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ABSTRACT

The invesitgation of coalbed methane pros-
pects in the Sydney Basin, for Pacific Power
and others, bas routinely inciuded the deter-
mination of insitu permeability of coal scams.
This work has been undertaken by the Com-
monwealth Scientific and Industrial Research
Organisation (CSIRO) and Pacific Power us-
mg purpose built tools designed and con-
structued by the CSIRO. The methods em-
ployed provide for accurate test zone isola-
tion and rapid test obsaeérvation, variation
and repeat if desired.

This paper reviews the results of well testing
from six such programmes and discusses the
merits and limitadons of the procedures util-
ised. The results of well testing have been
found to be subject to test duration, history
of sequental testing, test type - whether in-
jection or production and differential pres-
sures utilised. An understanding of the ef-
fects of these variables bas permitted a
clearer picture to emerge of the factors that
influence the permeability of coal seams.

A broad range of permeability results have
been determined for Sydney Basin coals. In
wells tested to date results greater than 1 mil-
lidarcy are the exception rather than the rule.
The wide range of results, for apparently
similar coals led to an investigation of those
factors that were considered to impact on in
situ permeability. Secondary minerlisation is
observed to reduce permeability. Coal scams
' with a high proportion of dull coal have un-
' expectedly high permeabiltiy in the Sydney
Basin. The density of natural or induced
fracturcs has been found to provide a strong
correlation with measured permeability.

INTRODUCTION

Over the last three years, Pacific Power (for-
merly Electricity Commission of New South
Wales) and others interested in coal seams
and their hydrological behaviour have drilled
and tested several wells distributed through-
out the Sydoney Basin (Figure 1). The Com-
moawealth Scientific and Industrial Rescarch

Organisation (CSIRO) has developed a wire- -

line well testing tool to measure important
coal scam propertics such as permeability
and static reservoir pressure. Pacific Power
has a similar tool that has complemented and
supplemented the testng with the CSIRO
tool. This paper discusses the well testing ex-
pericnce to date and seeks to relate the re-
sults to various geological conditions encoun-
tered in the Sydney Basin. In-situ permcabil-
ity of the coal seams governs their gas pro-
duction and well testing conveniently meas-
ures permeability.

Two types of test procedure, injection of
water into or production of water from the
coal scam, are possible with both tools.
Both procedures theoretically should give the
same results at the same borizon, but fre-
quently they give different results. In some
cases, the same procedure repeated with the
same tool in the same horizon gives different
results, These irregularities probably arise
from a complex imteraction of mechanisms
inberent in coal seams that influence their re-
sponsc to pressure changes. Interpretation
of well testing data in this unigque cnviron-
ment consequently becomes a challenge.
This paper presents the results of various
tests on several scams to demonstrate the na-
wure of some of these irregularitics.

The paper also discusses the relationship of
well testing results to geological factors in-
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cluding in-situ state of stress, secondary min-
eralisation, and coal type. Sydney Basin
coals tested to date generally have low per-
meability, 100 to S00 pud, that sccondary min-
cralisation can reduce or tectonic activity
can increase significantly.

EQUIFMENT AND METHODS

CSIRO has deweloped a wireline well testing
tool 10 measure intrinsic permeability and
reservoir pressure, key propertics needed to
simylate flow of fluids in coal seams. The
tool incorporates features that allow isolation
of a target coal scam with inflatable packers
and a downhole shut-in vaive to eliminate
nearly all wellbore storage cffects. The con-
struction of the tool permits its placement in-
side an HQ rod string with a straddle-packer
assembly extending through the drill bit for
seam isolation. The rod string scrves not
only to place the packers accurately but also
as a conduit to inject water into the coal
seam or as a storage chamber into which
water from the coal scam can flow. Down-
bole shut-in to isolate a seam at depths up to
1000 metres and the ability to use the tool as
drilling progresses make it an efficient explo-
ration device. Efficieacy increases because
the test duration is short and one mobilisa-
tion of the drill rig is sufficient for both drill-
ing and testing. Pacific Power has a similar
wireline well testing tool that has provided
complementary data in some horizons tested
by both tools and supplementary data in hori-
zons not tested by the CSIRO wol

