to exsolve. Also, the coal seams producing the gas were above the water table. Thus, the result has
been heavily influenced by the sampling and analysis method {Armstrong et al., 2009).

This section will describe sampling methods, while the next section deals with the monitoring strategy.
Generally, the following steps need to be considered as part of sampling and analysis: 1) purging of the
bore, 2) taking the sample itself, 3) transportation and storage, and 4) analysis. For this report, we will be
considering the first three steps. Geoscience Australia (Sundaram et al., 2009} has developed some detailed
protocols for groundwater sampling in Australian conditions. There are a number of international
documents dealing with sampling methods, including those used in Alberta (Hirsche and Mayer, 2009), and
the USA (Koterba et al., 1995; Stolp et al., 2006). Taken together, these provide descriptions of a wide
range of techniques and the pros and cons of each. We will not describe detailed protocols here but refer
the reader to these documents. It is also worth noting that methane is not usually the only constituent
sampled, but others will be as part of any monitoring or required for forensic analysis, as described [ater in
the report.

2.2.1 SAMPLING OF DISSOLVED GAS
?’gs?giﬁg{mmgﬁie’sg

The methods for purging and subsequent sampling are important to provide consistent analyses, Criteria
for choosing any given method include i) it must be comparatively simple while ensuring reliable and
accurate results, and ii) accessibility to the bore itself. Sampling can occur at above-ground access points, or
by using down-hole sampling devices. Techniques where pumps and other sampling equipment can be
placed down the bore are preferred over above-ground sampling; the latter techniques are known to suffer
from pumping-induced pressure changes that may affect the dissolved gas concentration due to degassing
during pumping (Hirsche and Mayer, 2009).

Caution must be exercised when pumping bores prior to sampling. Especially pumping of gassy bores leads
to de-gassing and therefore might not be safe. In such situations, snap (ProHydro, 2014) or diffusion
sampling techniques are recommended.

For some existing production water bores, it may be necessary to use existing pumps and this restricts the
range of methods. Purging is necessary {depending on the use of the bore) as any stagnant water in the
bore is likely to have degassed, and chemical reactions in the bore are likely to modify some of the other
chemical parameters. Usually, purging involves removal of 3 casing volumes of standing water, if possible
{ASTM, 2012). Field parameters such as pH, temperature and EC are monitored during the process and help
provide a guide to whether a sufficlent volume has been pumped; stabilisation of such parameters is used
to indicate sampling can begin. Purging based on stabilisation of these parameters is more suitable for
bores with low yields of in cases where the landowner will not allow purging of three bare volumes.

The process of pumping, well recovery and bringing the sample to the surface is likely to lead to degassing.
Figure 4 shows the response of the total dissolved gas pressure to pumping. The measurement of total
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dissolved gas pressure is an in situ measurement. Where possible, it has been recommended as part of the
monitoring and analysis program (Roy and Ryan, 2011).

Evidence for Degassing while Pumping
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This degassing issue gives impetus to the application of down-hole methods. The US EPA {2010) encourages
. the use of low-flow sampling. The fow flow pumps are placed close to the screens and are meant to pump
at a rate comparable to the inflow to the bore. In this way, there is as little disturbance possible for the
water in the bore.

Down-hole diffusion cells may also be used. Barber and Briegel (1987) developed a sampler that required
relatively little time for gas in the sampler to equilibrate with that in the groundwater. There have been
some recent developments to simplify the design and to improve the precision of measurements. There
are also a range of non-diffusion samplers. These come in various degrees of complexity and work under a
range of physical principles (Hirsche and Mayer, 2009). However, for broader surveying, such techniques
can be labour- and time-intensive.

Taking the sample

Assuming the water is discharged from the bore in some form or another {i.e. not using the passive in situ
approaches), one needs to capture the water sample itself. The most common approach is that of the
inverted bottle method as this can he used where there is access at the surface. Geosciences Australia
(Sundaram et al., 2009) provides a detailed description of a protocol, which Is an adaptation of the USGS
approach (Stolp et al., 2006). This allows quantitative concentrations of the dissolved gas per volume of
water to be obtained. The method relies on discharging bore water into the bottom of a serum bottle until
full. The bottle is then submerged into a bucket of water and the operator continues to discharge water
until the bottle has been purged by two volumes. This needs to be done, without having bubbles adhering
to the side of the hottle. A stopper is placed in the bottle and then crimp sealed with aluminium crimp caps.

19



The primary disadvantage of the method is the difficulty of avoiding bubbles and providing a good seal.
Accurate measurement requires exemplary sampling. A poor seal will results in equilibration of the
dissolved gases with the atmosphere during storage and transportation and a lower estimate of the true
dissolved gas content. To obtain reproducible results, it is important to keep sampling procedures as
consistent as possible.

An alternative to this method is the bubble strip method (Kampbell and Vandegrift, 1998). The method is
based on the principle that gases will undergo a partitioning between a vapour phase and a liquid phase
that are in contact with each other. The stripping procedure involves filling the gas sample bulb with the
water solution being analysed and then introducing an inert gas (e.g. 20 mL) to the sampler. The water
sample continues to be pumped through the sample bulb, which causes agitation in the aqueous phase.
The agitation of the pumping helps the partitioning of the dissolved gases between the two phases until
equilibrium is reached. When equilibrium is reached, a syringe is used to sample gas. The main difficulty is
that the agitation may cause excessive degassing. [t is also more difficult to use than the static headspace
equilibrium method, described in a little while below.

Transportation and storage

Samples must also he kept at 4°C at all times to lower the rate of microbial degradation and minimise
sample loss. Samples cannot be frozen and should be shipped for analysis within several days of collection.

Separating dissolved gases from water samples

As soon as groundwater samples containing dissolved gases are collected, the dissolved gas has io be
separated from the water sample prior to chemical and isotopic analyses. Two commonly applied methods
are the static head space equilibration technigue and the vacuum uitrasonic method.

The static headspace method is used with samples taken either by the inverted bottle method or downhole
methods. Preparation of the sample at the analytical laboratory or in the field requires creating a
headspace in the sample bottle {typically with helium or other inert gas). A syringe is used to equilibrate
with the atmosphere. The sample is then shaken for enough time for equilibration of gases. An aliquot of
the headspace is withdrawn and analysed using gas chromatography. It is important that there is no
contamination with atmospheric gases and sufficient time is allowed to equilibrate. There are a number of
variations of the method in which sample bottles are not always full, different gases are used and different
equilibration times.

An alternative method is the vacuum ultrasonic method in which water samples are subject to ultrasonic
agitation while in a water bath. The released gases are carried under vacuum to another place of the
apparatus and then sampled using a syringe. A reported difficulty is that ultrasonic agitation may break
down short hydrocarbon chains (Hirsche and Mayer, 2009).

Analytical technigues

The chemical analysis of dissolved gases and free gases obtained from water bore samples is conducted by
gas chromatography (GC) using various detectors. A discussion of the different types of gas
chromatographs, detectors, carrier gas, columns, temperatures etc. is beyond the scope of this review.
Further details are available from Hirsche and Mayer (2009).
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2.2.2 FREE GAS SAMPLING AND ANALYSIS

Analysis of entrained/evolving gases Is not a widely used monitoring practice in Australia, but has been
used with some success for hydrocarbon prospectivity in Australia {Sundaram et al., 2009). The technique.is
particularly suitable for semi-quantitative field analysis of gases, particularly methane and carbon dioxide.
While the degree of quantification is less than for dissolved gas analysis, the samples do not require
refrigeration, and, if field analysis is conducted, there is less chance of contamination {i.e., gas loss) during
transportation and storage. This technique can be used for sampling groundwaters at elevated
temperatures, where collection of dissolved gas samples is either too hazardous or where a high proportion
of the dissolved gases may have volatilised {(Sundaram et al., 2009},

Sampling methods

The sampling techniques rely on depressurisation of water samples. The most simple of these is the
inverted bottle method for free gas (Figure 5). As water is brought to atmospheric pressure, gas is released.
A bottle with no gas is purged with at least two volumes of water. Once sufficient gas is exsolved, the bottle
is capped. Pumping rate is used to estimate the volume of water producing the gas. The bottle is
transported upside down to point of analysis. A variation of this maethod is to provide a throttle to
encourage gas to exsolve from solution.

Sample \ Gas displacing
collection  ————p water in bottle
bottle
™
A N overflow
oo |
Gate value ucket
Water )
from well \— Stand pipe

Figure § nveried bottle method for free gas sampling (Medified from Keech and Gaber, 1982).

A reasonably common throttle is the use of flow through samplers (Figure 6). Most samplers consist of a
plastic or glass sampler with a metal cone-shaped tube and three valves: 1) an inlet valve for water 2) an
outlet valve for water and 3) extraction point for gas. The sampler is first filled with water, and then the
water exit valve opens with some water exiting through the gas sampling point. The inlet valve is
subsequently closed until no water leaves through the gas extraction point. When the gas valve is closed,
water should be at even pressure, As water passes through the end of a metal tube, gas is released and
floats to the top of the sampler. When there is sufficient gas, a gas sample is taken. Again, the volume of -
water is estimated.

While such samplers are practical to use, each type of sampler has a different shape and different
protocols. This leads to inconsistencies in analyses between instruments. While some of the instruments
have specified efficiency of degassing under given conditions, this is not always the case. In some cases, the
samplers cannot handle the discharge from the bore and a T-junction may be required.
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Figure 8 Flow-through sample seils (Sourcer Hivache and Mayer, 2000)

Transpertation and storage

The main criteria for adequate transporting and storing samples is to ensure leak-tight containers and
prevent chemical or biological conversion of the gas components of interest. Commercially available
electro-polished stainless steel containers are highly suited for this purpose, Typically, analyses should be
done within a month from sampling and within a week if H,S is present. A cheaper alternative is the Tedlar
or Flexifoil Bags, which can store samples for a few days. Glass vials with grey butyl stoppers can be used
for longer times. o

Van Holst et al. (2010) tested various containers for long term storage of both CO; and methane. They
recommended that only stainless steel cylinders, aluminium cylinders and aluminised five-layer bags be
used for long term storage of gases.

2.2.3 REPEAT SAMPLING AND ANALYSIS

Methane concentrations are notoriously variable in time. Yet, very rarely is more than one sample
collected.

Sampling and analytical error are part of the cause of this variability. A case study in which duplicate
samples collected successively using careful methods, were shown to have about a 6% difference between
minimum and maximum samples (Gorody, 2012). On the other hand, a study using split samples sent to
different laboratories showed about a 40% variation, presumably due to calibration errors (Gorody, 2012).
This suggests that a certain number of duplicate samples should be part of any larger survey, perhaps one
in ten.

The same case studies showed that samples collected within a 95 day period and analysed by the same
laboratory had about a 14% variability and a longer-term variability of about 25%.

As will be discussed in the next section, there are a range of physical reasons for this variability. For
situations where we want to see how concentrations may change over time due to causes such as coal

22



seam gas development or repressurisation of aguifers due to capping, we need to look at changes greater
than the variability and hence we need to understand the variability. Also, if we want to look at causes for
methane occurrence, we also need to understand the variability not only in the bores but also of the
potential sources of methane.

2.2.4 SUMMARY AND DISCUSSION

This chapter highlighted the properties of methane and how this was linked to potential risks and also how
we might monitor methane concentrations. The effort that goes into any monitoring program needs to be
‘commensurate with the risks and tailored to highlight mitigation measures. For some of the risks, there is a
well-established mitigation process established and some of this may not require an expensive monitoring
program. However, for evaluation of the larger effects of the impacts of a coal seam gas development or

for better delineating causes of poorer bore quality, cne does require monitoring that is more
comprehensive and consistent. Regular duplicates need to be part of that scheme, Where there is only
above-ground access to bores, there will be issues of variability due to the effects of pumping samples to
the surface and then analysing them. For a‘larger baseline program, this might be the only practical
approach,

2.3 Monitoring strategies

Maonitoring is done throughout the development of a new coal seam gas field, starting from before any
development accurs {baseline monitoring} and finishing well after decommissioning. The purpose of the
monitoring is to: ‘

*+ identify any potential risks;

s measure changes in state of individual water bores and groundwater resource that might possibly
have been caused by methane; '

+ identify causes for any changes; and

s target mitigation measures.

Monitoring can be related to an individual bore, but also to a sub-regional or regional groundwater
resource. For the individual bore within a region, where methane is found in the ambient groundwater, the
landholder often has lived with evidence of methane for some time. Typically, this includes evidence in
driiling logs, signs of gas in.water, gurgling sounds and problems with pumps (see section 3}). Monitoring
provides objective input to the owner on which to make decisions on measures that he or she may
undertake with respect to ventilation, hore-works, pumps, bore maintenance etc. Such maonitoring, if
repeated regularly, may provide data about any sudden changes in methane concentration. The sampling
of gas within the bore head using a commaercial gas analyser can provide immediate and direct data on the
specific risks of ignition. The accuracy of actual concentrations, however, are subject to a range of
processes. To make this a reliable estimate, especially for its applicability to understanding trends and its
reliability about emerging risks, measurement of methane concentration of both dissolved gas and of free
gas, which has come out of solution, is required.

For a better understanding of the impact of coal seam gas extraction and dépressurisation on methane in
groundwater resources as a whole, a more systematic sub-regional and regional strategy is required. This
supports the identification of sudden changes, irrespective of cause, that may potentially affect multiple
landholders. It further promotes an understanding of the periodic changes of methane that may not be of
concern.
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To measure changes in state of individual water bores and the groundwater resource as a whole requires,
in the first instance, a baseline survey across relevant bores and then sampling at time intervals afterward.
For any detection of change or trend, the change needs to be larger than the noise in the baseline, This
noise could be due to variability related to sampling and analysis but it also can be related to real processes
that cause methane concentrations increase and decrease. Some of these processes will be described in
the next section. To provide confidence about the extent of change, it is im portant to get some sense of the
variability of the analyses. Conversely, the lower the analytical variability is, the more likelihood there is of
detecting any trends.

For any area where coal seam gas occurs, there is always likely to be some natural levels of methane in
groundwater and in the vapour phase of the unsaturated zone. These levels would have changed as a result
of bores, respectively wells being installed for extraction of water and oil and also due to depressurisation
caused by pumping for water. However, because of the lack of suitable monitoring, there is little evidence
as to whether there has been an increasing level of methane. In addition, there are other biological sources
of methane caused by man’s activities. For example, lack of bore maintenance or presence of nearby
landfills can be sources of methane production. For these reasons, it is more difficult to obtain a baseline
leve! of methane than if all methane was due to coal seam gas development.

Some of the overseas experience points to the need for rigorous protocols and training around determining
natural levels of methane if the variability is to be both known and sufficiently small to detect changes. In
the San Juan Basin in the USA, such a rigorous approach has led to the situation where it could be shown
that apart from a few bores, coal seam gas development has not had a measurable impact on methane
levels regionally (Gorody et al., 2005). Because of the natural variability of measurements, it is not feastble
to make such an assessment in Alberta, Canada (Alberta Environment, 2006). However, some individual
bores had such increases in methane in their water over time that clearly suggested there was a problem.
These were investigated and most changes were found to be due to reasons cther than coal seam gas. In
the Marcellus Basin, the monitoring was able to show regional trends, as well as Identifying some individual
bores that needed addressing. But, after some debate about the interpretation, the weight of evidence is
suggesting that the gas industry is affecting the groundwater (Jackson et al., 2013).

Many of these overseas case studies adopt a common database. The Alberta Science Review Panel (Ryan,
2008) made several recommendations to improve the database, so that it could form a basis for making
decisions. It was only through this exercise that the magnitude of the inconsistency between different
consultants measuring methane became apparent. It was also the debate in Colorado about the initial
measurements of methane that led to more emphasis on understanding the variability and improvement of
the sampling protocols. Similarly, the initial debate in the Marcellus Basin had led to much more focussed
measurements.

As will be shown, methane will not be the only constituent measured as part of any survey. Apart from
there being other risks, there is a need for other constituents to be measured to interpret the causes of any
change. Many of these analyses are expensive. This raises the issue of the cost of monitoring being
commensurate with the risks involved. If there is a need for rigorous measurements, taken over long
enough time to detect trends, and for a range of analytes, there is a need for a process that maximises
information while minimising cost (NSW Chief Scientist & Engineer, 2014a). It may not make sense to spend
much more on moenitoring than it would take to implement measures such as venting, pumps and water
treatments everywhere.

However, it has been found that leaks through disused bores or through production bores can cause some
serious risks for several landholders locally and may also have impact on a regional water source for a
fengthy time. A more problematic situation exists if a local industry is dependent on that source of water,
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or requires infrastructure that becomes at risk. A further risk is that to people that may be within confined
spaces within buildings. There are also reputational risks to industries, which could be affected by public
perceptions of either industries being no longer viable or seeming to cause unreasonable damage to the
environment.

Risks may need to be considered by government, industry and individual landholders. For each of these, the

risks are different and the roles in managing risk are different. Hence, the type of monitoring each may be
engaged in is different. Under the 2010 amendments to the Queensland’'s Water Act 2008, each coal seam
gas proponent is required to undertake baseline surveys in their tenements. This does not prevent land-
holders from undertaking their own surveys. The Cotton Research and Development Fund is supporting a
project led by Associate Professor Bryce Kelly from the University of New South Wales in conducting a
baseline survey and other analyses to support a forensic evaluation. The University of Southern Cross is
providing a service for landholders in the northern NSW region {part of the Clarence-Moreton Basin} to
have their water samples tested. The Queensland Government is the custodian for a database containing
data submitted by Industry proponents. They also maintain a data base of drilling logs that should report
gas shows in a well.

