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INTRODUCTION  

This report has been prepared by Theia Energy No. 1 Pty Ltd (“Theia”) in accordance with the 
requirement 4.5 Provision of Information of DMIRS Guideline for Groundwater Monitoring in the Onshore 
Petroleum Industry, August 2016. This report is Appendix 3 to the Environmental Plan EP 493 Exploration 
program - Helios-1V/1H Exploration Wells Site preparation and Drilling (EP493-ENV-PLN-1001-1). The 
report includes results of hydrogeological investigations and details of the baseline assessment 
undertaken by Theia in 2015 as part of the exploration drilling campaign at Theia-1 well site.  

This report has been prepared by Theia to also satisfy the requirements of the PGER (Environment) 
Regulations 2012 and s.38 of the EP Act. An independent peer review of Section 1: Existing environment 
of this report was provided by Paul Howe (Principal Hydrogeologist, CDM Smith Australia Pty Ltd). 

Figure 1: Regional location 

 

PROJECT OUTLINE 

Theia is planning to test the unconventional potential of the Ordovician Goldwyer III Member shales 
through the drilling and testing of two exploration wells in Exploration Permit for Petroleum EP 493 
(“Permit”) in the Great Sandy Dessert of the onshore Canning Basin, Western Australia. 

Exploration permit EP493 was granted under the provision of the PGER Act 1967 in March 2015.  A first 
exploration well (Theia-1) was drilled by Theia as part of the Permit Year 1 commitment in August 2015. 
The Theia-1 well was managed in accordance with the approved Theia-1 Exploration Well, Environment 
Plan (STP-EPA-0055, Rev 4), the Theia-1 Oil Spill Contingency Plan and the Theia-1 Rehabilitation 
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Management Plan. The drilling results provided evidence of the hydrocarbon production potential of the 
Goldwyer-III shale formation.  

To confirm hydrocarbon reserves and the reservoir quality, Theia proposes to drill a subsequent 
exploration well (Helios-1V) that will then be plugged back and sidetracked as a second horizontal well 
(Helios-1H). The wells have been designed to share a common upper hole section to minimise the 
environmental footprint and optimise costs. The proposed exploration drilling will be undertaken at the 
existing, previously cleared, well site (Theia-1) in the Canning Basin. 

The Project will test the unconventional potential of the Ordovician Goldwyer III Member shales. 

The following activities will be associated with the Project:  

- Site clearing and preparation; 
- Mobilise equipment and personnel; 
- Exploration drilling program; 
- Hydraulic Fracture Stimulation; 
- Well Testing; 
- Demobilisation. 

The full description of the above activities is provided in Theia Environment Plan (EP493-ENV-PLN-1001-
1). 

METHODOLOGY  

The purpose of this hydrogeological review is to satisfy the requirements of the PGER Act and the PGER 
(Environment) Regulations 2012 and s.38 of the EP Act. This review was undertaken in accordance with 
the following guidelines: 

- Guideline for Groundwater Monitoring in the Onshore Petroleum and Geothermal Industry, DMIRS 
August 2016; 

- EPA Environmental Protection Bulletin No. 22, Hydraulic fracturing for onshore natural gas from 
shale and tight rocks, EPA December 2014. 

Theia has undertaken a review of existing information available for the Project area and surrounding 
areas. There are two components to this hydrogeological investigation: 

- Background research and a desktop study that was completed by Theia prior to the drilling program 
in 2015. The background research was undertaken to gather available information relevant to the 
Project area. The background research and desktop study consisted of the following: 

o Review of publicly available information (Department of Water (“DoW”) various water 
allocation plans, associated reports and any relevant scientific literature; 

o Interpretation of petroleum well completion reports; 
o Reprocessing and interpretation of available seismic data within the Project area; 
o Search of DoW databases for groundwater bores and interpretation of the results. 

- Interpretation of field results (Theia-1 drilling program 2015) to verify the accuracy of the 
background assessment, including: 

o Results of Theia Theia-1 petroleum exploration well; 
o Results of groundwater baseline/post-check samples from the water bore drilled at the 

Theia-1 well site. 
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1 PART 1 - EXISTING ENVIRONMENT 

1.1 CLIMATE  

The climate of the Canning Basin varies from semi-arid to dry tropical with distinct wet season 
(December to March) and dry season (April to November). Average annual total rainfall ranges between 
600-900 mm and potential annual evaporation is approximately 2,400 mm. Average annual total rainfall 
increases with decreasing latitude (RPS, 2015).  

The area is subject to cyclone activity, with the coastline between Exmouth and Broome recognised as an 
area of high cyclone activity. On average, around five tropical cyclones form each year in the waters off 
the North West Shelf, Western Australia, with an average of two crossing the coast (Bureau of 
Meteorology, n.d.). The official cyclone season extends between November and April each year; 
however, cyclones have been recorded outside this period. Over 75% of the average annual rainfall falls 
from January to March associated with thunderstorms and tropical lows or cyclones (RPS, 2015). 

Temperature and Rainfall 

The closest meteorological records are from Broome Airport. Monthly mean maximum temperatures for 
this region range from 29°C (July) to 34°C (April) and monthly mean minimum temperatures range from 
14°C (July) to 27°C (December).  

From April to November a pronounced dry season occurs with, on average, a total of 20 mm of rain for 
the whole period. Aridity increases further inland, into the Great Sandy Desert, which lies in the south-
east of the Canning Basin where annual rainfall ranges from 25-300 mm.  The Permit is located in the 
northern Great Sandy Desert. This arid zone is characterised by the historical recording of no rainfall in 
any month, and it is not uncommon for very little rain to occur for months on end. The median rainfall 
for the months of July to October is zero. Longer dry periods of over 12 months are associated with no 
wet season.  

A graph of the mean monthly rainfall at Broome compared with evaporation shows that evaporation 
greatly exceeds rainfall in all months with a net moisture deficit of about 1.75 m/yr. Evaporation is 
highest during the last quarter of the calendar year. Evaporation data derived for dams in the Canning 
Basin indicate that monthly evaporation varies from approximately 150 mm in June to almost 300 mm in 
November (RPS, 2015). 

1.2 SOIL  

The Project area consists of sand plains with dunes and swales of regolith and no emergent landscape 
features occur in the immediate vicinity. The nearest emergent feature is the Edgar Ranges, which at the 
closest point lies approximately 7 km to the north-east of the Project area. 

Given the geology of the site and distance from the coastline, there is a very low probability of acid 
sulphate soils occurring at the proposed well site (Wilson et al., 2009).  

1.3 GEOLOGY  

1.3.1 Regional Geological Framework  

The Canning Basin covers an area of some 600,000 km2 which includes onshore and offshore parts of the 
central part of the Westralian Superbasin. Onshore, the basin is bounded to the north by the 
Precambrian Kimberley Block. The Pilbara Block, Officer Basin and Musgrave Block define the basin's 
southern limits. Its boundary with the Amadeus Basin, to the east, is defined by an arch of Upper 
Proterozoic sediments of the Arunta Region. 

The Canning Basin is dominated by two major depocentres, both trending in a north-westerly direction, 
the Gregory and Fitzroy Sub-basins in the north and Kidson and Willara Sub-basins in the south.  These 
are separated by a mid-basin arch system that is dominated by the Broome Platform and its south-
eastern extension the Crossland Platform. 
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The northern depocentres of the Gregory and Fitzroy Sub-basins contain a complete thick section of the 
Ordovician to Lower Triassic with a thin veneer of Jurassic and younger sediments.  The southern 
depocentre (Kidson and Willara Sub-basins) contain far thinner successions of Ordovician to Silurian age 
claystone-limestone and salt dominated rocks that are overlain unconformably by the Permo-
Carboniferous non-marine clastics. The mid-basin arch, consisting of the Broome and Crossland 
Platforms, contains relatively thin Ordovician and Permian age strata which are overlain by the Middle 
Jurassic and younger sediments (Jablonski, 2015). 

1.3.2 Geological structure  

Post-Devonian shear stresses created extensive faulting and structural inversion across the region, 
particularly through the sedimentary thicks of the Fitzroy-Gregory graben system.  This activity peaked 
during the mid-Carboniferous ‘Meda’ and the Triassic ‘Fitzroy’ tectonic events, the latter instigating 
mobilisation of Silurian evaporite deposits, creating a band of mixed piercement/wrench uplifts aligned 
roughly with the trough midline.  Regional uplift and erosion associated with this structuring resulted in 
the removal of the upper Paleozoic section of the order of hundreds of metres, locally reaching several 
kilometres. 

In contrast to the platform areas, the Dampier, Jurgurra and Barbwire Terraces are characterised by 
complex faulting and compressional anticlines with a variably expanded Devonian to Carboniferous 
section (including carbonate platforms and reefs), and a variable amount of erosion at the Meda and 
Fitzroy unconformities. Salt dissolution structures are present on these terraces and salt diapirs are 
proven to be present on the northern flank of the Jurgurra Terrace. These are possibly present in similar 
locations along the Fenton Fault System if the salt has been preserved and deeply buried (Jablonski, 
2015). 

Figure 2: Regional faults 
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Interpretation of ON-CST 80-523 seismic line data suggests that the nearest fault to the Project area is 
located approximately 8km to the north and 25km to the south of the Project area.  

Figure 3: Local faults 

 

Source: Theia database, 2016 

1.3.3 Shallow geology  

The full analysis including deep and shallow geological conditions of the permit and particular the project 
area was undertaken by Theia prior the Theia-1 drilling. As shown in Figure 3 (above), shallow faulting is 
not illustrated on existing 2D seismic data coverage.  The following independent studies and reports have 
been reviewed to determine occurrence of faults at shallow depths within the project area: 

- An independent detailed gravity magnetics study, Keith Jones Consulting, 2013 
- GSWA Geological Reports and maps, Sheet SE51-11, 1996  
- Digital elevation model and Satellite imagery; 
- Topographic and surface geological maps, regional reports on tectonic history of the Canning Basin.  

Based on review and interpretation of above reports, Theia concluded that there is no evidence of 
shallow faulting near the Project area.   

No shallow or surface faults are present at or near the Project area or on the Broome Platform itself.  
Regional schematic cross-sections illustrated in Figures A and B show much of the faulting is restricted to 
Ordovician and Devonian strata.  Major erosional events are also present with peneplane older strata.  
Most faults are in older strata associated with the Price Creek Movement (~400 million years ago).  Post 
the 225 MY Fitzroy compression the Broome Platform has been tectonically quiescent and as a result no 
shallow faulting is present on the Broome Platform. 

The Edgar Ranges is located > 6km from the planned activity, Figures C and D.  The Edgar Ranges are a 
natural depression in the landscape as a result of thick Ordovician salt formation movement to the 
south.  As the salt formation moved the overlying younger rocks subsided and eroded leaving a 
depression.  Although the surface geology shows cliffs, Figure D, these are not the result of shallow 
faulting.  Using the GSWA Mount Anderson 1:250,000 geological map this clearly shows no surface 
faulting until the north-north eastern side of the Edgar Ranges, Figure G.  This is also clearly shown in the 
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airborne magnetics interpretation in the Canning Basin (K. Jones, 2013).  The interpretation shows high 
resolution lineaments in the north which are shown to be shallow and surface faulting as part of the 
Fenton Fault System, Figure H.  These are also indicated on seismic lines in the area (Figure 3).  The broad 
“low-frequency” NW-SE trending lineaments to the north and south of the proposed activities are the 
result of deep and old faulting most likely related to the late Silurian-early Devonian Price Creek 
Movement.  

The digital elevation model, topographic maps and satellite imagery all back-up the geological maps, 
seismic and magnetics that there are no shallow faults near to the Project area, Figures D, E, F. 

Figure A– Schematic Structural Cross Section, Canning Basin 

 

Figure B – Schematic Cross Section – GSWA Record 2003/14 

 

  

Theia-1 (projected) 

Theia-1 (projected) 
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Figure C –Edgar Ranges Location 

 

Figure D – Topographic map. 
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Figure E – Digital Elevation Model 

 

Figure F – Satellite Imagery 
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Figure G – GSWA Geological Map 
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Figure H – Gravity Magnetic Study 
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1.3.4 Stratigraphy  

Regional Stratigraphy Framework  

The oldest sediments recorded in the area are Ordovician to Silurian clastic and carbonate units, 
representing early Paleozoic sag-basin fill. These include organic-rich marine shales in the Middle 
Ordovician Goldwyer Formation immediately beneath potential Nita Formation reservoirs, and variably 
developed shales of similar facies interbedded within the Willara Formation.  

The Goldwyer shales are interpreted to be the source of hydrocarbons at Theia-1 and in many other 
wells across the Broome Platform.  

