U

Australian Government

BIOREGIONAL

Department of the Environment and Energy ASSESSMENTS

Geoscience Australia

Rapid regional prioritisation for tight and shale
gaspotential of easternand northernAustralian
basins

Geological and Bioregional Assessmierdgram Stage JAppendices

uonesnuoud reuolbai pidey T ¢

June 2018

A scientific collaboréion between the Department of:the Envwonment and Energy
and Geoscience Australia




Stage 1: Rapid regional prioritisatic

TheGeological and Bioregional AssessmeRi®gram

The Geological and Bioregionas&ssment®rogram is a series ofdependent scientific studies investigating both the shale and
tight gas prospectivity of key onshore eastern and northern Australian basins and the potential impacts on water and the
environment fromtheir development.Theprogramis managed by théustalian Government Department of the Environmemtd
Energy For more informationvisithttp://www.bioregionalassessments.gov.au

Department of the Environment and Energy

The Department designs anaplements Australian Government policy and programs to protect and conserve the environment,
water and heritage, promote climate action, and provide adequate, reliable and affordable energy. For more information visit
http://www.environment.gov.au

Geoscience Australia

DS240ASy0S 1 dzad0 NI fAF Ad !'dZAGNIfAIQE yYIGA2YyIt 382a0ASy0S
challenges. Geoscience Australia provides geoscientific advice anuhatimn to the Australian Government to support current
priorities. These include contributing to responsible resource development; cleaner and low emission energy technologies;
community safety; and improving marine planning and protection. The outcorBe®2 & OA Sy O0S 1 dza i NJ f Al Qa
potential for the Australian community to obtain economic, social and environmental benefits through the applicationat@sisst
research and information. For more informatiosisit http://www.ga.gov.au

ISBN9781-92106914-7

Citation

HallLS, Buchanan S, Totterdell JM, Lai ECS, Langford RP, Sundaram B, Ransley TR{&lghn¥skeep C, Zhu Rech, M,
Skeers Nind Stewart G (208) Rapid regional prioritisatiofor tight and shale gas potential of eastern and northern Australian
basins. Geological and Bioregional Assesseferitgram Stage 1Prepared byGeoscience Australfar the Department of the
Environment and Energy, Australia.

Authorship is listed imelative order of contribution.

© Commonwealth of Australia 2018

With the exception of the Commonwealth Coat of Arms and where otherwise noted, all material in this publication is provided
under a Creative Commons Attribution 4.0 Internatiobh@encenttps://creativecommons.org/licenses/by/4.0/The Geological
FYyR . A2NB3IA2yLE 1 4848SaaySyida tNRANIY NBIldzSada FGGNKNOGdziA2Y
Assessmets Programhttp://www.bioregionalassessments.gov.ju

Disclaimer

The information contained in this report is based on the best available information at the time of publication. The readeyed

that such information may be incomplete or unable to be used in any specific situation. Therefore decisions should na be mad
based solely on this information or without seeking prior expert professional, scientific and technical advice.

The BioregionahssessmenProgrammds committed to providing web accessible content wherever possible. If you are having
difficulties with accessing this document pleasmtactbioregionalassessments@environment.gov.au

Cover photograph
Coongie Lakes, by Paul Wainwright and the Department of the Environment and Energy.

I 38y

g 2 N

a


http://www.bioregionalassessments.gov.au/
http://www.environment.gov.au/
http://www.ga.gov.au/
https://creativecommons.org/licenses/by/4.0/
http://www.bioregionalassessments.gov.au/
mailto:bioregionalassessments@environment.gov.au

Contents
Appendix A Shale and tight gas exploration activity in eastern and northern Australia.....1
Al INEFOAUCTION. ... e e e e e e e s eeeaeeeas 1
A.2 Classification and assessment of petroleum reSOULCES.........ccceevvereivieeeeeeeeeenn. 1
A2.1 Petroleum resource classification scheme............ccccceee, 1
A2.2 Unconventional resource assessment methQds.........cccccevvvvviviiiiiiieeennnnn. 5
A.2.3 Classification of exploration Status.............oooiiiiiiiiieiiiie e 6
A.3 Shale and tight gas exploration activity analysis results..............ccccceeeveeeeeennnn. 9
] (=] (=] [P 20
Appendix B REQIONAMAPS.......uuiiiiiiiiiie ettt e e e e e e e e e e e b e e e 27
APPENIX C  BaSIN AU ...t e ettt e e e e e e e e eeean e ernnnen 43
C.1 AMAAEUS BASIN.....uiiiiiiiiiiii i e e e 45
Cl1 BaASIN GEOIOQY. ... . ueteeieiiiiee et 45
C.1l2 Petroleum data COVErage...........coooeiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 49
C.13 Shale and tigh§ias ProSPECHIVILY........ceiiiieeiiiiiiiiiiii e 50
C.l4 Gas market access and iNfrastrUCtULE...........cooeeeveiiiiiiiiiiiiiiie e, 55
C.15 Regulatory environment impacting shale and tight gas exploration......... 56
C.1.6 Hydrogeology and groUNTWALEY...............ueuererririmmreieiienseeeseee e s eeeeeeeas 57
C.17 Surface water systems and hydrology..............coovvvvviiiiirieiiiiiiiiiiiennnnnnd 62
C.1.8 Groundwatersurface water iNteractionS.........ccoevvevveeeeiiviieieeiiiiee e, 63
C.1.9 Other environmental faCtOrS............ooviiiiiiiiiiiiii e 63
C.1.10 SocCial CONSIAEIAtIONS. ... .uuuuuuuiaaeaaareareeee e e eeeeeeeeaaeeeeaaaeaeeearaeeeeerreereeeeeeeeee 64
KEY FEfBIENCES ... .o e e e e e e e enntan e e eeseenes ] 65
C.2 BOWEN BASIML.....cuviiiiiiiiiiiiiiiiiiiniaiiis s ss s s s s s s e s s s e e e s e e e aaaaaaaaaaaaaaaaaaaeaaaeeseeeeees 71
c.21 BaSiN gEOIOOY. . .. 72
C.22 Petroleum data COVEIAQE........uuuiiiiiiieeiieiitie et 76
c.23 Shale and tight gas proSPeCtiVILY.........cooeeeviiiiiiiiiiee e 77
C.24 Gas market access and infrastrucCture...............ccccceveeeeveiieeeeeeeeeeeeeeeeeee, 380
C.25 Regulatory environment impacting shale and tight gas exploration......... 82
C.2.6 Hydrogeology and groUNTWALEY...............eeeeeueriiummineiinensne s eeee e e e 82
c.2.7 Surface watesystems and hydrology............ccoovvviiiiiiiieirceecce e, 389
C.2.8 Groundwatersurface water iINteractionS.........ccooevvevveeeeiiviiiieeeiieee e eeenns a5
C.2.9 ENVIrONMENtal ASSELS.......cuviiiiiiiiiiiiiiiteeee e 97
C2.10  SocCial CONSIOEIALIONS. ... .uuuuiuiiaaaaeaae e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeees 97
SNV (=1 (=T =T o 98
C.3 ClarenceMOoreton Basin........ccooooiiiiiiiieieeee e 103

