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The Independent Scientific Inquiry into Hydraulic Fracturing in the Northern Territory (the Inquiry) is this week 
concluding its final round of regional community consultations on its draft Final Report. 
 
The Inquiry has recently completed its final round of public hearings and heard from 51 groups and individuals 
that have put forward evidence and commentary to the Inquiry regarding its draft Final Report published on 12 
December 2017.  
 
Inquiry Chair, Justice Rachel Pepper, said the public hearings provided the community one of its final 
opportunities to give evidence and views to the Panel on the draft Final Report. 
 
“At the public hearings in Darwin, Katherine, Alice Springs and Tennant Creek the Inquiry was presented with 
more evidence and feedback regarding our draft Final Report and the 120 recommendations within the report,” 
Justice Pepper said. 
 
“In addition to public hearings, the Inquiry has also been conducting community forums where the Panel has 
presented its report to the community, discussed the key elements within each chapter of the report, including the 
recommendations, and then held round table discussions, with the community having direct access to the 
Inquiry’s panel members. 
 
“The discussions and the feedback have been highly engaging and informative to both the Panel and the 
community.” 
 
Justice Pepper has today confirmed all submissions to the Inquiry must be received by 25 February 2018. 
 
“The Panel heard during the community forums that people want to know exactly when submissions must be 
received by the Inquiry to ensure the Panel has enough time to read, assess and consider the information being 
put forward,” Justice Pepper said. 
 
“I have committed to handing the Inquiry’s Final Report to government in March 2018, therefore all submissions 
from the community must be received by Sunday 25 February 2018. 
 
“Given the community demand for a deadline and the large volume of late submissions the Inquiry is continuing 
to receive, no further submissions will be accepted after this date to allow the Panel to read the submissions and 
to enable the Inquiry to complete its Final Report. 
 
“To date, more than 1000 submissions have been received by the Inquiry since January 2017.” 
 
The public hearings held in Darwin, Katherine, Alice Springs and Tennant Creek were live-streamed on the 
Inquiry’s website and all presentations to the Inquiry will be uploaded in both video and transcript format in the 
near future. 
 
“There has been particular interest regarding a presentation at last week’s hearings from Lock the Gate Alliance 
and a response by the Inquiry and Origin Energy,” Justice Pepper said. 
 
“I can advise this particular hearing’s transcript has been uploaded to the Inquiry’s website and is accessible 
through our Submission Library. 
 
“All hearings transcripts and videos will be available on our website next week.” 
 
The Inquiry’s community consultation program this week includes visiting the following communities: 
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Figure 1 describes the significance of the fracturing fluid 
properties in hydraulic fracturing treatment (Economides and 
Martin, 2007; Economides and Nolte, 2000; Fink, 2013; Gidley 
et al, 1989; Valko and Economides, 1996). 

The following are a few issues that need to be considered 
when using water-based fracturing fluids:
1.	 effective fracture length loss (Taylor et al, 2010);
2.	 low load fluid recovery (Economides and Martin, 2007);
3.	 flowback time (Al-Kanaan et al, 2013); and,
4.	 water availability.

Taylor et al (2010) suggested that the reason for phase trap-
ping (fluid retention) is due to the high capillary threshold 
pressure. Values of the threshold pressure can be estimated 
using the Laplace-Young equation (Chalbaud et al, 2006) 
(Eq. 1).

PC  = Pnon-wetting – Pwetting = th 2γ cos θ
r 	 (1)

In Equation 1, PC  
th is capillary threshold pressure (psi), γ is 

surface tension (dyn/cm), θ is the contact angle (degree), and 
r is pore radius (microns).

When pressure dropdown between reservoir pressure and 
flowing buttonhole pressure are not large enough to over-
come the capillary threshold pressure, the fluids remain in 
the formation (Holditch, 1979). Taylor et al (2010) reported 
that capillary pressures of 1,450–2,900 psig, or much higher, 
can be present in low-permeability formations at low-water 
saturation levels. In addition, Economides and Martin (2007) 
presented that injecting water-based fracturing fluids into 
high-capillarity reservoirs results in creation of high water 
saturation in the near-wellbore. The relative permeability of 
gas will be dramatically reduced by the increasing water satu-
ration (see Fig. 2).