During the Late Devonian the Fitzroy-Gregory trend developed into a rift system. The Fitzroy Sub-basin 
consisted of a deep marine trough rimmed by carbonate and shallow marine shelves along the Jurgurra 
and Dampier Terraces.  The structural grain established at this time, combined with syndepositional 
thickening on the downthrown side of the controlling faults, controlled the facies distribution within the 
overlying Devonian sequences.  

During the Frasnian and Famennian (Late Devonian), basinal clastic deposits accumulated in the Fitzroy 
Trough and adjacent Jurgurra Terrace, while thick undifferentiated platform facies were developed on 
the Dampier Terrace.  Deep water marine shales of the Frasnian Gogo Formation were deposited in 
basinal lows and constitute a second potential source rock package for the terrace areas around Pictor. 
Siliciclastics of the Luluigui-Clanmeyer association were deposited as marginal to basinal marine units in 
localised subsiding depocentres on the Jurgurra Terrace.  

The pull-apart of the terrace terrain continued into the Early Carboniferous. Growth continued along the 
Dampier and Fenton fault systems throughout the Tournaisian and Visean as shown by rapid thickening 
of the Laurel Formation (Fairfield Group) and the Anderson Formation. 

The next period of tectonism affecting the area was during the Mid Carboniferous Meda Event.  Regional 
uplift along the shelf margins and rapid erosion off the Broome Platform was combined with 
compressive shear and local inversion along the Fenton Fault System.  The initial post-Meda cycle of 
deposition (Reeves Formation) is absent in many wells since it was deposited on a highly irregular surface 
but can be up to 300m thick. Deposition of this unit was followed by regional glaciation in the early 
Permian. Basinwide glacigene sediments were subsequently reworked and shed off the Broome 
Platform.  Quartz sandstones, polymictite (tillite), conglomerates, granitic and lithic fragments of the 
Grant Group were deposited in a marginal marine, brackish-freshwater waning glacial environment 
across the terraces and into the Fitzroy Trough.  Channel formation in the Grant Group often cuts down 
into the underlying formations, causing seals to be breached. 

Deposition of the overlying Poole Formation started with a marine transgression that inundated most of 
the Canning Basin.  Shallow marine shelf limestones of the Nura Nura Member and basal intertidal flat 
claystones of the Poole Formation provide top and lateral sealing units for underlying Upper Grant Group 
reservoirs.  The maximum extent of the Early Permian marine transgression is represented by the 
overlying Noonkanbah Formation.  Massive, shallow to moderately deep open marine claystones and 
siltstones of the Noonkanbah Formation transgressed across the terraces. 

The Southern margin of the Fitzroy Trough was subsequently subjected to a long period of non-
deposition and/or erosion during the Middle Permian to Middle Triassic.  The final major tectonic 
episode to affect the margin was during the Triassic Fitzroy Event.  Significant uplift and erosion of 
sediments removed Permian seals in many areas, reducing the viability of Carboniferous and Permian 
plays. 

Stratigraphy of the Project Area  

A detailed geological assessment was conducted for the Project area using information derived from 
Theia's regional database and detailed analysis of the well control, combined with 2D seismic 
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interpretation, geophysical assessment, interpretation of drilling logs and data received during Theia 
drilling program 2015.  

The following petroleum wells were used in the study to interpret stratigraphy of the Project area: 

Acacia-1 Goldwyer-1 Mirbelia-2 Sally May-2 

Aquila-1 Kidson-1 Munro-1 Santalum-1A 

Blackstone-1 Kunzea-1 Parda-1 Vela-1 

Contention Heights-1 Lake Hevern-1 Patience-2 Willara-1 

Dodonea-1 Leo-1 Pegasus-1 Wilson Cliffs-1 

Edgar Range-1 Looma-1 Percival-1  

Frankenstein-1 McLarty-1 Pictor-1  

The predicted stratigraphic sequence based on interpretation of existing petroleum exploration wells is 
illustrated in Figure 4. Table 1 provides results derived from Theia’s drilling program 2015 (Theia-1 
exploration well).  

There is a high level of confidence in the interpretation, prediction and understanding the geology of the 
Project area.  Figure 4 also illustrates actual stratigraphic summary of the Project area. 

Table 1: Summary of stratigraphy (Theia-1) within the Project area 

Formation Age 
Depth 

(mTVDRT) 
Thickness Description  

Surficial/Broome Sandstone  
Early 
Cretaceous 

1.3 38.7 Sandstone 

Jarlemai Siltstone Late Jurassic 40.0 125.0 

Interbedded sandstone 
and claystone and 
massive sandstone with 
trace claystone at 
shallower depths 

Wallal Sandstone Middle Jurassic 165.0 76.0 
Sandstone with minor 
siltstone 

Grant 
Formation 

Dora Shale Mbr 

Early Permian 

241.0 149.0 Claystone 

Cuncudgerie SST 390.0 451.0 
Sandstone with minor 
siltstone 

Carribudy Formation 
Upper 
Ordovician 

841.0 137.0 
Massive claystone with 
minor interbedded 
dolomite 

Bongabinni Formation 
Upper 
Ordovician 

978.0 41.0 Dolomitic claystone 

Nita Formation 1.019.0 169.5 
Dolomite claystone and 
dolomitic limestone 

Goldwyer 
Formation 

Goldwyer I Mbr 

Middle 
Ordovician 

1,188.0 177.5 
Interbedded limestone 
and claystone. 

Goldwyer II Mbr 1,366.0 106.6 
Calcareous mudstone 
interbedded with 
limestone. 

Goldwyer III Mbr 1,472.0 120.6 
Mudstone interbedded 
with limestone 

Willara Formation 
Middle 
Ordovician 

1,593.0 >51 Massive limestone 

Total Depth  1,644.0 -  
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Figure 4: Stratigraphic summary of the Project area 

 

Table 2 provides detailed lithologic descriptions of identified stratigraphic units. The lithologic 
descriptions are based on data obtained from Theia’s Theia-1 well drilled in 2015. 

Table 2: Lithologic descriptions 

Name Age Depths/ 
Thickness 

Description 

Broome 
Sandstone 
unsaturated 

Late 
Cretaceous  

0 – 40 
mMDRT 
(38 m) 

ARGILLACEOUS SANDSTONE (100%):  clear to translucent grains, fine to 
coarse, poorly sorted, abundant white argillaceous matrix, friable to 
firm, no shows, grades to Arenaceous Claystone. 

Jarlemai 
Siltstone 

Late 
Jurassic  

40.0 – 
165.0 
mMDRT 
(125 m) 

SANDSTONE (20 to 90%): clear to translucent, milky, pale orange, 
predominantly medium to coarse, rare fine, sub-angular to sub-round, 
sub-spherical, well sorted, loose, trace remnant argillaceous matrix on 
grains, good inferred porosity, no shows; at depth with very fine to 
medium yellow orange to moderate brown aggregates, sub-angular to 
sub-round, sub-spherical, predominantly firm to hard, trace friable, well 
cemented, trace argillaceous matrix, tight, poor visual porosity, no 
shows.. CLAYSTONE (10 to 80%): white to light grey, green grey to dark 
green grey, light brown to moderate brown, mottled, soft to firm, 
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Name Age Depths/ 
Thickness 

Description 

amorphous, trace sub-blocky, very finely arenaceous in part. 

Wallal 
Sandstone  

Mid 
Jurassic  

165.0 – 
241.0mMD
RT (76m) 

Massive SANDSTONE with trace CLAYSTONE at shallower depths 
SANDSTONE 100% : clear to translucent, milky, predominantly medium 
to coarse, also fine to medium, trace very coarse, sub-angular to sub-
round, sub-spherical, trace sub-elongate, well sorted, nil to trace 
dispersive occassionally remnant argillaceous matrix, trace lithics, trace 
micromica, trace nodular pyrite and pyritic cement, trace coal flakes 
loose, clean, good inferred porosity, no shows CLAYSTONE (nil to trace): 
white to light grey, trace pale orange, soft to sticky, trace dispersive, 
amorphous, common medium to coarse quartz grains, trace micromica. 

Dora Shale 
Member of 
Grant 
Formation  

Early 
Permian  

241.0-
390.0 
mMDRT 
(149m) 

ARGILLACEOUS SANDSTONE grading to ARENACEOUS CLAYSTONE with 
depth. ARGILLACEOUS SANDSTONE (nil to 100%): clear to translucent 
milky, medium dark grey, fine to coarse, sub-angular to sub-round sub-
spherical, moderately sorted, abundant sticky argillaceous matrix trace 
nodular pyrite, trace micromica, trace lithics, poor visual and inferred 
porosity, no shows, grades to Arenaceous Claystone ARENACEOUS 
CLAYSTONE 100% : medium grey to light olive grey soft to sticky, slightly 
dispersive, amorphous, very fine to finely arenaceous, trace lithics, 
trace micromica, nil to trace coal flakes and grains, grades to 
Argillaceous Sandstone. 

Cuncudgerie 
Sandstone 
Member of 
Grant 
Formation  
 

Early 
Permian 

390 –841 
mMDRT 
(451 m) 

Massive SANDSTONE interbedded with ARGILLACEOUS SILTSTONE and 
SHALE QUARTZOSE SANDSTONE (60 - 80%): clear to translucent, loose 
medium to coarse, rounded, moderately sorted, nil visible cement, fair 
visible porosity, rare lithic aggregates, no shows ARGILLACEOUS 
SILTSTONE (20 - 30%): blue grey, firm, brittle blocky, trace lithics in part, 
very rare Glauconite SHALE (nil - 10%): dark grey, firm, splintery, fissile, 
very rare laminae visible.  

Carribudy 
Group  

Upper 
Ordovician 

841.0 – 
978.0 
mMDRT 
(137m) 

840.0 to 867.0 m – SANDSTONE (80%) interbedded with CLAYSTONE 
(10%) and ARENACEOUS SILTSTONE (10%). 867m – 978m Massive 
CLAYSTONE. (100%): reddish brown to mottled greenish grey, firm 
slightly calcareous, micromicaceous and silty in part, rare dissolution 
breccia structures throughout, nodular oxidization structures noted in 
core chip associated with red clays, common high angle fractures 
throughout. 

Bongabinni 
Formation  
 

Upper 
Ordovician 

978.0 – 
1,019m 
mMDRT 
(41 m) 

Massive DOLOMITIC CLAYSTONE (100%): medium grey to dark grey, up 
to 10% red brown increasing to 20% with depth, mottled in part, hard 
sub-fissile to fissile in part, brittle in part, common sub millimetre 
dolomitic laminae, trace to rare anhydrite veining, minor fracturing 
common dissolution breccia features. 

Nita 
Formation 
(458S) 

Middle 
Ordovician 

1,019-
1,188.0 
mMDRT 
(169 m) 

DOLOMITIC CLAYSTONE (80-90%) interbedded with ARENACEOUS 
DOLOMITIC CLAYSTONE (10-20%). DOLOMITIC CLAYSTONE medium 
light grey to dark grey 10-20% reddish brown, mottled in part, hard, 
sub-fissile to fissile in part, brittle in part, common sub millimetre 
dolomitic laminae, dolomitic rare fracturing, common dissolution 
breccia in reddish brown formation. ARENACEOUS DOLOMITE: medium 
grey, hard, sandy in part, fine to medium crystalline, strong dolomitic 
cement, common dolomitic siltstone sub millimetre to 1cm laminae, 
rare breccia features rare 1cm anhydrite filled vugs, trace gypsum 
needles in part, becoming cryptocrystalline with depth. 
Massive LIMESTONE (100%): light grey to medium grey, hard, 
cryptocrystalline, 5% microcrystalline to crystalline, common styolites 
common millimetre claystone laminations in part, rare silliclastic/ 
bioturbated beds towards base of unit. 

Goldwyer I 
Goldwyer II 

Middle 
Ordovician 

1,188 – 
1,593 

Interbedded LIMESTONE and CLAYSTONE. CLAYSTONE (nil to 100%): 
dark grey to black, hard, sub-fissile to fissile, calcareous, becoming 
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Name Age Depths/ 
Thickness 

Description 

Goldwyer III 
Members of 
Goldwyer 
Formation 

mMDRT 
(401 m) 

fossiliferous (brachiopods and graptolites), no visual porosity. 
LIMESTONE (nil to 100%): medium grey to medium dark grey, hard 
cryptocrystalline, common millimetre to centimetre claystone 
laminations, trace calcite filled shell fragments, rare to common 
styolites grading to stylo-nodular bedding toward base, nil to poor 
visual porosity. 
Calcareous MUDSTONE interbedded with LIMESTONE CALCAREOUS 
MUDSTONE 20-80%: dark grey to grey, firm to hard mod-strong 
calcareous cement, moderate calcareous cement presents as 5-10cm 
bands with abrupt contacts with limestone both above and below, rare 
bioturbation, common strong stylonodular bedding with increased 
calcareous content within, increasing dolomitic cement toward top of 
unit, rare bioturbation, sparse pyritized nautiloid fossils, rare gypsum 
and anhydrite filled vugs (1-3mm) within stylonodular features, nil 
visible porosity.  