Rapid regional prioritisation for tight and shale gas potential of eastern and northern Australian |basins

uonesniond reuoibal pidey T abeis



C3.1 [ 7T 1 10 =0 [T 1 2 104
C3.2 Petroleum data COVEIAgE........uuiiiiiaeiiiiiiieeee et 109
C.3.3 Shale and tight gas proSPeCHIVILY............cvvvveviiiieeeeeeiieiiiiiieeeeen s 110
C.34 Gas market access and infrastruCture..............cccevvveiveeeeeeivieeeeeiiiiieieiees 113
C.35 Regulatory environment impacting shale and tight gas exploration....... 114
C.3.6 Hydrogeology and groundWater..............ooooiiiiiiiieiiieeeeee e 115
C.3.7 Surface water hydrology and water quality...........cccceeeeiiiiiiieeeiieeieeeeeenn. 121
C.3.8 GroundwaterSurface Water INteractions............ceevvvvvieieiiiiiiieeiiieeeeieeens 123
C.3.9 Environmentally SENSItIVE areas...........cvvvvveverrerimrniiniiiniiinnneeee s 123
C.3.10 Social faCtOrsS/CONSIIAINTS. ... ...uuuuiiiiieeee e 124
oY (=1 =T = 0TS 125
C.4 COOPEI BASIN....cciiieiiiiiiit ettt 131
C4.1 Basin gEOIOQY.......coiiiiiieiiieeeeeeeeeeeeee e —————————————————— 132
CA4.2 Petroleum data COVEIAgE........uuiiiiieeiiiiiiiiee ettt 136
C.4.3 Shale and tight gas ProSPECHIVILY. .......ccceeriiiiiiiiiiiriieee e 137
C.4.4 Gas market access and INfrasStrUCULE. ..........ccvvveeriiiiiiiiiiiiiiieeee e 142
C4.5 Regulatory environment impacting shale and tight gas exploration....... 143
C.4.6 Hydrogeology and groundwater.................eevuvuerveeeiimiiimmmniineeeeeens 145
C.4.7 Surface water systems and hydrology...........cccccceeeiiiiiiiiiiiiiiieeieeeeee 150
C.4.8 Groundwatersurface water iNteractionsS.........c..coeuveeeeviiviiieiiiiiieeeeiiieeeeens 152
C.4.9 Environmental @SSetS........ccooviiiiiie i 153
C.4.10 SocCial CONSIAEIALIONS.......uuuiiiiiiiiieeeee ittt e e e e e s e e e e e e e e e e e eanes 153
KY TEIBIEINCES . ... et e e e e e e e e 154
C.5 Georgina BasSin..........coooiei i ———— 161
C5.1 BaASIN GEOIOQY. ... .eeeeeiieiieee ettt 162
C.5.2 Petroleum data COVErage............coooeeeiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeee s 165
C5.3 Shale and tight gas ProSPECHIVILY. .......cceeeriiiiiiiiiiirieiee e 166
C54 Gas market access and iNfrasStrUCULE...........ccevveerriiiiiiiiiiiiiieeeee e 170
C.55 Regulatory environment impacting shale and tight gas exploration....... 171
C.5.6 Hydrogeology and groundwWater................eveeveveriueureemrnennninennnneeeees 172
C.5.7 Surface water systems and hydrology.........c.coouvviiiiiiiiiiiiiiiiieeeeee, 176
C.5.8 Groundwatersurface water interactionS.........coocvevveeeeeeiiiieieeeiie e, 177
C.59 Environmental @SSets........oooooiiiiiiiii i 178
O ST (OIS To Tt F- | I oo g <70 [T = 11 0] o S 178
KBY TEIBIENCES ... ..o e et e e e e e e e e e e e e eanaes 179
C.6 Gippsland Basin (ONSNOIE)..........cocuiiiiiiiiiiieeeee e 187
C6.1 BaSIiN GEOIOQY ... i ieeiiiiiiiie et 188
C.6.2 Petroleum data COVErage...........cooeeieiiieieii et 191
C.6.3 Shale and tight gas pProSPeCHVILY...........euviiiiiiiiiiieiiiiiiiiiiieieeiieeeneeeeeeaaaees 192
C.6.4 Gas market access and INfrasStrUCTULE...........cevvveeriiiiiiiiiiiiiieeeee e 195
C.6.5 Regulatory environment impacting shale and tight gas exploration....... 196

i | Rapid regional prioritisation for tight and shale gas potential of eastern and northern Austoakians



C.6.6 Hydrogeology and groundwWater................evvevevervemniriinrnnniineeeas 197

C.6.7 Surface water systems and hydrology...........ccccoeeeiiiiiiiiiiiiiieeeeeeee 201
C.6.8 Groundwaterg surface water interactionS..........cceevevevveeeeiiviieeeeiree e, 204
C.6.9 Environmental @SSetsS........ooooeeiiiiiiii i 205
C.6.10  SoCial CONSIAEIALIONS.......uuuveiiiiiiiee e ittt e e e e e e e e e e e e e e s aaaes 205
KEY TEIBIENCES ... .. e e e e e e 206
C.7 IS SUPEIDASIN......uuiieiiei e 209
C71 BASIN GEOIOQY. ... eteeeeeeieeee ettt 210
C.7.2 Petroleum data COVErage...........ccoeeeeeiiiiiii e 213
C.7.3 Shale and tight gas ProSPECHIVILY. .......ccceeriiiiiiiiiirieie e 214
C.74 Gas market access and INfrasStrUCULE. ..........cevvveeeiiiiiiiiiiiiiiieeee e 218
C.7.5 Regulatory environment impacting shale and tight gas exploration....... 219
C.7.6 Hydrogeology and groundwWater.................eeeuveerveeerimiiimiiiiseeeeeeas 220
C.7.7 Surface water NYArology.........uueeiviiiiiiiiie e 227
C.7.8 Groundwaterg surface water interactionS..........cceeevvevveeeeieviieeeeerieeeeenenn, 228
C.7.9 ENVIroNmMeNntal SSEIS.........uuuuiiiiiiiieiiiiiiiiiiiieiee e 229
O {0 I ST o Tt F- | I oo 0 570 [T = 14 0] g S 229
NV (=1 =T (= oS 231
C.8 MCAITNUE BASIML....ceiiviiiiiiiiiiiiiiiiiiiiit s e s s s a e e e e e e e e e e e e aaeaaaaaaaaaaeaaaeeees 237
C.8.1 Basin gEOIOQY.......cciiiiiiiiiieeeeeee e —————————————— 238
C.8.2 Petroleum data COVEIAgE........uuuiiiie ittt 241
C.8.3 Shale and tight gas proSPeCHIVILY............cevvieiiiiiiieieieieeieee s 242
C.8.4 Gas market access and infrastruCture..............cccevvveeveeeeeeeeeeeeeeeieeeeeeee 246
C.8.5 Regulatory environment impacting shale and tight gas exploration....... 247
C.8.6 Hydrogeology andrgUNAWALET.............ccoiiiiiiiiiiiiieieeee e 248
C.8.7 Surface water systems and hydrology..............cccoovvviiiiiiiiiieceeeeeeee 253
C.8.8 Groundwatersurface water interactionS.........cccovevveeeeeeviieeieeeiieeeeeeiieeeeens 255
C.8.9 Environmental 88BLS.......cuuiiiiiiiiiiie e 256
C.8.10 Social CONSIAEIAtIONS ... ..uuueuiiiiiiiierere e 256
KY TEIBIBINCES . ...ttt e e e e e e e e 257
C.9 Otway Ba8in (ONSNOIE).......ccoviiiiiiie e 265
C91 BaASIN GEOIOQY. ... .eteeeeeeiieee ettt 266
C.9.2 Petroleum data COVEIAQE.........oiviiiiiiiiiiee e e 269
C.9.3 Shale and tight gas ProSPECHIVILY. .......cccuurriiiiiiiiiriieiee e 270
co4 Gas market access and infrastruCture..............ccccvvveiieiiiiiiiiiiieeiiiiieiiiee 273
C.95 Regulatory environment impacting shale and tight gas exploration....... 274
C.9.6 Hydrogeology and groundwater..............coovvviiiiiieiiieececeee e 276
C.9.7 Surface water Nydrology.......cccoeeeeiieiiiiee e 280
C.9.8 Groundwaterg surface water INteractionsS............cevvvviiiiviieiiieeeieeeieens 281
C.9.9 ENVIronmental SSEIS...........uuiiiiiiiiiiiiiiiiiiiiee et 281
C.9.10 Social CONSIAEIAtIONS ... ..uuueuiiiiiiiiirere e 282

Rapid regional prioritisation for tight and shale gas potential of eastern and northern Australian |bisins



Stage 1: Rapid regional prioritisatic

NGV (=1 (=T 0= o = S

iv| Rapid regional prioritisation for tight and shale gas potential of eastern and northern Australian basins



Hgures

Figure A.1 Graphical representation of the SPE/WPC/AAPG/SPEE resources classification
system. The system defines the major recoverable resources classes: Prodreserves,

Contingent Resources, and Prospective Resources, as well as Unrecoverable petroleum (PRMS;
2007). The "Range of Uncertainty" reflects a range of estimated quantities potentially
recoverable from an accumulation by a project, while the vertica epresents the "Chance

of Commerciality", that is, the chance that the project that will be developed and reach
COMMETrCIal PrOAUCING STATUS.........eeiiiiieeeeiiiiiirt e e e e e e s e e e e e e e e e e s reeeeaeeeeaaannes 3

Figure A.2 Classification of development stages based on project maturity (PRMS,.2007).

