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ABSTRACT

During the past fifteen years the production
of methane gas from coal seams has become
a reliable method for coal seam degasifica-
tion prior to mining and as a viable and eco-
nomic energy source. However, the ooly ex-
isting large scale commercial coalbed meth-
ane fields are in the United States. The ap-
plication of state-of-the-art technology can
optimise the production potential and im-
prove safety in existing and undeveloped coal
mines. This same technclogy has been suc-
cessfully demonstrated at the two well pilot
field near Moura, Queensland. In Decem-
ber, 1990 BHP Mitsui Coal (BHPMC) indus-
try sponsor and Seamgas Enterprises imple-
mented NERDDC Project 1390 - Long Term
Gas Drainage By Vertical Hydrofracced
Wells and Mine Through. Two wells,
Hillview 1 and 2 located near Moura
Queensland, were drilled, stimulated and
equipped for production. After thirteen
months of production, through March 1992,
the Hillview #1 well has produced 76,322
MCF and the Hillview #2 well produced
28,198 MCF of methane gas. More impor-
tantly, the technology of vertical hydrofrac-
ced wells was applied successfully to Austra-
lian coals. The Hillview # 1 well is located
approximately 440 meires downdip from the
D seam workings in BHPMC Moura No 2
mine and the Hillview # 2 well is 380 metres
downdip from the Hillview #1 well. The D
seam is 4.7 metres thick an was hydraulically
stimulated in both wells as a single seam
completion. This paper will review the pro-
duction results of the two wells through
March 1952. In addition, information related
to well installations, operations and produc-
tion analysis from the Hillview wells will be
discussed.

INTRODUCTION

In December 1990, BHP Mitsui Coal Pty Ltd
(BHPMC), as industry sponsor and Seamgas
Enterpriszs implemented NERD&D Project
1390 - Long Term Gas Drainage by Vertical
Hydrofracced Wells and Mine Through.

The primary objective of NERD&D Froject
1390 was to prove the effectiveness of the
technology of vertical, hydraulically stimu-
lated, wells for the degasification of Austra-
lian coals. In many underground mining op-
erations the gquantities of methane gas emit-
ted during mining from the seam mined and
the adjacent seams affected by coal extrac-
tion are so greal as to affect safety and pro-
duction. Some high capacity operations lose
as much as 15% of potential production
(face) time because of methane emissions.

For this demonstration, an nperuiug mine
with high insitu gas contents of 10 m”/tonne
and greater is desirable. The Moura Lease of
BHP Mitsui Coal Pty Ltd (BHPMC) was
picked as an ideal location for this demon-
stration, Figure 1.

The scope of work called for two coal seam
gas wells to be drilled, cased, hydraulically
stimulated and equipped with pumping units
and instrumentation to measure and monitor
water and gas production.

GEOLOGIC AND RESERVOIR
CHARACTERISTICS

The BHFMC Moura lease is located in Cen-
tral Queensland in the south eastern portion
of the Bowen Basin. It lies approxmately
10km east of the township of Moura and
180km west of Gladstone, Figure 1.

The Permian aged Baralaba coal measures
contain the coal secams of interest, with a to-
tal of 5 laterally persistent seams occurring
within the project area, Figure 2. The D
seam is currently being mined by BHFMC
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and is also the seam targeted for hydraulic
stimulation under Project 1300

The two production wells are located down
dip from the Moura No 2 Mine D scam mine
workings, Figure 3. The well locations were
designed to obtain the effects of interaction
and reservoir pressure drawdown. The HV
No 1 well is located down dip of the mine
workings 422 metres to the east and 492 me-
tres to the north east. The HV # 2 is located
approximately 390 metres down dip from HV
#1. The D seam is at a depth of 254 metres
in HV # 1 and 291 metres in HV #2 and av-
eraged 4.6 metres thick in both wells.

The D seam in the Hillview area is a medium
to high wolatile bituminous coal with a
vitrinite reflectance value of approximately
1.1%. The coal rank is considered to be in
the optimal range for coal seam drainage de-
velopment.

