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Summary 
 
Arrow Energy Limited is planning to undertake an innovative and novel drilling 
program targeting a poorly explored formation that has potential to be an 
extremely large coal seam gas resource. Arrow seeks to apply new or 
alternative techniques in order to maximise the recovery and value of 
Queensland’s very significant coal seam gas resource base.  
 
The primary aim of this proposal is to test appropriate drilling and completion 
methods to enable recovery of gas from the Late Permian Fort Cooper Coal 
Measures (FCCM) of the Central Queensland Bowen Basin. The initial 
approach contemplates drilling and hydro-fracturing three vertical wells into 
seams of the Fort Cooper Coal Measures. 
 
If successful this project will assist in future commercialisation of the FCCM 
and provide significant benefit to the State in terms of resource utilisation and 
revenue generation.  
 
This program has the potential to have a major bearing on forthcoming 
development of infrastructure and downstream ventures with regard to the 
Central Queensland Gas Pipeline and Gladstone LNG Project moving towards 
the development of major export markets in South-East Asia and North 
America. 
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1. Introduction 
 
Coal seam gas is an emerging energy source around the world. With 
increasing energy demands, falling supply and expanding oil prices, this 
plentiful and more efficient burning fuel is attracting ardent attention from 
energy giants and rapidly developing countries.  
 
Arrow is a leading Australian coal seam gas explorer and producer and 
emerging global leader, established in 1997 focusing on the supply of coal 
seam gas throughout eastern Australia and Asia with resources in southern 
and central Queensland and northern New South Wales. 
 
Coal seam gas accounted for 73.3 petajoules (PJ) of gas supply in 
Queensland in 2006, or 63 percent of a total demand of 117 PJ and in 
October 2008, Arrow announced an estimated gross coal seam gas resource 
of 70 Tcf with 51% of that figure pertaining to the Bowen Basin. 
 
Coal seam gas extraction using fraccing technology is widely used both within 
Australia and overseas. Indeed most coal seam gas is extracted using various 
types of fraccing technology.  Frac type wells have been trialled in the north of 
PL191, in order to target the Moranbah Coal Measures, at the Broadmeadows 
Field before Arrow’s Moranbah Gas Project (MGP) development. At that time 
the technology provided barely economic production gas flow rates and the 
project was abandoned. The understanding of how to implement this 
technology in the Bowen Basin has matured considerably since then such that 
it is timely that it be investigated in the MGP in assessing the viability of new 
reservoirs. 
 
Arrow Energy’s proposal is to drill, fracture (frac), complete and equip a series 
of three vertical frac pilot wells (GR070, GR071 and GR072) into the Fort 
Cooper Coal Measures in order to appraise the economic performance of 
hydraulic fracture stimulation on potential resources unsuitable for surface to 
inseam (SIS) extraction techniques.  
 
The pilot well will be fitted out with a down-hole pump, tubing and well head 
assembly to test production capabilities. Production testing will take place 
over approximately a six month period and if successful the wells will 
contribute to certified 2P gas reserves on PL191. 
 
Arrow Energy propose to advance the boundaries of coal seam gas 
exploration into their ATP364 exploration tenure by exploitation of the FCCM 
Fairhill and Girrah seams using this new and innovative technique. 
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1.1 The Moranbah Gas Project (MGP) 
 
The ‘Moranbah Gas Project’ (MGP) is situated on the western flank of the 
Bowen Basin in Central Queensland, adjacent to the township of Moranbah, 
170 kilometres south west of Mackay (figure 1). The project commenced 
development in August 2003 and is comprised of the four petroleum leases 
PL191, PL196, PL223 and PLA224. 
 
The project is a joint venture between Arrow Energy Limited and AGL Energy 
Limited, each holding a 50% stake and is operated by Arrow Energy Ltd. The 
MGP is one of the largest operating coal seam gas projects in Australia with 
total gas production for the year ended June 2008 of 16.8 PJ. 
 