Figure A.3 Australian Bas classified by level of exploration activity for shale/ tight gas.

Labelled sedimentary basins are those with reported contingent (2C) or prospective resources
and ongoing industry activity (as permitted by current regulatory environments). Basimesitl

are sourced from Stewart et al. (2013), with the exception of the Isa Superbasin, which has
been estimated from DNRM (2017). Oil and gas pipelines from GA (2015a). Key wells targeting
shale and/or tight gas plays are also shown. Note that this wedrege is not exhaustive, as

there are inconsistencies between how wells have been classified depending on the
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Figure B.6 Geographic extent of areas with at least a moderate potential for groundwater
dependent ecosystems, as found in the Groundwater Dependent Ecosystem Atlas (BOM,
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Figure B.7 Extent of protected areas and reserves found in the Collaborative Australian
Protected Area Database (DOEE, 2016h)............coooiiiiiiiiiiiiieeeeeeeeeeeeeeeeeev e 34
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Figure B.13 Surface water systems, including catchmerggrmrivers and their perenniality,
overlying the Clarene®loreton Basin (BOM, 2014)..........ccevvvuvieerimeimmnennninniiinnnnnneeens 39

Figure B.14 Surface water systems, idolg catchments, major rivers and their perenniality,
overlying the Cooper Basin (BOM, 2014)........ccouuiiiiiiiiiiiiiieeeee e a e 40

Figure B.15 Surface watsystems, including catchments, major rivers and their perenniality,
overlying the Georgina Basin (BOM, 2014)........ccuuuiiiiiiiiiiiiiiieeee e 40

Figure B.16 Suate water systems, including catchments, major rivers and their perenniality,
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FigureB.17 Surface water systems, including catchments, major rivers and their perenniality,
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Figure B.18 Surface water systems, including catchments, major rivers and their perenniality,
overlying the Mount Isa Province, and therefore including the Isa Superbasin (BOM,.2@24).

Figure B.19 Surface water systems, including catchments, major rivers and their perenniality,
overlying the Otway Basin (BOM, 2014).........ooiuiiiiiiiiiiieee et 42

Figure C.1 Location of the Amadeus Basin on a base map of surface geology from Carr et al.
(2016). The surface geology is from the 1:1,000,000 scale geokygypiustralia (Raymond,
2009), and the outline of the Amadeus Basin is from Stewart et al. (2013). (b) Map of the
Amadeus Basin showing locations of the key depocentres (after Lindsay and Korsch, 1989,
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Figure C.2 Lithostratigraphy of the Amadeus Basin (from Carr et al. (2016); modified from
Edgoose (2013), Haines and Allen (2014) and Munson (2014)). Supersequences in the
Neoproterozoic follow Walter et al. (1995). Chart also shows locations of key source rocks,
reservoirs and hydrocarbon discoveries and shows in the basin. Geological time scale on left
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Figure C.3 Location of petroleum exploration wells the Amadeus Basin (NTGS, 2017). Amadeus
Basin outline from Stewart et al. (2013). Location of 2D seismic reflectemupdated from
compilation in Carr et al. (2016), using NTGS (2017b). Well data from NTGS (2017a)..50

Figure C.4 Crossection siowing unconventional plays of the lower Larapinta Group (Warner et
=L 0 2 PO PRPSPUPRRR 51

Figure C.5 Producing fields and location of fracture stimulated wells. Approximate extent of the
Horn Valley Siltstone is source from Ahmad and Scrimgeour (2013). Field outlines are provided
from Encom GPInfo, a Pithey Bowes Software (PBS) Pty Ltd pnathilst. all care is taken in
compilation of the field outlines by PBS, no warranty is provided regarding the accuracy or
completeness of the information. It is the responsibility of the customer to ensure, by
independent means, that those parts of the infeation used by it are correct before any

reliable is placed 0N them. ... 53

Figure C.6 Infrastructure, pipelines and productionlitas. Oil and gas infrastructure from GA
(2015a). Processing facilities from GA (2015b). Field outlines are provided from Encom GPInfo, a
Pitney Bowes Software (PBS) Pty Ltd product. Whilst all care is taken in compilation of the field
outlines by PBS,awarranty is provided regarding the accuracy or completeness of the
information. It is the responsibility of the customer to ensure, by independent means, that

those parts of the information used by it are correct before any reliable is placed on thé&@.

Figure C.7 Nortsouth geological cross section of the Alice Springs Area (NT DLRM,. 2(5).

Figure C.8 Location of the Bowen Basina base map of 1:2,500,000 scale surface geology
(Raymond et al., 2012). Basin outlines from Stewart et al. (2013). Blachbws location of
CroSSSECHION IN FIGUIE C.Q...oiiiiiiiiiiieiii s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeens 73

Figure C.9 Schematic cresesction across the central Taroom Trough shovawngrall synclinal
architecture of the trough (Draper, 2013). Location of cresstion shown in Figure C.8.....74

Figure C.10 BoweBasin stratigraphy (Draper, 2013).......cccooviiiiiiiiiiieieieeeeeeeeiiieeeeee e 75

Figure C.11 Location of wells and seismic data, Bowen Basin. Bowen Basin outline frorn Stewar
et al. (2013). Petroleum well data from DNRME (2017a). Seismic data coverage DNRME (2017b
0 ) T PRSPPI 76

Figure C.12 Wells targetingadb/tight gas plays shown on the depth grid for the base of the
Rewan Group/top Bandanna Formation. Approximate tight/shale gas play is indicated by the
21010 ¢ T o0 ) | (o] | 18

Figure C.13 Bowen Basin infrastructure, pipelines and production facilities. Oil and gas
infrastructure from GA (2015a). Processing facilities from GA (2015b). Field outlines are
provided from Encom GPInfoPatney Bowes Software (PBS) Pty Ltd product. Whilst all care is
taken in compilation of the field outlines by PBS, no warranty is provided regarding the
accuracy or completeness of the information. It is the responsibility of the customer to ensure,
by independent means, that those parts of the information used by it are correct before any
reliable is Placed ON theML..........i e e e e e eeeeeeed 31

Rapid regional prioritisation for tight and shale gas potential of eastedrarthern Australian basirjsvii



Figure C.14#ydrostratigraphic relationships in the Surat Basin, Coonamble Embayment and
adjoining Eromanga Basin of the Great Artesian Basin (extracted from Smerdon and Ransley,
2012). The yellow box identifies the Bowen Basin as underlying the Great Artesianaitasin,

the red box showing this relationship to the overlying Surat Basin hydrostratigraphy.....84

Figure C.15 Hydrostratigraphy of tBewen Basin from a representative location in the
northern area, where the Surat Basin does not occur (Arrow Energy, 2012).................. 85

Figure C.16 Conceptual model for the northern Bowen Basin, as aiweasicrosssection. The
majority of groundwater flow is in the coal seams of the Blackwater Group (Arrow Energy

Figure C.17 Fitzroy River catchment, showing the Comet, Brown, Nogoa, and Dawson Rivers
tributing from the south, and the various weirs and water supply schemes of this catchment
(DNRIM, 2015). ..t tttiiieeeieeeeititte ettt e e s sttt e e e e e e e e e s s bbb be et eeeaaeeessaaannssbbraeneeeeaaeesssannnns 91

Figure C.18 The distribution of streamflow variation between months for selected components
of the Fitzroy River catchment. Rediewnstream discharge; Green = southern headwaters;
Blue = northeastern headwaters. From Larsen et al. (2013)........ccueeiiiieriiiiiiiiiiiiiiiienees 92

Figure C.19 Exaptes of stream hydrographs from the Dawson River catchment in the Fitzroy
River region overlying the northern Bowen Basin. (A) daily streamflow for Nathan Gorge; (B)
annual streamflow at Glebe. Extracted from SKM and Sunwater (2012)............cccceeee... 93