Willara 
Formation 
(465S) 

Middle 
Ordovician 

1,593 – 
1644m 
mMDRT (+ 
51m) 

LIMESTONE (100%): light grey to grey, hard, microcrystalline 
tocrystalline, common stylonodular Mudstone bedding with regular 0.2 
-2cm interbeds, common bioturbation, common styolites 
andstylonodular bedding, trace calcite filled vugs, nil to poor visual 
porosity. 

1.4 HYDROLOGY  

The Project area is located within Sandy Desert Basin surface water area, Lower Fitzroy surface water 
subarea (DOW, 2016). Within the Project area the Canning Basin is typically a low-lying flat plain with no 
surface water systems other than ephemeral.  

There are no permanent surface water features in the vicinity of the Project. During the wet season 
(December – March), sustained heavy rainfall may result in ephemeral surface water features in the 
region (RPS, 2015).  

The nearest landscape feature that contains ephemeral water courses and a chain of waterholes is the 
Edgar Ranges located > 6km from the proposed activity. The Geegully Creek, Woolonwarra Creek and its 
major and minor tributaries (including ephemeral systems) and waterholes are wholly contained with 
the Edgar Ranges which is a natural depression in the landscape, Figure D, section 1.3.3.  

The digital elevation model shows that the area within the Project is flat. No emergent landscape 
features occur in the immediate vicinity of the well site, Figure E, Section 1.3.3.  

The limited surface flow and clayey sand occurring within the Project area suggests that during rainfall 
events, water will percolate through the sands rather than move away along creeks or drainage 
channels. 

1.5 HYDROGEOLOGY  

1.5.1 Overview 

The Project is located within Canning Groundwater Province, Canning-Kimberly Groundwater Area, 
Canning – La Grange Groundwater Subarea (DOW, 2012).  

The geology of the greater Canning Basin is well understood at a regional scale through petroleum and 
mineral exploration wells and various hydrogeological investigations. The groundwater resources of the 
entire basin are considered to be substantial (DOW, 2012). 

The hydrogeology of the Canning Basin has been summarised by Laws (1990). The western part of the 
Canning Basin was studied during a groundwater exploration program by the Geological Survey of 
Western Australia during the 1970s, however the eastern part remains relatively unexplored (DOE, 
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2010). There is still limited understanding of groundwater levels, pressure trends and response to 
recharge across the Canning Basin despite previous investigations.  

In addition to the public sources of geological and groundwater information and bore data stored in 
DOW’s Water Information (WIN) database, Theia’s Theia-1 exploration well results were considered.  A 
bore and well inventory with a brief description of the hydrogeology is provided in the Attachment 1. 

Groundwater may be readily obtained from sandstone aquifers in the Canning Basin. The most 
prospective aquifer in the Project area is the Wallal Sandstone. The quality of groundwater can be 
variable ranging from brackish to saline. A distribution of groundwater aquifers is illustrated in Figure 5 
below.  

Figure 6 illustrates the hydrogeology of the Project area, surface water catchment areas, WIN registered 
groundwater bores and water table of the Broome aquifer. 

The hydrogeology in the vicinity of the Project is described as: 

- Extensive aquifers of sedimentary rocks comprised of sandstones by Cretaceous overlaying Jurassic. 
These sediments are mostly distributed to the west of the Project area.  

- Local aquifers with rocks of low permeability, fractured and weathered rocks represented by 
undifferentiated extensive sedimentary Jurassic age. These sediments are present in the eastern 
part of the Project area  

Detailed locations and description of WIN registered water bores are provided in Attachment 1.  

Figure 5: Groundwater aquifers distribution in the Project area 

 
Source: DOW Hydrogeological Atlas, Sep 2016 
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Figure 6: Local hydrogeology of the Project area  

 
 

Source: DOW Hydrogeological Atlas, Sep 2016 

Based on the stratigraphy and lithology obtained from composite well log Theia-1, Table 3 summarises 
the aquifers recognised within the Project area (in order from shallowest to deepest). 

Table 3: Aquifers in the Project area 

Aquifer Formation Depth  Groundwater 
Quality 

Distribution 

Broome 
(saturated) 

Broome 
Sandstone 

Not present   Fresh to 
brackish  

Broome aquifer (saturated) is not 
present in the Project area – occurs 
50 km west of the Project area 

Broome 
(unsaturated) 

Broome 
Sandstone 

1.3-40m Fresh to 
brackish 

Broome aquifer (unsaturated) – 
present within the Project area 

Wallal  Wallal Sandstone 165-241m Fresh to 
brackish 

Occur within the Project area  

Grant 
Formation  

Cuncudgerie 
Sandstone 
Member of the 
Grant Formation  

390-841 Saline Occur within the Project area  

Generally, the Canning Basin contains two main aquifer systems hosted in the largely unconfined 
Broome Sandstone and the confined Wallal Sandstone. These two aquifers are separated by the very low 
permeability (essentially impermeable) Jarlemai Siltstone. These sandstones and siltstones are aged from 
the mid Jurassic to Cretaceous. A broad description of each unit is provided below based on previous 
studies of the Canning Basin (Aquaterra, 2010). 

The conceptual hydrogeological profile has been summarised and presented in Figure 7: Conceptual 
hydrogeological profile of the Canning Basin Theia’s understanding of the shallow hydrogeology is 
illustrated in Figure 7. Figure 7 shows a cross-section in the west to east direction across the Project area. 
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The Department of Water and the Department of Agriculture and Food (DoAF) have indicated that there 
is limited information available regarding the stratigraphy of shallow aquifers in the Project area. Based 
on interpretation of seismic data and information provided by DoAF it is likely that the Broome 
Sandstone to be unsaturated with the Project area.  Further to east the Jarlemai Siltstone is eroded/not 
deposited and the Wallal Sandstone unconformably overlies the Dora Shale member of Grant Formation. 
The hydraulic connection between Jarlemai Siltstone, Wallal Sandstone and Dora Shale (upper member 
of Grant Formation) is unlikely in the Project area. 

Following the data review, it is apparent that there has been limited hydrogeological investigation in the 
Project area. As a result, the extent of the Broome Sandstone, Jarlemai Siltstone and Wallal Sandstone in 
this area has been estimated based on available information received from DoAF and Theia’s geological 
knowledge in the area. 

The Grant Formation comprises sandstone and shale of early Permian age and occupies predominantly 
areas located east of the Project area. The aquifer is not utilised within in the Project area due to 
considerable depth (greater than 400 m, and high water salinity concentrations). It could be considered 
that the sandstone sequences within the formation have potential to provide reasonable quantities of 
saline groundwater.  

There are no significant faults within the Project area that have been mapped on 2D seismic data, and 
therefore, it is unlikely that structure-related connectivity between Broome Sandstone, Wallal 
Sandstone, Jarlemai Siltstone and Grant Formation exists. The relationships between aquifers in the 
Project area are illustrated in Figure 7 below.   

Figure 7: Conceptual hydrogeological profile of the Canning Basin 

 

The following describes the hydrostratigraphic units of the local hydrogeological setting. 
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1.5.2 Hydrostratigraphy 

Broome Sandstone  

The Broome Sandstone aquifer overlies the Jarlemai Siltstone and has a maximum recorded thickness of 
60m in the West Canning Basin. The Broome Sandstone is Cretaceous in age and the aquifer, where it 
occurs, is mostly unconfined. The Broome Sandstone generally comprises sandstones with minor 
siltstone interbeds. At the Theia-1 location it is thin to not present. Further north, the lower sands of the 
Broome Sandstone are red to brown, predominantly fine grained, variably argillaceous and silty with 
poor to fair porosity. 

Based on the water bores inventory obtained from DoW, WIR database (Attachment 1), plus information 
provided by DoAF and Theia-1 water bore#2 log it is reasonable to conclude that the Broome aquifer in 
this area is unsaturated.  

The saturated part of the Broome Sandstone is located approximately 50 km west of the Project area. 
Figure 8: Shallow hydrogeology illustrates the thickness of the Broome aquifer in this area. To the west of 
the Project area, at contour ‘0’ the water table in the Broome Sandstone intersects the top of the 
Jarlemai Siltstone, which supports the observation the Broome Sandstone is unsaturated within the 
Project Area. The well completion report for Edgar Range #1, north-east of the Project area, also shows 
that the Broome Sandstone aquifer is not present, with the Wallal Sandstone aquifer underlain by the 
Dora Shale (DoAF, 2015).  

Jarlemai Siltstone  

The Jarlemai Siltstone comprises mainly black and silty clays that act as a confining layer which separates 
the Wallal and Broome Sandstone aquifers. The Jarlemai Siltstone has a maximum recorded thickness of 
200 m. Within the project area the thickness of Jarlemai Sitlstone is 120m. The Jarlemai Siltstone is 
considered a significant aquitard as the groundwater in the Wallal and Broome Sandstones moves 
independently and in different directions in each aquifer (Aquaterra, 2010). 

Wallal Sandstone  

Generally, the Wallal Sandstone comprises cemented very coarse to fine grained sands. A fine to medium 
grained sandstone and inter-bedded mudstone is consistent throughout the upper Wallal Sandstone and 
has been correlated with the Alexander Formation. This unit is Jurassic in age and has a maximum 
recorded thickness of 420m. The Wallal aquifer is confined above by the Jarlemai Siltstone and beneath 
by the Dora Shale Member of the Grant Formation.  The Wallal Sandstone exhibits artesian heads of up 
to 30 m above ground level close to the coastline (Aquaterra, 2010) but further inland is likely to be sub-
artesian. 

The Wallal Sandstone forms a slightly brackish aquifer in this area. Sandstones are commonly grey, 
friable, medium to coarse grained with grey to brown siltstone interbeds.  Some wells have interbeds of 
brown to black coal and dark grey claystone. 

In the western part of the Canning Basin the Wallal aquifer is relatively fresh and extensively confined. It 
is separated from the overlying, unconfined and mostly brackish Broome Sandstone by the Jarlemai 
Siltstone. In this area, towards the coast, the Jarlemai Siltstone is absent and the Wallal has direct 
hydraulic connection with the overlying Broome Sandstone. 

In the eastern part of the Canning Basin the Wallal Sandstone aquifer generally thickens and deepens to 
the northeast.  The Theia-1 stratigraphy log (Table 3) indicates that within the Project area the Wallal 
Sandstone is 76 m thick.  In this area, Wallal Sandstone is confined by between 150 and 200m thickness 
of. The underlying Dora Shale confining unit is practically impermeable and has a thickness in the Project 
area that exceeds 100 m.  
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Figure 8: Shallow hydrogeology 

 

Grant Formation - Dora Shale  

The Dora Shale Member of the Grant Formation is present across most of EP 493. Dora shale is the 
claystone dark grey – green with potential thin siltstone and sandstone interbeds. A minimum thickness 
of 124 m was intersected in Carina-1 (55 km SW), 149 m was intersected in Edgar Range-1 (closest offset 
well 35 km NW), and 187 m in Twin Buttes-1 (35 km NE). Within the Project area the Dora Shale Member 
is 149m thick. 

Grant Formation - Cuncudgerie Sandstone  

The Cuncudgerie Sandstone Member of the Grant Formation is a thick sequence of sandstones with 
siltstone and claystone interbeds.  The sandstones are generally grey, clear-translucent, fine to coarse 
grained and argillaceous in part.  Claystone interbeds are similar in appearance to the overlying Dora 
Shale Member. Within the Project area, the Cuncudgerie Sandstone is 451 m thick. Interpretation of data 
from existing petroleum wells suggests that some wells experienced mud losses and formation water 
influx into the wellbore, indicating some permeability exists within this unit. No data is available to 
understand water quality or physical parameters of the aquifer.  

Carribudy Group  

The Carribudy Formation varies greatly over the Broome Platform and into the Willara and Kidson Sub-
basins.  It mainly comprises red-brown claystone which become more grey-green towards the base and 
can be dolomitic in parts.  Within the Project area, the Carribudy Formation is 137 m thick. The first 27 m 
of upper part of the Carribudy Group is composed mainly of sandstone (80%) suggesting some degree of 
hydraulic connectivity exists with the Cuncudgerie Sandstone. However, they both contain minor 
confining layers, which may impede or restrict vertical groundwater movement.  

Between 867m and 978m depth, the Carribudy Group consists of claystone and dolomitic claystone 
(100%). This part of the Carribudy Group has a thickness of around 110 m and could be recognised as the 
first seal (aquifuge) that forms a proper hydraulic confining layer between hydrocarbon plays and 
aquifers occurring closer to the surface.  
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Bongabinni Formation  

The Bongabinni Formation is a shallow marine carbon-rich claystone that is locally present along the 
central Admiral Bay Fault Zone to the south-west. It comprises green to grey calcareous mudstone, 
argillaceous limestone and minor dolostone with massive to laminated black claystone interbeds. Within 
the Project area the Bongabinni Formation consists of dolomitic claystone (100%) that acts as a second 
aquifuge. The thickness of the Bongabinni formation is 41 m.  