Furthermore, the rock formation reacts both chemically 
and mechanically with the injected fluid. Clays may swell 
when placed in contact with water, but clays do not interact 
significantly with CO

2
, N

2
 and LPG. Many unconventional 

rock formations lose some of their mechanical integrity when 
placed in contact with water. As the rock becomes softer, the 
rock further closes on the proppant, thereby promoting prop-
pant embedment (Ribeiro and Sharma, 2013).

LPG AS A FRACTURING FLUID 

Hurst (1972) introduced a new stimulation technique using liq-
uid gas. It is a fracturing treatment using an absolutely water-free 
fluid system. LPG gases are a mixture of petroleum natural gases 
(e.g. propane and butane) existing in a liquid state at ambient tem-
peratures and moderate pressure (less than 200 psi). It behaves as 
other liquids do as long as they are under adequate pressure and 
below their critical temperature.

In field conditions, cold LPG at moderate pressure is frequently 
blended with proppant, gellant and breaker before being pumped 
into the formation for fracture. After pumping, the LPG changes 
phase behaviour as it converts to a gas phase due to reservoir con-
ditions (increased pressure and temperature) and mixing with the 
reservoir gas (Lestz et al, 2007). Figure 3 demonstrates that with 
increasing the methane and propane mixture ratio, the satura-
tion curve tends towards to the left. If the formation temperature 
is 160°F, with an initial 100% propane as fracturing fluid being 
pumped into the formation, the 100% liquid phase propane con-
verts to a gas phase when the methane mixture ratio reaches 40%. 

Leblanc et al (2011) presented a successful case for the appli-
cation of a LPG-based fracturing fluid in the McCully gas field, in 
Canada. The results of using LPG, in comparison with a water-
based fracturing fluid, show significant improvement in the Mc-
Cully field, including:
1.	 the removal of water handling issues;
2.	 100% of the propane was recovered within two weeks of the 

fracture treatment; and,
3.	 propane yielded an effective average fracture half-length that 

was double to that achieved by a water fracture.
In addition, laboratory tests have been conducted in the Mont-

ney Gas Reservoir in Canada, the results of which show that LPG 
is one of the best fracturing fluids and provides superior perfor-
mance of regained methane permeability in comparison to all 
other conventional fluids (Taylor et al, 2010).

Gandossi (2013) demonstrated a comprehensive overview of 
hydraulic fracturing for shale gas production and presented a sum-
mary of the potential advantages and disadvantages of the LPG 
fracturing technique (see Table 1). One major disadvantage of 
LPG is that it is flammable and explosive; hence, it requires being 
carefully handled and pumped. Furthermore, nitrogen is usually 
mixed in either the pumping system or the fracturing fluid itself 
to prevent an explosion (Soni, 2014). 

Figure 1. Physical and chemical properties of hydraulic fracturing fluid.
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GEOLOGY AND HYDRAULIC FRACTURING 
IN THE COOPER BASIN

The Cooper Basin is a late Carboniferous to Middle Triassic, 
non-marine sedimentary basin in eastern–central Australia, 
spanning more than 130,000 km2. The basin straddles the bor-
der of SA and Queensland, as illustrated in Figure 4. The Coo-
per Basin is the most significant onshore oil and gas province 
in Australia and is the primary onshore source for natural gas 
production (Gravestock and Jensen, 1998). Since the late 1960s 
significant volumes of oil, gas and LPG have been produced 
from more than 190 separate gas fields and 115 oil fields within 
the Cooper Basin (Santos, 2015). The primary fracture targets in 
the Cooper Basin tight gas are the Tirrawarra, Patchawarra and 
Toolachee formations. This paper’s target formation is described 
in further detail below. The stratigraphic column of the Cooper 
Basin is shown in Figure 5.

The Toolachee Formation has large amounts of channels and 
crevasse splay deposits, with an average channel thickness of 
15 ft and total gross thickness of 200–300 ft. The Toolachee For-
mation is widespread throughout the Cooper Basin and contains 
25 of the basin’s gas reserves (McGowen et al, 2007). There are 
two units within the Toolachee; the lower is carbonaceous shale 
with interbedded coal and sandstone, while the upper is sand-
stone with interbedded coals and shale. The reservoir perme-
ability varies between 0.5 and 50 mD. Hydraulic fracturing in the 
Toolachee Formation accounts for 30% of all fracture treatments 
within the Cooper Basin.