Figure C.20 Map of the Condamgialonne catchment, showing the various components of

the stream network and streamflow gauging stations. Flow is fnoostly east to west in the
Condamine River, before becoming generally north to south in the Darling River downstream of
this catchment. Figure adapted from CSIRO (2008).-......ccuuiieiiiiiiiiiiiiiiiieeeeee e 94

Figure C.21 Timseries data for the Condamine River catchment. (A) annual rainfall variation;
(B) annual runoff variation; (C) variation between months for rainfall; (D) variation between
months for runoff. Runfd (mm) multiplied by catchment area provides streamflow, so these
graphs are indicative of the catchment as a whole. Figure adapted from CSIRO..(2008)95

Figure C.22 Surface wategroundwater connectivity in the Marane@alonneCondamine
subregion, overlying the southern Bowen Basin (Welsh et al., 2014)............cccccevvveeeeeee. 96

Figure C.23 Location of the ClaresMereton Basin on ®ase map of 1:2,500,000 scale surface
geology (Raymond et al., 2018)larenceMoreton and Surat basin outlines from Stewart et al.
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Figure C.24 Structural elementsishore and offshore Clarenddoreton Basin(from Totterdell
LSy 1 0 1 TP PPEPRRPR 106

Figure C.25 Geological cressction of theNymboida, Ipswich and Clarenbéoreton basins
(after Ingram and Robinson, 1996). Location of ceession shown in Figure C.23........... 107

Figure C.26 Lithostratigraphy and hydrostratigraphy of the Clarbtareton Basin (after
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Figure C.27 Location of wells and seismic data, Claiioceton Basin. Clarenekloreton
Basin outlindrom Stewart et al. (2013). Petroleum well data from DNRME (2017a) and DREMP
(2017). Seismic data coverage from DNRME (2@) dAnd GSNSW (2017)......ccccvvvvveeeeeee. 109
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Appendix AShale and tight gas exploration activity in eastern and northern Australia

Appendix AShale and tight gas exploration activity
In eastern and northern Australia

A.l Introduction

In order to identify alshale and/or tight gas playgith the potential to supply gas to either the
east coast or Northern Territory gas marketgomprehensive reviewf shale and tight gas
exploration activity was conducted fatl eastern and northern Austrahidasins.In addition, all
public domain tight and shale gas resource information current to 2017 were compiled by play

type.

This information was used to determine the initial shortlist of basnast likely to becapable of
supplying significant volumes of tight and/or shale gas toEhst Coast Gas Marketthe next

five to ten years. Those areas where unconventional shale and tight gas exploitation is currently
occurringg or is likely to occur in the near futei¢ were considered priority areas for research.

The data underpinning this review is all public domain and key sources include:

9 federal government repds and websites (e.g. AERA, 20U®R, 2015, 2016);

i state and territory governments reports and wellesi (e.g. DNRM, 2017; DPCSA, 2017
Scientific Inquiry into Hydraulic Fracturing in the Northern Territaé\i8);

1 39 party reviews (e.g. EIA, 2013; AWT International 32Gind;

1 industry intelligence sourced from company websites, ASX media releaseth@nchews
articles.

A.2  Classification and assessment of petroleum resources

To provide context for the analysis conducted irstippendix the following sectiorprovides back
ground information orthe following themes:

1 the petroleum resource classificati@theme;
i resource assessment methodologies for unconventional resources, and;
1 classification of exploration status.

This textwithin this sectiorhas been modified from AERA (3)1

A.2.1 Petroleum resource classification scheme

The petroleum industry iAustralia uses the Petroleum Resources Management System (PRMS,
2007) for classification of oil and gas resounaggstered on the ASPASX, 201RISC, 2013The
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description below is a summary of the PRMS (2007) and an overview published by the @ociety
Petroleum Engineers (SPE, 2007).

Oil and gas reserves and resources are defined as volumes that will be commercially recovered in
the future. Unlike the inventory of a manufacturing company, reserves are physically located in
reservoirs deep undergrourahd cannot be visually inspected or counted, but rather are

estimates based on the evaluation of data related to the amount of oil and gas present. There is
no definitive answer until the end of a reservoir's producing life. All reserve estimates involve
some degree of uncertainty. The estimation of reserves volumes is generally performed by highly
skilled individuals who use their experience and professional judgment in the calculation of these
volumes.

To take into account this uncertainty, the PRMS ipooates a central framework that categorises
reserves and resources according to the level of certainty associated with their recoverable
volumes (horizontal axis), and classifies them according to the potential for reaching commercial
producing status (@rtical axis).

A graphical representation of the PRMS classification scheme is shown in Figure A.1.
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FigureA.1 Graphical representation of the SPE/WPC/AAPG/SPEE resources classification system.t&he sys
defines the major recoverable resources classes: Production, Reserves, Contingent Resources, and Prospective
Resources, as well as Unrecoverable petroleum (PRMS, 2007). The "Range of Uncertainty" reflects a range of
estimated quantities potentially reoverable from an accumulation by a project, while the vertical axis represents
the "Chance of Commerciality”, that is, the chance that the project that will be developed and reach commercial
producing status.

A.2.1.1 Differences in classes (vertical axis)

The fou major recoverable resources classes defined by the PRMS are production, reserves,
contingent resources, and prospective resources. There is also a distinct class for unrecoverable
petroleum. These classes are shown on the vertical axis of the PRMS frda{(Egure A.1).

Productionis the cumulative quantity of oil and natural gas that has been recovered already (by a
specified date). This is primarily output from operations that has already been produced.

Reservesepresent discovered resources that am@mmercially recoverable and economical for
development.
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Contingent resourcesepresent discovered resources that are potentially recoverable but not yet
considered mature enough for commercial development. For contingent resources to move into
the resewes category, the key conditions, or contingencies, that prevented commercial
development must be clarified and removed. For example, all required internal and external
approvals should be in place or determined to be forthcoming, including environmerdal a
governmental approvals. There must also be evidence of firm intention by a company to proceed
with development within a reasonable time frame (typically 5 years, though it could be longer).

Prospective resourceare estimated volumes associated with iswbvered accumulations. These
represent quantities of petroleum which are estimated, as of a given date, to be potentially
recoverable on the basis of indirect evidence but have not yet been drilled. This class represents a
higher risk than contingent resirces since the risk of discovery is also added. For prospective
resources to become classified as contingent resources, hydrocarbons must be discovered, the
accumulations must be evaluated and an estimate of recoverable quantities prefn@spective
resource can also be converted directly to reserve if it is proved that it can be developed
commercially after drilling and testing.

Some petroleum will be classified as "unrecoverable" at this point in time. These are not
producible by any projects that ghcompany may plan or foresee. While a portion of these
guantities may become recoverable in the future as commercial circumstances change or
technological developments occur, some of the remaining portion may never be recovered due to
physical or chemicalonstraints in the reservoir. The volumes classified using this system

represent the analysis of the day, and should be regularly reviewed and updated, as necessary, to
reflect changing conditions.

A project may have recoverable quantities in several ues®e classes simultaneously. As barriers
to development are removed, some resources may move to a higher classification. One of the
primary distinctions between resources and reserves is that while resources are technically
recoverable, they may not be canercially viable. Reserves are commercially viable and there is
intent to develop them.

A.2.1.2 Differences in categories (horizontal axis)

Within any resource class other than production, volumes are placed into different categories
based on their certainty of @ntually coming out of the ground. Decisions to upgrade volumes to
any category within a class are generally based on the technical certainty of volume recovery. In
this discussion, the focus is on the reserve class, as these volumes are commonly tloé focus
public discussions regarding oil and gas company producing assets.

The highest valued category of reservegi®oVed' reserves. Proved reserves have a reasonable
certainty of being recovered, which means a high degree of confidence that the volathbe

recovered. To be clear, reserves must have all commercial aspects addressed. It is technical issues
which separate proved from unproved categories.

"Probablé' or "possiblée' reserves are lower categories of reserves, commonly combined and
referred to as "unproved reserves," with decreasing levels of technical certainty. Probable reserves
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are volumes that are defined as "less likely to be recovered than proved, but more certain to be
recovered than Possible Reserves". Possible reserves are reseicaggetlogical and
engineering data suggests are less likely to be recoverable than probable reserves.