The transicnt pressure response to constant-
rate water injection, or water production
from the coal seam into the rod string under
reduced pressure head, is the basis for analy-
sis (0 determine the permeability and static
rescrvoir pressure- ‘The preferred analysis
method uses the straight-line portion of the
Homer plot showing shut-in pressure in the
test horizon after injection or production.
This analysis assumes single-phase radial flow
in an infinite homogeneous reservoir. Typi-
cal Horner plots of test data appear in Fig-
ures 2 to 4. Some test horizons exhibit littic
or no wellbore damage (skin factor is near
zero) as in Figure 2 (Koenig, ¢f al, 1990(b)),
others appear severely damaged (skin factor
is positive) as in Figure 3 (Casey, ef al,
1992), and still others show a degree of

stimulation ( skin factor is negative) as in
Figure 4 (Koenig, ef al, 1991). The collec-
tion of recovery data after injection (or pro-
duction) must continue for up to three times
the duration of imjection (or production) in
many cases where damage or stimulation of
the wellbore is evident, Otherwise, the re-
covery curve may not fully develop.

Much of the testing to datc has used both in-
jection and production tests in the same hori-
zon to compare results for possible differ-
ences arising from stress sensitivity, gas
desorption, fGnes migration, or other mechba-
nisms that commonly occur in coal scams.
Pressure differential between the reservoir
and the wellbore has been varied in several
instances to see whether the test results de-
pend on the pressure differential. Tests i
the same horizon with both "short” and "long"
durations have been conducted to observe
possible dependence of the results on test
duration.

A production test employs the same proce-
dure for cither the CSIRO tool or the Pacific
Power tool. With the tool positioned in the
wellbore, compressed air applies pressure to
the top of the rod string and forces water
from the lower end of the rod siring into the
annulus between the wellbore and the rod
string. After setting the packers and shut-
ting the downhole valve, release of pressure
on the rod string leaves a pressure head in
the rod string lower than the pressure head
in the reserwoir. Opening the downhole valve
after pressure in the reservoir stabilises al-
lows natural production of water from the
scam into the rod string. Measurement of
pressure in the test interval and rod swring al-
lows calculation of the rate at which water
flows from the seam since the wlume in the
rod string is known. The flow rate coupled
with the pressure buildup after sbut-in allows
calculation of the permeability, and exirapo-
lation of the pressure trend to infinite time
gives the rescrvoir pressare,

Injection test procedures are different for the
CSIRO tool and the Pacific Power tool
CSIRO uses a constant rate test and Pacific
Power uscs a constant head test. Both proce-
dures begin with placement of the tool and
inflation of the packers. While the pressure
in the test interval stabiliscs, the rod string is
filled with water. Simultaneous opening of
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the downhole valve and injection of water at
a predetermined constant rate starts a
CSIRO test. Pacific Power opeas the down-
hole valve and measures the rate at which
water must be added to keep the rod string
full during the duration of injection. Mecas-
urement of the pressure during falloff com-
pletes the test cycle in both cases.

OBSERVATIONS FROM TESTING

Production Tests Compared to Injection
Tests

Test horizons with repeated testing have
yielded a variety of responses:

1. Production and injection test results differ
probably because of alterations of the coal
near the wellbore,

2. Hysteresis observed in reduction of perme-
ability in some seams following repeated in-
jection or production.

The Horner analysis used to compute perme-
ability assumes that single phase, radial flow
occurs in a homogeneous infinite reservoir.
With these conditions prevailing, injection
and production testing should yield similar
estimates for permeability. In practice, how-
ever, production and injection testing at the
same horizon hawe yicided permeabilities of
different magnitudes.

In many instances the permeability deter-
mined from production tests has been greater
than that from mjection tests. In particular,
during an exploration program necar Robert-
son, 25 km south-west of Wollongong (For-
ster and others, 1988), permeabilitics deter-
mined from production tests were as much as
two orders of magnitude greater than injec-
tion permeabilities. In well EHKL I, near
Lisarow betwéen Sydncy and Newcastle, the
production permeabilities were from 1.1 to
abilitics measured in the same horizon
(Casey, e al., 1992). An example of this phe-
nomenon appears in Figure 5, which shows
the Horner plots for an injection and a pro-
duction test at the same horizon in borehole
PHCY 1 (Forster, 1992(b)) near Ryistonc on
the western side of the Sydney Basin north of
Lithgow. It is evident from the plots that the
pressure response in the test section follow-

ing the injection period is much different
from the response following production. The
response from the production buildup yields
a straight line section of the Homer pilot that
yields a permeability of 1.9 md and a skin
factor of 165 (indicating extreme borchole
damage). In contrast, the straight line sec-
tion of the mjection Horner plot has a much
higher gradient and yields a permeability of
0.011 md with a skin factor of -0.7.