In 2008, independent reserve certifiers Netherland, Sewell & Associates, Inc. 
confirmed a reserves base at the MGP with the certification resulting in 1P, 2P 
and 3P gross reserves of 127 PJ, 593 PJ and 1807 PJ respectively. 
 
Presently most of the production wells are situated within PL191 where gas 
production includes over 140 well-sites of one vertical and at least two lateral 
wells. 
 
Arrow Energy is now looking to expand it’s resource within the MGP by 
harnessing the gas resource of  the Fort Cooper Coal Measures, a formation 
with up to ten, high-ash, tuffaceous, tight coal seams with low net to gross 
coal. 
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Figure 1: Location of the MGP, Central Queensland 
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2. Regional Context 

2.1 Bowen Basin regional Geology 
 
The Permo-Triassic Bowen Basin of North-Central Queensland covers 
approximately 66 000km2 and typifies a foreland flexure basin influenced by 
local tectonic and thermal factors (Luft & McClung 2008). Formed in up to four 
distinct phases synchronous and adjacent to the active New England Fold 
Belt, the Bowen Basin overlies the Early-Palaeozoic metamorphic and 
sedimentary strata of the ‘Drummond Basin’ and ‘Anakie Block’ with the main 
depo-centre being the Taroom Trough (figure 2), with maximum terrestrial and 
shallow marine sediment thickness of up to 10 000m. Within these lie 
significant deposits of black coal in which large volumes of  CSG are known to 
be held in the north of the basin.  
 
Overlain to the south by the Jurassic-Cretaceous Surat Basin, the region 
represents one of the world’s major coal producing areas. 
 
Deposition within the region commenced in the Early Permian as a period of 
back-arc extension associated with continental-margin subduction produced a 
series of isolated fault-bound basins. In the Bowen Basin subsequent partial 
filling occurred in the form of volcanic and sedimentary deposits, the Lizzie 
Creek Formation and Group I, Reids Dome Beds respectively. After the period 
of rifting had ceased, thermal relaxation caused subsidence allowing a second 
phase of deposition. This Group II deposition, lasting until the Late-Permian, 
was dominated by a series of marine deposits including the ‘Back Creek 
Group’ (Table 1, below). The third phase in the formation of the Bowen Basin 
was produced by the subsequent overtaking of the thermal relaxation by 
foreland loading. This transition occurred as progressive, Group III, deposits 
were laid down under conditions which varied from the marine-influenced 
deltaic environment of the German Creek Formation, to the dominantly fluvial 
flood plain environments of the Moranbah Coal Measures (MCM) and 
comprise bituminous coal measures representing high grade coking coal that 
is extensively mined along the western fringes of the basin from Emerald to 
North Goonyella (Luft & McClung 2008). 
 
Extensive volcanic activity in the north of the basin introduced abundant 
tuffaceous material into the latter deposits whilst to the south a marine 
transgression halted deposition. These volcanic outpourings account for the 
highly contaminated Fort Cooper Coal Measures FCCM) and Fairhill 
Formation, up to 400m of claystones, siltstones, mudstones and fine 
sandstones coupled with many coaly seams with up to 70% ash.  
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The final Group IV phase of swampy and lacustrine deposition laid down the 
Rangals, Bandanna and Baralaba Coal Measures representing the most 
widespread coal measures across the region having high economic value as 
coking, PCI (pulverised coal injection) and thermal coals. They conformably 
overlie the FCCM and represent the 150m top-most unit of the Blackwater 
group. 
A period of compression in the Middle to Late-Triassic terminated any further 
sedimentation within the basin, with later influence by late Triassic and 
Cretaceous igneous intrusives that locally affected coal deposits. 
 
The area is mantled by an irregular cover of poorly consolidated Tertiary 
sedimentary strata and basalt (fresh and weathered) of the Suttor Formation 
that ranges from approximately 10m to 100m thick.  
 