The term 1P is frequently used to denote proved reserves, 2P is the sum of proved and probable
reserves and 3P the sum of proved, probable and possible reserves. The best estimate of recovery
from committed projects is generally considered to be the 2P stiproved and probable

reserves. Note that these volumes only refer to projects that are currently justified for or already

in development. Total value of any resource base must include an assessment of the contingent
and prospective resources as wellraserves.

In order for volumes to move from one category to the next, the technical issues which cause
them to be placed in less certain categories must be resolved. In the majority of cases, this
requires that additional data must be obtained before angager certainty can be recognised.
This may include, among other things, the drilling of additional wells, the monitoring of current
production to better understand performance or the implementation of a pilot to have greater
confidence in the volumes thdull scale development projects may eventually produce.

A.2.2 Unconventional resource assessmengethods

There are three main classes of resource assessngaggaerative, gasor oil-in-place and
estimatedultimate recovery(EUR)

1 Generative assessments assehe ability of a petroleum system to generate petroleum

1 Gas or oil-in-place assessments calculate the concentration of petroleum in the reservoir at
the present day.

1 Estimatedultimate recovery assessmentsse petroleum production data and reservoir
simulation models to forecast future production potential from the reservoir assuming a
given set of parameters. EUR assessments can only be used for reservoirs with existing
production, as they rely heavily on the known production characteristics ofebervoirs.

For all three of these methodst is possible to use a probabilistic assessment approach, defining
parameters within the assessmeas probability distributiongn order to provide a statistically
based range of possible outcomé&sobabilistc assessmerneports typially give a low estimate
(P90:90% probability that at least this much oil or gas can be found in placayjdie estimate
(P50:50% chance of occurrer), and a high estimate (Pldhly a 10% chance that this volume of
oil or gas will be found or exceeded).

An estimatedrecoverablevolume is calculated by applying a recovery factor to the assessed
volume of oil or gas. The recovery factor is intended to reflect risks in exploratipntiieneed to
FAYR WagSSi tyliksiddeelopgtent(y. opiidzinkgdilling and hydraulic
stimulation to the local stress regime for mobilisation of oil and gas), as well as other factors
impacting development (e.g. government policy, uncertainties in project approvals, finadce a
infrastructure). Ingeologically well understooeservoirs with known production characteristics
andwhere current technologys able to recover a high percentage of oil and gas from the
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reservoir, recovery factors for unconventional gas resourceseaas high as 30%, and for shale
oil between 27% (EIA, 2013).

As the contingent resource numbers are independently assessed to strict guidelines, they are
relatively reliable.

Uncertainties in prospective resource numbers are much greater. In addditretinherent
uncertainty in the numbers, the following factors need to be considered when interpreting this
data.

1 The area covered by each assessment varies. Company numbers are reported for individual
permits. In contrast independent assessments (faraples those by federal, state or
territory government or independent assessors) have been conducted regionally to capture
the entire play area.

1 Assessment methodologies differ and the data underpinning them may vary considerably in
terms of amount, type and quality (as discussédve).

1 Recovery factors are very poorly defined, especially for shale and tight gas plays.

These inconsistencies affdobw resources are estimated and reported. As a result the relative
prospectivity of basins cannot always be ranked directly based on contingent and prospective
resource numbers alone. Further information on basin geology, petroleum systems and potential
plays is required to more effectively evaluate basin prospectivity.

A.2.3  Classification of exploration status

The explorationstatus ofeach identified shale and/or tight gas play may be evaluated based on
phase of development and project maturity following tR&MS schemé&igureA.2; PRMS, 2007)
taking into consideration uncertainties in resource numbers described above.

Data used in this study to informally evaluate development phase, and hence exploration status,
by play type at a basin level are listed hel(see alsdableA.l):

1 alist of key wells targetingach plays, although it shoul# noted thatthislist is not
exhaustive, as there are inconsistencies between how wells have been classifiedlitgpen
on the information source, and;

1 thetype of resouce data (e.g. contingent or prospective) available for the play, if along
with the associated uncertainties
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FigureA.2 Classification of development stages based on project maturity (PRMS, 2007).
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TableA.1 Metrics used to assigexploration status in terms oflevelopment phases

Phase of development Project maturity Probable level of Resources
drilling activity
No exploration activity no active investigation/ no well drilled
regional desk top studies
Preliminary exploration investigation at play level initial drilling but no ?prospective resources
discovery
Exploration investigation at prospect leve discovery well ?prospectivaesources
Early appraisal discovery but development multiple wells contingent resources
not viable
Appraisal discovery mature for multiple wells contingent resources

development decision

Development committed for or under multiple wells resaves
development
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A.3  Shale and tight gas exploratioactivity analysis results

A comprehensive review of shale and tight gas exploration activity was conducted for all eastern
and northern Australian basing order to identify all shale and/or tight gas plays with the
potential to supply gas to either theast coast or Northern Territory gas markekhis material
provided the foundation on which the nine short listed basins were chosen.

The results of the industry activity review are summarised in Figure A.3 and Tabl&ikanalysis
shows that:

1 atotal of 27 eastern and northern Australian basins contain possible tight and/or shale gas
plays

9 four basins are in the appraisal phase (Cooper, Gippsland and McArthur basins and the Isa
Superbasin)and;

1 explorationis underway to varying extents in a furtheibasins (Amadeus, Bowen, Clarence
Moreton, Georgina and Otway basins).

Note preliminary exploration for shale gas has occurred in the Eromanga Basin, however this
activity has nowceased dudo poorer than expected resultend theexploration status iswrrently
considered to be inactive.

All available public domain tight and shale gas resource information current to 2017 were
compiled by play type, for all eastern and northern Australian basins. Although no reserves are
currently booked for shale and/dight gas playsTable A3 lists all published¢ontingent and
potentially recoverable gam-placeresource numbersalong with the area covered by each
assessment. Results show that:

1 atotal of 17.1 Tcf of contingent shale and tight gas resources hawnlyeported from four
basins (Cooper, Gippsland, McArthur basins and the Isa Superlzaxin)

1 atotal of 393.3Tcf ofpotentially recoverablehale and tight gas-placeresources have
been reported from 2 basins.

Note for some plays, multiple prospective resource estimates are available. To avoid double
counting of resource numbers, Geoscience Australia has included the prospective resource
number judged to be the best quality, based on the currency and rigoureofdsource
assessment.

In the Cooper Basin, where it is common to drill a vertical well and produce from multiple
intervals, contingent resource numbers do not separate out between shale and tight gas. As a
result, no attempt was made to separate resocaimmumbers from shale versus tight gas plays.

Several reported resource numbers have also been excluded from the analysis, as follows.

1 Contingent resources of 0.14 Tcf (157 PJ) have recently been estimated sandstones in the
Albany structure in the GalileeaBin (Comet Ridge, 2017). However based on the public
information available, it unclear what proportion of this (if any) represents tight gas, rather
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than conventional, so this contingent resource number is excluded from the analysis at this
point.

1 The prespective recoverable resource estimate of 82 Tcf for the Toolebuc Formation shale
gas play by AWT International (2013) has not been included, as this large resource size is
inconsistent with poorer than expected exploration results (Exoma Energy, 2012RDNM
2017).
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TableA.2 Summary of shale and/or tight gas plays éastern and northern Australian basins, along with associated exploration activity.

Tight gas plays

Shale gas plays

Key wells

targeting shale/

Shale/ tight gas exploration
status

Key References

Adavale Basin

Amadeus Basin

Arckaringa Basin

Bowen Basin

Clarence-
Moreton Basin

Cooper Basin

Darling Basin

QLD

NT

QLD

QLD, NSW

SA, QLD

NSW

Log Creek
Formation; Lissoy
Sandstone; Cooladdi
Dolomite

Pacoota Sandstone;
Stairway Sandstone

None

Showgrounds
Sandstone; Rewan
Formation (lower);
Bandanna
Formation; Tinowon
Formation

Koukandowie
Formation; Raceview
Formation; Gatton
Sandstone

Toolachee
Formation;
Daralingie
Formation; Epsilon
Formation;
Patchawarra
Formation

yes

Log Creek
Formation; Lissoy
Sandstone; Cooladdi
Dolomite

Horn Valley Siltstone

Stuart Range
Formation (biogenic
gas only)

Bandanna
Formation; Black
Alley Shale

Koukandowie
Formation; Raceview
Formation

Toolachee
Formation;
Roseneath Shale;
Murteree Shale;
Patchawarra
Formation

yes

tight gas plays

None

>34 wells fracture
stimulated tight gas
reservoir within
conventional fields

None

~6 wells targeting
tight gas

1 well fracture
stimulated tight gas
reservoir within
conventional field

>40 wells drilled
testing shale and
tight gas plays

None

12| Rapid regional prioritisation for tight and shale gas potential of eastern and norfhgstralian basins

No shale/ tight gas exploration
activity.