Once the issues are identified, there is a need to move to retrospective or forensic studies. These aim to
identiy causes for any changes, target mitigation measures and ensure these measures are working. In
some cases, the identification may need to be unambiguous, the data defensible and there may be the
need to prove that any defined threat is removed. Before going into these sfudies, the next section
discusses the sources, transport and consumption of methane,

2.4 Processes

This section discusses the sources of methane, transport processes from those sources to the bore,
pathways through which this transport occurs and transformations that might occur along the way. This
forms a basis for understanding how chemical and isotopic data might inform us about the causes of gas
occurrences and possible mitigation measures.

2.4.1 METHANE SOURCES

Most methane in water boras can be attributed to two types of processes: Biogenic or thermogenic
methane production (Moore, 2012). Abicgenic methane is produced under strongly reducing conditions
found deep within the earth’s crust and is not significant to the current discussion.

Biogenic methane production is the most common of the processes in shallow groundwater systems.
Biogenic methane is produced by bacterial decomposition of organic matter in the absence of oxygen
through either fermentation or reduction. These processes can occur under conditions found in both the

near ground surface, as well as at depths to several hundred metres below ground surface. Shallow sources

include organic-rich soils, landfills and manure/sewage storage systems. Gas derived from such shallow
sources have likely only had a short time to develop, and may have limited rescurces (e.g. carbon poals).
Thus, although the accumulation rate might have been rapid, the accumulated velume in potential
reservoirs might be relatively small and localised, especially in the absence of an upper low permeability
cap. Furthermore, the siow trénsport mechanisms and the short time for migration after such recent gas
production mean that the location of these gas deposits is usually coincident with the source, in the
absence of pumping.

Thermogenic methane is formed by the thermal breakdown of complex hydrocarbons resulting from
decomposition of organic material fargely originating in ancient shales. This process generally occurred
after organic matter was buried under a sufficient thickness of sediments to generate the high
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temperatures and pressures required for gas generation. Thermogenic gases typically originated at great
depths (several 1000s of m); however, over geclogic time these gases may have migrated far from the
original source area and subsequently accumulated at shallower depths. Thermogenic methane may be
associated with a wide range of heavier hydrocarbons such as ethane (C;) and propane (C3), as either gases
or crude oil liquids, CO, and hydrogen sulfide {H,S). The ratio of methane to ethane and propane {C,/(C; +
C3}) is commonly used to distinguish between microbial and thermogenic gases (Figure 7).
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Methane will form to some degree if there is coal, but wilt represent an economically valuable resource
only if a sufficient volume of gas is stored and can be produced. Therefore, the coal beds must have formed
in an environment with sufficient overlying pressure to prevent gas loss during the coal-forming process. At
the same time, in order for the coal layer to act as a gas reservoir, it must have a sufficiently high gas
permeability (either natural or induced via hydraulic stimulation) to enable gas movement toward recovery
bores. Permeability of coal seam gas reservoirs is due to cleats (natural fractures within the coal) and pore
spacing (porosity). Cleats in coal almost always occur as two equally perpendicular sets of fractures. The
“face cleat” is the dominant fracture system whereas the “butt cleat” is less laterally continuous and nearly
always terminates where it intersects a face cleat (Figure 8).

Coal seam gas recovery is related to the three forms in which it is stored in coal: sorbed in micropores
within the coal matrix, as free or dissolved gas {if the gas is saturated} in cleats, and in larger-scale macro-
fractures. The pressure of the overlying water and rock keeps the gas in place.
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In summary, natural gas sources in the subsurface are varied in nature and strength; the general
relationship is that gas sources grade from biogenic to thermogenic with depth. Also, some sources could
have associated H,S, or may tend to have more free gas, rather than low concentrations of dissolved gas.
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2.4.2 DESORPTION AND DEGASSING

In the context of coal seam gas, an important state of methane is that which is absorbed to rocks and
especially coal. The general rule is that as pressure is decreased, and/or temperature is increased, methane
will transfer from the adsorbed phase (i.e. desorb), to the dissolved phase (if water is present) and/or to
the free-gas phase (i.e. exsolve or de-gas). For the purpose of this report, only pressure changes will be
considered, as generally temperature does not play a major role in the migration of methane,

In the case of water-saturated coals, the groundwater must be pumped from a well to decrease the water
pressure in the surrounding coal. As the water pressure is decreased, methane desorbs (Figure 9).
Desorption of the gas typically occurs at pressures close to atmospheric. This methane first dissolves in
water, Because methane solubility in water is limited (about 25 mg/L under atmospheric pressure}, the
recovery efficiency of dissolved methane is not very high. Efficiency is increased when the water pressure in
the well and the formation is decreased sufficiently for methane to exist largely as a free gas phase and to
migrate to the production well. This migration involves the movement of both water and gas from the
source of methane (i.e. the coal matrix and micro-pores) to the well. These phase transitions occur because
the pressure decreases from the coal formation to the pumping well.
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However, the pumping for production is not the only way to create the pressure reduction needed for gas
to form. Dissolved methane can exist in the groundwater near a water bore. When the water bore is
pumped, water pressures in both the bore and the adjacent formation are decreased. Such a decrease in
pressure can lead to methane degassing (if the dissolved methane reaches its saturation level at the
corresponding pressure} as water is drawn into the bore. Pressure declines due to pumping are
‘exacerbated if the pumping rate is increased or if adjacent water bores start to overlap and interfere with
each other or if pumping continues long-term. These declines in pressure could lead to enhanced methane
degassing from increasingly larger areas around the bores.
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Finally, water will undergo a pressure reduction as it moves through the CSG well towards the land surface,
resulting in a reduced head of water. This can cause gas release under natural conditions.

2.4.3 TRANSPORT MECHANISMS FOR METHANE

The main transport mechanism for methane in groundwater is by advection. Advection is the movement of
the compound (methane in this case) with the bulk fluid phase. Where methane Is present in its dissolved
form, it will be carried by the water it is dissolved in. The water will move in response to a change in
hydraulic gradient (combination of pressure and gravity); the amount of fluid carried is a product of the
gradient and the hydraulic conductivity. The hydraulic conductivity represents the ability of the material to
transmit water. Larger gaps or fractures within material can conduct larger volumes of water. In general
terms, aquitards and cap rocks (e.g. clays and shales} have low conductivities, while aquifers and reservoirs
(e.g. sands and sandstones) have high conductivities. Under natural conditions, groundwater will move
from recharge or outcropping areas (often higher land) to discharge areas (which could be in the form of
springs, streams, ocean and low-lying land). Water will move laterally through aquifers and vertically across
aquitards in response to pressure changes (Figure 10).
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The main difference between the movement of dissolved gases and free gases is buoyancy. Gases tend to
move from high pressure to low pressure but also tend to rise due to buoyancy in water. Advective free gas
migration from a point source to the surface can only occur when a continuous free gas phase path is
established through an otherwise water-saturated rock matrix. Gas will preferentially invade the largest
pore spaces. These have the lowest threshold capillary entry pressures, which makes it easier for gas to
enter. Permeable horizontal bedding planes can often have the large pore network necessary for stray gas
to migrate both laterally-and vertically toward the surface. Highly inclined fractures can alsc provide a
vertical pathway.
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tonger thne seales Souvce: CSIRG, 20115

Rather than gas migration via continuous air pathways, pulsed migration is a dynamic process of free gas
movement in pulses through air pathways which intermittently open and close. In pulsed migration, there
Is a constant competition between capillary forces and gas migrating under pressure through the
subsurface. Free gas discharges at the surface in both seeps and affect water bore headspace gas
concentrations. The gas breakthrough temporarily releases pressure along the migration path. This allows
water to imbibe along the migration path and shut off gas flow. Subsequent pressure build-up at the source
then acts to drive water back out of the capillary spaces, re-establishing flow to the surface. Such dynamics
can lead to highly varlable headspace concentrations of methane. This can lead to pulses of gas in the bore
headspace or at least highly variable concentrations. Once the source of gas pressure is mitigated,
maximum headspace gas concentration also rapidly declines in a series of pulses.
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Depressurisation can lead to gas bubbles migrating to larger pores. This will then block water flow through
the larger pores, and reducing the hydraulic conductivity of the aquifer. Thus, an event of gas migration can
lead to a reduction of water flow, possibly to water bores. '

Advection and buoyancy will lead to the transport of methane from the source of gas to zones of
groundwater discharge. In doing so, there can be mixing of water and methane, as pathways coincide. The
mixing of water will lead to concentrations of any constituents being between the respective ‘
concentrations of the different sources.

2.44 METHANE CONSUMPTION

Methane concentrations in groundwater can vary considerably depending on the rate at which it is .
consumed by bacteria. The domestic bore environment is generally oxidizing, with a strong oxygen gradient
between the air-water interface and the bottom of the bore. Due to poor water bore maintenance
practices, high concentrations of bacteria can form. These compete for available dissolved or chemically
bound oxygen. Many of these bacteria consume methane as a source of carbon to build proteins, and
effectively do so at very high rates.

Similarly, when fugitive methane migrates upward along boreholes of oil and gas wells, it may migrate into
shallow aquifers or pass through overlying soil to the atmaosphere. In a field study near Lloydminster,
Alberta, Canada, Van Stempvoort et al. {2005) found hydrogeochemical evidence that such fugitive
methane from an oil well had been attenuated by bacterial sulphate reduction under anaerobic conditions.
The results supported an interpretation that in situ bacterial oxidation of methane has occurred, linked to
hacterial sulphate reduction.

Similar conclusions were made by Gorody et al. (2005) for the San Juan Basin. Available data indicate that
anaerobic methane oxidation in the presence of dissolved sulfate ions is the dominant metabolic
mechanism in water bore environments. It was also shown that dynamic water bore environmental
conditions significantly affect dissolved methane concentrations. Therefore, the amount of residual,
oxidized methane present at any given time can be expected to vary significantly, depending on the rate of
methane oxidation compared to the rate of fresh methane influx.

2.5 bmpact of water, oil and gas development

There are two main ways in which hydrocarbon extraction development has affected the movement of
methane. The first is depressurisation that leads to increased gas production and desorption of methane
into water. This has been discussed previously.

The second way is by making conduits through the stratigraphic units by water bores or gas production
wells. Such borehole breaches present a number of opportunities for leakage of fluids in the vertical
direction, Higher heads at depth could transport dissolved gas vertically, while buoyancy effects, and
perhaps excess gas pressure, could cause bubbles or stringers of free gas to migrate upwards. Leakage of
CO, to éurface via existing boreholes is the greatest risk to loss of containment in carbon capture and
storage monitoring risk registers,

The ability of the fluids to move vertically depends upon the integrity of the borehole. Leakage could occur,
for example, through cracking of the cement, cracking or corrosion of the metal casing, poor seals due to
poor completion or degradation of materials, The impact of commercial gas operations on natural gas
migration from coal seams to the surface can be nearly instantaneous. Buoyancy rapidly drives gas upward
through the nearest and largest permeable paths. The free gas phase may migrate up-dip towards the
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surface along possible pathways including shallow bedding plane boundaties, permeable shallow aquifers,
and shallow fractures as well as manmade structures. The USA experience has shown that methane
escaping from a problematic commercial oil and gas well is most likely to surface within a 1 km radius of
such a point source {Alberta Environment, 2009}.

The USA experience has tended to indicate that older bores producing oil and gas from deep conventional
reservoirs are more likely to provide gas migration pathways to the surface than shallower and newer coal
seam gas wells. For example, in the La Plata County part of the San Juan Basin, approximately 20% of the
conventional wells required remedial cement or were plugged and abandoned, while during the same
.period, approximately 3% of the coalbed gas wells were found to require remedial cementation or were
plugged and abandoned (USEPA, 2004). In the Animas River valley groundwater aquifers were
contaminated with methane migrating from historic bores that had an uncemented annulus in contact with
the Fruitland Formation (Chafin et al., 1993; Chafin, 1994). After leaky point gas sources are remediated,
the effect on near-surface gas seepage is also nearly instantaneous. Gas bubbling tends to cease quickly,
and areas affected by seeps are rapidly reduced to below detection [evels, Declining dissolved gas
concentrations in contaminated groundwater plumes, however, may not necessarily be as immediate.

Hydraulic fracturing could alse provide preferential conduits for fluid flow. Stimulation of shallow and
highly cleated coal seam gas reservoirs often results in horizontal to sub-horizontal fractures that are
largely confined to the particular geologic unit (US EPA, 2004), Under seme circumstances it might be
possible for an induced fracture to propagate as far as an adjacent bore. This is particularly possible where
there is a high density of bores. The fracture could then provide a conduit to transmit gases, either as
dissolved gas or free-phase gas, between the coal seam gas well and the nearby water bore. There are
possible circumstances in which coal seam gas is drawn, through a fracture, to a pumping water bore, This
would be limited to situations where water bore and coal seam gas wells are only separated by no more
than 200 m.

In a recent review of abandoned wells by the NSW Chief Scientist and Engineer (2014b), reference is made
to preliminary results of a collaborative study measuring and comparing methane emissions from various
sources including CSG projects and open cut coal mines in NSW and Queensland. At least one abandoned
well linked to coal exploration, was found to be emitting methane at concentrations higher than the
maximum range of the detection system, at ignitable levels (UNSW, 2014).

2.6 Forensic analyses

The purpose of forensic analyseé is to identify causes for any changes to the haseline information target
mitigation measures and ensure these measures are working. In some cases, the identification may need to
be unambiguous, data defensible and there may be the need to prove that any threat is removed.

An important part of any interpretation is the identification of distinguishing features of the different
possible sources of methane. Different types of analytical methods can be used to help determine if a
methane gas is of biogenic or thermogenic origin, or a mixture of the two. The analytical methods used to
differentiate between the two types of methane are well-known, scientifically accepied, and summarized in
Kaplan et al. (1997). Some publications refer to this as ‘fingerprinting’ (Coleman, 1989; Tilley and
Muelenbachs, 2012). Generally, sources cannot be characterised in a unique fashion as the name
‘fingerprinting’ suggests. However, isotopic composition of methane is very different dependent on the
form of methane formation. '

Biogenic gases produced in situ in shallow aquifers are predominantly composed of CH, with low 6*C (-50
to —110%. VPDB) (Figure 7) and 8°H values (as low as -350%c VSMOW). In contrast, thermogenic gases

al



" generated at elevated pressures and temperatures are usually composed of methane (CH,, abbreviated as
Cy) and higher alkanes, especially ethane {C;H;, abbreviated as C,) with §°C values often ranging between
-55 and -25%.. “dryness” (often estimated as the ratio C,/{C;+Cs+..) ) is used to characterise natural gas
(Golding et al., 2013). For biogenic gas, the dryness is typically more than 1000 and for thermogenic gas is
less than 1000 (Figure 7). These are usually visualised using a Schoell diagram (a plot of °H in methane
against Cin methane) and a Bernard diagram (a plot of wetness against **C in methane). Stable isotope
analyses and dryness parameters when used together and visualised through the use of Schoel and
Bernard diagrams can be an effective tool to assess the sources of natural gas in shallow aquifers.

The characteristics of the various methane sources can be variable. Large differences between point source
gas compositions can occur if source gases invading the shallow groundwater environment are derived
from mixtures. 1t is important to characterise all sources. Also, produced gas samples can have variable
isotopic compositions when the completion interval is long. A particularly important source required for the
isotopic fingerprinting of gas-bearing formations is the characterisation of §°C values of gases in drilling
muds recovered from the vertical partion of energy wells (Jackson et al., 2013).

Methane can migrate from thermogenic sources over long periods of time and pervade various formations.
Hence, the methane in each formation may be a mixture from different sources. As part of the baseline
survey, it would be important to characterise locally the chemical and isotopic compositions of natural gas
in all gas-bearing formations, [t may also be possible to identify the formation from which gases in water
bores have been derived.

The approach in any forensic analysis is to sample potential gas sources within a certain radius of influence
and to compare them with monitoring data of free and dissolved gases from affected water bores in
baseline and subsequent surveys. If there is good contact between a source of natural gas and a gas seep,
then the stable isotopic composition of the free gas phase at the séep tends to carrespond precisely to that
of the source,

When methane occurs in the dissolved phase, the composition is likely to be affected by the processes
occurring during transport such as dilution, mixing and consumption. There are Iong-estabiished methods
for investigating mixing and dilution using hydrochemical methods. Direct mixing between two sources
shows up as a straight line when two constituents are plotted against each other with the ends of the
straight line representing end-members. It is important to note that direct mixing between two end
members is not very commeon and where it is assumed it is probably often an oversimplification. Emphasis
is placed on finding constituents which distinguish different sources. Dilution is also distinguished by ratios
of constituents being constant, generally a conservative tracer such as chloride as the denominator.