 10

 
 

Figure 2: Bowen Basin regional Geology (Luft Jr, J.L., & McClung G, 
2008 

MGP
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Table 1 - Regional Stratigraphic Nomenclature of the Bowen Basin 

 
2.2 Moranbah Gas Project (MGP) Geology 
 
The ‘Moranbah Gas Project’ is positioned upon the ‘Collinsville Shelf’, a stable 
tectonic easterly dipping environment situated on the western flank of the 
‘Taroom Trough’ (figure 2). 
PLs 191, 196, 223 and 224 represent Arrow’s Moranbah Gas Project, just 
north of Moranbah, in the Bowen basin. It is a coal seam gas (CSG) 
production area with over 140 wells producing up to 16.8 PJ of gas per year. 
Conformably overlying the ‘Back Creek Group’ and below the ‘Mimosa Group’ 
the ‘Blackwater Group’ forms the mainstay of Arrows CSG reserves in the 
Bowen Basin and, at present, uniquely on the MGP.  
 
On the north-western flank of the basin the seams generally strike NNW-SSE 
and dip east at between and 3° and 5°, although localised areas of steeper 
dip may occur in association with structural features. Some minor folding is 
present as are relatively small numbers of significant thrust and normal faults. 
As a general rule thrust faults that trend NE – SW are thrown down to the east 
and usually have a greater displacement than the E – W trending normal 
faults.  
 
Within the area the ‘Rangal Coal Measures’ are cropped out and the ‘Fort 
Cooper Coal Measures’ sub-crop just to the west of the field.  
 
The MCM form part of the Late-Permian ‘Group III’ coals deposited in the third 
phase of the formation of the Bowen Basin. ‘Group III’ coals deposited on the 
‘Collinsville Shelf’ vary from the marine-influenced deltaic environment of the 
German Creek Formation in the south to the dominantly fluvial, flood plain 
environment of the MCM in the north and reach thicknesses of up to 300m. 

Age Formation South North 
Moolayember 

Formation 
Moolayember 

Formation 
Clematis Sandstone Clematis Sandstone Triassic Mimosa 

Group 
Rewan Formation Rewan Formation 

Rangal Coal Measures Rangal Coal 
Measures 

Burngrove Formation 
Fairhill Formation 

Fort Cooper Coal 
Measures 

MacMillan Formation 

Late 
Permian 

Blackwater 
Group 

German Creek 
Formation 

Moranbah Coal 
Measures 

Middle 
Permian 

Back 
Creek 
Group 

Ingelara Formation Blenheim Formation 
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Most of the high grade coking deposits mined in Queensland is sourced from 
these ‘Group III’ coals from the ‘Collinsville Shelf’. 
 
The MCM is the main target for coal seam gas production within the MGP and 
presently the Q, P, GM and GL seams represent the target seams for gas 
production.  
 
The FCCM including the Fairhill seam are at present drilled through in order to 
locate the lower, viable production seams. 
 
Local volcanic activity, in the form of tuffaceous bands, is evident throughout 
the ‘Blackwater Group’. Within the group there is a marked increase in the 
number and regularity of these tuff bands as one passes from the ‘Moranbah 
Coal Measures’ and into the ‘Fort Coopers Coal Measures’. With their distinct 
gamma response these tuffs act as useful markers but limit coal seam gas 
extraction by limiting continuous coal thickness and lower the net/gross. 
 

2.3 Coal Seam Gas 
 
Coal Seam Gas is composed of predominantly methane (~96%) together with 
minor constituents of CO2 and N2. It is formed contemporaneously with coal 
and whilst held under pressure within the coal reservoir, is both chemically 
adsorbed and physically absorbed into the coal micro-pore and macro-pore 
matrix along the cleat systems. It is held within the structure due to hydrostatic 
pressure and will only desorb on release of this pressure. The rate in which it 
travels through the reservoir is a function of the coal cleat system or natural 
fractures and is measured in mD calculated from Darcy’s law (Appendix 1).  
 
Gas content within a seam is relative to ash content and bright coals with high 
vitrinite content often associated with increased adsorption capacity (Esterle & 
Sliwa 2000). 
 