The near-zero skin factor, as opposed (0 the
skin factor of 16.5 determined in the produc-
tion test, may suggest that the permeability
measured in the injection test represents the
permeability of a damaged zonc near the
wellface, and that the pressure transient bas
not penetrated the skin during the decay pe-
riod. Clearly, however, there is a potential
for confusion in deciding which permeability
estimate more closely represents the true
permeasbility of the coal seam. Since the

prime reason for measuring the permeability -

is to evaluate the potential of the scam for
coalbed methane production, the permeabil-
ity determined from the production test may
be more representative.

Several mechanisms are presumed to contrib-
ute to the observed differences between the
production and injection permeabilities. An
example of such a mechanism is finc particies
in the borehole fluid forced imto the coal-
seam fractures and cleats during an injection
test, hence reducing the permeability. Con-
versely, a production test may cause flow of
uncontaminated ground water from the for-
mation toward the borchole to dislodge some
of the fines restricting flow and increase per-
meability. Another example of a possible
mechanism is the excess pressure imposed on
the test section during an injection test per-
haps compressing the coal seam adjacent to
the wellbore and partially close the fraciure
or cleat openings thereby lowering the per-
meability. Conversely, a production test
might reduce pressure and relax the forma-
tion adjacent to the wellbore partially open-
ing the watcr-bearing cleats or fractures (o
increase permeability. Either or both of
these mechanisms could explain the est data.

The permeability derived from production
testing of a given horizon does not always ex-
ceed that from injection testing. Two bore-
holes, EHL 1 (Llanillo) and EHRP 1 (Rand-
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wick Park) about 25 km south of Muswell-
brook in the Hunter Valley, have yielded test
results that do not follow a trend toward
greater production permeabilities (Koenig, er
al, 1991). In'thesc borechoies, the number of
horizons in which the injection permeability
is greater about equals the number in which
the production permeability is greater.
Sensitivity of Test Results to Wellbore
Damage

There is some suggestion from the test results
that seams with a high skin factor (and
therefore a low permeability zone adjacent to
the borehole wall) are more likely to have a
higher production permeability than injection
permeability. Since many boreholes suffer
some kind of formation damage during drill-
ing, this would explain a tendency for pro-
duction permeabilities to be greater than -
jection permesbilitics. To investigate
whether this trend is significant the ratio of
production to injection permeability was plot-
ted against the skin factor from the test that
produced the higher permeability for twenty-
six test horizons where both imjection and
production tests were performed. The result-
ing graph (Figure 6) shows some tendency
for tests with a high skin factor to bave a
higher ratio of production permeability to in-
jection pérmeability.

Hysteresis Effects

Hysteresis {(dependence on testing history) is
another interesting phenomenon observed in
coal scams at some locations. At these loca-
tions, the results of testing seem to depend
o2 previous testing history in a particular ho-
rizon regardless of the type of test con-
ducted, whether production or injection.
Borehole EHKL 1 near Lisarow shows hys-
teresis (Casey, er al, 1992). CSIRO and Pa-
cific Power conducted a total of six tests in
the Wallarah Great Northern scam at an av-
erage depth of about 670 m (Figure 7).
Three were production tests and three were
injection. CSIRO conducted the first three
tests with computzd permeabilitics appar-
ently decreasing linearly from 0.069 to 0.013
md. Pscific Power conducted the latter three
tests with computed permeabilities appar-
ently decreasing from 0.14 to 0.019 md (For-
ster, 1992(a)). Production tests at this hori-
zon generally preceded injection tests and
yielded larger values of permeability. The

same trend of decreasing computed perme-
ability in subsequent testing occurred in the
other horizons in borehoie EHXL 1. Figure
8 shows the trends during CSIRO tests i
seams at average depths of about 762 and 796
m (Casey, ef al, 1992). In this siluation in-
jection testing appears to damage the forma-
tion so that subsequent production tesung
yields lower permeability. Repeated mjec-
tion testing appears to increase the damage.
Another cxample of hysteresis is apparent in
Figure 9, which shows a total of four tests in
the Hunter Valley that CSIRO and Pacific
Power conducted in borehole EHRP 1
(Randwick Park) at the Bayswater seam (av-
ecrage depth about 445 m). The first two
tests, conducted by CSIRO (Koenig, ¢ al,
1991), are exampies of injection tests yiclding
greater permeability than production tests.
The order of the tests rather than the type of
tcst appears to control the result in this case.
Pacific Power conducted a production test
and a slug test (Forster, 1991). Once again,
the first test conducted yiclded the greater
permeability.