Consumption requires measurements directly relevant to this process. The chemical effects of bacterially-
mediated aerohic and anaerobic methane oxidation can be readily observed on the basis of stable isotope
ratios for carbon in methane and dissolved carbon dioxide, and deuterium in methane. Bacteria
preferentially consume methane with the more depleted (lighter) isotopes. Accordingly, bacterially-
mediated methane consumption leaves a residual pool of dissolved methane enriched in heavy isotopes.
Bacterial respiration, on the other hand, generates a dissolved carbon dioxide pool which becomes
correspondingly depleted in heavier isotopes. If bacterial methane consumption rates are higher than the
rate at which dissolved methane is introduced into a water bore, then methane concentration will
decrease, the stable isotopes of residual methane will become enriched in the heavier isotopes, and the
stable carbon isotopes in dissolved inorganic carbon will become increasingly depleted. The opposite
becomes true if the rate at which methane is introduced into a bore outpaces the ability of bacteria to
consume it. Temporal analyses of stable isotopes in methane and dissolved inorganic carbon from water in
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a bore are necessary to document either variable source methane mixing dynamics or increasing methane
concentrations resulting from a contaminant plume (Gorody et al., 2005).

To reduce costs and focus effort on problems, a monitoring strategy needs to be tiered. This could be
initially on the basis of whether methane is biogenic or whether there is a threshold value of methane,
Initially monitoring should test isotopic composition of methane, other hydrochemical indicators as well as
methane and should characterise methane sources and water in bores near production wells. This
characterisation should include spatial and temporal variability. Subsequent testing may then focus on
bores with thermogenic or mixed methane and where methane concentrations are above a threshold.
Where the methane concentration is increasing or if the methane concentration is sufficiently high, a
forensic analysis should be considered.

2.6.1 THE SAN JUAN EXAMPLE

Perhaps the best illustration of the power of a well-constructed and tiered baseline survey is that of the San
Juan valley, Colorado (COGCC, 2003; Gorody et al., 2005). In 2000, the Colorado Oil and Gas Conservation
Commission (COGCC) mandated testing of groundwater bores prior to and following drilling additional
wells in the Fruftland Formation. As a condition for obtaining a drilling permit, operators are required to
sample the two closest domestic groundwater bores within a 900 m radius of each planned well in the
Fruitland Formation. If dissolved methane is detected in a concentration exceeding 2 mg/L,
chromatographic analysis of the gas and carbon isotopic analysis of methane carbon is required to
determine gas type (thermogenic, biogenic, or a mix of both). If test results reveal biogenic gas, no further
isotopic testing is necessary. If the carbon isotope tests result in a thermogenic or mixed signature, annual
testing is required. If the methane concentration leve! increases by more than 5 mg/L between sampling
periods, or if the concentration increases to more than 10 mg/L, the operator responsible for testing must
submit an action plan to determine the gas source.

As of 2004, over 2000 data records containing measurements of dissolved methane concentrations in
groundwater were available in the COGCC database. Groundwater samples had been collected from over
1000 different water bores. Of those, there were 589 sites with multiple water quality analyses. Dissolved
methane was measurable at 65% of all bores sampled {(Gorody et al., 2005).
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Multiple data sets from individual water bores also allowed the COGCC to evaluate in detail the factors that
influence dissolved methane concentrations in groundwater {Gorody et al., 2005).'The COGCC's study
showed that methane concentrations in selected bores with multiple sampling results collected within a
sampling pericd of 95 days was variahle {Figure 11). It showed that maximum values (MaxC1) differed from
minimum {(MinC1) values by a factor of 1.14xMinC1 + 0.55 mg/L {(Gorody et al., 2005). The long term
variability between the minimum and maximum dissolved methane concentration among multiple samples
collected at 397 water bore sites in the San Juan Basin exhibited an average varlability of +/- 54%. Of 292
sample pairs of water bore samples collected prior to and after drilling, 113 sample pairs had detectable
levels of dissolved methane at least once; of those, 52 (46%) had post-drilling methane concentrations that
were not lower than pre-drilling values; of those, 14 had post-drilling methane concentrations that were
both greater than pre-drilling values and that exceeded the expected variability over the short term; of
those, only 10 of the 14 water bores sampled in consecutive years contained more than 2 mg/L dissolved
methane; of those, 8 contained biogenic methane. The remaining 2 sites contained methane with stable
carbon isotope measurements of thermogenic origin. Detailed analysis of the data from both remaining
sites with dissolved thermogenic methane demonstrated that the observed increase in post-drilling
methane concentration was not due to drilling new Fruitland wells {Figure 12}, Among the several causes
for increased methane concentration, a decrease in Na;SO, type fluids available to dilute methane bearing

NaCl type waters was reported.
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In the San Juan valley the two principal environmental factors controlling methane concentrations in water
bores are {Gorody et al., 2005):

¢ There are numerous, vertically stratified, confined and unconfined aquifers at all locations in the basin.
There are four main water typés in the basin, which can be described on the basis of major ion
chemistry. Most water bores appear to tap more than one of these aquifers even though they may be
screened across thin completion intervals. Depending on the relative contribution of water to a bore
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from any of these layered aquifers at any given time, dissolved methane originating in water from one
aquifer can be variably diluted. Alternatively, dissolved methane of different origins can become
variably mixed depending on the relative contribution and mixing rates of different aquifer fluids in a
water bore; and

Due to poor water bare maintenance practices, the overwhelming majority of water bores in the basin
have been documented to contain in excass of 1 million colony-forming units of bacteria per mL of
water. This has led to bacterially-mediated methane consumption of methane, further contributing to
methane variability in addition to the variability owing to presence of multiple aquifers with different
characteristics. '
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3 Occurrence of pas in Surat and Bowen basins

2.1 Introduction

The ohjective of this section is to collate readily available information in relation to gas in water bores prior
1o CSG developments in the Surat and Bowen basins in Queensland. A historical perspective is important to
build up the baseline infermation, with which to measure subsequent impacts. As with all coal seam gas
basins, methane gas has always been present in both shallow and deeper layers in the Surat and Bowen
basins (DNRM, 2013). As can be seen through the press clippings (see Historical media reports section 3.2),
presence of methane gas has become more apparent as exploration for water, oif and gas has occurred.
Not only does the exploration expose the presence of methane during drilling, making its presence more
obvious, but the construction of bores potentially provides conduits for methane migration. The
subsequent development of these resources leads to potential depressurisation of the aquifers causing gas
to desorb from coal surfaces and to exsolve from the water, potentially making methane occurrences more
frequent.

Methane will move naturally to the surface through either advection with water or buoyancy. Pathways can
be natural, especially through fractures and faults or through man-made conduits such as bores. Natural
discharge of methane can then be found at the surface as micro-seeps, bubbles in streams and wetlands or
emissions to the atmosphere. Surveys conducted on micro-seepage areas prior to C5G development will be
briefly discussed in this section. Although not directly linked to groundwater, such measurement is
evidence of gas migrating to the surface and provides clues as to the spatial and temporal pattern of gas in
the unsaturated layer. Increased presence of such areas can be a sign of emerging problems with water
bores.

The records of drillers are an important first clue to the expression of free gas in water. Not only should
drillers be recording presence of gas, but some of the more significant events are likely to have been
recorded in the press. While this report also covers evaluations of drilling logs, the section below reports on
press clippings and some analyses based around drilling logs.

As groundwater enters the bore under pressure, it can degas. Harris et al. (2012) reports on "Anecdotal
evidence from landowners includes references to ‘gassy’ bores, ‘burping’ bores, flaring bores and rumours
of lighting farmhouses from the gas produced from the water bore. Further evidence is provided from the
need to replace bore pumps due to the motors burning out as a result of cavitation when the dissolved gas
comes out of solution.”

This section will then describe:

1. Historical media or reports related to the topic;
2. Any collated data on gas In bores or during drilling; and
3. Studies on land surface seepage areas.

3.2 Historical media reports

Within this section, we extract some key quotes from media related to the topic. The use of quotes is
deliberate as any conversion of the words will inevitably invoke a bias, in this case, to what we understand
is the science and what we understand in hindsight.
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3.2.1 ROMA 1900 - 1908:

Courier Mail (Brisbane} May 26, 2001":" Since Roma had been gazetted in 1862 as a centre to serve the rich
pastoral runs around it, they had been desperately searching for water, the maore sa since the railway, with
its thirsty steam locomotives, had arrived in 1880,

“At Roma in 1900, natural gas blew into a water bore at 1123 metres.”

Courier Mail (Brisbane) May 26, 2001: “AT FIRST there was just a rumble -- more of a burp, really -- from
deep beneath a little rise somewhat extravagantly known as Hospital Hill. Then, at 1.15pm on October 16,
1900, the wellhead exploded, sending water and mud about 15m into the air above the small collection of
stores and shacks known as Rema. Cheering around the drilling derrick soon subsided. Townspeople's
noses wrinkled as much in disappointment as distaste. ...Now the air was filled with the stink of natural gas,
the water subsiding to little more than a trickle. The government hydraulic engineer pronounced it "swamp
gas”, good for nothing. It did not occur to anyone that this could be the first indication of vast fossil fuel
reserves beneath Australia’s wide brown crust.”

The Brishane Courier (Brishane)}, Saturday 8 December 1900, page 11: “The Water Supply Department
intended to take measures to separate the gas from the water, and convert the flow from the two bores
into one flow, which will be available for the use of the townspeople. If the efforts to be made to secure the
gas be successful, it will be possible, it is hoped, to use it for illuminating purposes, which will be
incalculable advantage to Roma. The idea, so far as it can be surmised, is to put a pipe down inside the
casing to a spot below the stratum, which now furnishes the water, so as to intercept the gas, and thereby
conduct it to the surface through the pipe in the water. Once this is successfully accomplished, it will be
easy to connect the pipe with a gasometer, and from that storage, the gas can be conveyed to any part of
the town.”

Courier Mail {Brisbane} May 26, 2001: “After that first strike, for instance, Roma and the state government
squabbled for six years befcre deciding to light up the town with natural gas lamps and fittings. Came the
big day and Roma dazzled its citizens and wildlife alike with brilliant IigHt until, 15 days later, the gas ran
out. It had been allowed to gush freely into the atmosphere for those six years”.

Figure 13 shows a picture of an apparatus for separating natural gas from artesian water.

3.2.2 ROME BORE 1908

Woestern Star and Roma Advertiser {Toowoomba), Wednesday 28 October 1908, page 2: “When the man in
charge of the shift noticed that the water was gradually rising over the casing. Then he noticed that the
water had become less in velume and was impregnated with air or gas...when suddenly the heam bearing
the weight shot up, and an immense volume of gas rushed from the mouth of the casing with a terrific
roar...Perhaps for a quarter of an hour it continued thus, when suddenly , with an explosion similar to the
discharge of a canon, the gas was converted to flames... the flame shot up to a height of 40 feet or more
and none could nearer to it than 50 yards, so intense was the heat...The flames consumed everything , and
including the engines...It was remarkable that the immense flames were for a long time unaccompanied by
smoke, but in a few hours, the flames were discoloured by black smoke, and the fierceness with which they

4 . s . :
hitpd/ fwww anergyandresourcas.vic. gov.agfeanth-rasources/geclogy ofvictora/exhibitlons/history
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roared was greatly intensified. The change was attributed to the presence of petroleum in large
quantities...The first and only thing to be done now is to find a method of extinguishing the fire.”

Fints Diidy Libaary

ROMAO GAS WORKS IR
AFPARATUS PR BROARNIHEL WATUNAL GAS FROM ARTEGAN WATER

Flgure 13 Apparatus Tor saparating natural gas frove artasian water at the Roma Gas Waorks, Quesnsiand, ca, 1506
{Source: State Library of GQueensland, John Oxley Wbrary, -26.573426, 148.787323)

Cairns Morning Post {Cairns), Friday 30 October 1908, page 5: “He attributed the outbreak to the wind
driving the gas out of the fire under the boiler....Mr Taylor said that kerosene in abundance was coming
from the bore”. '

Courier Mail (Brisbane) May 26, 2001, Saturday: “The year 1908 saw the beginning of Roma's tourist
industry. People from hundreds of kilometres around arrived by train, car, horseback or buggy tosee a
huge gas fire caused when a drilling operation, financed in part by the Queensland government, allowed
escaping gas to be ignited by a steam boiler. The blaze lasted 46 days. Three years {ater the operating
company went broke although the well remains a source of water for the town.”

3.2.3 SEARCH FOR OIL IN QUEENSLAND FROM 1908 TO 1960’S (1908-1960)

Sydney Morning Herald (Sydney) March 8, 1988 Tuesday: “During the early 1900s, several eminent
geologists believed Australia too old, geologically speaking, to have formed substantial oil or gas deposits.
Others preferred to believe their eyes and mounted extensive drilling campaigns based on the occurrence
of true seeps and inflows of oil and gas into water bores, particularly around Roma,”

Courier Mail (Brishane) May 26, 2001;” With the motor car beginning to dominate private transportation,
the 1920s saw an "oil boom" — something like 46 companies‘and fortune-seeking American drillers sinking
holes all aver the countryside. One of them brought in large quantities of light oil which, refined locally, was
sold during the Great Depression as Roma petrol “.
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The Northern Miner (Charters Towers), Saturday 13 November 1920, page 3: “The recent blow of gas at
Roma has once more awakened interest in the possibilities of obtaining petroleum in Australia. The gas was
induced to flow by lowering the head of water in the bore. The bore had been drilled ‘wet’, that is it was
kept full of water, and when the American driller who was in c‘harge struck the gas rock he reported it as a
“small gas show”. ..The pressure in pounds per square inch due to the water column in a bore is found by
measuring the depth in feet and multiplying by 0.434 which is the weight in pounds of a column of pure
water one square inch in section and one foot high, as that, taking the Roma bore, with a depth of 3700
feet we get a result of 3700 x0.434 per sg inch on the bottom of the bore. In order to overcome this
pressure, and force the water up out of the bore, the gas pressure would need to be higher. The water leve|
was lowered a few hundred feet at Roma, and the back pressure on the gas was thereby reduced to such
an extent that the gas blew out” '

The Western Champion {Barcaldine}, Saturday 11 March 1922, page 17: “Dr H. |. Jensen, a geologist in the
Mines department,... provided an interim report on leases ..20 miles west of Tambo... that no appreciable
amount of oil has been found in boring for artesian water strongly discounted the chances of getting oil in
payable gquantities in the marine cretaceous”.

The Western Champion (Barcaldine), Saturday 2 August 1924, page 16: “Turning to the evidence of
petroleum. These are generally displayed in the form an evolution of inflammable gas, or the presence of
an oily film on the surface of the water. This direct contains many evidences of this nature in the form of
discharges of gas from artesian and sub-artesian wells... gas issuing with water ..certain proportion of liquid
petrol in suspension..paraffin wax has been coming up.. appreciable discharge of inflammable gas. .. it must
be remembered that ...a bore 3000 feet deep would have a pressure of roughly 1500 pounds to the square
inch on the bottom.. if the water was excluded, and the bore hailed dry, the gas would come out in
enarmoeus guantities, at a pressure over 1000 pounds per square inch. .. this writer hopes to see at no
distant date, some use made of this cheapest and best of nature’s fuels, ..”

Western Star and Roma Advertiser (Toowoomba), Wednesday 21 October 1925, page 1. “the evidence to
date suggests there is still quite a possibility of tapping low-pressure oilbeds in either Roma cr the
Longreach-Windorah area, but the methods at present used in boring for water would tend to drown out

any low-pressure reservoirs of gas or oil”,

The Longreach Leader {Longreach), Friday 29 July 1927, page 30: “Mr J.W.Booker who was working on the
Westland artesian baore... submitted to the Department of Mines several samples of oil indications for
analysis ..Two samples were taken by submerges and displacement but the Government analyst’s report
dispelied any hope of its being petroliferous- the results were .. methane 89.1 percent and 87.4 percent..”

The Brisbane Courier {Brisbane), Thursday 13 September 1928, page 16: “The head driller ..has fixed a
contrivance on the town bore which supplies the town with water, giving greater freedom for the gas to
escape, When ignited, there is a continuous flame 5ft. or 6 fi. high”.

The Queenslander {Brisbane), Thursday 19 September 1929, page 62:” In an interview with Dr H. .. Jensen.,
That the Walloons are the source of the oil manifestations at Roma is more than likely, because of the
presence of traces of oil in many horizons of the upper, middle and lower Walloons, the wide gas

development in pockets, ..”

The Langreach Leader {Longreach}, Friday 17 Gctober 1930, page 10;” Water bore at Mitchell; A rush of
gas, which immediately caught fire, was encountered during well-boring”

The Charleville Times {Brisbane}, Friday 9 January 1931, page 10: “When the owners of Ruthven were
notified of the oil in the bore sunk for water, they order the contractor to case it out and go on for water...
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Sheep won't drink oil; it's water we want ...about ten miles east of St George. The natural gas met with at
Eromanga Is a pure methane gas.”

The Charleville Times (Brisbane), Friday 23 January 1931, page 10: “The natural gas from Eromanga is 96.4
percent methane... Natural gas migrates more éasilythan liguid hydrocarbans. Where there are no water
troubles, a well drilled to the upper surface of the oil sands, the release of pressure is so great, and causes
readjustment of equilibrium between the various hydrocarbons that the éimpler and lighter compounds,
chiefly, gaseous, enter the well in great and increasing quantity before any oll, except perhaps for the
merest light filtrate, can reach the bore. This may take place, before the cil-bearing sands are actually
tapped, as was the case in the Roma bore”

Townsville Daily Bulletin (Townsville), Friday 15 June 1934, page 12;” The men employed by the Collinsville -

Colliery Company resumed work on the mine at Scottsville on Tuesday last week. Operations are to be

confined to those parts of the property accounted free from any suspicion of deleterious gas emanations
until adequate means are adopted to guard against any possible harmful results in exploiting other sections
of the coal seam.”