Permeability appears to decrease with increasing depth of cover, ash content, 
coal type and structural influences. 
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Figure 3: Solid Geology Map for the MGP 
 
 

Fort Coopers Coal Measures 

Rewans Formation 

Moranbah Coal Measures 

Rangals Coal Measures 
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Figure 4: The MGP showing 2 x SIS chevron style lateral wells 
intersecting a single vertical well that incorporate each production 

facility 
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3. Previous Exploration 
 
PL191 was first drilled with respect to coal-seam gas exploration in 1986 
when North Queensland Energy (“NQE”) in association with MGC Resources 
Australia Propriety Limited (“MGCRA”) drilled a pilot coal seam gas project in 
the north of what is now PL191. It was called the ‘Broadmeadow (“BM”) Gas 
Field’ and in total 14 wells were drilled in the area and put onto production. 
Wells were closely spaced (250-500m) and a large number of production 
tests, stimulations and work-overs were performed.  
 
In June 1988 – November 1989, eleven BM holes were ‘fracced’ using water 
and gel together with sand as a proppant. The targets were the seams of the 
MCM; GM, GU and P, however low productivity caused the project to be 
abandoned in the early 1990s. 
 
MGCRA Seismic Survey 1992 
MGC Resources Australia Pty Ltd commissioned a seismic report from Japex 
Geoscience Institute in December 1992 across PL191. Eighty-seven 
kilometres of seismic was shot and processed with line 1992-Line-4 (Appendix 
2) representing a close cross-section through the local area (appendix 2).  
Data quality generally consisted poor/medium quality and interpretation 
suggested a relatively benign area with minor local faulting. Stratigraphy was 
found to dip gently to the east.  
 
MGCRA Seismic Survey 1994 
MGCRA conducted a seismic program across the area of PL 191 in 1994 
which comprised of three lines for a total of 24.16 km.  
Data quality was of poor quality, but after re-processing in 2007, line MGCRA-
91-1 that transects the PL from E to W and has been interpreted as easterly 
dipping parallel bedded cross-section with a near-surface tertiary basalt flow 
to the west of the section (Appendix 2). Stratigraphy was found to dip gently 
east. 
 
BHP Australia Coal (“BHPAC”) and BHP Petroleum (BHPP) owned and 
appraised PL191 with respect to coal seam gas production before CH4 Pty 
Limited attained the exploration rights in 2000. 
 
CH4 (now Arrow Energy) drilled two appraisal wells in 2000 and tested them, 
along with an old Anglo-Coal Company core hole, for coal seam permeability, 
gas content, and reservoir pressure. Results were encouraging and CH4 
continued with three horizontal pilot production wells in 2001, targeting the 
GM seam of the Moranbah Coal Measures. After successful pilot tests CH4 
have continued to drill the area, achieving certified 1P and 2P gas reserves 
throughout the area and gaining PL191 as a consequence. 
 
Arrow conducted two seismic surveys, one in 2005 and one in 2007, across 
PL191 (figure 7). Data quality was high with two of the 1997 survey lines 
intersecting GR056V and the projected ‘frac’ well location. 
Results showed extensive local faulting with beds dipping east through the 
proposed frac well location. A small scale synclinal structure strikes sub 
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easterly / sub westerly with the location sitting slightly north of the synclinal 
axis. 
 
 

 
 

Figure 5: Previous seismic surveys across PL 191 from 2007 and 2005 

PL 191 
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Figure 6: Seismic profile for 2007-AE-05 

“FH” – Fairhill seam of the FCCM 
 

 
Figure 7: Seismic profile from 2007-AE-03 

 

 

FH? 

FH?

GR056V 

FH?

GR056V 
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To data, Arrow Energy has drilled more than 140 ‘well groups’, consisting of 1 
vertical and at least 2 laterals, across the entire area of the MGP. The area 
has been extensively modelled with data from well over 530 boreholes 
although this data is almost exclusively confined to the MCM. 
 
‘Fraccing’ 
One of the methods widely used in USA and Australia to access deeper, low 
permeability coal seams has been propped hydraulic fracture completions in 
vertical wellbores. Many coalbeds require some method of stimulation in order 
to produce water and gas from a well. Fraccing is performed to achieve the 
following: 

- enhance the permeability of the cleat system in order to increase the 
dewatering process and lowering the reservoir pressure 

- effect a large portion of the reservoir, increasing both productivity and 
reserves and 

- improve the economics of the well by increasing water withdrawal 
leading to shorter dewatering times and hence faster gas production. 

