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Development and initial trials of a new multiphase
well testing tool for coalbed methane evaluation

by

R. Koenig, A. Dean, and G. Lupton

CSIRO Division of Geomechanics

INTRODUCTION

The Commonwealth Scientific and Industrial
Research Organisation (CSIRO) is develop-
ing a multiphase well testing tool to measure
key factors that control the production of
methane gas and water from coal seams. The
most important controlling factors include in-
ginsic permeability, relative permeability to
water and to gas, Stafic rescrwoir pressure,
and gas desorption pressure. The tool under
dewelopment can collect data representing
water and gas pressure, water and gas flow
rate, and temperature. A computer simulator
incorporating the various mechanisms of
methane production can interpret the well
test responses to characterise the coal seam
and forecast its gas and water production po-
tential.

The multiphase tool operates in and HQ size
borehole. A pair of inflatable packers iso-
lates an interval containing the target coal
scam. A pneumartically operated, positive-dis-
placement pump withdraws water at a con-
stant rate from the test interval. Pressure
transducers measurce the response to pump-
ing in the test interval itself as well as in the
borebole both above and below the test inter-
val A metering system at the surface sepa-
rates the gas and water and measures the
flow rates individually. A data recording sys-
tem receives and records signals from down-
hole pressure and temperature sensors via a
wireline cable and from surface flow rate and
temperature sensors.

A prototype system gathered data at three lo-
cations from a coal seam in the Bowen Basin
of Queensiand. The pressure response (o
pumping proved to be sufficient to determine
intrinsic permeability, static reservoir pres-
sure, and gas desorption pressure of the coal,
Successful use of the prototype tool has en-
couraged further development to measure all
of the critical factors such as relative perme-
ability and desorption isotherm parameters.

THEORY

Permeability is obviously one of the most im-
portant factors controlling the production of
water and methane gas from a coal seam.
Relative permeability is of even greater sig-
nificance in simulating the behaviour of coal
seam reservoirs [Jomes er al, 1988, Aras-
toopur and Chen, 1991]. The literature about
gas and water permeability in coal is hmired,
bowever, at best. The CSIRO has under-
taken both laboratory and ficld programs to
improve the quantity and quality of informa-
tion about relative permeability of coal.

The objective of the field program is 10 de-
welop a well testing tool that can measure
Wwater pressure, gas pressurc, water flow
rate, gas flow rate, and temperature in time.
A specific model describing the mechanisms
of coalbed methane production can interpret
these data to characterise the gas production
potential of a coal seam. The results of such
data interpretation include values for wtrin-
sic permeability of the coal scam, relative
permeability 10 gas and water, static réseryowr
pressure, and gas desorption pressure, The
dlustration in Figure 1 depicts the conocept
underlying methane production. Many coal-
bed methane reservoirs are saturated with
water under hydrostatic pressure at cquilib-
rium conditions. The methane gas adheres 1o
the surfaces of the porous coal matrix and
natural cleat system by an adsorption mecha-
nism. Hydrostatic pressure acts w0 hold the
adsorbed methane gas in place. Pumping in
a well completed in the coal seam reduces
the pressure and imitiates single-phase flow of
water (Stage 1 - Sawrated flow regime). Con-
tinued water production further reduces the
pressure in the coal until methane begins to
desord from the surfaces of the coal matrix
forming gas bubbles in the pores and cleats
of the coal (Stage 2 - Unsaturated flow re-
gime). In Stage 2, gas partiaily saturates the
coal, but the gas is not flowing. The gas bub-
bles in the coal obstruct some of the path-
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ways available for water flow and decrease
the relative permeability to water. This re-
duced relative permeability to water in-
creases the pressure drawdown in the well,
observed as -increasing slope of pressure
change versus time. Two-phase flow (Stage 3
- Two-phase flow regime) finally starts as the
TESCTVOIr pressure continues to  decrease
with pumping and additional gas desorbs
from the coal. The gas saturation increases
until gas bubbles connect to form continuous
pathways to the wellbore and gas starts to
flow. The relative permeability to gas be-
comes non-zero when two-phase flow starts.
Further reduction of the reservoir pressure
extends this sequence of changing flow re-
gimes outward over time from the wellbore
into the coal seam.