Production of gas from tight sands
around conventional fields but no
tight gas reserves or production
data reported. Preliminary
exploration for tight/shale gas.

No shale/ tight gas exploration
activity. (Preliminary exploration for
shale oil only.)

Exploration for tight gas (Taroom
Trough). Preliminary exploration for
shale gas.

Preliminary exploration for tight
gas. No shale gas exploration
activity.

Appraisal for shale and tight gas
(2C resources booked for multiple
shale and tight gas plays). Minor,
past production from shale/ tight
gas wells.

No shale/ tight gas exploration
activity.

Draper et al. (2004); Jell (2013):
DNMR (2017)

DSWPET (2011a); Vu et al. (2011);
Warner (2012); AWT International
(2013); Munson (2014); Central
Petroleum (2017); Scientific Inquiry
into Hydraulic Fracturing in the
Northern Territory (2018)

Goldstein et al. (2012); Linc Energy
(2017)

AWT International (2013); Jell
(2013); Hayes et al (2016); Nicholls
et al. (2015); DNMR (2017)

Well s and OOMBNTI el
International (2013); Jell (2013);
O6Neill and Dani ¢
(2011, 2013); Ward and Kelly
(2013)

Santos (2010); AWT International
(2013); Goldstein et al. (2012); Jell
(2013); DNMR (2017); DPCSA
(2017)

UPR (2015, 2016); Resources and
Energy, New South Wales (2017a)
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Territory

Tight gas plays

Shale gas plays

Appendix AShale and tight gas exploration activity in eastern and northern Australia

Key wells
targeting shale/

Shale/ tight gas exploration
status

Key References

Eromanga Basin

Galilee Basin

Georgina Basin

Gippsland Basin

Gunnedah Basin

Isa Superbasin

Laura Basin

NT,SA,QLD

QLD

NT, QLD

VIC

NSW

QLD, NT

QLD

Adori Sandstone

Lake Galilee
Sandstone

Arrinthrunga

Formation; Georgina

Limestone; Arthur
Creek Formation;
Inca Shale; Beetle
Creek Formation;
Thorntonia
Limestone / Hay
River Formation

Lakes Entrance

Formation; Strzelecki

Group

Black Jack
Formation; Maules
Creek Formation

None

Dalrymple
Sandstone

Toolebuc Formation;

Birkhead Formation;
Westbourne
Formation;
Poolowanna
Formation

Betts Creek Beds;
Aramac Coal
Measures

Arrinthrunga

Formation; Georgina

Limestone; Arthur
Creek Formation;
Inca Shale; Beetle
Creek Formation;
Thorntonia
Limestone / Hay
River Formation

Strzelecki Group

Black Jack
Formation; Maules
Creek Formation;
Watermark
Formation

Lawn Hill Shale;
Termite Range
Formation;

Riversleigh Siltstone

Dalrymple
Sandstone

tight gas plays

> 8 wells drilled
targeting shale gas
potential in the
Toolebuc
Formation

None

>22 wells targeting
shale/ tight gas

>$$ wells targeting
tight gas

None

~2 wells targeting
shale gas

None

No current shale/ tight exploration
activity. Note initial preliminary
exploration focused on Toolebuc
Formation shale gas potential has
currently ceased due to poorer
than expected results.

No shale/ tight gas exploration
activity.

Exploration for shale and tight gas.

Appraisal (2C tight gas resources
booked for Wombat &Trifon-
Gangell fields). No shale gas
exploration activity.

No shale/ tight gas exploration
activity. CSG (e.g. Narrabri Gas
project) and conventional
exploration only.

Early appraisal for shale gas (2C
resources booked for the Lawn Hill
Shale and Riversleigh Siltstone).

No shale/ tight gas exploration
activity.

AWT International (2013); DNMR
(2017); Exoma Energy (2012); Jell
(2013); Munson (2014)

Exoma Energy (2012); Hawkins
and Green (1993); Jell (2013);
Comet Ridge (2017a); DNMR
(2017)

DSWPET (2011b); Petrofrontier
(2011); Vu et al. (2011); AWT
International (2013); Jell (2013);
Munson (2014); DNMR (2017);
Scientific Inquiry into Hydraulic
Fracturing in the Northern Territory
(2018);

Goldie Divko (2015); GA (2017a);
Lakes Oil (2017)

AWT I nternational
and Danis (2013); Comet Ridge
(2017b); Santos (2017)

DNMR (2017); Jell (2013); Munson
(2014); Armour Energy (2017a);
Scientific Inquiry into Hydraulic
Fracturing in the Northern Territory
(2018)

Hawkins and Williams (1990); Jell
(2013); DNMR (2017)
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State/

Territory

Tight gas plays

Shale gas plays

Key wells
targeting shale/

Shale/ tight gas exploration
status

Key References

Maryborough
Basin

McArthur Basin
(including the
Beetaloo Sub-
basin)

Ngalia Basin

Oaklands Basin

Otway Basin

Pedirka Basin

South Nicholson
Basin

Surat Basin

QLD

NT

NT

NSW

SA, VIC

NT,SA

NT, QLD

NSW, QLD

Maryborough
Formation

Bessie Creek
Sandstone; Moroak
Sandstone; Reward
Dolostone (fractured
reservoir)

Mount Eclipse
Sandstone

?Coorabin Coal
Measures;
?Jerilderie sandstone

Eumeralla Formation

Purni Formation

Constance
Sandstone

None

Maryborough
Formation (including
the Goodwood and
Cherwell mudstone
members); Tiaro
Coal Measures

Kyalla Formation;
Velkerri Formation;
?Vaughn Siltstone;
Yalco Formation;
Lynott Formation;
Barney Creek
Formation

?Coorabin Coal
Measures ; ?Urana
Formation

Crayfish Sub-group;
Casterton Formation

Purni Formation

None

Walloon Coal
Measures

tight gas plays

None

~35 wells targeting
shale gas

None

None

3 wells targeting

tight gas

None

None

None

No shale/ tight gas exploration
activity.

Early appraisal for shale gas ( 2C
resources booked for the Velkerri
Formation)

No shale/ tight gas exploration
activity.

No shale/ tight gas exploration
activity.

Exploration underway for tight gas.

No shale/ tight gas exploration
activity.

No shale/ tight gas exploration
activity

No shale/ tight gas exploration
activity. (Note some wells targeting
tight gas in the underlying Bowen
Basin have been incorrectly
reported to be associated with the
Surat Basin).
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AWT International (2013); Blue
Energy (2013); Jell (2013); DNMR
(2017)

Armour Energy (2017b); AWT
International (2013); Munson
(2014); Close et al. (2017);
Scientific Inquiry into Hydraulic
Fracturing in the Northern Territory
(2018); Revie (2017a,b)

Munson (2014); Scientific Inquiry
into Hydraulic Fracturing in the
Northern Territory (2018)

O6 Nei | | and Dani ¢
(2015, 2016); Resources and
Energy, New South Wales (2017a)

Goldstein et al. (2012); AWT
International (2013); Goldie Divko
(2015); GA (2017b)

AWT International (2013); Munson
(2014); Scientific Inquiry into
Hydraulic Fracturing in the Northern
Territory (2018)

Jell (2013); Munson (2014)

Jell (2013): DNMR (2017);
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Territory
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Tight gas plays Shale gas plays Key wells Shale/ tight gas exploration Key References
targeting shale/ status

Sydney Basin

Tasmania Basin

Warburton Basin

Wiso Basin

NSW

TAS

NT, SA,
QLD

NT

tight gas plays

Narrabeen Group; None None No shale/ tight gas exploration AGL (2017); OO6Nei

lllawarra Coal activity. (2013); Ward and Kelly (2013)

Measures;

Shoalhaven Group

Woody Island Woody Island None No shale/ tight gas exploration Bacon et al. (2000)

Formation Formation activity.