 
Once the hole has been drilled and the casing cemented in, a series of 
perforations of the casing takes place using a down-hole perforating gun in 
which a charged device fires ballistics through the casing at pre-designated 
depths. 
 
Once the casing is perforated the seam is fractured using highly pressurised 
proppant-laden water or gel. The seam to be fracced is isolated and the high 
pressurised fluid is introduced into the formation via the perforations. Within 
the fluid is the proppant, a 16/30 sand that enters the formation and ‘props’ it 
open. The formation is then flushed so the proppant fills the formation but not 
the well.  
 
In-seam drilling 
Arrow Energy have been utilising their innovatively refined in-seam drilling and 
gas extraction techniques in the Bowen Basin for over five years in order to 
economically produce in-seam gas from the low permeability coal reservoirs 
found throughout the area. This technique was refined from existing 
successful in-seam mine gas drainage methods by adoption of medium radius 
drilling techniques from surface (SIS), up to 1200m away, to insect a vertical 
production well by use of a magnetic guidance tool. The ‘lateral’ well is drilled 
up-dip to allow for drainage of gas and water and upon completion a PVC liner 
is inserted along the horizontal hole to allow for continued drainage of gas and 
water to the vertical well. 
 
Well configuration optimises a Chevron-style well, whereby a second 
horizontal well in the same seam intersects the same vertical well at the same 
point as the first. 
 
In November 2007, Arrow Energy drilled 2 vertical wells in the MGP; GR063 
(located in PL191) & GR064 (located in PL196), targeting the FCCM lower 
seams; FCCM3, FCCM2, FCCM1, FHF (Fairhill Formation) and FH seams. 
The seams were cased with a PVC liner casing and under-reamed through 
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the relevant sections before putting onto a pilot scheme. To date they have 
both performed very poorly producing next to no water or gas. 

 

4. Detail of Target 

4.1 Fort Cooper Coal Measures (FCCM) 
 
The FCCM of the Upper Permian Blackwater Group are located through the 
northern and central sections of the Bowen Basin and comprise terrestrial, 
coal bearing units deposited during widespread volcanic activity. Conformably 
overlying the MCM, the FCCM are approximately 400m thick and comprise of 
numerous un-named coal seams up to 80m thick with two significant, higher 
coal content, laterally continuous seams having been named, the Girrah and 
the Fairhill seams that represent the upper-most and lower-most seams in the 
formation respectively. The Girrah seam is sub-cropped out on the MGP but 
the Fairhill Formation (FHF) extends fully across the area (figure 8). 
 

 
Figure 8: Generalised Cross-Section across the MGP showing the FCCM 
 
Along with coal seams, sediments include sandstones, siltstones and 
mudstones. The FCCM are characterised by up to seven formations in the 
MGP (6m-80m thick). Carbonaceous mudstone and thin coal seams are 
abundant. These formations are inter-bedded with 10m to 30m thick siltstone 
and sandstone sequences. The coal seams are distinguished by their high 
inherent ash ratios and abundant associated tuffaceous beds. No clean or 
thick coal intervals have been isolated in the area (Luft & McClung 2008). 
Despite the seams low net to gross coal ratio and poor permeability the FCCM 
represent a potentially high gas resource. 
 
The Fairhill seam (FH) lies to the bottom of the FHF and constitutes up to 8m 
of net coal, however, due to the high ash contents of the coal and thick stone 
bands the permeability is low and gas content variable. 
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4.2 Target Details 
 
The primary exploration target is the Fairhill Formation encompassing the 
Fairhill Seam of the Late Permian Fort Coopers Coal Measures. 
 
Due to the nature of the coal seams of the FCCM all wells targeting the Fort 
Cooper will be of the stand-alone vertical design. Rather than target an 
individual seam the wells target multiple seams or coaly bands within the 
formation.  
 