Nita Formation  

The Nita Formation is a conventional target in the Canning Basin, with many wells reporting strong 
hydrocarbon shows, however at Theia-1 no structure is present, so no trapped hydrocarbons are 
expected.  The Nita Formation is mainly a carbonate unit comprising dolomites at the top, grey to yellow 
brown, fine to very fine grained, microcrystalline, generally non-porous (secondary vugular porosity and 
micro-fractures are sometimes present) and grading down into dolomitic limestones.  Interbeds of dark 
grey claystone are sometimes present. In the Project area the thickness of Nita Formation is 169m.  

Goldwyer Formation  

The Goldwyer Formation is subdivided according to the stratigraphic scheme published by BHP (1987) 
and Triche and Bahar (2013). This subdivision separates the Goldwyer Formation into a basal shale 
member (III), middle carbonate member (II) and an upper shale member (I).  

Goldwyer I Unit comprises a dark grey to black fissile claystone with minor limestone interbeds.  The 
shales are generally hard and fossiliferous with preserved graptolites, trilobites and brachiopods, pyritic 
in part. The thickness is 177.5 m and very low permeability is expected. 

Goldwyer II Unit was deposited during a highstand and the lithology is predominantly limestones with 
dolomite and minor claystone interbeds.  The limestone is grey brown microcrystalline and hard with no 
visual porosity. Within the Project area the formation is 106.6m thick and low permeability is expected. 

Goldwyer III Unit is predominantly dark grey to black claystone with minor interbedded pale grey fine 
grained limestone.  The Goldwyer III unit, was deposited in more open marine settings. This is a primary 
hydrocarbons target which is 1,472 m deep and 120.6 m thick and very low permeability is expected.  

Willara Formation 

The Willara Formation comprises finely bedded limestone and siltstones.  They are grey-white, fine 
grained and generally hard and brittle. Willara Formation thickness was 51 m at the depth where drilling 
was terminated. The total depth (TD) of the well was 1,644.95 m.  

1.5.3 Groundwater Level and Flow 

Broome Sandstone  

Groundwater generally flows northwards through the aquifer toward the Indian Ocean. Measured 
hydraulic conductivity values range between 3 and 15 m/day, and averaged 7.5 m/day (Aquaterra, 2010). 
Recharge to the Broome Sandstone aquifer is mainly by direct percolation of rainfall. Groundwater is lost 
from the aquifer through discharge to the Indian Ocean and through evapotranspiration in low lying 
coastal areas (Aquaterra, 2010). 

Wallal Sandstone 

Accurate groundwater level data in the vicinity of the Project area is limited and data from DoW WIR 
database near the site include numerous irregularities. For example, of all identified water bores, the 
single location, ID_80210616, name “Bore” (refer to Attachment 1), indicates the water table lies 48m 
below ground surface. The Wallal aquifer is confined in this area showing flow rate of around 0.5 L/s. The 
water bore is located 40 km north-east from the Project area. 
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An existing water bore at Dampier Downs Station, which lies 50 km to the north-east of the Project area 
is cased to approximately 68 m and indicates flow rate of between 2.0 and 2,5 L/s (Theia, 2015). Water 
samples were taken from the bore indicating that water quality was potable (fresh), electrical 
conductivity (EC) 680 µS/cm, total dissolved solids (TDS) 410 mg/L, pH 6.7 

The ground water bore#1 drilled at the camp location (Theia-1 site) to approximately 150 m. The water 
bore was dry and collapsed due to upper formation becoming unstable.  The subsequent water bore #2 
was drilled at the Theia-1 well site to 166m and had a recorded static groundwater level of 112 m below 
ground surface. Typical bore yield was 5.0 L/s and electrical conductivity 2,700 µS/cm, TDS 1600 mg/L, 
pH 6.3. The water bore was drilled to a total depth of 166m; water cut was at 156 m (Kimberly Water, 
2015). 

In the western part of the Canning Basin, hydraulic tests were conducted on 18 sub-artesian and artesian 
bores completed in the Wallal Sandstone during the 1979 investigation (DOW, 2012). Measured 
hydraulic conductivities range from 1 m/day to 138 m/day (DOW, 2012), however bore construction of 
the GSWA bores did not screen the entire length of the Wallal Sandstone aquifer and typically only 
represented an average of 18 m sections of the aquifer (DOW, 2012). Therefore, these calculated mean 
hydraulic conductivity values may not be representative for the entire Wallal Sandstone unit. More 
recent investigations by Moly Mines (2007) and Atlas Iron (2009) calculated hydraulic conductivity values 
around 40-45 m/day and 20-60 m/day (Aquaterra, 2010), respectively.  

The dominant source of recharge to the Wallal Sandstone is via throughflow from outside the Project 
area. Where the Jarlemai Siltstone is absent and the Wallal Sandstone is unconfined, recharge also 
occurs from infiltration of rainfall during intense events.  Groundwater throughflow at the western 
margin of the permit area has been estimated by Leech (1979) to be approximately 21x106 m3/yr or 21 
GL/yr. Because rainfall is highly variable, and there is only limited on-ground information regarding 
recharge of the Wallal aquifer, DoW estimated a recharge rate of the Wallal aquifer of 2.7% average 
rainfall (Aquaterra, 2010).  

The limited surface flow occurring within the Project area suggests that during rainfall events, water will 
percolate through the sands into the aquifer rather than move away along creeks or drainage channels. 

Groundwater flow direction in the Wallal Sandstone in the larger Canning Basin is in a general northerly 
direction (DOW, 2012), whereas groundwater flow in the West Canning Basin is in a general west-
northwesterly direction, due to the radial distribution of the flow from the larger basin. Groundwater 
discharge from the Wallal aquifer occurs offshore along preferential flow paths associated with faulting 
and/or by upward leakage, given the pressure differential between the Wallal Sandstone and the 
Broome Sandstone.  

Grant Formation 

No data are available to understand groundwater level or flow within this hydrostratigraphic unit.  
However, the degree of hydraulic connection between this unit and the Wallal Sandstone is considered 
to be extremely low if at all.  

1.5.4 Groundwater quality 

The regional distribution of groundwater salinity in shallow aquifers (Broome and Wallal) within the 
Project area is illustrated in Figure 9. The following DOW definitions apply to describe the quality of 
groundwater: 

- 0 – 500 mg/L is fresh;  
- 501 – 1,000 mg /L is marginal; 
- 1,001 – 5,000 mg/L is brackish; 
- > 5,000 mg/L is saline water.  
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Figure 9: Groundwater salinity 

 

Source: DOW Groundwater Salinity Statewide (DOW-030) and Hydrography Linear (Heirarchy) (DOW-029, Sep 2016).  

Broome Sandstone  

The salinity of the groundwater in the Broome Sandstone aquifer ranges from around 380 mg/L to over 
10,000 mg/L total dissolved solids (Aquaterra, 2010). Although water may be suitable for domestic use or 
irrigation where salinities are less than 1000 mg/L, elevated nitrates (probably naturally occurring) mean 
that the water may require treatment before use (DOW, 2012). In addition, sodium absorption ratio 
analysis shows a medium to high salinity hazard, indicating that the Broome Sandstone aquifer may not 
be suitable for irrigation (DOW, 2012). 

The water samples taken from the nearest active pastoral water bore at Dampier Downs Station, which 
lies 50 km to the north-east of the Project area suggests that water quality of the Broom Sandstone is 
fresh in this area indicating TDS of 410mg/L - refer Attachment 2: Groundwater baseline assessment.  
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Wallal Sandstone  

In the western part of the Canning Basin, groundwater quality values of the Wallal aquifer were 
measured during DOW 1979 investigation. Measured salinity ranges from around 250 mg/L TDS to 
approximately 2,000mg/L TDS in this area. Two particularly high concentrations are reported (5,500mg/L 
and 13,700mg/L), but it’s not clear if these elevated salinities are associated with the Wallal aquifer. 
Given the large hydraulic heads in the Wallal aquifer at the coast, it’s extremely unlikely that the increase 
in groundwater salinity in the eastern part of the West Canning Basin is due to saline intrusion. Rather, it 
may be due to structural changes at the western boundary of the Canning Basin (Aquaterra, 2010).  

DOW collected a number of water samples from selected groundwater bores in the West Canning Basin 
in December 2008. The results show that groundwater in the Wallal Sandstone may vary from sulfate 
and sodium dominant, which is indicative of mixing influences, to chloride and sodium dominant, 
indicative of “end point” or mature groundwater. This is to be expected given the distance of the sample 
points from the recharge area for the Wallal Sandstone (DOW 2008).  

The water sample taken from water bore#2 drilled at the Theia-1 site suggests that water quality of the 
Wallal Sandstone is brackish, recording TDS of 1,600 mg/L, refer to Attachment 2: Groundwater Baseline 
assessment. This TDS value exceeds limits for human consumption, however, is in line within the limits 
for irrigation and stock watering (MPL, 2015).  

Grant Formation 

Interpretation of an existing seismic line that intersects the Project area suggests that below the Wallal 
sandstone, the water is generally brackish down to the base of the Grant Formation where it becomes 
more saline - refer Figure 10. 

Figure 10: Vertical interpretation of water quality 
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1.6 AQUIFER CONNECTIVITY  

The stratigraphy of the Project area and the formation properties suggest that formations beneath 
Cuncudgerie Sandstone are practically impermeable rocks and could be described as aquitards or 
aquicludes - refer to Table 4: Formation parameters.  The formation parameters values were obtained 
from a routine core analysis study conducted on selected core samples from Theia-1 by Core 
Laboratories, August 2016. The aquifer parameters values were obtained from various hydrogeological 
studies and investigation reports. 

Table 4: Formation parameters 

Formation Unit  Thickness Parameters* 

Surficial/Broome 
Sandstone  

Aquifer 
(unsaturate

d) 
38.7 

Vertical Hydraulic Conductivity (m/d) - 0.75 
Horizontal Hydraulic Conductivity (m/d) - 7.5 

Jarlemai Siltstone Aquitard 125.0 
Vertical Hydraulic Conductivity (m/d) - 0.0001 
Horizontal Hydraulic Conductivity (m/d) - 0.001 

Wallal Sandstone Aquifer 76.0 
Vertical Hydraulic Conductivity (m/d) – 2.0 
Horizontal Hydraulic Conductivity (m/d) - 20 

Grant 
Formation 

Dora Shale 
Mbr 

Aquiclude  149.0 N/A 

Cuncudgerie 
SST 

Aquifer 451.0 N/A 

Carribudy Formation/ 
Bongabinni Formation 

Aquiclude  178.0 
Porosity – (%)- 12.2 
Permeability (mD) – 0.009 

Nita Formation Aquiclude  169.5 
Permeability(mD) – 0.001-0.021  
Porosities (%) - 3.3-4.7 
Hydraulic Conductivity (m/d) - 0.0000831 

Goldwyer 
Formation 

Goldwyer I 
Mbr 

Aquiclude  177.5 
Porosity – (%)- 1.8-3.5 
Permeability (mD) – 0.0023-0.0042 

Goldwyer II 
Mbr 

Aquiclude  106.6 
Porosity – (%)- 3.5-4.6 
Permeability (mD) – 0.0012-0.0023 

Goldwyer III 
Mbr 

Target  120.6 
Porosity – (%)- 1.0-3.6 
Permeability (mD) – 0.001-0.03 

Willara Formation Aquiclude >51 
Porosity – (%)- 1.9-4.2 
Permeability (mD) – 0.003-0.013 

Total Depth  1,644.0  
*mD – milliDarcys is unit of porous permeability of soil 

The major confining layer between the hydrocarbon exploration target (Goldwyer III Mbr) and the first 
overlying Cuncudgerie Sandstone aquifer is represented by the Goldwyer Formation (Unit I and Unit II) – 
283 m thickness, Nita Formation - 169m thickness, 178 m of Bongabinni Formation and Carribudy 
Formation.  These formations are low permeability to practically impermeable with a total thickness of 
604.6 m.  The geophysical logs indicate consistently impermeable strata.  

The Cuncudgerie Sandstone is considered an aquifer having low potential due to the likelihood of water 
quality being saline to hyper-saline. The Cuncudgerie Sandstone and the underlying Carribudy Formation 
are likely to have some degree of hydraulic connectivity, however they both contain confining layers, 
which will serve to impede or restrict vertical groundwater movement from deeper hydrostratigraphic 
units to shallower ones. 