Pando Formation; Dullingari Group None No shale/ tight gas exploration Goldstein et al. (2012); Jell (2013);

Dullingari Group; activity. Munson (2014)

Kalladeina Formation

Montejinni Limestone Montejinni Limestone None No shale/ tight gas exploration Central Petroleum (2011); Munson

activity. (2014); Scientific Inquiry into

Hydraulic Fracturing in the Northern
Territory (2018)
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TableA.3 Best availableestimate of shale and tight gas contirent and potentially recoverableprospective resources €F) of eastern anchorthern Australian onshore
basin. The data presented hereunderpinnedthe decision on which basins timclude in thebasin short list. Please refer to the source references for further details on
assessment area, methodology and associated uncertainties.

Assessment area |Operator |Contingent resources |Potentially Play type Reservoir Source
recoverable
prospective
resources (Tcf)

3C Low Best High

Amadeus Basin NT Regional; 3,440 = - = = 0.8 - Tight gas Pacoota Sandstone  CORE (2017);
km? DWSPET (2011)
Amadeus Basin NT Regional; 7,395 - - - - 11.3 - Shale gas Horn Valley Siltstone CORE (2017);
km? DWSPET (2011)
Amadeus Basin NT Regional; 3,440 - - - - 51 - Tight gas Stairway Sandstone CORE (2017);
km? DWSPET (2011)
Bowen Basin QLD Regional; 51,252 - - - - 97 - Shale gas Black Alley Shale AWT International
km? (2013)
Clarence- NSW Regional; - - - - 11 - Shale gas Koukandowie AWT International
Moreton Basin 4,407 km? Formation (2013)
Clarence- NSW Regional; = = = = 10 = Shale gas Raceview Formation AWT International
Moreton Basin 4,407 km? (2013)
Cooper Basin QLD ATP 855 Beach 0.34 1.57 5.84 - - - Shale gas, Various Beach Energy
(Nappamerri tight gas (2015)
Trough)
Cooper Basin SA PRLs 33 to 49 Beach 0.95 1.95 3.9 = = - Shale gas, Various Beach Energy
(Nappamerri tight gas (2015)
Trough)
Cooper Basin QLD ATP 940 (100%) Drillsearch  0.22 0.77 1.85 . = = Shale gas, At Charal-1 and Drillsearch (2015)
tight gas Anakin-1
Cooper Basin SA CBJV (PPLs 7,8, Santos 1.73 3.52 6.84 Shale gas, Winnie 3D Shale Gas Company
9, 11, 101, 102, tight gas
113)
Cooper Basin SA PEL 115, 516 Senex 0.15 0.84 237 = = - Tight gas Tight sands around  Senex (2013)

the Hornet field
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Cooper Basin  SA

Cooper Basin SA

Cooper Basin QLD, SA

Cooper Basin QLD, SA

Georgina Basin NT, QLD

Assessment area

PEL 516 (Allunga
Trough)

PEL 96
(southwestern
Cooper Basin)

Regional;
Patchawarra Fm -
wet gas 14,426
km?, dry gas 3,417
km?; Epsilon Fm -
wet gas 5,413 km?,
dry gas 3,401 km?;
Daralingie Fm - wet
gas 4,691 km?, dry
gas 3,102 km?;
Toolachee Fm -
wet gas 15,070
km?, dry gas 2,725
km?

Regional;
Roseneath Shale -
wet gas 3,834 km?,
dry gas 3,403 km?;
Murteree Shale -
wet gas 3,454 km?,
dry gas 3,291 km?

Regional; 14,433
km?

Senex

Strike

Contingent resources
(Tcf)

0.12 0.7 2.05

0.16 023 0.34
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Potentially
recoverable
prospective
resources (Tcf)

Best

= 50.9

= 6.9

= 50

Play type

High

- Shale gas,
tight gas

- Tight gas,
coal

- Tight gas

- Shale gas

- Shale gas

Reservoir

Patchawarra
Formation and
Murterre Shale at
Sasanof 1

Patchawarra
Formation coals at
Le Chiffre-1 and
Klebb-1

Toolachee, Epsilon
and Patchawarra
formations

Roseneath and
Murteree shales

Arthur Creek
Formation

Source

Senex (2013)

Strike Energy

(2015)

AERA (2018)

AERA (2018)

AWT International
(2013)
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Assessment area Contingent resources Reservoir Source

(Tcf)

Potentially
recoverable
prospective
resources (Tcf)

Play type

Best

High

Stage 1: Rapid regional prioritisatic

Gippsland
Basin

Gippsland
Basin

Gippsland
Basin

Gippsland
Basin

Gunnedah
Basin

Isa Superbasin
Isa Superbasin

Isa Superbasin

Maryborough
Basin

McArthur Basin

McArthur Basin

VIC

VIC

VIC

VIC

NSW

QLD

QLD

QLD

QLD

NT

NT

VIC/RRL2

VIC/PRL2

Regional; 4,191
km?

Regional; 2,179
km?

Regional; 8,631
km?

ATP 1087

ATP 1087

ATP 1087

Regional; 3,264
km?

EP 171, EP 176
(Batten Trough)

EP 176 (Batten
Trough)

Lakes QOil

Lakes Oil

Armour
Energy

Armour
Energy

Armour
Energy

Armour
Energy

Armour
Energy

0.26 0.33 0.63
0.13 039 0.53
0.03 0.15 0.36

2.7

3.9

13.6

5.6

13

8.1

14

18.6

0.1
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19.6

39.4

Tight gas

Tight gas

Tight gas

Shale gas

Shale gas

Shale gas

Shale gas

Shale gas

Shale gas

Shale gas

Shale gas,
tight gas

Strzelecki Group -
Wombat field

Strzelecki Group 1
Trifon, Gangell and
North Seaspray
accumulations

Strzelecki Group

Strzelecki Group

Watermark
Formation

Lawn Hill Shale at
Egilabria-2 DW1

Lawn Hill Shale

Riversleigh Shale

Cherwell Mudstone
(Maryborough
Formation)

Barney Creek
Formation

Lynott Formation;
Reward Formation

Lakes Oil (2010,
2017)

Lakes Oil (2009,
2017)

GA (2017a); AERA
(2018)

GA (2017a); AERA
(2018)

AWT International
(2013)

Armour Energy
(2014, 2017b)

Armour Energy
(2015)

Armour Energy
(2015)

AWT International
(2013)

Armour Energy
(2012, 2017a)

Armour Energy
(2017a)



McArthur Basin

McArthur Basin

Otway Basin

Otway Basin

Perdirka Basin

TOTAL

NT

NT

SA, VIC

SA, VIC

NT

Assessment area |Operator

EP76, EP98,
EP117 (Beetaloo
Sub-basin)

Regional; area
unknown

Regional; wet gas
628 km?; dry gas
369 km?

Regional; 17,233
km?

Regional; area
unknown
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Contingent resources | Potentially

(Tcf) recoverable
prospective
resources (Tcf)

Play type

Low Best High

Origin - 6.6 - - - - Shale gas
Energy
- = = 11.8* 20.2* 29.3* Shale gas
- - - - 1.6 - Shale gas
- - - = 5.8 - Tight gas
- - = - 33.7 - Shale gas
= 17.1 - - 393.3 -

Rapid regional prioritiggon for tight and shale gas potential of eastern and northern Australian badifis

Reservoir

B Shale member of
the Velkerri
Formation at
Amungee NW-1H

middle Velkerri
Formation

Crayfish Sub-group;
Eumeralla Formation;
Casterton Formation

Casterton Formation;
Eumeralla Formation

Purni Formation

Source

Origin Energy
(2017)

Revie (2017);
Weatherford
Laboratories
(2017); *assuming
a generic 10%
recovery factor

GA (2017b); AERA
(2018)

GA (2017b); AERA
(2018)

NTGS (pers.
Comm)
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Appendix BRegional Maps

Appendix BRegional Maps

Maps of the regional datasets are presented in Appendix B (Figures B.1 to B.22) and a full list
of the datasets incorporated in the data inventory discussed in the main report. It is

expected that in future stages of assessment, the range of factors and analysis undertaken
will be broadened as basin shdisting is progressed.