Many gas content measurements were avail-
able on the D seam within the Moura mine
area from previous tests conducted by BH-
PMC. The gas content of the D scam in the
area of the production wells was estimated to
be 12 m’/tonne based on this existing infor-
mation.

A permeability slug test was conducted on
the D seam in an existing nearby borehole
since no measurements were available from
previous work related to the mining opera-
tions. A permeability value of 58 millidarcies
was measured on the D seam at a depth of
260 metres.

Tectonically, the Bowen Basin is intersected
by several major thrust faults which trend
north west to south east. These thrust faults
are the result of compression forces which
originated from the north east. Faulting,
jointing and cleating are manifestations of the
regional stress regime. Measurements of in-
situ stresses in the close vicinity of the pro-
duction area were carried out by CSIRD as
part of the NERDDP Grant No 822244
shown on Figure 4. The ratios of the major
horizontal stresses and the overburden stress
were important geologic factors in the design
and execution of the hydraulic stimulation.

WELL DRILLING AND COMFPLETION

The two production wells were drilled in No-
vember 1990 and commissioned for produc-
tion in March 1991,

The well casing and completion design util-
ised standard size casing (139.7 mm) and one
joint of fibreglass casing through the D seam
to accommodate future mining. A lighrweight
cement was used for cementing of production
casing and the D scam was accessed via high
density perforations. Stimulation operations
consisted of using approximately 77,000 gal-
lons of hydroxypropyiguar (HPG) polymer
crosslinked with a borate salt. This fluid was
used to transport 113,000 pounds of 20440
sand at concentrations of up to 8.5 pounds
per fluid gallon. As anticipated the fracture
gradients were in excess of 1 psi/ft (1.32 psifit
for HV #1 and 123 psi/ft for HV #2) sug-
gesting a complex fracture geometry (T-
shaped, bifurcated eic) or possibly a horizon-
tal fracture.

PRODUCTION ANALYSIS

After thirteen months of production (350
days) Hillview # 1 had produced 76,322 MCF
of gas and 3,820 barrels of water. Hillview # 2
had produced 28,198 MCF of gas and 3,826
barrels of water. (Gas and water production
graphs for HIllMew #1 and #2 (through
March 31, 1992) are shown in Figures 5 and
6, respectively.

Detailed analysis of gas and HzO production
resulted in the identification of four different
and distinct produciion trends that corre-
spond to the same time intervals in cach well,
as shown in Figure 7. Each of the four pro-
duction periods are characterised by changes
in the production raies due to well opera-
tions and/or reservoir pressure variapions.
The following is a summary of the four pro-
duction periods.

Perlod 1 - Production Day 1 to 90 (Figure 7)

+ HV#1 - Rapid increase in gas produc-
tion due to partial de-pressurisation by
nearby mine workings and all available
free gas being brought back with the
stimulation fluid.

« HYV#?2 - Slow increase in gas production
characteristic of an exterior down dip
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well under virgin reservoir pressure co-
ditions.

= Mote - Period ends with the downhole
being changed to accommodate lower
water production.

Perlod 2 - Production Day 91 to 140 (Figure
n

« HV#1 - Rapid decline in gas produc-
tion as the current reservoir pressure re-
mained constant and all available free
gas was produced.

« HV#2 - Continued increase in gas pro-
duction as the reservoir pressure is fur-
ther reduced and approaching similar
pressures as HV# 1.

» MNote - At the end of this period both
wells appeared to be at the point where
significant production increases should
occur due to sufficient reservoir de-wa-
tering.

Period 3 - Production Day 141 to 211 (Figure
)

« HV#1 - Constant gas rate and an
abrupt decline in water production

_characteristic of operational problems

« HV#2-Sameas HV#1

+ Note - Reservoir pressure in both wells
began to increase as a result of opera-
tional problems and lack of water pro-
duction. The pump on HV#2 was
changed on day 200, but water produc-
tion did not increase indicating forma-
tion damage.