The Courier-Mail (Brisbane}, Friday 16 June 1944, page 4: “Analysis of gas from a sub-artesian bore in the
Chinchilla district shows that it is of a much higher value than ordinary domestic coal gas”.

The Courier-Mail (Brisbane), Wednesday 15 November 1944, page 6;"Mr Gair said inflammable gas given
off by the shallow coal seams in the Chinchilla district was rather irregular and there was no evidence that
the volume reached normal commercial requirements, although it was understood to have been used to
drive a small internal combustion engine.”

The Central Queensland Herald (Rockhampton), Thursday 20 March 1952, page 4. “An old oil bore eight
miles from Roma broke a nine-ton concrete seal this morning and hurled a column of gas and water 120
feet into the air”.

The Courier Mail (Brisbane} March 8, 2008 Saturday: A little over 55 years ago four men drilling for water
near Chinchilla sparked an explosion that reverberated around the world. They didn't know it at the time
but they had spiked a massive methane gas chamber trapped inside an underground coal seam. When one
of the men lit a cigarette, the blast sent them flying through the air, The Brishane Telegraph reported that a
15m flame burned for weeks before a crack team of mining engineers from the US was able to cap it.

Merning Bulletin {Rockhampton), Saturday 9 January 1954, page 4: “drillers and boring inspectors had

found gas and oi! or wax with a flow water in numerous bores in the Surat Basin near Tamba and along the
northern and western margin of the Eromanga Basin”.

3.2.4 POST 1960’S

The Associated group discovered gas in 1960 at Timbury Hills-1 near Roma in the Surat Basin. It took until
1969 before that gas flowed by pipeline to Brisbane. However, in 1961, a joint venture of AOG, union Oil
and kern County Land, drilled Cabawin-1 in the same area and flowed oil at 80 bopd. Although not
commercial, this discovery provided encouragement for the JV to drill Moonie-1. Moanie-1 flowed oil and
water at 500 bopd and was to be Australia’s first commercial field.”®

Sydney Morning Herald (Sydney) March 8, 1988 Tuesday: “Nevertheless, the doubters were finally
disarmed by the fabulous run of discoveries in the 1960s, beginning with gas at Roma and oil at Moonie and

% g/ fwww.energyandresourcas.vic. gov.a u/earth-resources/peoiogy-ofvictoria/exhibitionsfhistory
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ending with both oil and gas in Bass Strait. Suddenly, Australia had earned a place among the international
oll producers and the term "self-sufficiency" was heard for the first time. Nevertheless, the search is
continuing and discoveries are still being recorded in regions such as the Eromanga Basin of Queensland
and the Timor Sea. ..”

Courier Mail (Brisbane) May 26, 2001, Saturday : “The post-World War [l era saw a revival of the search for
gas but it was not until 1969 that sufficient reserves were found in the Cooper Basin to warrant a pipeline
to Brisbane and Gladstone.”

3,3 State reports

In this section, we describe state reports relevant to the topic.

Gray (1967) reported on an investigation of an incident in which gas blew out from a water bore drilled
near Brigalow on the eastern flank of the Surat Basin. The blowout reached a maximum height of 30 feet
and lasted for approximately 40 hours before dying out.

DNRM (2011) reported on a number of occurrences of gas in water bores within 5 km of the Davis property,
15 km south of Chinchilla, prior to coal seam gas development. “Anecdotal records of gas in bores in this
particular area date back to 1916. In the GSQ Publication Number 299, Occurrence of Petroleum and
Natural Gas in Queensland, 1960, Brown's Scout Bores numbers 2 and 2 (now referred to as RN 22020)
were drilled in 1929 to "investigate the possibility of petroleum in the area", as "gas under pressure had
been reported from a water bore on the same portion in 1916" (page 18). A copy of this page of the
publication is included on water licence file TMB/515/004(2353). Number 1 struck a small quantity of gas ...
and number 2 struck a better gas show ... Further evidence of gas in water bores is summarised in Table 1.

Figure 14 shows a map of the occurrences of Petroleum and Natural Gas in QLD as of 1960 (Geological
Survey of QLD, 1960). This map was compiled by the Geological Survey of QLD and the QLD Department of
Mines. This map extends beyond the Surat and Bowen basins, but does show many sites within this area.

Table 1 Evidence of gas in water bores (DNRM, 2011},

Bore # Date drilled Evidence of gas
RN 8642 1938 Gas was evident in the bore by 1966, but it is not known how early gas
was blowing from the bore
RN 10790 1946 In a letter to the-department, the licensee noted that the bore started
blowing gas in 1960
RN 24465 1946 Gas was evident in the bore by 1966, but only in very humid weather
RN 13600 1958 Gas was evident in the bore at the time of drilling
RN 14042 1958 Gas was evident in the bore at the time of drilling
RN 48528 1966 On a renewal dated 1996, the licensee noted that the renewal was not
required as the bore produced too much gas
RN 24485 1966 - | Gaswas evident in the bore later that same year, but it is not known if it
was evident at the time of drilling
RN 33553 1969 Gas was evident in the bore at the time of drilling
RN38191 1971 Gas was evident in the bore at the time of drilling
RN 107762 2001 Gas was evident in the bore at the time of drilling
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3.4 Micro-seeps

Methane gas seepage refers to the diffusive flux of methane to the atmosphere through the land surface and
water bodies, the localised flux of methane via connected pathways conslisting of leads, faults and outcrops
and the flux from agricultural hores. Seepage does not consider the fugitive emissions of methane occurring
as part of open cut and underground coal mines or emissions occurring from infrastructure {wells,
compressors, associated water reticulation, or gas pipelines) associated with coal seam gas preduction. A
comprehensive review and analysis of literature on methane detection and flux determination is provided in
Day et al. (2013). The review is part of a Gas Industry Social and Environmental Research Alliance {GISERA)
project addressing the location and quantity of background methane emissions in the Surat Basin,
Queensland, Australia.

Micro-seepage areas are often naturally occurring parts of the land surface, where methane escapes to the
atmosphere. Generally, methane reserves would diminish over geological time, if much methane escaped
to the surface through low permeability layers. Nonetheless, some gas is always likely to escape. This is
{tkely to occur through fractures, faults or through up-trending or outcropping geological zones.

As new pathways are created or as depressurisation leads to increased fluxes, it might be expected that
new seepage areas are created and that old ones may move or increase. Where there is a change, it is
possible that this may become a risk to infrastructure including water bores, as seen in San Juan valley in
the US, including water bores. Soil surveys can prove to be informative about the fluxes of methane
through such seeps.

Historically, gas surveys have been conducted to provide information about possible production sites. The
underlying principle for this method goes back nearly eighty years. It assumes that there is a migration
pathway from a source of gas most likely by micro-bubbles going through micro-fractures driven by
buoyancy forces, The method also relies on anomalous measurements against the broader background on
the belief these were associated with reservoirs and migration pathways.

DNRM (2013) reports on 13 soil gas surveys within the Surat Basin. These soil gas surveys have been
sampled below surface at depths down to 2 m. [n many investigations hundreds of samples were collected.
Many of these studies tested for other light alkanes — ethane, propane and butane. A few investigations
measured above ground gas concentrations, using a helicopter flying at 5 to 10 m above ground surface,
providing qualitative measurements. In some cases, they were able to correlate anomalies with faults and
low measurements with wet weather (saturated soil}.

Methane seeps may be distributed over very large areas of covering thousands of square kilometres and
consequently some method of surveying a region is required for detecting the presence of individual seeps.
One method is to use a vehicle fitted with a methane analyser {an Apogee leak detection system based on
an infrared spectrometer) to detect elevated ambient concentrations of methane. When higher levels of
methane are found, the source can be traced and other methods such as soil gas analyses and flux
chambers can be used to characterise the seep. Figure 15 shows an application in Queensland where a
vehicle is driven through the plume to measure ground level mefhane concentrations (Day et al., 2013),
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Figure 15 Methane concentration profile within 2 plume derived from a methana seep in Queensiand {Source: Day et
al., 2013).

3.5 Baseline surveys

An amendment to the Queensland Water Act requires proponents to undertake baseline assessments of
water bores prior to the commencement of petroleum activities. These data are collated by the Office of
Groundwater Impact Assessment within the Queensland government. This section reports on these data as
it relates to methane. Figure 16 shows a map of the Surat Cumulative Impact Area with the dissolved
methane measurements in groundwater from the baseline surveys. Harris et al. (2012) report on a subset
of these surveys, but also include bore-head concentrations, which show a similar spatial distribution. They
also show that methane exists in most formations at high concentrations. The collated baseline data shows
a similar picture for the formations but the absence of formation information supplied by some of the
proponents means that there is not much more information than in Harris et al. (2012). Harris et al. {2012)
also reported on gas shows as found in drilling records within the Queensland government.
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from the baseling surveys {Dat source: Quaensiand Water Commission, 2012),

Feitz et al. (2014) released a regional baseline set of hydrochemistry for the Denison trough and Surat Basin
as a hasis for developing future site-specific and semi-regional monitoring and verification programmes
conducted by geological carbon capture and storage proponents. A map of methane concentrations as free
gas is shown in Figure 17. This shows the presence of gas across the southern part of the region.
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3.6 Summary and Conclusions

This section has tried to look at various forms of information, as they exist without overlaying these with
scientific interpretation. Generally, the information is consistent with the scientific picture that has been
painted in other sections. More specifically:

1. Gas has been found historically when drilling for water and in water bores both in dissolved form
and as free gas;

2. Gasis found in all geological formations;
The concentrations of gas vary in time according te atmospheric and other factors; and

4. Gas is broadly found across the region but is found at higher concentrations above features such as
faults and above known gas reservoirs. '
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elevant studies in Surat and Bowen basins,

and elsewhere in Australia

The purpose of this section is to provide a brief description of activities being done or have been done
recently that are relevant to this topic in Australia, especially in the Surat and Bowen Basins. The studies
collated here do not include Queensland Government studies. Queensland Government has undertaken
studies into any concerns over methane in water supplies and many of these have been referred to in
previous section. The projects in this section are dividad into 3 groups:

1. Methane in water bores;
© 2. Measurements of atmospheric methane; and
3. Hydrochemistry studies of groundwater.

4.1 Methane in water bores
There are three projects directly relevant to the topic of methane in water bores. These are:

+ the Condamine seep study by Norwest/APLNG;

¢ the CRDC {Cotton Research and Development Corporation) methane baseline study in the
Condamine by UNSW;

» the Southern Cross University baseline surveys in northern NSW,

4,1.1 CONDAMINE SEEP STUDY (NORWEST/APLNG)

In early 2012, seeps were reported in four Condamine River locations following a period of heavy flooding
in the region. A subsequent Queensland Government investigation into the seeps found no evidence of -
safety risk or environmental harm. Anecdotal evidence suggests that at least one of the seeps may have
been occurring for decades, '

Norwest Corporation undertook a preliminary forensic study on behalf of Origin Energy into the causes of
these seeps (Baldwin and Thoms, 2014). The region is at the early stages of development and no baseline
survey had been previously done. Norwest found that gas originates from deeper aquifers such as the
Springbok Sandstone and Walloon Coal Measures. They identified several possible mechanisms which could
contribute alone or in combination to the seeps:

e Depressurisation — either from natural causes such as drought, or human activity such as water bores
tapping the coal seams, CSG wells, or numerous open coal exploration bores;

o Repressurisation - impact of floods and aquifer recharge;

¢ Fractures, faults and springs - natural pathways for water and gas; and

¢ (Capping and trapping - geological structures which “cap and trap” natural gas movement,

The Condamine River Gas Seep Inves'tigation: Technical Report (Baldwin and Thoms, 2014) was subject to
an independent scientific review coordinated by the Queensland Government’s Chief Scientist Dr Geoff
Garrett.
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Australia Pacific LNG is currently carrying out seismic survey analysis and constructing eight monitoring
hores at four locations near the seeps. These monitoring bores feature real time telemetry data systems
and will provide ongoing data on ground water levels and pressures.

4.1.2 CRDC METHANE BASELINE STUDY IN THE CONDAMINE (UNSW)

A project is being led by Associate Professor Bryce Kelly from the University of New South Wales to assess
the extent of hydraulic connectivity between the Walloon Coal Measures and aquifers used by farmers in
the Condamine Catchment in South-East Queensland. Apart from Associate Professor Bryce Kelly, project
members include Professor Euan Nisbet and Dr Dave Lowry, Dr Dioni Cenddn based at Australian Nuclear
Science and Technology Organisation (ANSTO), and hydrogeologist Mark Hocking. A large focus of this
study will be on methane. A baseline survey of both groundwater and the atmosphere (see next section)
will be conducted. Professor Euan Nisbet and Dr Dave Lowry, from Royal Holloway, University of London, in
association with colleagues from Royal Holloway, will conduct an air quality survey to map the
concentration of methane in and around the irrigation districts and CSG production areas. In addition,
UNSW researchers will measure the concentration of methane in the groundwater used for irrigation. They
will ‘fingerprint’ the potential origin of the methane, by measuring the isctopes of carbon. As methane can
be an indicator of connectivity between aquifers, this is part of a broader study of the connectivity involving
examining the chemistry of the groundwater and mapping the geclogy of the region in 3D, analysing the
historical groundwater level and chemical data sets, and examining pumping-impact scenarios.
Groundwater from 30 irrigation and observation bores in proximity to new CSG production and exploration
wells in the Condamine Catchment have been sampled. Dr Dioni Cendon will lead a team from ANSTO who
have for example analysed the major and minor ion chemistry and the isotopes.of carbon, hydrogen and
strontium in the groundwater. :

4.1.3 SOUTHERN CROSS UNIVERSITY BASELINE SURVEYS IN NORTHERN NEW-SOUTH
WALES

Associate Professor Isaac Santos and his group in the Centre for Coastal Biogeochemistry research have
been conducting hydrochemical studies in surface water bodies and groundwater in the Clarence-Moreton
Basin in northern New South Wales to better understand how they may be impacted by coal seam gas
development in the region (Tait et al., 2013). Much of the work at this stage is to develop a baseline
database on the chemical composition of groundwater and streams potentially impacted by CSG
exploration. The concentration of methane and associated isotopeas are considered a priority. They are also
providing a service for landholders to test water samples for methane.

4.2 Measuring Atmospheric Methane

The migration of methane from underground sources often does not end up in the water borés, but’
escapes to the atmosphere itself. With international concerns of climate change and requirements for
greenhouse gas accounting, emissions that occur as a result of coal seam gas and other developments may
he a significant contributor to greenhouse gases. These studies usually have this endpoaint in mind, but
provide information of the variability of methane emissions in space and time and hence on potential
conduits of methane from underground. ‘
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4.2.1 FIELD MEASUREMENTS OF FUGITIVE EMISSIONS FROM EQUIPMENT AND WELL
CASINGS (CSIRO)

Methane emissions were measured at 43 CSG wells —six in NSW and 37 in Queensland (Day et al., 2014}.
Measurements were made by downwind traverses of well pads using a vehicle fitted with a methane
analyser to determine total emissions from each pad. In addition, a series of measurements were made on
each pad to locate sources and guantify emission ratas. Of the 43 wells examined, only three showed no
emissions. The remainder had some level of emission but generally the emission rates were very low,
especially when compared to the volume of gas produced from the wells. The principal methane emission
sources were found to be venting and operation of gas-powered pneumatic devices, equipment leaks and
exhaust from gas-fuelled engines used to power water pumps. Although the well pad emissions were low, a
separate, larger source of methane was found on a gas relief vent on a water gathering installation close to
one of the wells examined during this study.

Figura 18 Photographs of the Tleld vehicls with the GPS antenna and sonic anemomater are visible on the top of the
vehicle {loft hand photographl, The mathans analyser and  calibration gas oylindar are shown in the rear of the
vehicle {right hand shotographl. {Source: Doy et al., 2004},

4.2.2 ATMOSPHERIC METHANE CONCENTRATION MEASUREMENTS (SOUTHERN CROSS
UNIVERSITY) '

Atmospheric radon (***Rn) and carbon dioxide (CO,) concentrations were used (Tait et al., 2014) to gain

insight into fugitive emissions In an Australian coal seam gas (CSG) field (Surat Basin, Tara region,
Queensland). Atmospheric radon and CO;concentrations were observed for 24 h within and outside the'gas
field. Both **Rn and €O, concentrations followed a diurnal cycle with night time concentrations higher than
day time concentrations. Average CO; concentrations over the 24h period ranged from ~390 ppm at the
control site to ~467 ppm near the centre of the gas field. A ~3 fold increase in maximum ***Rn
concentration was observed inside the gas field compared to outside of it. There was a significant
relationship between maximum and average “*Rn concentrations and the number of gas wells within a 3
km radius of the sampling sites (n = 5 stations; p < 0.05). A positive trend was observed hetween CO,
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concentrations and the number of C5G wells, but the relationship was not statistically significant. They
hypothesized that the radon relationship was a response to enhanced emissions within the gas field related

to both point {well heads, pipelines, etc) and diffuse soil sources.
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Floure 19 Results of aimospherle study conducted by Southern Cross University (Source: Talt et al,, 2013}

4.2.3 CHARACTERISATION OF REGIONAL FLUXES OF METHANE IN THE SURAT BASIN,
QUEENSLAND (GISERA PROJECT}

This GISERA project aims to address significant uncertainties associated with background seepage of
methane and its detection and measurement in the Surat Basin, Queensland, Seepage is the diffusive flux
of methane to the atmosphere through the land surface and water bodies, the localised flux of methane via
connectivity pathways consisting of leads, faults and outcrops and the flux from agricultural bores. It does
not consider the fugitive emissions of methane occurring as part of open cut and underground coal mines
or emissions occurring from infrastructure {wells, compressors, associated water reticulation, or gas
pipelines) associated with CSG production.