Sensitivity to Differential Pressure

The calculated permesbility for some coal
seams appears to depend on the mapgnitude
of the differential pressure (the difference in
pressure between the reservoir pressure and
the applied pressure to induce flow either
into or out of the test horizon) used in test.
To test the influence of this aspect, five pro-
duction tests were on the Ka-
toomba Scam in borehole PHCY 1 near Ryi-
stone (Forster, 1992(b)) with differential
pressures ranging from 175 to 871 kPa. The
five production tests yielded flow rates di-
rectly proportional to the pressure. The cal-
culated permeabilitics ranged from 0.66 o
255 md, with the higher permeabilities de-
rived from tests carried out at higher differ-
ential pressures. Hysteresis did not appear
to influence the resuits in this seam. Figure
10 shows a plot of pcrmeability versus the
differential pressure, normalised to the static
reserwoir pressure. It shows an almost lincar
correlation between the two. Such differ-
ences in computed permeability could have
significant impact on determining the pro-
duction potential of a2 seam and the economic
viability of a reservoir.
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The calculated permeability for many other
coal scams seems independent of the magni-
tude of the differential pressure. As an ex-
ample of this behaviour, Figure 11 shows a
sequence of four production tests in a coal
scam at an average depth of 324 m at EMA
52 (Mt Arthur) (Koenig er al, 1990 {(a)),
which is sbout 7 km north of EHL 1
(Llanillo). The large flow rate during pro-
duction and the extremely rapid recovery to
the static reservoir pressure indicate a se-
verely damaged, highly permeable coal seam.
The flow rate during the first flow period was
204 Vmin at a differential pressurc of 1.1
MPa, which yields a permeability of 46 md
and a skin of 20. The flow rate during the
fourth flow period was 0.8394 UVmin at a differ-
cntial pressure of 0.414 MPa, which yields a
permeability of 47 md and a skin of 20.

There are also some indications from test
data that differential pressure influences n-
jection test results. In this case, higher injec-
tion pressures may lower permeabilities.
Howewer, controlied tests have not confirmed
this phenomenon to date.

Influence of Test Duration

A test of longer duration gencrally represents
a larger portion of a coal seam because the
radins of mmvestigation (the distance a pres-
sure transient moves through & formation fol-
lowing injection or discharge at the well-
bore) is directly proportional to the square
root of test duration. A longer test would be
more apt to detect possible permeability en-
hancement from fractures spaced on a larger
scale.

In the Arrowficld scam at EHRP 1 (Rand-
wick Park), a "short” test of one hour with the
Pacific Power tool gave a permeability of 0.90
md and a "long” test of five hours with the
Pacific Powes tool gave 022 md. In the
Bayswater seam (average depth of 444 m) at
EHRP 1 (Randwick Park), a "short" test of
one hour with the CSIRO tool over the test
interval 441 to 448 m gave a permeability of
0.14 md and a "long" test of five hours with
the Pacific Power tool over the test interval
438 10 449 m gave 046 md. Since the test
intervals at the Bayswater seam were slightly
different and the tools used to test the seam
were different, a direct comparison is impos-
sible at this horizon. In the Wallarah Great
Northern scam (average depth of 670 m) at

EHKL 1 {(Lisarow), a "short” test of two
hours with the Pacific Power tool gave a per-
meability of 0.13 md while a "long” test of six
hours with the Pacific Power tool also gave
0.13 md (Forster, 1992(a)).

The results of "short™ and “long" production
tests at EHRP 1 (Randwick Park) and
EHKL 1 (Lisarow) were inconclusive, there-
fore, regarding the influence of test duration
on permeability results (Forster, 1991). In
the exploration context, tests of one to six
hours are likely to give comparable results.
Tests of much longer duration may be neces-
sary to investigate this phenomenon in the
relatively low permeability coal scams e¢n-
countered 10 date. This extended testing is
beyond the exploration context, however, and
mnto the realm of detailed site evaluation as a
prelude to production activity.