Period 4 - Production Day 211 to 335 (Figure
7)

« HV#1 - Slow steady increase in gas
production corresponding to a slow de-
crease in gas production from HV# 2,
indicating communication  between
wells. Increase in gas production is due
to migration of gas up dip from HV# 2.
Reserwir pressure near wellbore con-
tinues to increase due to lack of pump-
ing.

» HV#2 - Decline in gas production due
to increasing reservoir pressure and
probable formation damage, causing ob-
struction of water and gas flow into the
wellbore. Available gas migrating up
dip to HV# 1. Remedial action to clear
formation blockage was conducted on
day 385,

« Note - Pump on HV# 1 completely shut
down due to mechanical problems on
day 240 and did not operate.

PRODUCTION FORECAST

An understanding of the complex processes
(mechanisms) controlling methane releass
(and hence production) is necessary for reli-
able forecasting of production rates. In con-
trast to a conventional gas reservoir where
methane is contained in a pressurised gase-
ous state, methane in coal is chemically ad-
sorbed on the internal surface area of the
coal by pressure. In most arcas the pressure
mechanism is hydrostatic pressure.

Thus, the reservoir pressure controls the ad-
sorption mechanism along with coal rank. To
effect the release of the methane from the
adsorbed state the reservoir pressure regime
must be reduced by a reduction of the hydro-
static pressure. The pressure reduction is
achieved by pumping water from the coal
reserwir, Pumping reduces the formation
pressure in the immediate area of the well,
but the pressure reduction will not extend
more than a few hundred metres from the
well bore within a commercially reasonable
period of time.

Therefore, if commercially significant quanti-
ties of methane are to be produced, groups
of wells must be implemented in such a man-
ner and at a spacing that allows the develop-
ment of "mterference” (or "communication”)
among the wells of the group.

The resulting flow of water and gas from the
reduction of the reserwir pressure is then
controlled by the permeability of the coal res-
ervoir to gas and water flow. As water is re-
moved and the reservoir pressure is reduced
the flow through the coal cleat structure will
move from single phase fluid flow to two
phase flow of water and gas bubbles. At this
point the relative permeabilities to gas begins
10 increase and the relative permeability to
water decreases. It is during this two phase
flow period that gas produoction i maximised.

For the Moura Pilot Field of two wells it was
necessary to develop methane gas production
forecasts for the D seam prior to implemen-
tation of the wells and prior to the availability
of conventional measurements of gas con-
tents, permeability, etc. Production profiles
are normally constructed from case studies of
existing production wells or by computer
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simulation models. The simulation models
depend on numerous geologic and reservoir
parameters which were unavailable for the
Moura No. 2 Mine area. However, file data
of the mining operations and obsarvations of
underground and surface mine conditions
were evaluated and used to define the reser-
voir parameiers using empirical technigues.
The parameters were then used to effect a
‘match” with similar reservoir conditions of
producing wells and felds in the United
States.

From this data a 10 year production forecast
was generated, Figure 8.

First year (through February 1992) actual
production, projected production and the av-
erage of HV # 1 and HV # 2 (Figures 5 and
6) is summarised as follows:

FROJECTED VERASUS PACOUCED GAS AT 1 YEAR
Pradiucson Diviaties P of
Sepgp fabs S
[ - D | - L —
B LS A R |17 "+ N 1L

CONCLUSIONS

After 1 year of production history, the Moura
Project has successfully demonstrated that:

1. Effective, single seam hydraulic stimula-
tions can be implemented, in the Moura area,
using existing coal seam fracture technology.

2. Gas production rates met the estimated
projections and with proper field design, suf-
ficient in-place gas content reductions for ef-
fective degassing of the coal seam can be re-
alised.

3. Fracture stimulators deweloped for USA
Coal basing can be applied to Australian
Coal scams if necessary reserwoir parameters
are available for reliable input data,
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