Hydraulic fracturing has been used since 1968 to stimulate 
the Cooper Basin’s oil and gas reservoirs. As of 2013, 700 wells in 
the Cooper Basin have been fracture stimulated and more than 
1,500 individual fracture stimulation stages have been pumped 
(Braddeley, 2013). Figure 6 illustrates the increase in popularity 
of hydraulic fracturing in the Cooper Basin. 

The main issues with hydraulic fracturing in the Cooper Basin 
have included high fracture gradients, high tortuosity and high 
pressure dependent leakoff (PDL) (Scott et al, 2013). Fracture gradi-
ents commonly range from 0.9–1.3 psi/ft because  reservoir quality 
reduces or formation depth increases. High tortuosity is most likely 
caused by fracture tuning where the fracture remain principally ver-
tical but is forced to counteract the maximum horizontal stress in 
the near wellbore region as it reorients after initiating from an unfa-
vourable direction (Chipperfield and Britt, 2000). Lastly, McGowen 
et al (2007) reported that more than 65% of treatments in the Coo-
per Basin have observed high PDL. The typical fracturing fluids in 
the Cooper Basin that have been used are friction-reduced water 
(slickwater) and borate-crosslink gel. 100-mesh sand has been 
used throughout the basin to help reduce near wellbore pressure 
loss (NWBPL) and 20/40 to 40/70 mesh sands are the most com-
monly selected proppant (Pitkin et al, 2011). Special core analysis 
has, however, not been commonly conducted in this basin, so the 
relative permeability condition in most of the reservoirs remains 
unknown, which could potential cause low productivity and low 
flowback recovery by induced water-based fracturing fluid.

Merrimelia is a mature oil and gas producing field located 
approximately 45 km north of Moomba on the Gidgealpa-Mer-
rimelia-Innamincka Ridge. This major positive structural feature 
runs the length of the SA sector of the Cooper/Eromanga Basin 
and separates the Patchawarra Trough from the Nappamerri 
Trough. Merrimelia–62 was drilled in mid-2011 as a gas devel-
opment well in the Merrimelia field in SA (Fig. 7). The Toolachee 
was the primary target formation and the Callamurra Member 
was the secondary objective for Merrimelia–62. Hydrocarbon 
was indicated by the wireline logs. A total of 40 ft of net gas pay 
with a porosity of 11.6% was predicted for the Toolachee Forma-
tion. The Callamurra Member was prognosed to have 30 ft of net 
gas pay with a porosity of 11.9% (Santos, 2012).

Figure 2. Effect of water imbibition on relative permeability change (Economides 
and Martin, 2007).

Figure 3. Propane-methane mixtures at formation conditions (Leblanc et al, 2011).

Potential advantages Potential disadvantages
•  Water usage much reduced or 

completely eliminated.
•  Fewer or no chemical additives are 

required.
•  Flaring is reduced.
•  Truck traffic is reduced.
•  LPG is an abundant by-product of 

the natural gas industry.
•  Increases the productivity of the 

well.
•  Lower viscosity, density and surface 

tension of the fluid, which results in 
lower energy consumption during 
fracturing.

•  Full fluid compatibility with shale 
reservoirs (phase trapping virtually 
eliminated).

•  No fluid loss, recovery rates (up to 
100%) possible.

•  Very rapid clean up.

•  Involves the manipulation of large 
amounts of flammable propane, 
hence is potentially riskier than other 
fluids.

•  Higher investment costs.
•  Success relies on the formation’s 

ability to return most of the propane 
back to surface to reduce the overall 
cost.

Table 1. Summary of potential advantages and disadvantages 
for LPG fracturing techniques (Gandossi, 2013).
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Figure 8. Workflow of the model development. Yellow indicates the IHS model process, blue indicates the GOHFER process, and red indicates the Eclipse process.
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Figure 17. Cumulative production for reservoir simulation with various scenarios. The green colour represents LPG fluid, orange represents 50% N2 foam, and blue repre-
sents slickwater.