Investigations sponsored by the Gas Re-
search Institute of Chicago give an example
of the behaviour seen in the three flow re-
gimes described abowe. Figure 2 shows the
response during a constant-rate njection test
following a hydraulic fracture stimulation
treatment in & well at the Rock Creek coal-
bed methane experimental site in the Warrior
Basin of Alabama. The dashed line in Figure
2 shows the trace of the single-phase re-
sponsc during an injection test before the
well started normal production. The draw-
down response during production follows
along the injection response until about the
fourth day. Then the drawdown acceclerates
probably because gas desorption starts at the
onsct of unsaturated flow. Methane gas ap-
peared at the wellhead after about 50 days.
The pressure behaviour in all three stages, or
flow regimes, appears in production data
from this well. Koenig er al (1989) discuss
these topics more thoroughly,

Conventional analysis techniques arc suitable
to determine the intrinsic permeability and
reservoir pressure during the single-phase
flow of water in the coal seam. Koenig ef al.
(1589) have described a method suitable to
analyse pressure data to obtain values for
relative permeability, gas desorption pres-
sure, capillary pressure, and desorption iso-
therm parameters. History-matching of test
data wath existing computer models that de-
scribe desorption of methane and two-phase
flow in coal seams, SIMED from the Univer-
sity of New South Wales or COMET-PC for

example, can yicld values for these parame-
ters.

TOOL DESCRIPTION

A schematic diagram of the prototype two-
phase tool appears in Figure 3. The tool fits
in an HQ size (96 mm diameter) borehole 1o
test intervals at depths up to 300 metres (Fig-
ure 4). Two inflatable packers isolate the
target coal scam. Drill rods (BQ size) of
various lengths serve (0 adjust the distance
between the packers to suit the thickness of
the coal seam. High pressure compressed air
or nirogen inflates the upper and lower
packers to form a seal against the sides of the
borehole isolating the test imterval from the
rest of the borehole. A pneumatically pow-
ered pump mounted in a stainless steel
chamber above the upper packer withdraws
water at a constant rate from the isolated test
mterval (Figure 5). A hydraulically powered
air compressor supplies pneumatic pressure
to control the pump at a rate appropriate for
the conditions of the coal seam. A pressure
transducer mounted in a stainless steel cham-
ber abowe the upper packer monitors the
pressure in the borehole abowe the test inter-
val to check that there is no communication
between the test interval and the upper por-
tion of the borehole. Two pressure transdoc-
ers (Figure 6) mounted in another stainless
steel chamber below the lower packer moni-
tor the pressure in two locations: (1) the test
interval between the packers (the zone of in-
terest) and {(2) the borehole below the test in-
terval. The downbole pressure transducer
checks to make sure that there is no commu-
nication between the test mterval and the
lower portion of the borehole.

A sensor mounted near the top of the lower
packer measures the temperature in the test
interval. Temperature is an important factor
that influences gas flow rates and water vis-
cosity downhole.

A tubing bundle connects the air compressor
at the surface with the pump down hole, The
tubing bundle contains an air inlet line and
an air exhaust line to power the pump. The
tubing bundle also has a pump discharge line
to conduct produced water and gas to the
surface separating and metering facility. A
high pressure hose to inflate the packers con-
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nects them to a cylinder of compressed air or
nitrogen at the surface. A cable reel at the
surface feeds a signal cable for the pressure
transducer outputs along with the tubing bun-
dle and the high pressure hose for tripping
mto the hole. A pert in the pump chamber
gives access to service a filter at the pump
inlet. The filter protects the pump from solid
particles in the wellbore fuid that could
Cause the pump valves to malfunction. A
computer controlled data acquisition system
at the surface receives and records signals
from the pressure transducers, temperature
sensors and flow meters. Commercial com-
puter software provides a continuous display
of the real-time data to keep the lest opera-
tor fully informed throughout the test.

An important feature of the tool is its ability
to discharge gas and water simultaneously.
The onset of gas production does not prevent
the pump from continued water production.
The small wlume of the isolated test interval
containing the coal seam practically elimi-
nates wellbore storage effects. These fea-
tures allow the operator to observe all three
stages of production in a reasonably short
tume. Consequently, the multiphase well test-
ing tool becomes a useful exploration device.