At present the target depth ‘window’ for economic coal seam gas production 
lies between approximately 200m and 800m deep. Seams shallower than 
200m are often found to be degassed due to low confinement pressure and 
seams greater than 800m, although often rich in gas sorption quantity, have 
very low permeability. 

4.2.1 Fairhill Formation (FHF) 
 
Up to 65m thick and rich in coal, carbonaceous mudstones and stony bands 
the FHF marks the base of the FCCM. This highly banded seam with 
numerous stone partings is laterally continuous across the MGP area and has 
a gross thickness of between 40m and 65m with an estimated net coal 
thickness of approximately 15m. 
 
The formation is interspersed with isolated sandstone intervals, possibly 
lensoid channel deposits. 
 
Gas content and permeability of the seam is variable with net coal content 
estimated at approximately 30% of gross seam thickness with gas contents in 
the range 8 – 22m3/t at 15% ash. Permeability is generally low (0.07 to 6.46 
mD). 
 

4.2.2 Fair Hill Seam 
 
The Fairhill Seam is found at the bottom of the FHF and consists of a series of 
generally thin, high ash coal bands inter-layered with tuffs, volcaniclastics, 
siltstones, tuffaceous sandstones and carbonaceous mudstones. The thin 
brighter coal bands (0.5 – 2.1cm thick) appear to contain most of the gas 
within the seam. Permeability is tight (0.6mD in BMA’s GR041). Where the 
seam splits the seam appears best developed. 
 
The coal/ash/carbonaceous mudstone seam’s relative density is 1.5 to 2.0 
g/cc with high ash values of 18-70% and high gas contents when converted to 
15% ash of up to 11m3/t. 
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4.3 Model and Target 
 
The Fairhill Formation was assessed using Log ASCII Standard (las) files 
from down-hole geophysics across the MGP with respect to formation coal 
quality, coal thickness and lateral continuity. This data was correlated with 
seismic profiles (figure 11) in order to build a 3D model. The limited gas 
content and permeability data from the target formation provided further scope 
for formation appraisal (figure 9).  
 
As a consequence the depth to target, thickness of target and expected gas 
content and permeability were estimated. 
 
Local to the three proposed holes is exploration well GR056V from which 
seam predictions have been fine-tuned in the MGP model. The predictions for 
the FHF and FH seam are shown in Table 2 (below).  
 
 
Hole No Easting Northing Casing 

depth(m) 
FHF top(m) FH top(m) Total 

Depth(m)
GR070 612279 7574896 60 323.3 - 364 364 - 367.4 475 

GR071 612209 7574970 48 323.9 - 366.1 366.1 - 369.7 470 

GR072 612307 7574994 48 325.5 - 367 367 - 370.9 474 

 
Table 2: Hole details for proposed ‘frac’ 2009 program (AGD84, zone 55) 
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Figure 9: Isopach map of the depth (m) to the top of FH seam 
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Figure 10: Seismic cross-section 2007-AE-03 with las file for well 

GR056V superimposed 
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5. Proposed Program 

5.1 Hydraulically Fractured Vertical Wells 
 
Three vertical ‘frac’ wells have been proposed in order to stimulate the Fairhill 
Formation; GR070, GR071 and GR072. The three wells will represent a pilot 
project in which Arrow will determine the economic viability of an alternative 
completion method for potential future target formations. 
 
The three wells are positioned equidistant, 100m apart in order to stimulate 
them into early production once completed, and each one has a TD between 
470m and 475m which include a 100m sump. The well positions were chosen 
as the local area is geologically well understood and is close to seismic survey 
lines. Also there are nearby existing infrastructure facilities such as dams, 
power supplies and other surface facilities. 
 
Each hole represents a standalone vertical, drilled to 100m below the base of 
the Fairhill seam, cased with steel casing to TD and then cemented into 
position. The steel casing is then perforated adjacent to the target areas 
(figure 12) and high-pressure fluids pumped into the formation causing it to 
fracture.  
 
If possible a clear mud program will operate in order to minimise invasion of 
drilling muds into target formations. 
 