GEOLOGICAL FACTORS THAT
INFLUENCE TEST RESULTS

Primary and Secondary Permeability

In broad terms, peérmeability in coal can be
thought of as primary or secondary. Primary
permeability relates to matrix permeability in
conventional reservoir rocks and to the mi-
crostructure and cleat development in coals,
Coal petrography and the impact of secon-
dary mineralisation influence primary perme-
ability. Secondary permeability results from
contemporary or post-coalification geological
structures such as joints, faults, or shearing.
Secondary permeability often may dominate
apparcnt permeability. Fractures and shear
zones intersecting coal seams can dramati-
cally increase the gross permeability of a coal
secam under test, without necessarily reflect-
ing substantial access to the bulk of the coal
matrix. Generally, significant secondary per-
meability indicates existence of paths created
in the coal for water and gas to migrate to
drainage wells.

Secondary permeability in coal scams broadly
depends on sub-vertical or sub-horizontal
features. Sub-vertical features, such as joints
and high angle faults, are often thought of as
a major source of secondary permeability in
United States coal seams, The authbors’ expe-
rience with Australian coal seams to date bas
indicated that such features can significantly
influence the permeability measured by well
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testing. However, expericnce has been that
such features are often absent in the coals of
the Sydney Basin. This presumably has a
Zreat deal to do with the difficulty of sam-
pling sub-vertcal features from vertical ex-

The nfluence of sub-horizontal features on
secondary permeability also has been obvious
in the authors’ experience. Anccdotal evi-
deace from coal mining operations in the
Bowen Basin suggests that gas production
raie is related to the existence of low angic
shear zones in the coal seams. Considerably
more gas flows into the mine ventilation Sys-
Lemwbenanbearmeisinthecoalbe'mg
mined. A program of m-situ rock stress
measurement conducted throughout the
Bowen Basin for coal mining purposes has
provided an indication of the mechanism giv-
ing rise to low angle shears in coal seams, A
sudden change in the magnitude and crienta-
tion of the horizontal stress field fFom above
tobehwacouminasequeneeappws
rélated 0 stress re-adjustment associated
with low angle shearing occurring through
the sequence.

An example of similar behaviour in the Syd-
ney Basin occurs in the Hunter Valley. Fig-
ures 12 and 13 summarise in-sity stress meas-
urements made in (wo holes, EHL 1 and
EHRP 1, approximately 3.6 km apart in a
stratigraphic sequence of coal seams (Single-
ton Coal Measures), sandstones, and finer-
grained sediments. The measurements were
made in sandstone units of various grain sizes
using the hydraulic fracturing technique. The
results in Figures 12 and 13 (Epever and
Edgoose, 1991) represent the magnitudes of
the horizontal sccondary principal stresses as
a function of depth, with respect to the corre-
spondhg\etﬁalmu'eadmaepthesu-
mated from overburden pressure. At EHL |
(Figure 12) the horizontal stress feld ap-
peared to increase systematically with depth
{Enever and others, in preparation), The
corresponding profile of coal seam perme-
ability with depth (Figure 14) in the same
hole, suggests no obvious evidence for per-
meability depending on stress or depth. By
contrast, at EHRP 1 (Figure 13) the profile
of horizontal stress field with depth shows
marked change at several points in the se-
quence, with the general magnitude increas-
ing and decreasing across coal seams. These

changes in the horizontal stress ficld ap-
peared to corrclate with zones of structural
disturbance to the scams. As with the Bowen
Basin, this is likely due to low angle shearing
intersecting the sequence, associated with
major episodes of thrusting in the region. An
alternative explanation for the noted changes
intbcmessﬁcldconldbediﬁ‘uenwsup-
page along coal seams in response to folding
of the sequence. Whatever the cause of the
observed changes in the stress ficld, the net
effect seems 10 be enhanced permeability in
the affected coal seams as shown by the pro-
file of seam permeability with depth (Figure
15) in the same hole. Figure 15 indicates sig-
nificant variation in permeability, with a low
background permeability, enhanced by an or-
der of magnitude in some seams.