The research will provide:

{1) A desktop review and analysis of remote sensing imaging and direct detection (ground based flux)
methods to quantify methane sources and fluxes. This activity is complete (Day et al,, 2013);

(2) Afield trial of methods at (i) a remote sensing pilot site, and {ii} a ground based direct detection and
monitoring pilot site. The remote sensing pilot will test the acceptable method{s) developed in Task 1 for
deployment within a defined test area and ability to detect methane seeps more broadly in the Upper
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Condamine River catchment. The ground detection and monitoring pilot will test in situ measurement of
on-ground methane fluxes at up to two pilot sites. Isctopic chemical tracers will assist in distinguishing coal
methane seeps from biogenic methane sources. Each pilot is contingent on results from Task 1 and the
client’s input at declsion points in the project; and,

{3} broad scale application of methods to a larger region in the Upper Condamine River catchment. This
‘research will provide baseline monitoring data of methane seepage fluxes over different seasons. The final
design is cantingent on results from Tasks 1 and 2, their successful application and the client’s input at
decision points.

4.3 Studies of groundwater hydrochemistry

The hydrochemisfry of groundwater can inform us about the sources of methane and other organics,
processes in its formation, advective transport of constituents and reaction along the pathway and mixing
processes, It is useful for understanding connectivity of aquifers and potential for leakage between them
under stresses caused by water and gas development, connectivity with valued ecosystems and strea;ms;
and understanding potential for carbon capture and storage. The following are three recent or current
studies. There are other more recent initiatives, such as that fram the Centre for Coal Seam Gas at The
University of Queensland, who are developing a publicly available web-based atlas of water chemistry data
for CSG Fields. Other relevant research is that by Golding et al. (2013), Hamilton et al. (2012 and 2014}, and
Papendick et al. {2011) on fingerprinting the actual coal- bearing formations by using stable isotopes.

4.3.1 GEOSCIENCE AUSTRALIA AND GEOLOGICAL SURVEY OF QUEENSLAND SURAT
AND BOWEN BASINS GROUNDWATER SURVEYS HYDROCHEMISTRY DATASET
{2009-2011)

Geoscience Australia, the Geological Survey of Queensland and the Queensland Department of Mines and
Energy (Feitz et al., 2014) are aiming to characterise the regional hydrochemistry of the Denison Trough
and Surat Basin for the purposes of assessing their suitability for greenhouse gas storage and recovery.
They have trialled different groundwater monitoring strategies to produce a regional baseline reference set
for future site-specific and sub-regional monitoring arid verification programmes conducted by geological
storage proponents, The dataset provides a reference of hydrochemistry for future competing resource
users, including coal seam gas proponents. Many of the analyses are needed for forensic studies for coal
seaim gas,

4.3.2 HYDROCHEMISTRY OF COAL SEAM GAS GROUNDWATERS IN THE SURAT AND
CLARENCE-MORETON BASIN AND THEIR APPLICATION AS INDICATORS OF
PROCESSES (QUEENSLAND UNIVERSITY OF TECHNOLOGY/CSIRO)

A group led by Professor Malcolm Cox in the School of Earth, Environmental and Biological Sciences,
Queensland University of Technology has been studying the hydrochemistry of both the Surat and
Clarence-Moreton basins in order to better understand how groundwater chemistry may influence the
development of methane and vice-versa.

Two PhD projects assessing the hydrochemical and isotopic variability of groundwater in the Condamine
River catchment (PhD students Des Owen and Jorge Martinez) are likely to improve the understanding of
the process of methane formation, but will also provide useful information on the groundwater chemistry
associated with methane formation. This enables better identification of methane sources within shallow
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groundwater and connectivity between aquifers, particularly between the Walloon Coal Measures and the
Condamine River alluvium.

In an on-going PhD project in the Logan-Albert catchment within the Clarence-Moreton Basin, PhD student
Clément Duvert has compared hydrochemistry, rare earth elements and isotopes of groundwater samples
from the Walloon Coal Measures and overlying alluvial aquifers collected during dry and wet periods. The
study demonstrates that there can be substantial tempaoral variability of hydrochemistry and isotopes
within the Walloon Coal Measures and the alluvial aguifers at some bore sites, highlighting the importance
of collecting time-series data where possible.

As part of a postdoctoral research project funded by the NCGRT, Dr. Matthias Raiber (now CSIRO) has in
collaboration with Dr. Andrew Feitz (Geoscience Australia) analysed methane concentrations and the
isotopic composition of 8°H and 8"3C of methane on approximately 50 groundwater samples from the
Walloon Coal Measures and other formations throughout the Clarence-Moreton and eastern Surat basins.
The study indicates that methane concentrations within the Walloon Coal Measures are spatially highly
variable, likely due to complicated hydroiogical processes {e.g. groundwater recharge}. In addition, the
study confirmed that methane is also present in other formations.

4.3.3 MONITORING OF HYDROCHEMICAL AND ISOTOPIC CHARACTERISTICS OF CSG
FORMATION WATERS, ADJACENT AQUIFERS AND SPRINGS (GISERA).

This ongoing project is aimed® at: (i) a comprehensive hydrachemical and isotopic characterisation of
groundwater and formation water within the proposed CSG extraction area prior to development; (ii)
developing protocols for menitoring aquifers and formation water over the time period of extraction and
post-development and (iii) éstablishing a set of criteria for ongoing assessment of the monitoring program
and implications for aquifer interactions. A practical aim of the project is to provide a means of monitoring
the progress and impact of large scale pumping and to inform potential modification of the pumping
process to minimise potential impacts on spring-fed or baseflow ecosystems. More specifically, work is
proceeding on 1) source of water in springs; 2) hydrochemical and isotopic sampling of the Hutton
Formation (Figure 20) and 3} testing a technique for obtaining helium concentrations in quartz as proxy for
helium in pore waters of low permeahle formations such as aquitards (Smith et al., 2013).

4.3.4 REVIEW OF DISSOLVED HYDROCARBONS IN GROUNDWATER IN THE SURAT AND
BOWEN BASINS (GISERA)

This project aims’ to:

1. Collate and provide a summary of the available information on existing hydrocarbans in groundwater
in the Surat and Bowen basins as a context and potential explanations for possible future detection
and reporting of hydrocarbons during compliance monitoring programmes;

2. Outline strategies related to differentiation of naturally occurring Hydrocarbons and those
inadvertently introduced during drilling, completion and hydraulic stimulation; and

& http://www.glsera.org.au/research/research_progress.html
! http://www.gisera.org.au/rasearch/research_progress.html
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3. Interpretations on possible sources of the hydrocarbons encountered based on previous studies and
new information gained through additional sampling/monitoring data acquired by the companies
involved.

All hydrocarbon compounds of concern (TPHs, BTEX and PAHs) will be considered as well as phenols, for
which concerns also exist, subject to data availability.

Figurs 24 Sampling during the GI5ERA hydrochemistry project {Photogrash courtesy: SIRD).

4.4 Summary and Conclusions

The nature of research funding and research Institutions means that there is a certain amount of
coordination, but it is far from perfect, A number of organisations such as the Office of Groundwater
Impact Assessment in Queensland Government, Office of Water Science in the Australian Government,
Geoscience Australia, Gas Industry Social and Environmental Research Alliance {GISERA), production
companies and Research and Development Corporations such as Cotton all try to ensure the best cutcomes
of their investments through coordination and communication. Technical meetings and scientific
conferences facilitate exchange of ideas and results. However, there are reasons why coordination is far
from perfect. The innovation sector is driven by competition: competition far funding, competition of ideas
and competition between specialist skills and equipment. Also, this is a contentious topic with different
sectors having different agendas and interests. Both of these issues can lead to a seeming lack of
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coordination. There is clearty a balance to be reached. A lack of coordination can lead to duplication,
wastage of time of scientific specialists and specialist facilities and not achieving larger outcomes. Too
much coordination leads to a lack of tension that drives thinking and discussion and too much focus on this
_ topic or that. Each person will have a different view as to where this balance sits. However, it is possible to
make some general comments on the relativity of the three topic areas,

There does appear to be good coordinaticn in the hydrochemistry area. In discussions, most were aware of
others working in the area and the type of studies being conducted. There appear to be different
institutions coordinating work in this area; there are several papers in this area and there is a long history
of collaboration in the groundwater area. On the other hand, the provision of baseline information and
targeted studies of processing facilities is relatively new and there appears to be less coordination in this
space, Atmospheric studies are often driven by greenhouse gas accounting, which is different in nature to
assessing risks of methane in shallow groundwater. Nonetheless, it can provide useful information on the
topic. The studies of methane in shallow groundwater appear to be a lower priority for both state and
Australian governments, perhaps left for the other sectors. However, as has been shown in this report, the
nature of the measurements and processes strongly means that coordination needs to occur; otherwise we
may be in a situation of not being able to assess impacts or emerging issues. The work has been a higher
priority in the USA and Canada, perhaps due the number of people living in shale gas and coal seam gas
areas as well as the amount of infrastructure. However, the focus has led to a situation where there is a
quick response to emerging trends and risks.
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5 Conclusions

Methane in water bores is a major concern in areas of coal seam gas development. There are risks such as
gas lock in pumps, colour and odour impacts from water quality changes, toxicity due to other gases and
build up of gases affecting the integrity of the bores. A review was conducted of the state of the art of
methods for investigating gas in water bdres and analysis of resulting data. The historical presence of gas in
water bores in the Surat and Bowen basins since the early 1900s was also reviewed. Information from this
review Is to be used to investigate and respond to reports of increased gas content in individual water
bores across a large area in Queensland. For such work to be effective, it is critical to have a good
understanding of {i} the different sources of methane gas in the subsurface, (ii} the processes responsible
for gas migration and mixing and thus for variability in gas concentration, and {iii) methods for measu ring
gas in water hores.

Methane in water bores may be present as dissolved gas in solution and/or as free gas. Dissolved methane
gas usually on'ly exsolves from a still solution if the concentration of methane in the fluid exceeds its
solubility. Gas solubility varies with temperature, salinity, and pressure: it decreases with increasing
temperature and salinity and increases with increasing pressure. Coal seam gas-derived methane will often
co-exist with other gases such as short chain hydrocarbon gases such as ethane, propane and butane, as
well as carbon dioxide, nitrogen and hydrogen sulfide. The relative abundance of such hydrocarbon gases
{and their isotopic signatures) may be used to determine the gas source.

When sampling for methane in groundwater, the sample should preferably be collected from deep within
the bore close to the screen either by low flow pumping or an in situ device such as a diffusion sampler.
Appropriate sampling techniques reviewed include the inverted bottle method as used for both free and
dissolved gas and gas extraction samplers.

Methane concentrations have been shown to be highly variable in space and time. This variability can be
related to processes that cause methane concentrations to increase and decrease. Some studies have
shown that sampling error and analytical error also contribute to this variability.

When analysing methane data, careful consideration should be give to the following issues:

+ methane occurs naturally in groundwater and in the vapour phase of the unsaturated zone,
especially in areas where there is coal seam gas;

¢ methane concentrations will have been exacerbated by depressurisation caused by pumping for
water and conventional gas development over time, as well as exploration for oil and gas before
any coal seam gas development occurred;

s changes in methane may be due 1o a range of causes other than coal seam gas development. In
many cases overseas, investigation of complaints have found that poor maintenance of water bores
resulted in microbially-mediated methane production as a cause of changes in water quality;

¢ variability with time of measured methane concentrations due to sampling and analytical error and
processes leading to presence of methane in the water bore; and

s variability of concentration of methane and related constituents within each of the different
sources of methane.

For a better understanding of the impact of coal seam gas extraction and depressurisation on methane in
the groundwater resource as a whole, a more systematic sub-regional and regional strategy is required.
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This will allow the identification of gradual or sudden changes, irrespective of cause, and understanding of
periodic changes of methane that may not be related to coal seam gas extraction. Such a strategy will need
a sampling and analysis methodology that is robust enough to provide consistent measurements with
sufficient sensitivity to detect trends in time and spatial patterns. However, the effort that goes into any
monitering program needs to be commensurate with the risks and customized to highlight mitigation
measures. For-seme of the risks, there is a well-established mitigation process established and some of this
may not require an expensive monitoring program. However, for evaluation of the larger effects of the
impacts of a coal seam gas development or for better delineating causes of poorer bore quality, more
comprehensive and consistent monitoring is required.

To measure changes in state of individual water bores and the groundwater resource as a whole requires
first of all a baseline survey across relevant bores. For any detection of change or trend, the change needs
to be larger than the noise in the baseline. This noise could be due to variability related to sampling and
analysis but it also can be related to real processes that cause methane concentrations increase and
decrease. To provide confidence about the extent of change, it is important to quantify the variability of the
analyses.

Overseas experience has shown that consistent and reliable measurement of methane concentrations with
sufficiently low variability requires focus on training, adherence to strict protocols, including split and
duplicate samples, and consistency in the infotmation recorded. Best overseas practice often has data
stored on an audited transparent database.

Most methane in water bores is of biogenic or thermogenic origin; the gas sources grade from biogenic to
thermogenic with depth. Biogenic methane production is the most commeon of the processes in shallow
groundwater systems and involves bacterial decomposition of organic matter in the absence of oxygen
through either fermentation of organic matter or reduction of carbon dioxide. Thermogenic methane is
formed by the thermal breakdown of complex hydrocarbons resulting from decomposition of organic
material largely originating in ancient shales. Thermogenic gases typically originated at great (1000s of
meters} depths; however, over geologic time these gases may have migrated far from the original source
area and subsequently accumulated at shallower depths.

Dissolved methane can exist in the groundwater near a water bore. When the water bore is pumped,
water pressures In both the bore and the adjacent formation are decreased. Such a decrease in pressure
can lead to methane degassing as water is drawn into the bore. These declines in pressure could lead to
enhanced methane degassing and migration from increasingly larger areas around the bore.

Methane migration can also be affected by water, oil and gas developments, i.e. when water or gas
production bores provide conduits through the different geological layers, Such barehole breaches present
a number of opportunities for leakage of fluids in the vertical direction.

The abhility to identify the sources of any high concentrations of methane in bores or changes requires
measurements of other constituents using isotopes of hydrogen and carbon of methane and associated
wet gas components. Other useful measurements are i) the stable carbon isotope ratio of dissolved
inorganic carbon, which may be used to identify any bacterial consumption of methane that has occurred
between the source and the bore and ii) the radioactive carbon isotope (**C) which identifies a younger
source of carbon originating from shallower groundwater unrelated to coal seams targeted for C5G
extraction,

There has been a long history of methane detected in existing water bores or during drilling for water in the
Surat and Bowen basins, dating back to the beginning of the twentieth century. The methane is found at
higher concentrations above features such as faults and above known gas reservoirs.
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There are a number of recent and current projects investigating issues related to methane in water bores in
Queensland and NSW. For instance, the study of gas bubbling in the Condamine River showed that the
source of the gas was from deeper aquifers. The study coutd not rule out any specific pathways or causes
for any increase in gas bubbling,
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lossary

ANSTO: Australian Nuclear Science and Technology Organisation

Asphyxiation: A condition in which an extreme decrease of oxygen in the body accompanied by an increase
In the concentration of carbon dioxide leads to loss of consciousness or death. -

Artesian aquifer: A confined aguifer in which the pressure head of the groundwater rises above the upper
confining layer of the aquifer. If the pressure is sufficient to cause the bore to flow at the surface, it is called
a flowing artesian aquifer.

Bopd: barrels of oil per day

BTEX: Benzene, Toluene, Ethylbenzene, Xylene

Buovyancy: the tendency or capacity to remain afloat in a liquid or rise in air or gas
CSG: coal seam gas

CSGCU: Coal Seam Gas Compliance Unit

EC: electrical conductivity

GISERA: Gas Industry Social and Environmental Research Alliance
PAH: Polycyclic aromatic hydrocarbons

ppm: parts per million

TPH: Total petroleum hydrocarbon

VSMOW: Vienna Standard Mean Ocean Water

VPDB: Vienna Pee Dee Belemnite

58



References

Agrifacts (2006). Methane Gas in Well Water. Agrifacts, Alberta Agriculture, Food and Rural Development,
Agdex 716 (D&3) .

Alberta Environment (2006). Standard for Baseline Water-Well Testing for Coalhed Methane/NaturaI Gas in
Coal Operations.

Al-Jubori A, Johnston S, Bayer C, Lamber SW, Bustos OA, Pushin IC, Wray A {2009). Coalbed Methane: Clean
energy for the world. Qilfield Review, Summer 20089.

Armstrong J, Mendoza C, and Gorody A (2009). Potential for Gas Migration Due to Coalbed Methane
Development. Alberta Environment.

ASTM (2012} ASTM D6452-04 (reapproved 2012) Standard guide for purging methods for wells used for
groundwater quality investigations.

Barber C and Briege’i D {1987)}. A method for the in situ determin_ation of dissolved methane in groundwater
in shallow aquifers. J Contaminant Hydrology 12:51-60.

Baldwin D and Thoms | (2014). Condamine River Seep Investigation: Technical Report. NORWEST
Corporation.