It has been proposed that water is used as the fluid for the Fairhill seam 
fracture and gel for the Fairhill formation due to the size of the target and the 
potential fluid loss to formation of a water frac. 
 
The project will be managed by Arrow’s ‘Drilling & Completions Group’ with 
the activities being contracted out to various specialised companies. The 
following sets out the particulars; 
- The drilling program will be conducted using Mitchell Drilling Rig #140, 
SoilMec G55; 
- BJ Services will undertake the cementing of the casing; 
- Vause Wireline Aust Pty Ltd will undertake the well casing perforation 
- BJ Services will undertake the frac work. 
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5.2 Scope of the Project 
 

- Land access, landholder notification, cultural heritage checks; 
- Site preparation and access; 
- Drilling of the three vertical wells (GR070-072) in three separate 

locations; 
- Open Hole (OH) logging to determine reservoir mechanical rock 

properties; 
- Zonal isolation (Cementing) to mitigate Fracture stimulation up the 

Casing/Formation annulus into non target formations; 
- Cased hole (CBL) logging to confirm adequate zonal isolation.  
- Correlation of Perforating Guns to OH and CBL to ensure perforations 

are located in the desired target formation; 
- Hydraulic Fracture Stimulation of the proposed target intervals with 

Water or Linear Gel treatments with locally sourced sand; 
- Construction of a small water Fracture Stimulation storage and 

subsequent disposal dams as required; 
- Equip the wells with a suitable completion to allow the wells to dewater 

and monitor the wells production (water & gas); 
- Six months of post Frac production testing; 
- Evaluation of the production and cost; 
- Rehabilitation of the affected area following completion of drilling and 

production testing. 
 
The data gathered from six months of pilot production tests will be used to 
model the expected production profile for the life of the individual wells, thus 
determining the economics of frac wells within the FCCM and moving towards 
securing certified 2P gas reserves for these coal measures. 

 

5.2.1 Sampling 
 
Arrow currently has an approved exemption on taking and keeping of samples 
from the drilling of pilot and production wells. 
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Figure 11: Regional Location of the MGP and Proposed Well Locations 
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Figure 12: Fairhill Seam Type Section and ‘Frac’ Potential; HN-GR041 
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5.2.2 Scope of a ‘Frac’  Well 
 
The process of building a Hydraulically Fractured Vertical well is outlined 
below:  
1. Large diameter hole drilled out to a depth of ≈ 1m below loose ground. 
2. String of large diameter (8 5/8”) steel ‘Conductor Casing’ is concreted 

into well in order to hold back loose ground. 
3. Concrete at base of ‘Conductor Casing’ is drilled out. 
4. Drilling continues to ≈6m below base of Tertiary and into well 

consolidated Permian deposits. 
5. String of ‘Tertiary Casing’ (5½”) is run to TD and cemented in by 

displacement. 
6. Concrete at base of ‘Tertiary Casing’ is drilled out. 
7. Drilling continues to ≈ 100m below the deepest target seam. 

a. The added depth below the deepest target seam is designed to 
act as a sump, collecting any fines that are created by the 
process of pumping water out of the producing well and 
minimising the need for excessive working over during the well’s 
lifespan. 

8. The drill string is pulled out of the hole and the well wireline logged 
using a minimum of: 
a. Calliper; 
b. Gamma; 
c. Long spaced density; 
d. Short space density; 
e. Verticality. 
 
The resultant LAS file(s) provide a record of the wells path away from 
the vertical and accurate picks of the target coal seam(s) 

9. Steel casing is run to TD (5 ½”, 15.5 lb LTC K55 production casing) 
and cemented into position by displacement 
a. Baffles are positioned within the casing string that allows the 

fracturing team to isolate each target seam. 
10.  A wireline cement bond log is conducted to verify that the cement job 

was conducted usefully. 
11.  In-turn, working from the bottom up, each of the target seams is 

fractured. This process involves; 
a. Perforation of the steel casing overlying the deepest seam that 

is to be fractured 
b. Fracturing the deepest seam 

i. High pressure water is forced through the perforation and 
into the target seam fracturing the seam 

ii. Sands are pumped into the seam holding fractures open 
once the pressure is released. 

c. Isolation of the seam from the seams above by means of a frac 
ball. 