The information summarised in Figures 12
and Bpmﬁduabmﬁ:rdevebphg strate-
gies to guide exploration for bigher perme-
ability targets in preferred stress regimes.

In an attempt 10 quantify the effect of various
significant peologic factors on permeability,
the results of testing major coal seams in Pa-
dﬁcPowubonholestodmappeuinTa-
bic 1. For cach horizon an index has been
defined to evaluate the influence of each of

For each seam, the mineralisation index
listed in Table 1 represents the percentage of
coal plies containing wisible mineralisation.
IntheSydncyBuhthhumaﬂyoons&sof
calcite and to a lesser extent siderite. It's
ptemineadilydammedhtbelogofa
drill core. Themhmﬁnﬁonwmyoecms
as off-white or brown infllling of the coal
cleat, joints, or the fabric of the coal itseif,

A plot of production results at EHRP 1 {Fig-

appears m a plot of
injection permeability for all holes versus
mineralisation index (Figure 17). The effect
of mineralisation i obstructing flow paths
within the coal matrix, thereby reducing per-
meability, is evident,
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Primary Permeability and the Effect of Cleat

For each seam listed in Table 1 the cleat in-
dex represents the total percentage of coal
logged 2s dull with only minor bright lami-
nac. The coals of the Sydney Basm vary from
inertinite dominated coal to vitrinite domi-
nated coals. Many seams alternate from lay-
ers high in vitrinite to layers where vitrinite is
ncarly absent. The imertinite rich coal is duil
and blocky. It teads to fail with wider spaced
major joints when subjected to soess.
Vitrinite rich coal, on the other hand, is
bright , brittle, and made up of finely-di-
wided rectilinear components, It tends to fail
with closely spaced, irrcgular, minor joints
when subjected to stress. In effect, it crum-
bles and provides no major path for perme-
ability. When subjected to further stress, the
crushed coal or joints can be recompacted.
The actual cleat faces arc often very smooth
and when compressed by lateral stress may
provide only limited horizontal permeability.
The relationship evideat fom production
tests at EHRP lin Figurc 18 and injection
tests for all seams in Figure 19 is that in the
Sydoey Basin, with its high lateral stresses,
the brighter the coal, the lower the perme-
ability. On the other hand, the higher the in-
erunite content, the more dull the coal and
the higher the permeability. This result con-
tradicts the prevalent concept that greater
permeability is associated wath better cleat
development. The explanation of this phe-
nomenon may involve 3 complex interaction
of mcchanisms. Brighter coais tend o be
more elastic and less susceptible than dull
coals to fracturing with appled stess. On
the other hand, the better developed cleat in
brighter coals may make them more suscepti-
ble to secondary mineralisation.

Secondary Permeability and the Effect of
Fractures.

For each seam listed in Table 1 a fracture in-
dex has been determined from either inspec-
tion of the core or core photographs and the
actual geological and geotechnical logs. The
fracture index represents the total length of
joints per metre of coal drill core, As such it
indicates the amount of jointing that may
serve (o act as conduits for permeability adja-
cent to the wellbore.

Near wertical fractures as are evident in
EMA 52 (Mount Arthur) are believed to be
the product of stress relief and act to en-
hance the permeability evident in the testing
of that borchole (Koenig er al, 1990; Allen =t
al, 199(b); Forster, 1990). The western
coalficld of the Swiney Basin coatains dull
coals that are consistently heavily fractured.
Where tested (ELN 34 and PHCY 1) the
coal seams hawe shown high permeability
{Allen er gl 1990(a); Odins and others, in
preparation). In the Newcastle coalficld,
borehole EHKL 1 imtersected 7 m of rela-
twvely bright, clecan coal. Mineralisation is
sparse and joints are poorly developed (Reh-
fisch and others, 1992). The In-sity horizon-
tal stress is high and relatively balanced and
this together with the coal type appears to
contribute to the lack of well deweloped frac-
tures and hence the low level of permeability
recorded.

A plot of production permeability wersus -
fracture index at EHRP 1 (Figure 20) sug-
gests a tendency for permeability to increase
with increasing fracture index A similar ten-
dency appears i a plot of injection perme-
ability versus fracture index for all boreholes
(Figure 21).