Chafin DT, Swanson DM and Grey DW (1993) Methane-Concentration aﬁd Methane-Isotope Data for
Ground Water and Soil Gas in the Animas River Valley, Colorado and New Mexico 1990-91. U.5.
GECLOGICAL SURVEY Water - Resources Investigations Report 93-4007

Chafin DT (1994). Sources and Migration Pathways of Natural Gas in Near-Surface Ground Water Beneath
the Animas River Valley, Colorado and New Mexico. U.5. GEOLOGICAL SURVEY Water-Resources
Investigations Report 94-4006

Coleman DD (1989). Geochemical fingerprinting: Identification of storage gas using chemical and isotopic
analysis. In: “Underground Storage of Gas”, pp 327-338, Edited by M. R. Tek. Kluwer Academic Publishers.

Colorado Oil and Gas Conservation Commission {COGCC) (2003). COGCC Raton Basin baseline study: Staff
Report. October 27, 2003.

CSIRO (2011) Water: science and solutions for Australia /editor, lan P Prosser.
CSIRO (2014} Factsheet: Methane in water bores. September 2014,

Day S, Dell'Amico M, Etheridge D, Ong C, Rodger A, Sherman B, Barrett DJ {2013} Characterisation of
regional fluxes of methane in the Surat Basin, Queensland — Phase 1: A Review and Analysis of Literature on
Methane Detection and Flux Determination, CSIRO, Australia

Day S, Dell’Amico M, Fry R and Tousi HJ (2014). Field Measurements of Fugitive Emissions from Equipment
and Well Casings in Australian Coal Seam Gas Production Facilities: Report to the Department of the
Environment. CSIRO Report.

Department of Natural Resources and Mines {(DNRM) (2011) DRAFT Bore Investigation - Desktop Review, CT
and MJ Davis, Fletts Road, Hopeland. DNRM Report.

Department of Natural Resources and Mines (DNRM) {2013) Initial Research and Assessment of Historical
Gas Seeps Coal Seam Gas Compliance Unit DNRM Report

Feitz AJ, Ransley TR, Dunsmore R, Kuske T!, Hodgkinson J, Preda M, Spulak R, Dixon O and Draper J (2014}
Geoscience Australia and Geological Survey of Queensland Surat and Bowen Basins Groundwater Surveys
Hydrochemistry Dataset (2009-2011). Geoscience Australia, Canberra Australia.

59



GA and ABARE (Geoscience Australia and Australian Bureau of Agricultural and Resource Economics), 2010,
Australian Energy Resource Assessment, Canberra; available at:
https://www.ga.gov.au/products/servlet/controller?event=GEQCAT_DETAILS& catno=70142

Geological Survey of Queensland (1960) Occurrence of petroleum and natural gas in Queensland to the end
of 1959. Geol. Surv. Qld Publ. 299,

Golding SD, Boreham CJ, Esterle JS {2013). Stable isotope geochemistry of coal bed and shale gas and
related production waters: A review. International Jlournal of Coal Geology 120: 24-40.

Gorody AW, Baldwin D and Scott C (2005). Dissolved methane in groundwater, San Juan Basin, La Plata
County, Colorado: Analysis of data submitted in respense to Colorado Qil and Gas Commission Orders 112-
156 and 112-157.
http://ipec.utulsa.edu/Conf2005/Papers/Gorody_DISSOLVED_METHANE_IN_GROUNDWATER. pdf

Gorody AW (2012). Factors affecting the variability of stray gas concentration and composition in
groundwater. Environmental Geosciences 19{ 1): 17-31.

Gray ARG (1967} Natural gas occurrence in the Brigalow area, March, 1967. Queensland Government
Mining Journal, 68:394. '

Griffiths M {2007) Protecting Water, Producing Gas: Minimizing the Impact of Coalbed Methane and Other
Natural Gas Production on Alberta’s Groundwater. The Pembina Institute 122 pp.

Hamilton SK, Esterle IS, Golding SD (2012). Geological interpretation of gas content trends, Walloon
Subgroup, eastern Surat Basin, Queensland, Australia. International Journal of Coal Geology 101: 21~35.

Hamilton SK, Golding SD, Baublys KA and Esterle IS (2014) Stable isotopic and molecular composition of
desorbed coal seam gases from the Walloon Subgroup, eastern Surat Basin, Australia. International Journal
of Coal Geology 122: 21-36. '

Harris K, Morris R and Pointon V (2012). The presence of methane in Great Artesian Basin aquifers of the
Surat Basin. APPEA Conference & Exhibition, 14-16 May, 2012,

Hirsche T and Mayer B (2009). A comprehensive literature review on the applicability of free and dissolved
gas sampling for baseline water well testing; Final report. Alberta Environment, ‘

Indiana Department of Natural Resources Methane Gas & Your Water Well: A Fact Sheet for Indiana Water
Well Owners. Indiana Departiment of Natural Resources

Jackson RE, Gorody AW, Mayer B, Roy JW, Ryan MC, and Van Stempvoort DM (2013) Groundwater
Protection and Unconventional Gas Extraction: The Critical Need for Field-Based Hydrogeological Research.
Groundwater 51(4): 488-510

Kaplan IR, Galperin Y, Lu S-T, and Lee R-P (1297). Forensic Environmental Geochemistry: differentiation of
fuel-types, their sources and release time. Organic Geochemistry 27(5/6): 289-317.

Keech DK and Gaber MS {1982). Methane in Water Wells. Water Well Journal 36(22}: 33-36.

Koterba MT, Wilde FD and Lapham WW (1995). Groundwater data coliection protocols and procedures for
the National Water Quality Assessment Program: Collection and documentation of water quality samples
and related data. U.S. Geological Survey Open-File Report 95-399

Moore TA {2012). "Coal bed methane: a review.” International Journal of Coal Geology 101: 36-81.

National Groundwater Association {NGWA) (2013a). Water Wells in Proximity to Natural Gas or Qil
Development. Naticnal Groundwater Association: Information Brief,

National Groundwater Association (NGWA) (2013b). Reduce and Mitigate Problematic Concentrations of
Methane in Residential Water Wel! Systems. National Groundwater Association Best Suggested Practice.

NSW Chief Scientist & Engineer (2014a) Placement of monitoring equipment for water resources in NSW,
29 pp.

60



NSW Chief Scientist & Engineer (2014b). Independent review of CSG activities in NSW information paper
Abandoned wells, 17 pp.

Papendick SL, Downs KR, Vo KD, Hamilton SK, Dawson GKW, Gelding SD, Gilcrease PC (2011). Biogenic
methane potential for Surat Basin, Queensland coal seams. International Journal of Coal Geology 88: 123—
134.

Pennsylvania Department of Environmental Protection (2011} Methane Migration into Occupled Buildings
Department of Environmental Protection 5550-FS-DEP4309 4/2011

Pennsylvania Department of Environmental Protection (DEP) (2013) Methane Gas and Water Welis.
Department of Environmental Protection 5600-FS-DEP2690 Rev.12/2013.

ProHydro (2014) Standard operating procedure for the snap sampler® passive groundwater sampling
method (October 2014). ProHydro, Inc., Factsheet, 11 pp.

Queensfand Water Commission (201.2) Underground Water Impact Study for the Surat Cumulative Impact
Area. Queensland Water Commission 106 pp.

Roy J, Ryan C(2011) Measuring Dissolved Gases in Groundwater at Oil and Gas Sites, PTAC S&GW Forum,
Calgary, AB, March 22, 2011.

Ryan C {2008) Alberta Environment Standard for baseline water well testing for CBM operations: Science
Review Panel. Final Report. Alberta Envircnment.

SANTOS (200%a) GLNG project - Environmental Impact Statement. March 2009,

Smith S, Sclomon DK, Gardner WP (2013) Testing helium equilibrium between quartz and pore water asa
method to determine pore water helium concentrations. Applied Geochemistry 35: 187-195

Stalker L {2013) Methane origins and behaviour: Repart to the Office of the NSW Chief Scientist and
Engineer CSIRO EP - 1310665 22/11/13 CSIRO, Australia.

Stolp BJ, Burr AL, and Johnson KK {2006). Methane Gas Concentration in Soils and Ground Water, Carbon
and Emery Counties, Utah, 1995-2003. USGS Scientific Investigations Report 2006-5227.

Sundaram B, Feitz A, de Caritat P, Plazinska A, Brodie RS, Coram J and Ransley T (2009). "Groundwater
Sampling and Analysis — A Field Guide," Geoscience Australia.

Sydney Catchment Authority (2012). Literature Review: Coal Seam Gas impacts on water resources: Draft
Revision 4.

Tait DR, Santos IR, Maher DT, Cyronak T, and Davis Rl (2013). Enrichment of Radon and Carbon Dioxide in
the Open Atmosphere of an Australian Coal Seam Gas Field. Environ. Sci. Technol. 47: 3099-3104.

Tilley BJ and Muelenbachs K {2012) Fingerprinting of gas contaminating groundwater and scil in a
petroliferous region, Alberta, Canada. Published on 30 May 2012 on http://pubs.rsc.org |
doi:20.1039/9781849734967-00115.

UNSW (2014}. Study to assess water connectivity in the Condamine.
http://www.connectedwaters.u nsw.edu.au/news/ZO14/01/study~assess-waterconn'ectivity—condam

US Environment Protection Agency (EPA) 2004. Evaluation of impacts to underground sources of drinking
water by hydraulic fracturing of coalbed methane reservoirs, No. EPA/816/R- 04/003 Washington, DC: U.S.
Environmental Protection Agency, Office of Water.

US Environmental Protection Agency {US EPA) {2010). Low stress {low flow) purging and sampling
procedure for the collection of groundwater samples from monitoring, US Environmental Protection
Agency - Region 1: 30,

van Holst J, Stalker L, Le Y and Sestak S (2010). Gas stable isotope analysis —sample containment and §13C
stability

Van Stempvoort D, Maathuis H, Jaworski E, Mayer B and Rich K {2005). Oxidation of Fugitive Methane in
Ground Water Linked to Bacterial Sulfate Reduction. Groundwater 43(2):187-199.

61



Wiesenburg DA, Guisanno NL (1979} Equilibrium solubiltties of methane, carbon dioxide, and hydrogen in
water and sea water. Journal of Chemical and Engineering Data, Vol. 24 {4): 356 — 360.

62



CONTACT US

t 1300363 400

+61 3 9545 2176
e enquiries@csiro.au
W wWww,Csiro.au

YOUR CSIRO

Australia is founding its future on
science and innovation. Its national
science agency, CSIRO, is a powerhouse
of ideas, technologles and skills for
building prosperity, growth, health and
sustainability. It serves governments,
industries, business and communities
across the nation.

FOR FURTHER INFOCRMATION

Land and Water Flagship/Water Resource Management
Program

Di

t

e

W Www.Csiro.au




Methane seeps in the Condamine River

This fact sheet presents the current state of scientific knowledge on methane seeps

in the Condamine River including natural and human causes, and the human and
environmental health and safety impacts of methane escaping from underground. This
fact sheet has been developed by CSIRO researchers with expertise in the hydrogeology,
geology, ecology and biogeochemistry and from mulitiple sources to summarise what we

currently know about these methane seeps.

Capturing methane

Methane is a colourless, odourless, non-toxic gas. Itis the
main component of coal-seam gas (CSG), a gas taken from
underground coal seams. The gas is lighter than air, so rises
into the air when released. Methane originates naturally
from biological sources (lakes, rivers, wetlands), agricultural
sources (cultivation, ruminants), and geological sources
(coal seams). Methane may also be released by humans
when digging for coal from mines, producing Liquefied
Natural Gas (LNG) from
CSG and from city waste

land fill). CH
( ) Meqthane

molecule

Methane is a potent
greenhouse gas with a
warming potential about
28 times that of CO,
when considered over a
100 year lifetime in the
atmosphere?,

Sedimentary basins around the world that contain coal or
organic matter naturally leak methane to the atmosphere.
About a third of the 200 million tonnes of methane
released to the atmosphere annually comes from these
geological sources, which are derived from ancient organic
matter deposited over millions of years and turned to

coal under high temperature and pressure conditions
underground. The fossil fuel industry including natural gas,
coal and oil contribute between 15 and 22% of total global
methane emissions?.

Where leaking methane can be captured, it can be used
as fuel to generate electricity. On combustion, methane
produces carbon dioxide and water vapour, which trap

heat in the atmosphere less than the original methane.,

1 Kirschke et al (2013), Three decades of global methane sources and sinks, Nature Geoscience, doi:10.1038/ngeo1955
2 Schwietzke et al (2016), Upward revision of global fossil fuel methane emission based on isctope databese, Nature 538, pp 88- 91 doi: 10.1038



Geology of the Condamine River region

The Surat Basin is situated in southern-central Queensland
and is part of Australia’s Great Artesian Basin, The Surat
Basin contains the Walloon Coal Measures with large
guantities of methane gas that are being extracted for
LNG production. The Condamine River, near Chinchilla in
southeast Queensland, is situated on the eastern edge of
the Surat Basin.

The Surat Basin formed tens to hundreds of millions

of years ago?. It consists of multiple aquifers (typically
consisting of sandstones) and aquitards (typically
dominated by claystones, siltstones and mudstones})'.
The Walloon Coal Measures rise at an angle of about

1 degree to the surface from the west and meet the
alluvial sediments deposited by the Condamine River
(the ‘Condamine River alluvium’). The layers of porous
and non-porous rock abave the Walloon Coal Measures
intersect the surface and can be seen as autcropping rock
formations along the river channel. The Condamine River
has eroded the landscape over acons, and the Surat Basin
formations are intersected with numerous faults that have
dissected and fractured thiese underground formations®.

Geology of Walloon Coal Measures

Researchers have used seismic surveys, drill core data and
other direct measurement techniques to create an image
of the subsurface geometry and structure of the Walloon

Coal Measures and other aquifers and aquitards beneath

this region of the Condamine River.

Condamine
River

This work has identified complex folding, faulting and
deeply fractured rock layers beneath the surface®. These
fractures can form natural links between coal seams and
the surface via fissures and cracks that formed millions of
years ago.

The Walloon Coal Measures in the vicinity of the
Condamine River, near Chinchilla, Queensland, is a highly
permeable underground environment which allows
methane ta flow easily’. In this part of the Condamine,’
the alluvium is very narrow and thin, and the Walloon
Coal Measures are much shallower and closer to the base
of the river than elsewhere within the catchment. The
combination of fractured formations and permeability
beneath the Condamine River allows migration of
methane to the surface. The fractured geology also show
structures underground at shallow depths where gas may
accumulate in traps. These traps can collect methane
under pressure (e.g. hydrostatic pressure from the
alluvium above). As this pressure is eased the methane

in these traps can expand and find its way to the surface.
This could explain variation in methane fluxes we see at
some places in the Condamine River.

In the vicinity of the Condamine River where bubbling
occurs, it is possible that depressurisation of the Walloon
Coal Measures during CSG production could generate
some horizontal migration of free methane gas. However,
with the shaltow strike of these formations and the 6 to 10
km distance to gas production fields, this flux of methane
is likely to be small.

Condamine
River tributary
=,

T

Alluvium

Cenozoic ]
Surat Basin aguifer or partial aquifer
225 Surat Basin aquitard
- Base of Surat Basin

Conceptual geological crass section of the Surat Basin and Condamine River altuvium near Chinchilla

3 Jell, PA. (2013), Geology of Queensland, Queensland Geological Survey, pp 928.

4 State of Queensland (2016] Underground Water Impact Report for the Surat Cumulative Management Area, The Cffice of Groundwater Impact
Assessment, Departmant of Natural Resources and Mines,

5 Esterle, S, Hamilton, SK, Ward, V, Tyson S, Siiwa, R, (2013), Scales of Geologlcal Heterogeneity within the Walloon Subgroup and Its Coal Measures.
February 2013. Final report of Activity 1.3 of the Healthy Head Waters Coal Seam Gas Water Feastbility Study. Department of Natural Resources and
Mines,

6  Harilton S.K., Esterie, J.S. & Sliwa, R. (2014) Stratigraphic and depositional framawork of tha Walloon Subgroup, eastern Surat Basin, Queensland,
Australian Journal of Earth Sciences, 61:8, 1061-1080, DO/: 10.1080/08120099.2014.,96G000

7 S.K. Hamilton, J.S. £sterie, S.D. Golding (2012) Geological interpretation of gas contant trends, Walloon Subgroup, eastern Surat Basin, Queensland,
Australia, International Journal of Coal Geology 101, 21-35



Both CSIRO and the Gas Industry Social and Environmental
Research Alliance (GISERA} are undertaking research

to locate and measure these natural methane seeps,
including the gas appearing as bubbling in the Condamine
River. While the bubbling in the Cendamine River is
spectacular, it is only one location of many in this region
where methane is being released at the surface. The other
locations are cracks and fissures that are not visible and
CSIRQ researchers are using sensors to locate and measure
the flow of methane at these locations®®. CSIRO has also
undertaken research on the potential impacts of the
bubbling methane on the biogeochemistry and aquatic
ecology of the Condamine River.

Natural and human causes of methane
leakage

In addition to the natural underground farmations and
fissures which can form migration pathways for the
methane to the surface, human activities such as drilling
water bores, extracting gas, and exploring for gas and ol
can allow methane to escape. Some of these activities
(e.g. drilling of water bores or coal exploration holes) have
created further pathways for gas to rise to the surface®®.

The presence of methane in water bores has been
documented well before development of the region’s

CSG industry as far back as 1919, Since the early 1900s,
there has been natural gas in water bores in nearby Roma,
which have led to well blowouts and occasionally caught
fire. Methane in water bores in the Surat and Bowen
basins has alse been documented in drilling reports from
the 1960s and 1970s.