OPERATIONAL PROCEDURES

An electrically powered reel handles the tub-
ing bundle for lowering or raising the tool in
the borehole (Figure 7). From separate
reels, the operator tapes the signal cable and
high pressure hose to the tubing bundle while
lowering it into position across the target coal
seam  With the tool in place and all systems
connected, the data acquisition system moni-
tors the pressure transducers and tempera-
ture sensors until the readings stabilise, A
brief period of operating the pump while re-
turning the discharge to the wellbore allows
adjusting the water discharge rate to a prede-
termined value suitable for the particular test
interval. Packers inflated to about 2 MPa
above the hydrostatic pressure assure a se-
cure seating of the packers and isolation of
the test interval. Another period of monitor-
ing the sensors during equilibration to static
conditions follows packer inflation. After
starting the pump, the data acquisition sys-
tem records test data as the downhole pres-
sure declines in the test interval and the pro-

duction of gas eventually starts. The opera-
tor can decide when to stop the pump based
on the data displayed during the pumping pe-
riod. The pressure in the test interval usually
rcaches a minimum value during vigorous gas
production.  Monitoring of the pressure
buildup in the shut-in test interval after the
pump has stopped may provide information
potentially suitable for additional interpreta-
tion. Gas and water samples collected at the
surface are available for chemical analyses to
supplement the data sct.

FIELD TRIALS OF THE TOOL

The prototype two-phase well testing (ool has
successfully measured the permeability, static
reservoir pressure, and gas desorption pres-
sure of a coal seam in the Bowen Basin of
Queensland. The target seam currently is
mined commercially. The test sites were lo-
cated in virgin coal well ahcad of mining op- -
erations. Field trials of the tool proceeded
according to the operational procedurcs de-
scribed above.

The pressure résponses to pumping at a con-
stant rate from the isolated coal seams in two
wells 500 metres apart appear in Figures 8
and 9. In both cases, the initial response af-
ter the start of pumping followed a trend
typical of single-phase flow of water. In
other words, a plot of downhole pressure ver-
sus the logarithm of time is lincar at firse.
Next there was a gentle acceleration of the
pressure drawdown coinciding with the start
of methane desorption and reduction of rela-
tive permeability to water. This transition to
unsaturated flow appeared as a dewiation
from the initial straight line on the plot show-
ing downhole pressure wversus logarithm of
time (Figure 10). Finally, drawdown contin-
ued to accelerate as the first evidence of gas
production appeared in the discharge stream
at the surface. There followed a steady in-
crease in gas flow rate to a state of vigorous
gas production. The downhole pressure
reached a mmmimum value during this vigor-
ous gas production and then started to in-
Crease as pumping continued. The pressure
data were sufficient to compute the intrinsic
permeability, static reserwoir pressure, and
gas desorption pressure, The full potential of
the tool o yield data needed to compute

relative permeability, capillary pressure, and
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desorption isotherm parameters was unréal-
ised because the surface separation and me-
tering facilities were unavailable at the time
of the ficld trials.

The field trials revealed a number of me-
chanical and electrical problems requiring at-
tention, Hydrostatic pressure in the well at
depths below 100 metres crushed the pneu-
matic lines and discharge line to the pump
hindering its cfficient operation. Tubing with
thicker walls made of stronger material
solved that problem and should aliow the
pump to operate cfficiently at depths up
600 metres. The next generation of the mul-
tiphase tool will have an operating range of
600 metres. The electrical faults probably re-
sulted from improper handling of the ol in
the ficld and proved to be trivial in nature.
A sturdier design for passing clectrical lines
through conduits and better handling of the
tool in the ficld should remedy those prob-
lems.

The field trials of the multiphase tool hawe
confirmed the underlying concepts of the
tool’s design. Inwvestigation is in progress into
proper means to interpret and apply the Held
data that the tool is capable of collecting.
We expect that the finished multiphase tool
will provide a new way to gather information
that can significantly advance the under-
standing of water and gas flow in coal seams.
‘We feel that the tool has the potential to pro-
vide information useful for coalbed methane
exploration, design, and economics. There is
an added benefit to the coal mining industry
to investigate safety issues involving methane

gas and 10 help engineer a safe mining envi-
ronment.
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Figure L Three stages of dewatering and methane production in a coal seam
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Figure 2. Comparison of Mary Lee/Blue Creek production to post-fracture injection test, well
PI1B.
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Figure 3. Schematic disgram of multiphase well testag tool

Figure 4. Lower packer and transducer chamber (left). Upper packer and chamber for trans-

ducer and pump (right).
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Figure 6. Lower transducer chamber with test transducer (left) and downhole transducer
(right).
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Figure 7. Tubing bundle and air compressor to operate downhole pump..
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Figure 8 Pressurc response to pumping at a constant rate, case 1.
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Fligure 10. Downhole pressure versus logarithm of time, case 2.
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