The major regional aquifer, the Wallal Sandstone, is separated from the Cuncudgerie Sandstone by Dora 
Shale, which provides a significant barrier to vertical transfer of groundwater (149m) between the Wallal 
and Cuncudgerie Sandstones. The Jarlemai Siltstone overlies the Wallal aquifer. The Broome Sandstone is 
unsaturated in the Project area. Surface sediments, 1.3 m thick, comprise sand, gravel and siltstone 
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which overlie the Broome Sandstone. An indicative infiltration rate for the surface sediments found on 
site is 20 mm/hour. 

A detailed geological and geophysical assessment using information derived from seismic surveys, drilling 
logs and data received from Theia’s drilling program 2015 suggests that there are no geometrical hazards 
such as faults or natural fractures evident in the stratigraphy of the target zone that potentially provide 
conditions for vertical connectivity/ vertical movement of fluids or interconnection of the aquifers. 
Figure 3: Local faults illustrates faults identified by interpreting data of ON-CST 80-523 seismic line that 
crosses the Project area in a north-south direction.  

The nearest faults to the Project area are located approximately 8 km to the north and 25 km to the 
south of the Project area.  

There is a high level of confidence to conclude that, in the absence of faults and naturally occurring 
fractures, and given the physical vertical separation of 1231.6 m between the deepest useful aquifer 
(Wallal Sandstone) and the target formation, there is adequate natural protection to identified shallow 
aquifers from the proposed testing works. 

1.7 GROUNDWATER USERS 

Water Availability  

The Project is located within the Canning–Kimberley groundwater area, Canning- Kimberley subarea and 
partially within Canning La Grange North subarea, Figure 11. 

Figure 11: Groundwater areas 

 

The major regional aquifer systems in the Canning Basin are (in order of water allocation) Broome 
Sandstone, Wallal Sandstone, Liveringa Formation and Grant Formation. According to Figure 11, the 
project area lies with Canning –Wallal aquifer. 

According to DOW, the Wallal Sandstone aquifer contains a relatively brackish to saline groundwater 
resource that sits under the low permeability Jarlemai Siltstone. Dora shale (impermeable rock) 
separates Wallal aquifer and Concudgerie Sandstone. The Dora Shale is impermeable rock layer greatly 
limits connectivity between the Wallal and Concudgerie aquifers. The Concudgerie aquifer is impractical 
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to access due to depth and high salinity and is not considered by DoW for allocation purposes in the 
project area.  

The project area is an extensive and largely undeveloped resource that could provide fit-for-purpose 
water for a variety of important uses. These include pastoral and diversified agricultural activities, mining 
and petroleum development. The Wallal aquifer, as it is substantially larger than the Broome Sandstone 
aquifer, has greater potential as a water resource. 

DoW uses allocation plans to manage how water is taken from ground and surface water systems.  

Under the Pilbara groundwater allocation plan which covers a small part of the Canning-Kimberly 
groundwater area and includes the West Canning Basin, DoW has set a total of 41 GL/yr of groundwater 
that can be taken from the Broome and Wallal aquifers in the West Canning Basin. The allocation limits 
are 10 GL/yr from the Broome Sandstone and 31 GL/yr from the Wallal aquifer. 

The Canning - La-Grange allocation plan covers the superficial Broome Sandstone aquifer. Current use in 
the La-Grange subarea is low – about 6.7GL per annum, representing approximately 13% of the 
allocation limit. The western part of the exploration permit EP493 is partly located within La-Grange 
north subarea. The Project area is outside these areas.  

Current water use  

According to DoW’s West Canning Basin and La-Grange water allocation plans, licenced abstraction of 
water is currently low. Existing licenced water abstraction of approx. 3.7 GL/year is used for agricultural 
purposes, domestic consumption and tourism. Approximately 3.0 GL/year is being used for unlicensed or 
exempt purposes such as water for stock, domestic purpose and firefighting.  

The Project is located in a region that has little if any agricultural potential.  There are no cattle or sheep 
raised in this area, therefore there is no existing bore in the vicinity of the Project area. There is no 
known bore within the permit, the nearest water bore is located on the Dampier Downs Station 
approximately 75 km away (RPC, 2014). 

There is a limited licenced groundwater use within the Project area and surroundings, limited to a total 
annual allocation to approximately 175,000 KL (including Theia’s water allocation of 60 ML). The licence 
holders are predominantly petroleum exploration companies. The current users are: 
 

Name Allocated 
groundwater area 

Volume Kilolitres/ 
(kL) per year 

Licence 
due date 

Buru Energy Grant 10,000 2016 

New Standard Grant 350 2024 

New Standard  Grant 25,150 2017 

New Standard  Grant 10,000 2017 

Kunawarrijii Canning Stock Route Grant 4,500 2022 

Buru Energy  Wallal 40,000 2016 

New Standard  Wallal 25,000 2023 

Theia Shale  Broome 60,000 2021 

Total   175,000  

Theia has a 5C licence (No GWL179507) to take water with an annual allocation of 60 ML for exploration 
activities. Groundwater use associated with the Project activities is estimated to be approximately 6-7ML 
in total. The exact volume of water required for the Project will be determined during the final stage of 
the project design. Final results will be incorporated into the Project Environmental Plan, Chemical 
Disclosure Statement and Well Management Plan, as required by DMIRS. 

There are no operational mines in the identified groundwater areas (DoW, 2010). 
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1.8 CONSERVATION AREAS AND ENVIRONMENTAL WATER 

A detailed desktop review and an ecological field survey to validate the results of the desktop review 
were completed during May 2015. The first field survey was completed in 2014 to establish baseline 
conditions of the existing environment and to identify potential environmental sensitivities within permit 
EP 493 and the Project area. The second field survey was completed in December 2016.  

Wetlands  

Desktop assessment undertaken by RPS in 2014 concluded that there are no Ramsar listed wetlands 
present in the Canning Basin, the nearest wetland of national significance is Dragon Tree Soak, which lies 
approximately 90km to the south of the footprint.  

The nearest landscape feature that contains ephemeral water courses and chain of waterholes is the 
Edgar Ranges located > 6km from the proposed activity. The Geegully Creek, Woolonwarra Creek and its 
major and minor tributaries (including ephemeral systems) and waterholes are wholly contained with 
the Edgar Ranges which is a natural depression in the landscape.  

The digital elevation model shows that the area within the Project is flat. No emergent landscape 
features occur in the immediate vicinity of the well site. 

Groundwater dependent ecosystems 

The National Atlas of Groundwater Dependent Ecosystems (NAGDEs) displays ecological and 
hydrogeological information on known groundwater dependent ecosystems and ecosystems that 
potentially use groundwater. The Atlas is the most comprehensive inventory of the location and 
characteristics of groundwater dependent ecosystems for Australia.  

The search of the NAGDEs undertaken within 10km radius of the proposed drilling location identified a 
low potential for groundwater interaction (Theia, 2017). One ecosystem was identified within the 10km 
radius namely the Geegully Creek which located within the Edgar Ranges >6km from the Project area. 
Considering significant depth (>160m) to the shallowest groundwater aquifer it is reasonable to conclude 
that GDEs are unlikely to occur within the project area. Vegetation units present within the Project area 
is unlikely to be Inflow Dependent Ecosystems (IDEs), (NAGDEs, 2017).  

The key findings are summarised as follows: 

- No environmentally sensitive areas (ESA) such as declared conservation significant land, wetlands, 
national parks or reserves within the permit; 

- No permanent waterways within or in proximity to the project area; 
- No groundwater dependant systems; 
- No areas of other ecological significance such as threatened flora/fauna species and its habitat; 
- No Public Drinking Water Source Areas, potable water supplies, Public Drinking Water Source Areas 

water bores or Aboriginal Community drinking water bores in the project area. The nearest public 
drinking water reserve is near the town of Broome, approximately 150km north-west of the Project 
area. 

- No social values such as recreational areas, tourist attractions associated with the project area; 
- Limited groundwater values and beneficial use, as the project is located in a remote area on 

unallocated Crown Land; 
- No populated areas and no identified groundwater users in the vicinity of the project area; 
- Culturally significant areas are avoided; 
- No uncertainties associated with cumulative impacts or risk of groundwater contamination.  

1.9 IMPACT ASSESSMENT 

The hydrogeological assessment presented in this report demonstrates there is little, if any, hydraulic 
connection between the Goldwyer Formation which is to be targeted for fracture stimulation and 
testing, and the shallower Wallal and Broome Sandstone aquifers which could support sensitive water 
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users (environmental and economic). Therefore, given the low permeability hydrostratigraphic units of 
up to 1231.6m thickness that isolate the Goldwyer production targets from the shallow Wallal and 
Broome Sandstone aquifers (i.e. tight confining units), there is limited potential for the Project to impact 
on shallower useful groundwater resources. 

Considering this, combined with a lack of sensitive receptors in the immediate Project area, it is 
considered highly unlikely that the Project presents an unacceptable risk to other users of surface and 
groundwater resources. The risks are manageable and therefore the Project can be undertaken in a 
manner which is consistent with DMIRS and EPA’s objectives relating to hydrological processes and 
inland waters environmental quality.  
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2 PART 2 - GROUNDWATER BASELINE ASSESSMENT  

2.1 Objectives 

The groundwater baseline assessment aims to address groundwater monitoring requirements 
associated with exploration activities in the Canning Basin. The primary objectives of 
undertaking groundwater monitoring on-site are to ensure: 

- sufficient baseline data is gathered for consideration of the following hydrogeological 
aspects: 

o Seasonal and spatial variations in groundwater quality, 
o Groundwater level or quantity impact (e,g, early detection of drawdown or 

groundwater quality changes caused by exploration activities).  

 any potential impacts from the drilling activities is measurable against the baseline data. 

2.2 Principles  
- Baseline assessment of groundwater bores should occur in any aquifer that is within 200 

metres above or below the target gas producing formation. This is a standard condition 
under QLD Guideline Model Conditions for Petroleum Activities, DEHP, May 2016 
developed after consultation with petroleum industry.   

- All active groundwater bores within a radius of 2 km should be subject to baseline 
assessment. 

- Baseline assessment of water bores should be undertaken prior to the commencement of 
drilling operations and any subsequent well completion activities such as HFS, production 
testing, storage of petroleum etc. 

- The baseline should include assessment of field parameters, the groundwater level, 
chemical analysis of water quality and the construction details of water bore. 

- The sampling test should be conducted by NATA certified laboratory for the suite of 
analytes as prescribed in DMIRS Guideline 2016. 

- The assessment date should be determined taking into account the turnaround time for 
delivery, analysis and interpretation of the samples (average 12-15 business days).  

- If the baseline assessment indicates naturally occurring constituents of concern (BTEX, 
NORM) that are above ANZECC &ARMCANZ 2000 limits, the administering authority (DoW 
and DMIRS) will be notified within as soon as reasonable once sampling results are 
received.   

- The information collected during groundwater baseline monitoring and subsequent 
surveillance groundwater monitoring should be provided to DMIRS in annual environmental 
reports and /or upon request by an administering authority. 

2.3 Commencement and duration 

The groundwater baseline monitoring of the Wallal aquifer commenced in April 2015. The 
second set of baseline data will be undertaken prior to the proposed drilling activities (Helios-
1/1H) scheduled in Q2 2017. 

2.4 Relevant approvals  

The water bores were drilled on the permit in 2015 by Kimberley Water Pty Ltd in accordance 
with Theia’s Licence to Construct Well granted under Section 26D of the Rights in Water and 
Irrigation Act 1914 and the Minimum Construction Requirements for Water Bores in Australia 
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(NUDLC, 2012). It is understood that a new 26D licence would be required if subsequent 
monitoring bores are considered and constructed in the future.  

Theia also has a 5C licence to take water GWL179507(2) with allocation of 60ML annually until 
2021 for the project activities. 

2.5 Monitoring sites and bore design  

The project is located approximately 130km in a straight line from Broome on a site that is 
accessed off the Dampier Downs Road – an unsealed road turning off of the Great Northern 
Highway approximately 60km south of Broome. The unsealed road section itself is 
approximately 140km long.  

The ground water bore#1 was drilled at the camp location (Theia-1 site) to approximately 150m 
depth. The water bore was dry and collapsed due to instability of upper formations.  The 
subsequent water bore #2 was drilled at the Theia-1 well site to 166m depth and had a recorded 
static groundwater level of 112m below ground surface. Typical bore yield was 5.0 L/s and 
electrical conductivity 2,700 µS/cm, TDS 1600 mg/L, pH 6.3. The water bore was drilled to a 
total depth of 166m; water cut was at 156 m (Kimberly Water, 2015). 

The nearest pastoral lease is the Dampier Down station approximately 70km to the north-west 
of the project location. There is an existing water bore Dampier Down Bore# 1 which sources 
water from the Broom aquifer. Although the significant distance from the project area this 
water bore was also selected for the baseline assessment. The groundwater samples were taken 
to provide set of data for the comparison and correlation of on-site results and better 
understanding of the shallow hydrogeology in the Canning Basin.   