CSIRQO’s isotopic analysis of methane gas collected

from the main bubbling site in the Condamine River?*
shows that the origin of the methane is from bacterial
metabolism of coal. Other research suggests that methane
in groundwater of the Condamine River alluviurn may
originate from the Walloon Coal Measures or adjacent
geological formations in the Surat Basin'®, However,
conflicting data also exists™ suggesting virtually no

migration of methane from the Walloon Coal Measures
into the alluvium, at |east at sites south-east of where
bubbling occurs in the Condamine River. What is apparent,
is that the methane seeps do not originate from hiological
sources in the river sediments.

The bubbling of methane from the Condamine River area
has increased three-fold since ongoing measurement
began in early 2015%, but has declined again recently.
There may be many reasons for this variation in methane
flow to the surface through the Condamine River. CSIRO
researchers provide three possibilities for this variation in
methane flow:

1. that an increase in flow in river water has scoured the
river bed moving sand and sediments that previously
sat over the seeps and limited their flow

2. that groundwater receding from the Condamine River
.alluvium since the 2011 floods has reduced pressure
over the Walloon Coal Measures near Chinchilla,
‘allowing trapped gas to expand and rise to the surface

3. that CSG industry activity in production fields 5 to 6 km
away has reduced pressure in the coal seams leading to
possible up-dip flow of gas Into the network of fractures
andthereby into the Condamine River®,

Scientists measuring methane gas using rising chambers from
Condamine River (Source: Brad Sherman)

8 Day, S., Dell’Amico, M., Etheridge, D., Ong, C., Rodger, A., Sherman, B., Barrett, D.J. {2013) Characterisation of regional fluxes of methane in the Surat
Basin, Queensland — Phase 1: A Review and Analysis of Literatura on Methane Detection and Flux Determinatien. CSIRQ, Australia

9 Day, S., Ong, C., Rodger, A., Etheridge, D., Hibberd, M., van Gorsel, E,, Spencer, D., Krummel, P,, Fry, R., Mark Dell’amico, M., Sestak, S., Williams, D.,
Loh, 2., Barrett, D. {2015} Characterisation of regional fluxes of methane In the Surat Basin, Queensland: Phase 2: A pilot study of methodoiogy to

detect and quantify methane sources. CSIRQ, Australia.

10 Walker, G.R,, Mallants, D., Methcdologies for investigating gas in water hores and links to coal seam gas development {(2014). CSIRO. Australia
11  Gray, A.R.G. (1967) Natural Gas Occurrence in the Brigalow Area, March 1967, Queensland Government Mining Journal, 68, 394 - 395
12 Sherman B.S. and Ford, PW. (2014) Condamine River Coal Seam Gas Emissions: Final Report. CSIRO, Water for a Healthy Country Flagshig, Australia

13 Iverach, C.P, Dicni |, Cendén, Stuart [. Hankin, David Lowry, Rebecca E. Fisher, James L. France, Euan G. Nisbet, Andy Baker & Bryce F. J. Kelly {2015)
Assessing Connectivity Between an Overlying Aquifer and a Coal Seam Gas Resource Using Methane Isotopes, Dissolved Organic Carbon and Tritium,

Scientific Reports, DOI: 10.1038/srep15926

14  Owen, D.D.R., Shouzkar-Stash, O., Morgenstern, U. & Aravena, R, (2016) Thermodynamic and hydrochemical controls on CH, in a coal seam gas and
overlying alluvial aquifer: new Insights intc CH, origins. DOI: 10.1038/srep32407

15  CSIRO flux measurements https://www‘aplng.com.au/topics/coaiﬁseam~gas/condamlne-rlver-seeps.html

16  Norwest report, Executive Summary, p.17-18



It is well known that water and gas extraction activities
reduces pressure in underground coal seams and aquifers,
thereby releasing methane. Experiments undertaken by
the CSG industry that involve shutting down gas wells in
these production fields have shown pressure changes due
to gas Industry activity in the vicinity of the Condamine
River, but only a few per cent of the current methane
flows in the Condamine River can be explained by these
activities. Furthermore, the very low angle of dip {about
1 degree) of the Walloon Coal Measures would preclude
large-scale transport of gaseous methane underground.
Hydraulic fracturing is not the cause of this increase

in bubbling in the Condamine River because there has
been no hydraulic fracturing by the CSG industry in these
production fields.

Impact on health and envircnment

CSIRO has found no evidence that the seepage of
methane from the Condamine River area has any
adverse environmental impact on the plant or animal
life of the river and its surroundings?’. While higher
concentrations of methane are present in the river

up to 8 km downstream the river seeps, temperature,
electrical conductivity and turbidity are not affected.
Nitrogen, ammonium, phosphorus and organic carbon
concentrations in the vicinity of the seeps are not
different to other parts of the river and are typical of
Australian inland rivers. Phytoplankton, zooplankton and
macrainvertebrates are unaffected by the presence of the
seeps; althaugh, bacterial and fungal populations were
higher which is to be expected given that methane is the
food source of methanogenic bacteria,

There is no public health or safety risk caused by the
methane concentrations measured in the area of

these or any other seeps in the Surat Basin CSIRO has
measured®®*®, Analysis shows the gas is very pure,
composed almost entirely of non-toxic methane, with
traces of carbon dioxide and nitrogen. There is no
evidence of volatile organic compounds or dangerous
hydrocarbons in the seeping gas. Metals, such as silver,
cadmium, chromium, mercury, lead, aluminium, iron and
manganese, were either at the threshold of detection or
within the range expected for inland Australian rivers.

Methane is only dangerous if concentrated in enclosed
spaces to levels where it is explosive, and there are safety
risks if it is deliberately lit. In the Condamine River the
seeps can only be lit when the river is not flowing and
where flames are supported by additional combustible
material. -

Ongoing monitoring

CSIRO has been undertaking research on gas seeps in the
region for more than three years. Scientists have used
remote sensing, isotopic analyses, field surveys, computer
modelling and other techniques to map methane sources
and understand the processes that lead to methane
emissions.

CSIRO will continue to independently measure and
monitor methane from geological sources and from other
origins including old coal exploration wells from the 1960s,
fugitive emissions from the gas industry, and methane
emissions from cattle and agriculture. In addition, the
Queensland Government is monitoring water quality and
gas levels to identify any environmental harm or safety
concerns, and reviewing relevant research to ensure a
high level of scientific rigour and independent research is
maintained.

17  ReesGN, Nielsen DL, Cook RA, Petrie R, Watson GO, Davey C, Oliver R, Lorenz Z (2016) Condamine River: Ecological study. Report to Origin Energy.
18  State of Queensland, Department of Natural Resources and Mines (2012} Summary Technical Report - Part 1 Condamine Rivar Gas Seep Investigation.

19  State of Queensland, Queensland Health (2013) Coal seam gas In the Tara region: Summary risk assessment of health complaints and envirecnmental
manitoring data.




Methane seeps in the Condamine River

Document 13

Pictures of methane ignition attract media headlines and public concern, but what does
the latest science say are the natural and human causes, and the health and safety
impacts, of methane escaping from underground?

Capturing methane

Methane is a colourless, odourless, non-toxic gas. It is the
main component of coal-seam gas (CSG), a gas taken from
underground coal seams. The gas is lighter than air, so
rises into the air when released. Méthane originates
naturally from biologicat sources (lakes, rivers, wetlands),
agricultural sources (cultivation, ruminants), and
geological sources {faults and fractures in the ground
associated with coal seams). Methane may also be
released by humans in the acquisition of coal from mines,
the production of Liquified Natural Gas {LNG) from CSG
and from city waste (land fill).

Sedimentary basins around the world that contain coal or
organic matter naturalty leak methane to the atmosphere.
About a third of the 200 million tonnes of methane
released to the atmosphere annually comes from these
geological sources, which are derived from ancient
organic matter deposited over millions of years and
turned to coal under high temperature and pressure
conditions underground.

Where leaking'methane can be captured, it can be used
for fuel to generate electricity. On combustion, methane
produces carbon dioxide and water vapour, which trap
heat in the atmosphere less than the original methane.

Geology of the Condamine River region

The Surat Basin is situated in southern-central Queensland
and is part of Australia’s Great Artesian Basin. The Surat
Basin contains the Walloon Coal Measures with large
quantities of methane gas that are being extracted for
LNG production. The Condamine River, near Chinchilla in
southeast Queensland, is situated on the eastern edge of
the Surat Basin. The Surat Basin features a unique geology
formed tens of millions of years ago. The Walloon coal
“seams rise to the surface from the west and meet the
eroded sediments of the Condamine River (the
Condamine Alluvium) within about 70m of the surface at

! Norwest report, Executive Summary, p.14

the Condamine River. The sandstone aquifers above the
Walloon coal seams intersect the surface and can be seen
along the river channel. The Condamine River has eroded
the landscape over aeons, dissecting and fracturing these
underground formations®.

Researchers have used seismic surveys and other direct
measurement techhniques to create an image of the
subterranean structure of the Walloon coal seams and
associated sandstone aquifers adjacent to the Condamine
River. This work has identified deeply fractured tayers of
rock beneath the surface. These fractures form a natural
network of coal seams, fissures, cracks and other channels
that formed millions of years ago to create a highly
permeable undérground environment for methane to
flow from the Walloon coal seams beneath the
Condamine River to the surface. The fractured geological
structures also show structures underground at shallow
depths where gas may accumulate in traps. These traps
can naturally channel methane to the surface causing
variation in the flow of gas.

[insert image — map of area including methane sources])

Image caption

CSIRO, through the Gas Industry Social and Environmental
Research Alliance (GISERA), is undertaking a research
program to locate and measure these natural methane
seeps; including the gas appearing as bubbling in the
Condamine River. CSIRO has also undertaken research on
the potential impacts of the bubbling methane on the
biogeochemistry and aquatic ecology of the Condamine
River. While the bubbling in the Condamine River is
spectacular, it is only one location of many where
methane is being released at the surface. The other
locations are not visible and CSIRO researchers use



different types of sensors to locate and measure the flow
of methane at these locations.

Natural and human causes of methane
leakage

In addition to the natural underground formations and
fissures which bring methane to the surface, human
activities such as drilling water bores, extracting gas, and
exploring for gas and oil can allow methane to escape.
Some of these activities (e.g. drilling of water bores or
coal exploration holes) have created further pathways for
gas to rise to the surface.

The presence of methane in water bores has been
documented well before development of the region’s CSG
stf * = There is evidence of methane seeps and gas
havmg been present in water bores since the late 1800s.
Since the early 1900s, there has been natural gas in water
bores in nearby Roma, causing explosions and catching
fire, and methane in water bores in the Surat and Bowen
basins has been documented in drilling reports in the
1960s and 1970s.

CSIRO’s isotopic analysis of methane gas collected from
the main bubbling site in the Condamine River shows that
the origin of the methane is from bacterial metabolism of
coal, suggesting it came from the Walloon coal seams or
adjacent geological formations in the Surat Basin. It has
not come from biological sources in the river sediments.

The bubbling of methane from the Condamine River area
has increased three-fold since ongoing measurement
began In early 2015%. There may be many reasons for this
increase in methane flow to the surface through the
Condamine River. CSIRO researchers provide three
possibilities for this increase in methane flow:

» that an increase in flow in river water has scoured the
river bed moving sand and sediments that previously
sat over the seeps and limited their flow

e that groundwater receding from the Condamine
Alluvium since the 2011 floods has reduced pressure

2 Origin submission to the Senate Select Committee on
unconventional gas mining, p.34

3 Interview with Damian Barrett: “the flux has increased 3-
fold over the past 14 months”

4 Norwest report, Executive Summary, p.17-18

5 Norwest report Exec summary p. 15 (and interview with
Damien: ‘There is no evidence of environmental impact of

over the Walloon coal seams in this area, allowing
trapped gas to expand and rise to the surface

o that CSG industry activity in production fields 5 to 6 km
away has reduced pressure in the coal seams leading to
up-dip flow of gas into the network of fractures and
thereby into the Condamine River®,

[t is well known that water and gas extraction activities
can reduce the pressure in underground coal seams and
aquifers, potentially releasing methane. Experiments
undertaken by the CSG industry that involve shutting
down gas wells in these production fields have shown
pressure changes due to gas industry activity, but only a
few per cent of the current methane flows in the
Condamine River can be explained by these activities.
Furthermore, the very low angle {about 1 degree) of the
Walloon coal seams would preclude large-scale transport
of gaseous methane underground. Hydraulic fracturing Is
not the cause of this increase in bubbling in the
Condamine River because there has been no hydraulic
fracturing by the CSG industry in these production fields.

Impact on health and environment

CSIRO has found no evidence that the seepage of
methane from the Condamine River area has any adverse
environmental impact on the plant or animal life of the
river and its surroundings®.

There is no public health or safety risk caused by the
methane concentrations measured in the area of these or
any other seeps in the Surat Basin CSIRC has measured®.
Analysis shows the gas is very pure, composed almost
entirely of hon-toxic methane, with traces of carbon
dioxide and nitrogen. There is no evidence of volatile
organic compounds in the seeping gas.

Methane is only dangerous if concentrated in enclosed
spaces to levels where it is explosive, and there are safety
risks if it is deliberately lit. in the Condamine River the
seeps can only be lit when the river is not flowing and

from CSIRO work."); also Qld Govt report, p. 15 and p.2%;
and Origin submission to the Senate Select Committee on
unconventional gas mining, p. 35.

¢ QId Govt report, p. 14 and p.21



where flames are supported by additional corhbustible
material.

Ongoing monitoring

CSIRO has been undertaking research on'gas seeps in the
region for more than three years. Scientists have used
remote sensing, isotopic analyses, field surveys, computer
modelling and other techniques to map methane sources
and understand the processes that lead to methane
emissions.

CSIRO will continue to independently measure and
monitor methane from gealogical sources and from other
origins including old coal exploration wells from the
1960s, fugitive emissions from the gas industry, and
methane emissions from cattle and agriculture. In
addition, the Queensland Government is monitoring
water guality and gas levels to identify any environmental
harm or safety concerns, and reviewing relevant research
to ensure a high level of scientific rigour and independent
research is maintained.
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METHANE SOURCES AND EMISSIONS

e CSIRO is looking at emissions near the Condamine River through GISERA and a commercial contract. CSIRO’s isotopic
analysis of methane gas collected from the main bubbling site in the Condamine River suggests that the origin of the
methane is from bacterial metabolism of coal, and that the three-fold increase in bubbling methane since ongoing
measurement began in early 2015 may have an industry component {likely to be small) and is highly unlikely related to
hydraulic fracturing. Research to date also provides no evidence that the seepage of methane from the Condamine
River area has any adverse environmental impact on the plant or animal life of the river and its surroundings.
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Unconventional Gas Fugitive Methane Emissions















Meanwhile, the Condamine River gas bubbling (Refer previous fact sheet) Is generating
about 6,600 kg/day of methane. Current research indicates that the majority of this
bubbling is from natural sources; although a component of these fluxes may be assoclated
with coal seam depressurisation in CSG production fields 5= 6 km away.
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Key communication activities during January-March 2016 include:
s22

e Damian Barrett participated in a pre-recorded interview with Mark Willacy (ABC) on a story
they are doing on methane emissions from the Condamine River near Chinchilla. Broadcast
on ABC news on Sunday, 21 February 2016.

s22
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7 Greenhouse Gas Footprint

Portfolio Goal: Greenhouse gas (GHG) footprmt research aims to improve characterisation and
management of gas industry greenhouse gas impacts.

7.1 Methane seepage fluxes, Surat Basin, Queensiand

Project scope: The aims of the current research project are to detect and measure methane

seeping from underground in the Surat Basin, and identify sources of methane to provide methane

emissions data on a regional scale. This data set can be used to compare changes in methane

concentrations as coal seam gas production increases in the Surat Basin.

7.1.1 Traffic light report

Tabie 7.1 Greenhouse Gas Footprint project 1 - milestones

Stuart Day

emote sensing pilot study Stuart Day Oct-13 Sep-14
round detection pilot study Stuart Day  Oct-13 Nov-14
The continuous monitoring results | Stuart Day Jul-14 Nov-15
- installation, commissicning and
operation of the two field stations.
Preliminary data available, .
Task 3.2 « Modelled development and Stuart Day Dec-15 Nov-16
analysis of continuous data.
e Periodic monitoring and field
validation
= Trial of remote sensing
technologies.
Task 3.3 « Delivery of final report for Remote | Stuart Day Dec-15 Nov-17
sensing baseline study and Ground
detection baseline study
Task 4.1 New data prepared - David Nov-15 Nov-16
; Etheridge
Task 4.2 Data screened, assessed 1 David Nov-15 Nov-16
B i TR ———————— . Etheridge ..........
Task 4.3 Models developed and applied to new Ashok Luhar Jul-16 Aug-17
e data
Task 4.4 Report prepared David Dec-16 Nov-17
Etheridge
‘ @mm i;gi; Wi By ST g
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Task 2.2
TASK NAME: Ground detection pilot study
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If the pilot site consists of methane fluxes from water bodies, the work will build on existing
research undertaken in CSIRO in the Condamine River. Methane fluxes from aquatic systems
with free water surfaces (e.g. river weir pools, farm dams) will be quantified using floating
¢thambers used in one of two modes:

1) For low fluxes typical of natural waters the head-space gas is recirculated through a
high precision gas analyser (Picarro CRDS) following the protocols used by CSIRO for
similar research in water supply reservoirs;

2) For high fluxes (i.e. vigorous bubbling), a once-through system currently being
developed and trialled by CSIRO will be employed in which gas captured by a chamber
is diluted by ambient air drawn through the chamber and subsequently analysed using
a high precision gas analyser.

s22
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Energy Technology Research Program Directors Report
May 2016
Dr Damian Barrett — Onshore Gas Program
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Engagement Highlights

« Over the past month there has been a large number of media interviews given regarding GISERA
research into the Condamine river. This was snowballed from a TV interview on The Project
channel 10) and ‘went viral” including BBC, Washington Post, The Guardian and others!
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National Assessment of Chemicals Associated with Coal Seam Gas
Extraction in Australia (National Chemicals Assessment)

KEY SCIENCE MESSAGES
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Citation
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Executive — not for distribution. CSIRO, Australia.