CASE STUDY OF LLANILLO AND
RANDWICK PARK

Almost all of the permeability values in coal
seams at EHL 1 (Lianillo) are less than 100 d
and the remaining few arc between 100 and
200 d (Figure 14). Less than 4 km west at
EHRP 1 (Randwick Park), in the same coal
seams, which are generally 100 to 150 m shal-
lower, permeability wvalues mostly are be-
tween 100 and 500 d (Figure 15). Permeabil-
ity values i four of the seams at EHRP 1 arc
below 100 d, and permeability is more than
1000 4 in four other seams. Intense minerali-
sation readily cxplains the comsistently low
permeability at EHL 1 (Bocking er al, 1992)
compared to EHRP 1, where mineralisation
is conspicuously less (Smith and others,
1992). The wade variation in permeability
values at EHRP 1 correlates with changes in
the stress Held as discussed above and illus-
trated W Figure 13. Intcrestingly, large
changes in the static water lewel occurred at
EHRP 1 in horizons where the changes in
stress field also occur. The static water level
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generally lics between 20 and 40 m below the
ground surface. However, the static water
level is rom 5 m up to more than 100 m
above the bydrostatic level in horizons where
the changes in stress field occur,

Local conditions at EHL 1 and EHRP 1 vary
widely and cause quite different responses
during well testing. Effects of stress and
mineralisation clearly act to enhance or re-
duce background permeability.

SUMMARY OVERVIEW OF THE SYDNEY
BASIN

Permeability measurements from widely dis-
tributed locations in the Sydney Basin ordi-
narily are in the range of 100 to 500 d and
suggest low mheérent permeability. Lower or
higher permeability has occurred at specific
locations or coal horizons depending on local
conditions of coal type, tectonism, or secon-
dary mineralisation.

Reduction of permeability to very low values
from 10 to 100 d can result from
mineralisation as observed at EHL 1 and at
specific scams in many other locations
throughout the Sydney Basin.

Permeability enhancement due to tectonism
and stress relief has occurred in some joca-
tions like the western coalfields near Lith-
gow, where the dull, blocky coal with some
open joints has permeability values from 1 o
6 md (Allen and Camp, 1990). Very large
permeability values of 10 to 100 md occurred
at EMA 52 (Mt. Arthur), which is about 7
km north of EHL 1 (Lilanillo). Considerable
stress relicf, possibly associated with Jocal
faulting or intrusions, may explain the large
permeability.

CONCLUSIONS

Results of exploration well testing to date
hawe indicated that, in addition to various
geological factors, testing methods and con-
ditions influence the permeability valuc de-
termined from a test in a shim hole. Further
work iS necessary to determine the relacve
importance of all the factors that can affect a
well test result. Caution and experience are,
therefore, valuable assets to interpret test
data and to ewvaluate the poteatial of coal

seams in the Sydney Basin for coalbed meth-
ane production.

The radius of investigation of a test con-
ducted in 3 very low permeability (say less
than 1 md) coal seam is quite small (a few
metres or less) even if the test duration is
several hours. It would scem prudent o in-
vestigate in some of these tight seams the ef-
fect of a small-scale hydraulic fracture stimy-
lation or jetted completion to penetrate fur-
ther into the coal seam. If the permeability is
still low after the treatment, there is more
confidence that the low permeability value
correcty represents the bulk of the coal seam
at that location.

In a test horizon where there is to be both an
injection and a production test, the produc-
uon test shoukd precede the imjection test to
minimise the potential of moving coal fines or
other particulate matter into the coal where
it may become lodged and reduce permeabil-
ity. However, production testing should be
awided in cases where reduction of the pres-
sure in the coal seam possibly could bring
about desorption of methane. A scparation
of scveral days between production snd in-
jection tests may reduce hysteresis effects
that possibly would occur with an immediate
succession of tests.
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Figure 3. Homer plot.of a typical injection test in a well with significant wellbore damage (FJ.
Htly Hill seam near Lisarow).
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Figure 4. Horner plot of a typical production test in an apparently stmulated well (Glen
Muaro lower seam at EHPR 1).
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Figure 6. Ratio of production to imjection permeability from twenty-six test borizons.
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Figure 16. Permeability versus mineralisation index for six seams at EHRP 1.
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Figure 17. Permeability versus mineralisation index for all seams in Table 1.
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Figure 20. Permeability versus fracture index for six seams at EHRP 1.
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Figure 21. Permeability versus fracture mdex for all seams in Table 1.
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