As a result, the baseline groundwater assessment was undertaken on two sites (Dampier Down 
Bore #1 and Theia-1 well site Water Bore #2). The locations of the existing water bores are 
shown in Attachment 1: Water Bore Inventory, coordinates are provided in Table 1 below.  

Table 1 

Bore ID Latitude/ Easting  Longitude/ Northing  Bore completion date 

Dampier Down Bore#1 123.097308 -18.292703 15/07/1956 

Water Bore#2 530 882.268 E 7 910150.906 N 20/07/2015 

The groundwater flow direction in the Wallal Sandstone in the larger Canning Basin is in a 
general northerly direction (DoW, 2012), whereas groundwater flow in the West Canning Basin 
is in a general west-northwesterly direction, due to the radial distribution of the flow from the 
larger basin (DoW, 2012). 

According to the information above (DoW 2012), the groundwater flow direction in the Wallal 
Sandstone within the project area is likely to be in a general north-northwest direction. The 
Theia-1 Water Bore#2 baseline assessment site is located down-hydraulic gradient of the Theia-
1 well location at the distance of approximately 50m of Theia-1 well head. The baseline site 
location was also considered taking into account the layout of the site and on-site 
infrastructure. Therefore, the original locations of the baseline assessment site was selected as 
appropriate for detection of potential groundwater contamination based on groundwater flow 
directions, refer to Figure 1: Schematic design of the baseline assessment and monitoring 
program and Figure 2: Aerial location of the site layout and baseline assessment site.  
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There are no external factors located up-gradient of the proposed well location that will 
influence groundwater over the duration of the drilling activities therefore up-gradient 
monitoring water bore has been not considered. 

The Water Bore #2 is located within the Theia-1 site and will be used for subsequent 
(surveillance) groundwater monitoring for proposed Helios -1/1H wells to provide ongoing 
measurement of quality and quantity. In addition to providing baseline information, the results 
from the groundwater monitoring undertaken will provide a measurement of any impacts that 
may occur.  

Figure 1: Schematic design of the baseline assessment and monitoring program 
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Figure 2: Aerial location of the site and baseline assessment site 

 

Source: Theia Exploration, 2015 

The water bores were drilled by Kimberly Water Pty Ltd. Table 1 below shows scope of works 
and water bore design.  
 
 

Bore Hole Drilled 10inch 250mm. 

Bore cased with 168mm steel (OD) casing 155mm (ID). 

Slotted steel casing 166m to 116m with 1mm slots. 

Slotted casing gravel packed 1.2 - 3.2mm graded gravel 
3Tonnes. 

 
Electrical submersible was installed for the duration of the 
extraction period. Upon termination of the operation the 
pump was removed and the bore wellhead capped & locked 

 

 

 

 

 

 

 

 

 

2.6 Frequency of monitoring 

The groundwater samples were collected from both water bores and dispatched to MPL 
Laboratory in Perth for testing. MPL Laboratories is an analytical laboratory, located in Myaree, 

Water Bore#2  
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Western Australia. MPL is a division of Envirolab group. MPL Laboratories has a large NATA 
scope of accreditation.  

Bore ID Damper Down Bore#1  Water Bore#2 

Completion date Existing  20/07/2015 

Aquifer  Broome SS Wallal SS 

Depth  68m  166m  

Date sampled 28/04/2015 20/07/2015 

03/06/2015 23/07/2015 

20/07/2015 27/08/2015 

27/08/2015  

 

2.7 Baseline assessment results  

Baseline assessment results are provided in Attachment 2: Groundwater Baseline Assessment. 
The results of the baseline assessment are compared to the Australian Drinking Water 
Standards 2016. 

The baseline assessment identified that natural background concentrations of the Wallal aquifer 
are higher for some analytes at the Water bore #2 compared to the Broome aquifer at the 
Dampier Down Bore #1 site. This is simply the result of different geology and different prevailing 
groundwater conditions. The TDS and EC values for Water Bore#2 are higher, although do not 
represent a health risk are considered “unpalatable” for drinking water. The concentration 
values exceeding the Australian Drinking Water Standards 2016 are indicated in red in the 
Attachment 2.  

Total coliforms value in water sample from Dampier Down Bore#1 was above given thresholds. 
This issue was raised with the MPL Laboratory. The MPL advised that it is not associated with 
health risks as e-coli and thermotolerant coliforms are both below detection and these levels of 
total coliforms are typical for shallow groundwater. Cause of result is unknown; it is likely that 
the sample was contaminated during sampling (hygiene related contamination).  

All hydrocarbons analysed below detection limits. 
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3 PART 3 - GROUNDWATER MONITORING PROGRAM  

3.1 Objectives 

The objective for this groundwater monitoring is to ensure that sufficient data is gathered and 
any potential impacts from the drilling activities are measurable against the baseline data. 

This groundwater monitoring program is written for the drilling component only. The current 
program will be reviewed and updated or a new program will be developed, in consultation with 
relevant government agencies, for the well completion and production testing (Stage 2). 

The review of the groundwater monitoring program will re-assess the potential impacts and 
adapt the monitoring to the updated risks rating. The review will evaluate the effectiveness of 
the monitoring location, assess whether a new location or locations and modifications to the 
monitoring program are required. 

3.2 Monitoring site  

The original location of the baseline assessment site was selected as appropriate to provide site 
characterisation details and detect potential groundwater contamination based on the 
groundwater flow direction. There are no environmental sensitivities identified within the site 
or in close proximity to the site. The Broome aquifer is unsaturated here. The nearest aquifer 
system (Wallal Sandstone) is 165m below ground level, separated from the surface by Jarlemai 
Siltstone that is considered as a significant aquitard. Baseline conditions were established in 
2015 for the Wallal aquifer.  

Based on a risk assessment completed on risks posed by drilling activities to the shallow aquifer 
and taking into account the groundwater flow direction, one groundwater monitoring location 
(Water Bore#2) was considered to be adequate to meet monitoring criteria during the 
exploration activities for this project, refer to Figure 3: Helios-1 site layout diagram.  
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Figure 3: Helios-1 Layout Diagram 

  

Surface sampling locations are also important for control of soil quality, especially in on-site 
water holding facilities during the exploration phase of the Project. 

3.3 Frequency of monitoring  

The frequency of monitoring was considered based on the following principles: 

- Slow rate of changes in water quality and water levels in confined aquifer. The Wallal 
aquifer is confined and recharged via throughflow, seasonal changes in water quality for the 
main Wallal aquifer at the project location may be minimal (DoW comments, 2017). 

- Separation distance between surface and the Wallal aquifer is 160 m with no hydraulic 
connection between surface and the aquifer. It is unrealistic that that shallow groundwater 
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aquifer to be impacted or contaminated either from the surface spill or the well failure 
during the drilling.  

- During the wet season the sampling is not possible due to the road to the site is not 
accessible by vehicles (safety considerations).  

The following monitoring routine will be undertaken: 

- Groundwater level and pressure in the Water Bore #2 will be monitored prior to any project 
subsurface activities (drilling) and after drilling operations.  

- Groundwater sampling will be taken from the Water Bore#2 prior to any project subsurface 
activities (drilling) and after drilling operations. 

- Soil sampling will be taken from two locations where sumps will be excavated to establish 
soil baseline conditions.   

The monitoring results will be used to further develop understandings of the groundwater 
balance and water quality within the project area in long-term if the project moves to the 
production phase or assist in the implementation of the Theia Rehabilitation Plan if the project 
is unsuccessful.  

3.4 Sampling equipment and methods 

It is important that a rigorous sampling protocol is followed to ensure good sampling practice 
and due diligence in tracking of the samples and results.  

Groundwater sampling will be consistent with requirements of AS/NZS 5667.1:1998 Water 
Quality Sampling – Guidance on the Design of Sampling Programs, Sampling Techniques and the 
Preservation and Handling of Samples, the National  Environmental Protection Council’s 
National Environmental Protection (Assessment of Site Contamination) Measure (NEPC Service 
Corporation, 1999, Monitoring and Sampling Manual 2009, Version 2 (QLD, 2010) and 
Groundwater Sampling and Analysis—A Field Guide (Geoscience Australia, 2009).   

The method of groundwater monitoring will be undertaken following the procedures outlined 
below. These procedures are not exhaustive to good sampling practices: 

- Water sample should be taken by experienced person with knowledge of water bore 
construction and infrastructure and a practical experience to take water samples.  

- Bore must be purged of at least three bore-volumes of groundwater using submersible 
pump or bailer. The method of purging depends on the parameters being analysed to 
ensure accuracy of the results. 

- Analysis of physico-chemical (field) parameters should be undertaken during the purging. 
Effective purging is demonstrated by the stabilisation of water quality parameters (EC, pH, 
temperature) 

- Collecting of groundwater samples should be undertaken following the purging of the water 
bore. 

- For groundwater samples, sampling devices should be dedicated or disposable for each 
sample or otherwise decontaminated between sampling locations.  

- Groundwater samples should be collected in laboratory sampling containers that will be 
appropriately dozed with preservatives for the analysis required. The samples are to be 
submitted for analysis to a NATA accredited laboratory within the holding times with 
completed chain of custody (CoC) documentation. 
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- All sampling events should have a QA/QC program and the QA/QC sample analysis should 
be checked to validate the integrity of the collected data.  

3.5 Water monitoring parameters 

For each groundwater sampling event, water level and field water quality measurements will be 
recorded including field pH, electrical conductivity (EC), redox potential, temperature and 
dissolved oxygen.  

Samples will be sent to a NATA certified laboratory, for analysis of: 

- General parameters – total suspended solids (TSD) 
- Total dissolved solids (TDS) and EC; 
- Major cations - calcium, magnesium, potassium and sodium; 
- Major anions – alkalinity, hardness, chloride, sulphate and fluoride 
- Dissolved metals – arsenic, cadmium, chromium, copper, lead, nickel, zinc and iron; 
- Total petroleum hydrocarbons (TPH), benzene, toluene, ethyl benzene and xylenes (BTEX); 

Sampling and analysis of a volatile organic compounds (VOC) will also be undertaken at the end 
of the drilling program.  

Due to remoteness of the area and site location on UCL there are no agriculture or other human 
activities in addition to the Theia project, it has been decided that there is no reason to include 
in suite of analytes pathogen and nutrients monitoring. The suite of analytes proposed for the 
monitoring program will be the same as suite of analytes undertaken for the baseline 
assessment, refer to Attachment 2.  

3.6 Interpretation and Reporting  

Baseline assessment identified that natural background concentrations of some analytes at the 
Water Bore #2 site exceed thresholds of the Australian Drinking Water Standards for portable 
water. Groundwater monitoring results will be evaluated against natural background 
concentrations that were established during baseline assessment in 2015.  

The results of the groundwater monitoring program will be interpreted again established 
baseline concentrations. The results will be provided to DMIRS via annual environmental report 
arrangement.  

Should a trend in water quality results exceed the baseline threshold value for a particular 
analyte, DMIRS and DoW will be notified. A response plan will be developed via a consultative 
process relevant to the specific event. 

3.7 Review and update of the program  

It should be emphasised that this groundwater monitoring program is written for the drilling 
component only. The current program will be reviewed and updated or a new program will be 
developed, in consultation with relevant government agencies, for the well completion and 
production testing (Stage 2). 

The review of the groundwater monitoring program will re-assess the potential impacts and 
adapt the monitoring to the updated risks rating. The review will evaluate the effectiveness of 
the monitoring location, assess whether a new location or locations and modifications to the 
monitoring program are required. 
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Attachment 1: Water bore inventory, DOW WIN database  

Map reference: Groundwater bore locations  

  

Project area 
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Site details  

WIN ID 
WB 

Reference 
WB Name Longitude Latitude Catchment Locality 

Groundwater 
Area 

Surface 
water 

Subarea 
Site Comment 

20079648 80210613 
ARDJORIE 
HOMESTEAD 

123.734734 -18.788931 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

Homestead abandoned 

20079649 80210038 HARRY'S WELL 123.715680 -18.763837 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

Bore abandoned 

20079650 80210039 
WAPET BORE AT RADI 
HILLS 

123.532706 -18.791480 Fitzroy River GINGERAH Canning-Kimberley 
Lower 
Fitzroy 

Located 12 miles (19.2kms) south west of mt anderson. 
Sampled well. Samples made available to fpc(a) 

20079651 80210614 2-68 WHIPBILLABONG 123.699186 -18.603277 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

Visited by R Crowe 1976 and recorded depth as: 76m. Depth 
originally recorded depth as: 100ft. 

20079652 80210615 HOMESTEAD 123.681835 -18.604271 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

N/A 

20079653 80210040 1-66 123.716714 -18.734806 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

Palaeontological report written. Samples stored. Palaeo rpt 
46/1968. In a mainly silty succession, seepage at 80ft. Still 
jarlemai siltstone at 225ft; additional drilling required to reach the 
aquifers; sandstone beds in alexander formation. 