The datasets provide information on a range of factors seen as pertinent in the Rapid
Regional Prioritisation Phase. They inform aspects relating to groundwattace water
environmentalassets and sociahftors

uonesnuond reuoibal pidey T abeis

Rapid regional prioritisation for tight and shale gas potential of eastern and northestralian basins 27



Stage 1: Rapid regional prioritisatic

Appendix BRegional Maps

NATIONAL
HYDROGEOLOGY

P

MCARTHUR
BASIN

157+

MOUNT ISA
OROGEN

GEORGINA BASIN

AMADEUS BASIN

COOPER
BASIN

CLARENCE-MORETON
BASIN

SYDNEY

;’é’ 35°

e

GIPPSLAND BASIN

OTWAY BASIN

- || shortisted Basins 40
Hydrogeology of Australia

Porous, extensive highly productive aquifers

Porous, extensive aquifers of low to moderate productivity
Fractured or fissured, extensive highly productive aquifers
Fractured or fissured, extensive aquifers of low to moderate productivity

45°
Local aquifers, of generally low productivity

500 km
|

COORON

-~ ~
Ty
(=" J_. .
I 50°
(R
Jacobson, G, and Lau JE, (1987), Hydrology of Australia, Geoscience Australia,
- / | | 1 1 BAZ005

FigureB.1 Classification of principal aquifer types from the national hydrogeology map (Jacobson and Lau, 1987).

28| Rapid regional prioritisation for tight and shale gas potential of eastern and northern Australian basins



Appendix BrRegional Maps

NGIS

Bore Depth

.{ MOUNTISA
OROGEN

BOWEN
BASIN

CLARENCE-MORETON
BASIN

SYDNEY

U CANBERR?%. A

e SN
M, g “‘-.-.__ﬁ,-\,‘_l,. i ~

|:’ Shortlisted Basins

pore Deph (metres) GIPPSLAND BASIN

L] <50 OTWAY BASIN
B o 50-200 7
200 - 400
@ 400- 1000
® >71000
0 500 km
L |
= 45° |
- R
N
r 50°
[
BoM (2016): National Groundwater Information System. V1.3 Data captured 7/07/2017. Bureau of Meteorology, Australia
N A | | 1 1 B8

15°—

35°

FigureB.2 Depth of groundwater bores in the basins analysed, derived frtéime National Groundwater Information System (BOM, 2016).

Rapid regional prioritisation for tight and shale gas potential of eastern arttiern Australian basins29

uonesnuold [euoibal pidey :T abels



Stage 1: Rapid regional prioritisatic

Appendix BRegional Maps

1a0° 1350 we e e N G I S
' ?"a ' Salinity
s iy a‘i‘.{‘&é‘f_’\é‘\ . } ]\f
RN ‘fj Ty ! L?_
L /\_/»’\lf’ ; / L
.,.\“’;é'{DARWIN ¢ :J'T ﬁi{
5 |
.1 - - . H
?I\(}Y\ u\\ (:» \~—/E:J\’\_‘ 3
. . S
L = o gj 7
L
N
5
1
;
MOUNT ISA

OROGEN

COOPER

BASIN
i
B |
i CLARENCE-MORETON |
' BASIN b
| i
i /
. /
_— I {
| ,(’2
! s
) ! P
) i ~ SYDNEY @
/ ‘ ¢ [
g ﬁ/ "{ AN | 5 b
V. N 1/ PADELAIDE ! ey k X
R P i o CANBERR? - e
g . %y Y
\ i
:

I:I Shortlisted Basins

Mean TDS (mg/L)

GIPPSLAND BASIN

OTWAY BASIN

} O
- o 0300 U A 40
2 T
s N
®  300-600 i e ey
®  600-1000 N ;
'
®  1000-5000 gs
gﬁ;.HOBART
4 19
® >5000 e
0 500 km
1 |
- 45°
' ~
e ;“_W
_/"{T E'f \
O -4 N
| i 50°
ey
w
BoM (2016): National Groundwater Information System. V1.3 Data captured 7/07/2017. Bureau of Meteorology, Australia
BAZ-007
o S | | ]

FigureB.3 Estimated salinity values, expressed as total dissolved solids (mg/L) for groundwater bores in the National Groundwatendtifor S/stem (BoM, 2016).

30| Rapid regional prioritisation for tight and shale gas potential of eastern and northern Australian basins



Appendix BRegional Maps

I T
130° 135°

i (N

P oW

=5

N
L & T

|:| Shortlisted Basins

Bore Density (number of bores per 25m?)

2604

0 500 km
|

Groundwater Insights- Bore Density, Bureau of Meteorology (2015)
AN Y |

NGIS

Bore Density

MOUNT ISA
OROGEN

CLARENCE-MORETON
BASIN

GIPPSLAND BASIN
OTWAY BASIN

40°

45°—

50°

BA2-008

FigureB.4 Density of groundwater bores found in the National Groundwater Information System, as displayed in Australian Groundwaighti(BOM, 2015).

Rapid regional prioritisation for tight and shale gas potential of eastathnorthern Australian basins31

uonesnuold [euoibal pidey :T abeis



Stage 1: Rapid regional prioritisatic

Appendix BRegional Maps

00 1250 140 V“_‘"‘“ﬁ".z:ﬂ B a5 WETL AN DS
I : ' Ramsar and Listed Important
: oy Wetlands in Australia

- )
YN g
f‘*’l!rDARNN ;

> W
e

15°—

MOUNT ISA ey

OROGEN ko,
Uiy 20°

R

-

ALICE SPRINGS

\
i
|
!
! 25°
|

AMADEUS BASIN

COOPER

|
1
|
|
| BASIN
i
i
e e
| |
L i i 30°]
i i CLARENCE-MORETON {
i i BASIN L
L i ’I
- . : )
L T .7_.‘:3_:> |
Ry ;\l ! =5
£ < | ;-
= / < !
. e ! 5
N o Ry SYDNEY ®
s £ . f/\‘ i Al )f
| N [/ \.ADELA\DE i ’v"'““~‘- 150
NN . i - CANBERRA o, J@
— ST ) N & 5
{\’:__j_ W ~ \ | L ke SRS -~ >
| s
D) i g
GIPPSLAND/BASIN
OTWAY BASIN
_ || snortisted Basins ay e
e e
- Important wetlands {"\Aﬁ\\\“ i m
[ Ramsar wetiands 2015 N é
“
0 500 km >
' ' ﬁ HOBART
- 45"
Alumy Creek/Bunyip Swamp
Bundjalung National Park
Clarence River Estuary
Cowans Pond
= Everlasting Swamp
N Lake Hiawatha and Minnie Water
Lower Bungawalbin Catchment Wetland Complex
A ’xlf”\ ZI‘{‘W The Broadwater
, i \\ Upper Coldstream
‘ !_ J‘. 3 Wooloweyah Lagoon
| - _LM -7 50° -
) D,.'.‘;"J/ Ramsar Wetlands of Australia (2016). Data Captured 19/7/2017. Australian Government Department of the Envirenment and Energy
© Directory of Important Wetlands in Australia (DIWA) Spatial Database (2010) v3. Data Captured 10/8/2017.
Australian t D of the Envir 1t and Energy 842-003
N A ! ! 1 1

FigureB.5 Location of internationally important (Ramsalisted) wetlands and nationally important wetlands (Directory of Important Wetlands in Australia) found within
the extents of each basin area (DoEE, 2016a; DoEE, 2010).

32| Rapid regional prioritisation for tight and shale gas potential of eastern and northern Australian basins



Appendix BRegional Maps

uonesnuoud reuoibai pidey :T abeis

Figure B.6 Geographic extent of areas with at least a moderate potential for groundwatlEspendent ecosystems, as found in the Groundwater Dependent Ecosystem
Atlas (BOM, 2017).
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