Copyright

© Commonwealth Scientific and Industrial Research Organisation 2016. To the extent
permitted by law, all rights are reserved and no part of this publication covered by copyright
may be reproduced or copied in any form or by any means except with the written
permission of CSIRO.

Important disclaimer

CSIRO advises that the information contained in this publication comprises general
statements based on scientific research. The reader is advised and needs to be aware that
such information may be incomplete or unahle to be used in any specific situation. No
reliance or actions must therefore be made on that information without seeking prior
expert professional, scientific and technical advice. To the extent permitted by law, CSIRO
{including its employees and consultants) excludes all liability to any person for any
consequences, including but not limited to all losses, damages, costs, expenses and any
other compensation, arising directly or indirectly from using this publication {in part or in
whole) and any information or material contained in it.
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Impacts on groundwater and surface water systems, including
management of produced water and brine
s22

Groundwater level drawdown




While the hydrogeological systems are being monitored closely and the environmental
protection of Australia’s water resources are a recognised high priority, there remains
uncertainty in the behaviour of these sub-surface systems and there is still a lack of
understanding about how the current scale of CSG development might create impacts over
the longer term (Office of the Chief Scientist & Engineer, 2014b). For these reasons,
monitoring activities are a high priority in all jurisdictions pursuing CSG development and
relate to a number of impacts of water resources including changes to groundwater level,
pollution of ground or surface water. Closely monitoring the hydrogeology of systems at the
reservoir scale or wider also provides data to help identify any potential for long term cross
contamination of aquifers from leaking bores.

Current groundwater monitoring networks in many regions do not provide an adequate
baseline understanding on groundwater levels prior to CSG extraction. This is because
traditionally, in areas such as the Condamine Catchment in the eastern part of the Surat
Basin, groundwater extraction occurred primarily from the shallow (alluvial) aquifers. As a
consequence, there are only very few nested groundwater monitoring sites where different
aquifers are monitored simultaneously —and it is this monitoring which informs
understanding of how different aquifers are connected.

There are a number of reviews currently examining the potential impact of depressurisation
and associated drawdown of groundwater systems resulting from extraction of water for
CSG development, including risk of subsidence. For example, when groundwater and gas are
extracted from coal seams, the reduction in water pressure may result in compaction of the
geological units in which depressurisation has occurred (IESC, 2014a).

s22
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Regional Methane Emissions in NSW CSG Basins
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10, GISERA Objectives Addressed

Natural seeps of methane and other hydrocarbons are well known in gas fields but once
major development has occurred it can be much more challenging to assess whether seeps
are natural or caused by gas production activities (e.g. the Condamine River seep still remains
a controversial issue despite considerable research into the phenomenon). Detection and
guantification of fandscape methane sources (either natural or anthropogenic such as legacy
boreholes, abandoned oil and gas wells or water bores) ahead of development is essential for
establishing a credible baseline. Understanding the contribution from other sources such as
coal mining and agriculture is also important.
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GIERA odel’ for CSG rea rch

Maintaining Independent and trusted research outputs
Camian Barrett

11 August 201€
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Condamine River methane bubbling

+ Anecdotal evidence:
* Bubhbling cver decades
* Recentlocalisadineease In flux
* Nearest proguction #eld: ~8-10km
* Walloons outcrop & Intersect
atluvium
* Science
+ &%C and &?H shows CH, orlgin is
biogenle carbon reduction of coal
¢ Source: Welloons/Qther?
* Varlabillty: Atmespheric re,
water tabla hydrogtatic pressure,
‘sznd slug’ movement/scouring
« CSIRO Research
* GISERA: Methane Seepsin Surat Basin
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GISERA National Research Management Committee Meeting No. 3
Thursday, 11 August 2016
2.00-4.00 pm
QGC offices, Kenya 2 Meeting Room, Level 30, 275 George Street, Brisbane

Partictpants:

Damian Barrett: GISERA Director (CSIRO)

Rob Ully: Integrated Gas Environment Manager (Origin)

Joanne Pafumi: Vice President, External Affairs & Sustainability (QGC)

Rebecca Pickering: General Manager Production Operations - West (APLNG)
Douglas Jackson: Executive General Manager Group Operations (AGL)

Armon Hicks: Manager ENSW Public Affairs (Santos)

Nicole Hinton: Manager, Unconventional Gas, Onshore Gas and Governance, Energy Division
(Department of Industry, Innovation and Science) - Alternate Independent Member
Peter Mayfield: Director, Energy Business Unit (CSIRO)

Paul Bertsch: Deputy Director-Science, Land and Water (CS/RO)

Dan O’Sullivan: Onshore Gas and Sustainability Advisor (CSIRO)

Jizelle Khoury: GISERA Executive Officer (CSIRO)

Apologies:
Mike Grundy: Research Director, Agriculture (CSIRO)



ustsy
fal & Environmentsl

113 -~
ch Allisies

Page 2 of 24









<
~N
N
=]
n
a
[<1]
©
o




Minutes
GISERA National Research Management Committee Meeting No. 2
Thursday, 19 May 2016 _
Santos offices, Boardroom level 22, Gateway Building, 1 Macqguarie Place,
Sydney
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4 Activities in Queensland provided by Damian Barreit

There has been strong interest in methane emissions in the Condamine River
which has resulted in a number of media activities.

The GISERA mechanism for independence of CSIRO has been operating well up
to this point. We have been able to deal with questions around our independence
and perceptions of conflict of interest.

The GISERA Director was asked to appear in an interview on-Channel 10’s The
Project. The story was to provide an unbiased view on unconventional gas and
the producer was keen on getting science into the story. During the story
Jeremy Buckingham MLC questioned CSIRQ’s independence.

The story received widespread interest and upon request, the GISERA Director
provided interviews with BBC, CNN, The Washington Post, The Guardian and
several other medla outlets.

CSIRO will issue a fetter to Jeremy Buckingham MLC and have also scheduled a
meeting with Mr Buckingham on 1 June 2016 to make clear the governance
arrangements of GISERA and CSIRO’s independence.

This will impact how we work in this space. We will double our focus on how
things will be perceived by wider community (the way we present our work, and
the way we are seen operating with various groups including with government
and with industry).

The communication interactions between CSIRO and our industry partners will
continue as normal.



We are working to generate a fact-sheet on the Condamine River which will
include the science and our best knowledge on the information available.

s22
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Appendix 2 - - Summary of GISERA Representation and Engagement
s22

Pre:ﬂrecogjeiiqterview 22-Apr-16 | Damian Barrett participated in a pre-recorded
18 Broject (Channel interview on Coal Seam Cas fire on Condamine
River

Interview with Calla 24-Apr-16 | Damian Barrett did an interview for The

Wahlquist (The Guardian - article title ‘River on fire in Greens
Guardian) _ MP's video is natural, not fracking, says CSIRO’
Interview with Ben 25-Apr-16 | Damian Barrett did an interview for The
Guarino (The Washington Post - article title ‘Australian
Washington Post) politician blames fracking after he sets river

ablaze with a lighter’




Interview with CNN Damian Barrett did an interview for CNN -
article title ‘River set ablaze nearly burns
politician’
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National Assessment of Chemicals associated with
Coal Seam Gas Extraction in Australia

CSIRO Communication Brief for the release of Technical Reports

i 17 AUGUST 2016






















Will future research consider fugitive emissions from hydraulic fracturing operations, for example,

methane?

¢ While fugitive emissions were cutside ihe scope of this project, CSIRO and the Department of the
Environment have worked together to measure fugitive emissions from the coal seam gas industry in
Australia. Fugitive emissions include underground gases that escape to the air during gas production.
They may occur through ieaks, accidents or equipment failure, through venting or flaring {Eurning off),
or exploratory drilling. The report is available on www.gnvironment, gov.au.

e Retent media (early 2016) has focussed on the release of methane from the Condamine River and has
attributed these emissions to coal seamn gas extraction in the region. Emissions in the Condamine River
have heen the subject cf ongoing scientific investigation since 2012 and the regorts from these
Investigations and reviews by the Queensland Chigf Scientist are available through the Department of
Natural Resources and Mines and a techniczl report prepared by Norwest Pty Ltd can be viewed at
http://www.aglng.com.au/odf/1 Norwest Report Executive Summary - Contents - Tables.edf. The
report provides details of potential sources for the Condamine methane seeps.

» Direct inguirers to these sources for any further comment.
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Condamine River methane bubbling

* Anecdotal evidence:
Bubbling ovar dacades
Recent lecalised increase in flug
Nezrest production field: ~8-10km
Walloans outerop B intersect
aliuvfum
* Science

+ 81%C and &H shows CH, origin Is
% kioganicearbon raduction of coal
Source; Walloons/Other?

Variahility: Atmosphe ric pressurs,
water table hydrostatic prassure,
‘sane slug’ mavement/scauring

* CSIRO Research
¢ GISERA: Methane Seaps in Surat Basin




Thank you

Oembsn Basret:
Deputy Diectar Enesay Flagship
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Table 2.3 Communication and engagement plan 2016-2017

Communicate in Fact sheet on the Condatnine River and Broader comtmunity, Lead: GISERA

Fact sheet, GISERA  Nov/Dec 2016

plain English methane bubbles - fact sheet will draw on [andholders, farmers,  website Communication and
information that the latest scientific available data. Fact agricultural industry, Engagement Manager with
helps to address sheet to be peer-reviewed industry associations, support from GISERA
knowledge gaps in . federal and state Director

environmental, government

social and economic departments, gas

impacts from developers

onshore gas
development,
whether that is
through original
research or
synthesis of existing
knowledge
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CSG research in NSW

Narrabri Council -

Damian Barrett
25 October 2016
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Condamine River methane bubbling

* Anecdotal evidence:
(O ety * Bubbling over decades

Bogenic  Foiac Rover Gan |

ol D i Sowama * Recent localised increase in flux

70
1 . .
60 o * Nearest production field: ~8-10km
] jg | « Walloons outcrop & intersect
£ alluvium
“20 . .
10 - * Science
<L | * 313C and 8?H shows CH, origin is
400 - 2300 200 4100 0 biogenic carbon reduction of coal

* Source: Walloons/Other?

* Variability: Atmospheric pressure,
water table hydrostatic pressure,
‘sand slug’” movement/scouring

* CSIRO Research
* GISERA: Methane Seeps in Surat Basin




Thank you

Damian Barrett
Deputy Director Energy Flagship
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GISERA research in

NSW Government

Damian Barrett
28 October 2016
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Thank you

Damian Barrett
Deputy Director Energy Flagship
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Condamine River methane bubbling
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3"%C CH,
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* Anecdotal evidence:
* Bubbling over decades
e Recent localised increase in flux
* Nearest production field: ~8-10km

* Walloons outcrop & intersect
alluvium

e Science

» 813C and 8°H shows CH, origin is
biogenic carbon reduction of coal

* Source: Walloons/Other?

» Variability: Atmospheric pressure,
water table hydrostatic pressure,
‘sand slug’ movement/scouring

* CSIRO Research
* GISERA: Methane Seeps in Surat Basin
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NATIONAL ASSESSMENT OF CHEMICALS ASSOCIATED WITH COAL SEAM GAS EXTRACTION IN
AUSTRALIA (NCA)
CSIRO COMMUN ICATION BRIEF FOR THE DEPARTMENT OF ENVIRONMENT AND ENERGY'S
RELEASE OF THE TECHNICAL REPORTS

16 Novessger 2015

INTERNAL USE ONLY

























Wili future research consider fugitive emlssions from hydrauiic fracturing opearations, for example, methane?
While fugitive emissions were outside the scope of this project, CSIRC and the Department of the
Environment have worked together to measure fugitive emissions from the coal seam gas Industry In
Australia. Fugitlve emissions include underground gases that escape to the alr during gas production. They
may occur through leaks, accidents or equipment fallure, through venting or flaring {(burnirg off), or

*

exploratory drilling. The report is available on www.environment.pov,au,

Recent media (early 2016) has focussed on the release of methane from the Condamine River and has
attributed these emissions to coal seam gas extraction in the regicn. Emissions in the Condamine River
have hean the subject ¢f ongoing scientific investigation since 2012 and the reports from these
investigations and reviews by the Queensland Chief Scientist are available through the Department of
Natural Resources and Mines and a technical report prepared by Norwest Pty Ltd can be viewed at
http://www.aping.com.au/pdf/1_Norwest Repart Executive Summary - Contemts - Tables.pdf. The

report provides details of potential sources for the Condamine methane seeps.
Direct Inquirers to these sources for any further comment.
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Business Unit Energy

Portfolio Environment, Energy & Minerals
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Table 2.3 Communication and engagement plan 2016-2017

Communicate in plain Fact sheet on the Condamine

English information that River and methane bubbles - fact
helps to address knowledge  sheet will draw on the latest
gaps in environmental, scientific available data. Fact

social and economicimpacts  sheet to be peer-reviewed
from onshore gas

Broader community,
landholders, farmers,
agricultural industry,
industry associations, federal
and state government
departments, gas developers

Fact sheet, GISERA website

Nov/Dec 2

016

Lead: GISERA
Communication and
Engagement Manager with
support from GISERA
Director ’

development, whether that
is through original research
or synthesis of existing
independent and peer
reviewed knowledge

National GISERA’s communication strategy

6
Page RS of 96
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Gas Industry Soclal and
Environmental Resgarch Alllanca

Quarterly report

For period ending 31 March 2017

Image: Stakeholder workshop - Biological traits and ecofogical aspects for plant population viability held 24 February 2017

' Austrafian Governmiont
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1.3 Communication summary

1.4 lLooking ahead

14.1 Communication
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it

[ , Queensl/andwas released on the CSIRO websitein March
2017, It presents the current state of scientific knowledge on methane seeps in the Condamine River,
including natural and human causes, and the human and environmental health and safety impactsof methane
escaping from underground. This fact sheet has been coordinated through GISERA and developed by CSIRO

resezrchers with expertise in the hydrogeology, geology, ecology and biogeochemistry andfrom multiple
sgurces to summarise what we currently know about these methane seeps.
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Contactus
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Document 33

GISERA Website upgrade and communications
GISERA wehsite upgrade complete incorporating improvements identified in

lanuary 2017. Release of communiqué and short animation on economic
forecasting complete. Release of fact sheets {(Condamine River gas bubbling).
Community Wellbeing Survey in Narrabri completed.

30 Aprii 2017
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Assessment of scientific
knowledge of shale gas and
shale oil impacts

Prepared for the Queensland Department of Natural Resources and Mines

Cameron Huddlestone-Holmes, Nerida Horner, Simon Apte, Stuart Day, Neil Huth, James Kear, Jason Kirby,
Dirk Maliants, Tom Measham, Chris Pavey and Richard Schinteie

EP165346

April 2017
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Figure 24 Development of an erosion rill alongside a coal seam gas access track near Chinchilla, Queensland
{A), and {B} simulated water flows across an access track network from a 3D reconstruction of the ground
surface within a forested section of coal seam gas development near Céndamine, Queensland
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Document 35

GISERA National Research Management Committee Meeting No. 5

Wednesday 12 April 2017
9.30am - 11.30 am (AEST)

Location: Santos, Level 22, Gateway Building, Room 22.03, 1 Macquarie Place, Sydney andvia Teleconference

?5 maﬁértsch
Mike Grundy
Armon Hicks
Andi Horsbugh
Rebecca Pickering
Michael Sheldrick

Rob Ully
JizelleKhoury
Dan O'Sullivan
Emma Scoit

Apologies:
Douglas Jackson
Simon Nish

Peter Mayfield

Telephone dial in details;

GISERA Director(CSIRO)

A/Director, Land and Water {CSIRO)

Research Directar, Agriculture (CSIRC)

Mahager ENSW P ublic Affairs {Santos)

Sacial Investment Advisor {delegate for Simon Nish) (Shell QGC)
General Manager ProductionOperations - West (APLNG)
General Manager, Onshore Energy Branch, Resources Division, Department of
Industry, Innovation & Science {Government)

Integrated Gas Environment Manager {Origin)

GISERA Executive Officer {CSIRO)

Onshore Gas and Sustainability Advisor {CSIRO)

GISERA Administration Officer {CSIRO}

Executive General Manager Group Operations (AGL)
Manager Social Performance and Community Engagement (Shell QGC)
Acting Executive Director, Environment, Energy and Resources (CSIRO)
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I ntervlew with Leon Byner | Damian Barrett participateina live-te-airradiointerview
(Adelal deRadio station 5AA) | 24-Mar-17 | _\whatis fracking, methane emissions in the Condamine
' ; River, and whatis thedifference between coal seamgas
i and Shalegasexiraction.
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