20079654 80210041 HOMESTEAD WELL 123.708850 -18.718767 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

N/A 

20079655 80210616 BORE 123.657801 -18.708361 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

Cut a good supply of fresh water at 164ft rising to 159ft from 
surface; tested supply at 550 gph without lowering; drilled to td 
in sandstone 

20079656 80210617 1-68 WALSH'S BORE 123.665634 -18.747041 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

N/A 

20079657 80210618 MOWLA NO. 1 123.692317 -18.718440 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

Visited by R Crowe 1976. Analysis data : test interval=1580-
1945, fm and age=unnamed devonian, date=12/69, rw ohm 
(m)=0.30, temp deg.F=68, c1-ion ppm=11818, nacl ppm=19500, 
tds 24240. 

20079658 80210619 BOLGER 123.715047 -18.676566 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

N/A 

20079659 80210042 ANTARES NO. 1- (I) 123.716044 -18.728762 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

A water bore for oil well production 

20079660 80210043 ANTARES NO. 1 (II) 123.716044 -18.728762 Fitzroy River 
GEEGULLY 
CREEK 

Canning-Kimberley 
Lower 
Fitzroy 

N/A 

20079343 80210518 
BROOME RIDGE WW 
NO 1 

123.887847 -18.646568 
Sandy desert 
Lake Dora 

 Canning- Kimberly  
Depth to Wallal sandstone 130ft. Incorrectly plotted as 3460-4-2 
changed to 3460-11. Total drill depth – 107.590m. No data 
available on event lithology, water level – N/A  

20079536 80110104 
Dampier Downs WW 
No.1  

123.097308 -18.292703 
Cape 
Leveque 
Coast 

 Canning-Kimberley 
Cape 
Leveque 
Coast 

Samples stored. W.L. 850ft rose to 75ft. Abd after recovery of 
equipment. Hole capped w/steel. Wallal sandstone. Aquifer. 
Log: 0-3m : sand, 3-90m : jr, 90-146m: ja, 146-310m :jl, 301m: --
> pn. Drilled to depth 303.280m (15/07/1956). Measured water 
level – 116.7m 
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Construction details  

WIN Site ID Site Ref. End Date Cons. Organisation 
Drilled 
Depth 
(m) 

Drill Method 
Pump 
Test 

Pumping 
Details 

Construction Element 
Distance 
to Bottom 
(m) 

Element 
Comment 

20079648 80210613 01/01/1900 Authority Not Known   (none)           

20079649 80210038 01/01/1900 Authority Not Known 15 (none)           

20079650 80210039 30/06/1967 Authority Not Known 144.78 Rotary drill           

20079651 80210614 30/06/1968 Swick Drilling Australia 76 (none)           

20079652 80210615 01/01/1900 Authority Not Known 24 (none)           

20079653 80210040 01/01/1900 Swick Drilling Australia 137.16 
Rotary 
percussion 

    Unknown: Unknown element.   
To 225ft unable to 
recover 

20079654 80210041 01/01/1900 Authority Not Known 6.1 (none)           

20079655 80210616 30/06/1965 Authority Not Known 57.91 (none)           

20079656 80210617 30/06/1968 Swick Drilling Australia 60.96 (none)           

20079658 80210619 01/01/1900 Authority Not Known   (none)           

20079659 80210042 12/04/1988 Kimberley Water Pty 48 Rotary drill Yes 
Airlift 24 hrs - 
d/d 28m 

Unknown: Unknown element.   0-48m x 150mm 

20079659 80210042 12/04/1988 Kimberley Water Pty 48 Rotary drill Yes 
Airlift 24 hrs - 
d/d 28m 

Inlet - Slotted: screen that uses vertical slots.  Made by cutting torch 
in steel pipes or machine slotting in PVC, FRP and ABS pipes. (An 
inlet is part of the bore/well construction that allows intake of 
groundwater into the pipe/casing).   

48   

20079660 80210043 11/04/1988 Kimberley Water Pty 48 Rotary drill   
24 hrs airlift - 
d/d 28m 

Unknown: Unknown element.   
0-48m x 150mm. 
Slotted: x150mm 

20079660 80210043 11/04/1988 Kimberley Water Pty 48 Rotary drill   
24 hrs airlift - 
d/d 28m 

Inlet - Slotted: screen that uses vertical slots.  Made by cutting torch 
in steel pipes or machine slotting in PVC, FRP and ABS pipes. (An 
inlet is part of the bore/well construction that allows intake of 
groundwater into the pipe/casing).   

48   
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Lithology 

WIN Site ID Site Ref. Log Date 
Depth From 

(m) 
Depth To 

(m) 
Lithological Description 

20079650 80210039 30/06/1967 0 7.31 Brick red laterite, derived from shaly material 

20079650 80210039 30/06/1967 7.31 12.19 Very coarse rounded opaque quartz gravel 

20079650 80210039 30/06/1967 12.19 51.81 Coarse grained subrounded quartz sand, white and yellowish to pinkish, loose, with traces of kaolinitic material 

20079650 80210039 30/06/1967 51.81 56.38 Siltstone to very fine grained sandstone, argillaceous, white, well consolidated with white mica flakes 

20079650 80210039 30/06/1967 56.38 64 Pinkish loose sand, very anisometric, subangular to subrounded, with traces of kaolinitic cement 

20079650 80210039 30/06/1967 64 68.58 White compact siltstone, slightly micaceous 

20079650 80210039 30/06/1967 68.58 71.62 Greyish coarse to very coarse, subangular to subrounded loose sand, with traces of kaolinitic material 

20079650 80210039 30/06/1967 71.62 89.91 White argillaceous siltstone, floury at the tip, well consolidated below, finely micaceous, with scarce coarse quartz grains and traces of carbonaceous material 

20079650 80210039 30/06/1967 89.91 99.06 Rounded to subrounded loose sand, with traces of kaolinitic material, medium grained at the tip, very coarse to gritty at the base 

20079650 80210039 30/06/1967 99.06 105.76 Fine grained angular greyish loose sand, well sorted 

20079650 80210039 30/06/1967 105.76 108.81 White argillaceous compact siltstone 

20079650 80210039 30/06/1967 108.81 111.86 Fine grained angular greyish loose sand, well sorted 

20079650 80210039 30/06/1967 111.86 112.77 White argillaceous compact siltstone 

20079650 80210039 30/06/1967 112.77 140.2 Very fine grained poorly consolidated grey-white sandstone, with traces of kaolinitic cement, somewhat better consolidated at the base 

20079650 80210039 30/06/1967 140.2 144.78 White soft argillaceous siltstone, with some reddish and ochre streaks 

20079651 80210614 30/06/1968 0 12.5 Red sand 

20079651 80210614 30/06/1968 12.5 26.52 Soft sandstone 

20079651 80210614 30/06/1968 26.52 28.65 Red coarse sand 

20079651 80210614 30/06/1968 28.65 30.48 Water sand 

20079651 80210614 30/06/1968 30.48 75.98 Not logged 

20079653 80210040 01/01/1900 0 70.1 Not logged 

20079653 80210040 01/01/1900 70.1 88.39 Blue clay 

20079653 80210040 01/01/1900 88.39 91.14 Not logged 

20079653 80210040 01/01/1900 91.14 92.05 Hard sandstone 

20079653 80210040 01/01/1900 92.05 98.76 Blue clay 

20079653 80210040 01/01/1900 98.76 121.92 Silt 

20079653 80210040 01/01/1900 121.92 137.16 Not logged 

20079656 80210617 30/06/1968 0 4.88 Red sand 

20079656 80210617 30/06/1968 4.88 9.75 Coarse sandy clay 

20079656 80210617 30/06/1968 9.75 14.33 Grey clay 

20079656 80210617 30/06/1968 14.33 16.15 Gravel and clay 

20079656 80210617 30/06/1968 16.15 23.16 Grey clay 

20079656 80210617 30/06/1968 23.16 54.56 Soft sandstone and white clay 

20079656 80210617 30/06/1968 54.56 58.52 Coarse sand, water zone 

20079656 80210617 30/06/1968 58.52 60.96 Soft sandstone 
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20079659 80210042 12/04/1988 0 6 Sand 

20079659 80210042 12/04/1988 6 20 Clay 

20079659 80210042 12/04/1988 20 28 Sandstone 

20079659 80210042 12/04/1988 28 48 Sandstone 

20079660 80210043 11/04/1988 0 6 Sand 

20079660 80210043 11/04/1988 6 20 Clay 

20079660 80210043 11/04/1988 20 28 Sandstone 

20079660 80210043 11/04/1988 28 48 Sandstone 

Summary log 

WIN Site ID Site Ref. Log Date 
Depth From 
(m) 

Depth To 
(m) 

Stratigraphy Lithology 1 Lithology 2 Lithology 3 

20079650 80210039 30/06/1967 0 12.19 Tertiary laterite gravel   

20079650 80210039 30/06/1967 12.19 89.91 Jurassic Sediments sand siltstone   

20079650 80210039 30/06/1967 89.91 144.78 Possible Jurassic sandstone sand siltstone 

20079651 80210614 30/06/1968 0 41 Quaternary sand     

20079651 80210614 30/06/1968 41 100 Jurassic Sediments sandstone coarse sand sand 

20079651 80210614 30/06/1968 100 249.28 Not Logged (none)     

20079653 80210040 01/01/1900 0 70.1 Not Logged (none)     

20079653 80210040 01/01/1900 70.1 121.92 Possible Jarlemai Siltstone clay silt, silty sandstone 

20079653 80210040 01/01/1900 121.92 137.16 Not Logged (none)     

20079656 80210617 30/06/1968 0 4.88 Quaternary sand     

20079656 80210617 30/06/1968 4.88 9.75 Possible Quaternary clay sandy   

20079656 80210617 30/06/1968 9.75 60.96 Jurassic Sediments sandstone clay coarse sand 

20079659 80210042 12/04/1988 0 20 Quaternary clay sand   

20079659 80210042 12/04/1988 20 48 Possible Jarlemai Siltstone sandstone     

20079660 80210043 11/04/1988 0 20 Quaternary clay sand   

20079660 80210043 11/04/1988 20 48 Possible Jarlemai Siltstone sandstone     
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Attachment 2: Groundwater Baseline Assessment Results 

Dampier Down Bore#1 

Sample Reference   165237 166706 168790 170333 Australian 
Drinking Water 

Standards 
Water Bore ID/ Name 

 
Dampier Down 

Bore#1  
Dampier Down 

Bore#1 
Dampier Down 

Bore#1 
Dampier Down 

Bore#1 

Date Sampled   28/04/2015 3/06/2015 20/07/2015 27/08/2015 ADWS mg/l 

Type of sample Units          

pH in water Units 6.6 6.9 6.7 6.7 6.5-8.5 

Electrical Conductivity water µS/cm 700 680 680 700   

Total Dissolved Solids 
(grav) mg/L 

420 410 410 420 600 

Total Suspended Solids mg/L <5 <5 <5 <5   

Turbidity NTU 2.6 <0.1 0.4 <0.1 5 

Colour (True) HZU <3 <3 <3 <3   

Aluminium-Total mg/L 0.06 <0.01 0.01 <0.01 0.2 

Cadmium-Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 0.002 

Copper-Total mg/L 0.003 <0.001 <0.001 <0.001 2 

Iron-Total mg/L 0.11 <0.01 0.01 0.02 0.3 

Lead-Total mg/L <0.001 <0.001 <0.001 <0.001 0.01 

Nickel-Total mg/L 0.002 <0.001 <0.001 <0.001 0.02 

Zinc-Total mg/L 0.031 0.004 0.003 0.001 3 

Calcium - Dissolved mg/L 7.5 7.2 6.5 6.7   

Potassium - Dissolved mg/L 14 13 14 12   

Magnesium - Dissolved mg/L 11 13 12 12   

Sodium - Dissolved mg/L 110 110 100 100 180 

Bicarbonate HCO3 as 
CaCO3 mg/L 

69 72 70 71   

Carbonate CO32- as CaCO3 mg/L <5 <5 <5 <5 200 

Hydroxide OH- as CaCO3 mg/L <5 <5 <5 <5   

Total Alkalinity  mg/L 69 72 70 71   

Chloride in water mg/L 150 140 150 150 250 

Sulphate in water mg/L 5 <10 4 3 500 

Nitrate as  NO3 mg/L 51 11 55 55 100 

Nitrite as NO2 mg/L <0.5 <0.005 <0.5 <0.5 3 

Hardness as CaCO3 mg/L 63 70 65 65 60-200 

Ionic Balance % 6.1 9.4 3.8 4 10% 

Ammonia as N mg/L 0.03 0.01 <0.005 <0.005 0.5 

Total Cyanide mg/L 0.015 <0.004 <0.004 <0.004 0.08 

Fluoride in water mg/L 1 <5 0.3 0.2 1.5 

Sulphide in water mg/L <0.01 <0.01 <0.01 <0.01   

Antimony-Total mg/L 0.001 <0.001 <0.001 <0.001 0.003 

Arsenic-Total mg/L 0.001 0.001 0.001 <0.001 0.01 

Barium-Total mg/L 0.27 0.28 0.29 0.29 2 

Boron-Total mg/L 0.38 0.39 0.38 0.31 4 

Chromium-Total mg/L 0.006 0.002 0.002 0.002 0.05 

Manganese-Total mg/L 0.006 <0.005 <0.005 <0.005 0.5 

Molybdenum-Total mg/L <0.001 <0.001 <0.001 <0.001 0.05 

Selenium-Total mg/L <0.001 <0.001 <0.001 <0.001 0.01 

Silver-Total mg/L <0.001 <0.001 <0.001 <0.001 0.1 
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Tin-Total mg/L <0.001 <0.001 <0.001 <0.001   