12.  The well is complete once each of the target seams has been 
fractured. 
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Figure 13: Location of the three ‘frac’ wells (GR070, GR071 and GR072) 

for the Fairhill Seam within the MGP 
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6. Summary Comments 
 
The Fort Cooper Coal Measures of Central Queensland represent a massive 
reservoir for coal seam gas that have historically been drilled through by 
exploration and gas production companies in order to exploit the thick, 
cleaner, sub bituminous coal of the Moranbah Coal Measures. Arrow Energy 
is proposing an innovative and determining drilling program of three hydro-
fractured vertical wells into the low permeability Fairhill Formation of the 
FCCM in order to assess and exploit the vast gas resource therein.  
 
If successful in increasing the permeability of the FCCM to a level whereby 
coal seam gas is available in economic volumes it will allow Queensland’s gas 
companies to: 

- tap into a huge coal seam gas resource that extends across the entire 
Bowen basin; 

- enable existing exploration areas that have tight reservoirs or too thin 
seams in which other completion techniques have been ineffective to 
become more attractive; 

- explore and exploit the Fort Cooper Coal Measures Girrah seam along 
the central areas and eastern fringes of the Bowen Basin; 

- fulfil gas production objectives with respect to current and future 
Liquified Natural Gas (LNG) projects; 

- target deeper, low permeability gas resources and 
- re-visit and re-model current recoverable resources within existing 

reservoirs, i.e. GM, GL seams, as to increasing potential recoverable 
gas. 

 
The achievement of this project will have a major bearing on prospective 
development and economic success of downstream projects with regard to 
Queensland’s successful and thriving energy market in the forms of the 
Central Queensland Gas Pipeline and Gladstone LNG Project. 
 
Upon a successful completion gas will be piped through the proposed Central 
Queensland Gas Pipeline from Moranbah to Gladstone. On arrival it will be 
available for export through the Gladstone LNG Project in which coal seam 
gas is converted into LNG and loaded onto carriers for export to the target 
markets of South East Asia and North America. 
 
This program has the potential to further the boundaries on coal seam gas 
exploration and significantly boost production in Queensland, having a strong 
influence on the export market to South-East Asia and North America through 
LNG. With the global demand for LNG forecasted to more than double before 
2015 as developing countries such as China and India compete for energy 
resources, the exploitation of the FCCM provides further scope for 
Queensland’s Bowen Basin to become one of the primary suppliers of LNG to 
an increasing world market. 
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7. Costing and Time-frame 
 
Drilling costs have been estimated using current drilling costs with 
completions costs estimated using costs associated with current construction 
and supply contracts. 
 
 

 GR070 GR071 GR072 
Conductor Section $10 600 $10 600 $10 600 

Tertiary Section $20 200 $20 200 $20 200 
Prod. Hole Section $194 500 $194 500 $194 500 

Ancillary $11 300 $11 300 $11 300 
Totals $236 600 $236 600 $236 600 

 
Table 3: Estimated Direct Drilling Costs per FCCM Vertical Well 

 
The Direct Drilling costs for the project is approximately $709 800 
This equates to approximately $500 per metre for the entire depth of the well. 
 
Each well is expected to take 4 to 5 days to drill with the project due to 
commence in early to mid 2009. 
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9. Appendices 

Appendix 1 
 
Darcy’s Law -  
    q/A = kDP/mDL 
q is flow (m3/s) 
A is cross sectional area (m2) 
DP change in pressure (kPa) over distance 
DL the distance that the pressure changes over 
m the dynamic viscosity of the fluid (N.s/m2) 
k is the permeability (m2 or md, 1md = 9.8697 x 10-16m2) 
 

Appendix 2 

 
Figure 14: Seismic line 1992-Line-4 

 

 
Figure 15: Seismic Line MGCRA-94-1 