Uranium-Total mg/L <0.0005 <0.0005 <0.0005 <0.0005 0.017 

Total Coliforms 
cfu/100

mL 
<1 7 <1 *410 <1 

Thermotolerant Coliforms 
cfu/100

mL 
<1 <1 <1 <1 <1 

E.Coli 
cfu/100

mL 
<1 <1 <1 <1 <1 

TRH C10 - C14 µg/L     <50     

TRH C15 - C28 µg/L     <100     

TRH C29 - C36 µg/L     <100     

TRH >C10 - C16 µg/L     <50     

TRH >C10-C16 less N (F2) µg/L     <50     

TRH >C16 - C34 µg/L     <100     

TRH >C34 - C40 µg/L     <100     

TRH C6 - C9 µg/L     <10     

TRH C6 - C10 µg/L     <10     

TRH C6-C10 less BTEX (F1) µg/L     <10     

MTBE µg/L     <1     

Benzene µg/L     <1     

Toluene µg/L     <1     

Ethylbenzene µg/L     <1     

m+p-xylene µg/L     <2     

o-xylene µg/L     <1     

Naphthalene µg/L     <1     

Naphthalene µg/L     <0.1     

Acenaphthylene µg/L     <0.1     

Acenaphthene µg/L     <0.1     

Fluorene µg/L     <0.1     

Phenanthrene µg/L     <0.1     

Anthracene µg/L     <0.1     

Fluoranthene µg/L     <0.1     

Pyrene µg/L     <0.1     

Benzo(a)anthracene µg/L     <0.1     

Chrysene µg/L     <0.1     

Benzo(b,j+k)fluoranthene µg/L     <0.2     

Benzo(a)pyrene µg/L     <0.1     

Indeno(1,2,3-c,d)pyrene µg/L     <0.1     

Dibenzo(a,h)anthracene µg/L     <0.1     

Benzo(g,h,i)perylene µg/L     <0.1     

Benzo(a)pyrene TEQ µg/L     <0.5     

Total +ve µg/L     NO +VE PAHS     

Methane µg/L     <5     

Nitrate as N mg/L           

Cobalt total mg/L           

Vanadium total mg/L           

Surrogate o-Terphenyl (%) %           

Surrogate o-Terphenyl µg/L           

Summed total TRH's 
(>C10-C40) µg/L 

          

Surrogate %           
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Dibromofluorometha 

Surrogate toluene-d8 %           

Surrogate 4-BFB %           

p-Terphenyl-D14 %           

 

Theia-1 Water Bore#1 

 

Sample Reference   168790 168899 170333 170333 Australian 
Drinking Water 

Standards Water Bore ID/ Name 

 
Water Bore#2 

(Theia-1) 
Water Bore#2 

(Theia-1) 
Water Bore#2 

(Theia-1) 
Water Bore#2 

(Theia-1) 

Date Sampled   
20/07/2015 23/07/2015 27/08/2015 27/08/2015 

ADWS mg/l 

Type of sample Units 
 

pH in water Units 6.3 6.1 6.7 6.7 6.5-8.5 

Electrical Conductivity water µS/cm 2700 2500 2700 2700   

Total Dissolved Solids 
(grav) mg/L 

1600 1500 1600 
1600 

600 

Total Suspended Solids mg/L 68 34 9     

Turbidity NTU 53 18 29   5 

Colour (True) HZU <3 <3 22     

Aluminium-Total mg/L 0.16 0.04 0.02 0.02 0.2 

Cadmium-Total mg/L <0.0001 0.0001 <0.0001 <0.0001 0.002 

Copper-Total mg/L 0.036 0.003 0.007 0.006 2 

Iron-Total mg/L 2.3 1.4 6.5 6.1 0.3 

Lead-Total mg/L 0.002 <0.001 0.002 0.001 0.01 

Nickel-Total mg/L 0.024 0.002 0.02 0.02 0.02 

Zinc-Total mg/L 0.066 0.055 0.066 0.062 3 

Calcium - Dissolved mg/L 58 57 58 59   

Potassium - Dissolved mg/L 52 49 50 51   

Magnesium - Dissolved mg/L 40 39 38 39   

Sodium - Dissolved mg/L 400 390 400 400 180 

Bicarbonate HCO3 as 
CaCO3 mg/L 

53 53 58 
57 

  

Carbonate CO32- as CaCO3 mg/L <5 <5 <5 <5 200 

Hydroxide OH- as CaCO3 mg/L <5 <5 <5 <5   

Total Alkalinity  mg/L 53 53 58 57   

Chloride in water mg/L 700 700 700 710 250 

Sulphate in water mg/L 240 240 230 230 500 

Nitrate as  NO3 mg/L <0.5 0.8 <0.5   100 

Nitrite as NO2 mg/L <0.5 <0.5 <0.5   3 

Hardness as CaCO3 mg/L 310 300 300 310 60-200 

Ionic Balance % -2.2 -2.8 -2.5 -2 10% 

Ammonia as N mg/L 0.005 0.027 0.009   0.5 

Total Cyanide mg/L <0.004 <0.004 <0.004   0.08 

Fluoride in water mg/L 0.2 0.4 0.2   1.5 

Sulphide in water mg/L <0.01 <0.01 <0.01     

Antimony-Total mg/L <0.001 <0.001 <0.001   0.003 

Arsenic-Total mg/L 0.002 0.001 <0.001 <0.001 0.01 

Barium-Total mg/L 0.075 0.055 0.053 0.05 2 
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Boron-Total mg/L 0.3 0.27 0.24 0.22 4 

Chromium-Total mg/L 0.024 0.01 0.003 0.002 0.05 

Manganese-Total mg/L 0.064 0.043 0.089 0.089 0.5 

Molybdenum-Total mg/L 0.001 <0.001 0.001 0.001 0.05 

Selenium-Total mg/L <0.001 <0.001 <0.001 <0.001 0.01 

Silver-Total mg/L <0.001 <0.001 0.001 <0.001 0.1 

Tin-Total mg/L <0.001 <0.001 <0.001     

Uranium-Total mg/L <0.0005 <0.0005 <0.0005   0.017 

Total Coliforms 
cfu/100

mL 
<1 <1 <1 

  
<1 

Thermotolerant Coliforms 
cfu/100

mL 
<1 <1 <1 

  
<1 

E.Coli 
cfu/100

mL 
<1 <1 <1 

  
<1 

TRH C10 - C14 µg/L <50     <50   

TRH C15 - C28 µg/L <100     <100   

TRH C29 - C36 µg/L <100     <100   

TRH >C10 - C16 µg/L <50     <50   

TRH >C10-C16 less N (F2) µg/L <50     <50   

TRH >C16 - C34 µg/L <100     <100   

TRH >C34 - C40 µg/L <100     <100   

TRH C6 - C9 µg/L <10     <10   

TRH C6 - C10 µg/L <10     <10   

TRH C6-C10 less BTEX (F1) µg/L <10     <10   

MTBE µg/L <1     <1   

Benzene µg/L <1     <1   

Toluene µg/L <1     <1   

Ethylbenzene µg/L <1     <1   

m+p-xylene µg/L <2     <2   

o-xylene µg/L <1     <1   

Naphthalene µg/L <1     <1   

Naphthalene µg/L <0.1     <0.1   

Acenaphthylene µg/L <0.1     <0.1   

Acenaphthene µg/L <0.1     <0.1   

Fluorene µg/L <0.1     <0.1   

Phenanthrene µg/L <0.1     <0.1   

Anthracene µg/L <0.1     <0.1   

Fluoranthene µg/L <0.1     <0.1   

Pyrene µg/L <0.1     <0.1   

Benzo(a)anthracene µg/L <0.1     <0.1   

Chrysene µg/L <0.1     <0.1   

Benzo(b,j+k)fluoranthene µg/L <0.2     <0.1   

Benzo(a)pyrene µg/L <0.1     <0.1   

Indeno(1,2,3-c,d)pyrene µg/L <0.1     <0.1   

Dibenzo(a,h)anthracene µg/L <0.1     <0.1   

Benzo(g,h,i)perylene µg/L <0.1     <0.1   

Benzo(a)pyrene TEQ µg/L <0.5     <0.5   

Total +ve µg/L NO +VE PAHS     NO +VE PAHS   

Methane µg/L <5     <5   
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Nitrate as N mg/L       0.067   

Cobalt total mg/L       0.006   

Vanadium total mg/L       0.003   

Surrogate o-Terphenyl (%) %       86   

Surrogate o-Terphenyl µg/L          

Summed total TRH's 
(>C10-C40) µg/L 

      
 

  

Surrogate 
Dibromofluorometha % 

      
 

  

Surrogate toluene-d8 %          

Surrogate 4-BFB %          

p-Terphenyl-D14 %          
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Attachment 3: Independent peer-review CDM Smith  

In support of the peer-review, please also see the tabular summary below which comments on the 
alignment of the section with the core elements of the EPA’s Environmental Protection Bulletin No. 
22 (as specific to ‘Groundwater and surface water characteristics’). 
 

EPB No. 22 Information requirement 
– groundwater and surface water 
characteristic 

Comment on alignment with the 
‘Hydrogeology’ section 

Theia comments  

Characterise baseline hydrological 
regimes and water quality for 
surrounding aquifers, especially those 
intersected by drilling, and any 
groundwater dependent ecosystems 

The supporting document defines the baseline 
hydrological regimes and water quality for 
surrounding aquifers, including those that may be 
intersected by the drilling campaign, based on the 
information available.  
The document notes that there are no 
groundwater dependent ecosystems in the area, 
as informed by a detailed desktop review and 
ecology field survey (not provided as part of the 
peer-review). 

Section 1.8 has been updated. 
Summary of RPS desktop study 2014, 
two ecological surveys and Theia 
desktop study (March 2017) have 
been included following comments 
from DOW.  

Where relevant, provide information on 
surface water systems including 
location of systems, hydrology, water 
quality, and catchment boundaries 

High level outline of the surface water systems 
provided. Suggest this is appropriate given the 
absence of permanent surface water features in 
the area. However, a figure showing the Sandy 
Desert Basin surface water area and Lower 
Fitzroy surface water subarea would be valuable 
to put the size of these catchments into the 
context of the project area. 

Figure C and D show regional and 
local context. 

Provide data from baseline and 
surveillance groundwater monitoring 
programs where available 

Baseline data (desktop and field results) has 
been provided. However, the readability of the 
information presented on some of the figures 
needs to be improved. 

Figures have been reworked to 
improve readability.  

Provide a conceptual model of the 
geology and hydrogeology of the area, 
including stratigraphy, aquifers, seals or 
aquicludes, faults/fractures, connectivity 
between surface and groundwater 
systems and across aquifers, water 
quality, groundwater flow direction and 
travel time between petroleum 
wells/fracking locations and sensitive 
receptors 

The supporting document does not include a 
detailed/true conceptual model of the geology 
and hydrogeology of the area. A conceptual 
hydrogeology model would normally describe 
recharge-discharge mechanisms, vertical flow 
pressures, groundwater flow direction etc.  

The conceptual hydrogeological profile 
is included into the Report as Figure 7.   
Due to small scale activities, if 
required the conceptual 
hydrogeological model will be 
developed in consultation with DOW 
to support HFS EP and referral to the 
OEPA under the EP Act.  

Identify the distance from the 
surrounding aquifers to the target zones 

Physical vertical separation between the 
surrounding aquifers and the target formation is 
outlined. 

Noted  

Identify surrounding fault lines/systems 
to the target zones 

The supporting document addresses this item.  Noted  

Describe the proposed monitoring and 
reporting regime to measure the 
impacts of the proposal on groundwater 
and surface water quality and quantity 

The supporting document does not outline a 
proposed monitoring and reporting regime.  

Only hydrogeological report (Part 1 of 
this document) was provided for peer-
review. The monitoring program has 
been developed in accordance with 
DMP Guideline.  

 


