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Abstract: Self-potential (SP) monitoring was carried out at Mataloko, Flores Island, Nusa
Tenggara, Indonesia to detect electric potential changes at the reservoir caused by well opera-
tions. Surface SP distribution was monitored around the well during flow tests. To solve the
problem about a base point of SP, a concept of relative SP was introduced assuming that the
average SP among the monitoring points is always zero. As a result, a clear change of the rela-
tive SP corresponding to the reservoir condition was observed. Thus relative SP monitoring can
be applied to grasp the extent of a reservoir and the change of its hydrological conditions.

1. Introduction

The SP surveys have been widely conducted for
geothermal field exploration assuming that the
main cause of the SP anomaly is streaming poten-
tial. Theoretically continuous SP observations can
be applied for reservoir monitoring. However, prac-
tical procedures for the interpretation of continuous
SP data have not been constructed yet although
some attempts of continuous SP monitoring have
been made recently (e.g. Yasukawa et al, 2001,
Yokoi et al, 2001).

One of the difficulties in the interpretation of
continuous SP monitoring data 1s that there are
many causes which perturb the surface SP such as
artificial noises, magnetic field variations of exter-
nal origin, rainfall effect and other sources so that
it 1s difficult to identify the SP change caused by
the subsurface fluid flow. Another problem is that
it 1s almost impossible to find an ideal reference
point in the real field where the electric potential is
sufficiently stable that the SP at each monitoring
point can be plotted in comparison to this point. Es-
tablishing a proper base point has always been an
obstacle for SP monitoring.

This paper presents the result of SP monitoring
at the Mataloko geothermal prospect, Flores, Indo-
nesia where a flowtest of an exploration well MT-2
was conducted in 2001 as a part of the Japan-
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Indonesia cooperative research project, "The Explora-
tion of Small-scale Geothermal Resources in the
Fastern Part of Indonesia," conducted by the Geo-
logical Survey of Japan, New Energy and Industrial
Technology Development Organization and Volcano-
logical Survey of Indonesia. The SP at eight surface
monitoring points around the well near the main
geothermal manifestation area were monitored dur-
ing and after a flowtest in January. As a result,
drastic SP changes during a pressure build-up of
the well were observed at all monitoring points.
Therefore for a flow-test in July, eight more moni-
toring points are added to identify the extent of the
SP changes.

To resolve the difficulty to find a stable reference
point for SP measurement, the idea of relative SP
was introduced for the analysis of the data. Assum-
ing that the average of SP values from all monitor-
ing points 1s zero at each moment, the "relative SP"
at each point was calculated by referring to the av-
erage SP. The effectiveness of relative SP monitor-
ing is discussed in this paper.

2. SP monitoring at the Mataloko
geothermal prospect

2.1 SP survey and monitoring in Mataloko

The Mataloko geothermal field is located about 10
km southeast of Bajawa town, in the central part of
Flores Island, Nusa Tenggara, Indonesia (Fig. 1).
Active volcanoes Inerie and Inelika exist south and
north of Mataloko, respectively. The basin between
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Fig. 1 Location of the Mataloko geothermal field.
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Fig. 2 SP monitoring points at the Mataloko area.

these two volcanoes has a length of 10 km in the
NNW-SSE direction with a width of 4 km. The
older volcanoes exist only at the edge of this basin
while younger volcanoes widely exist in the inner
part. Therefore this basin 1s considered a caldera
(Muraoka et al., 2000).

Surface manifestations of geothermal steam and
hot springs are observed at the Mataloko area. The
principal manifestation area, at an elevation of
around 1000 m, is located at a valley along the river
named Wae Luja running eastward. Some alteration
zones are also seen around this river. This zone is
identified as a low resistivity zone according to
Andan et al (1997).

A SP survey was widely done at Mataloko in 1998
(Yasukawa et al., 2000). The highest SP anomaly in
the Mataloko area was observed at the main geo-
thermal manifestation area along the Wae-Luja
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River. This positive anomaly is limited only to the
vicinity of the stream to the east (Fig. 2). This re-
sult is consistent with the fact that there are some
hot springs in the east of the manifestation but
none have been observed in the west.

The SP monitoring was conducted in January and
July, 2001, around the main geothermal area in
Mataloko during flow-tests of well MT-2. Although
the SP monitoring began two days after the start
of production due to the setting problem in Janu-
ary, the monitoring period covers both the start
and shut-in of production in July (Fig. 3). Figure 2
shows the location of SP monitoring points. The
number of observation points was eight in January
(No. 1 to 8) and sixteen in July (No. 1 to 8, A to H)
with a spacing of about 200 m along the N-S and E-
W survey lines. The first eight points were selected
around a positive SP anomaly zone that is
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Fig. 3 SP monitoring period in 2001 and flow rate from well MT-2.
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Fig. 4 Observed SP differences between two monitoring point.
considered to be a fluid discharge zone (Yasukawa 2.2 Results of SP monitoring at Mataloko
et al., 1998). Since clear SP responses of the well op- in January
erations were observed at all eight points in Janu- Figure 4 shows the observation results of Mataloko
ary, an additional eight points were selected in July SP monitoring during January 25-28, 2001 with a
to cover a wider area with an extension of 1400 m sampling interval of five minutes. Electric potential
in the E-W and 1200 m in the N-S directions. differences between two monitoring points have been

monitored for eight channels; e.g., No. 1 to No. 2,
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Fig. 5 Observed SP assuming No. 1 as reference point of the potential (SP=0 at No. 1).
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Fig. 6 "Relative" SP variations in January, 2001, assuming average of seven monitoring points (without

No. 2) at each moment is zero.

No. 2 to No. 3, , and No. 8 to No. 1. The sum-
mation of all the channels should be zero. However,
as seen in Fig. 4, the summation (denoted as "SP er-
rors" in the figure) is not always zero. Since the
multiplexer of the data-logger scans each channel
with a finite interval, high frequency noises cause
non-zero errors on the data.

Figure 5 shows the observed SP assuming No.l as
reference point. As a result, all the curves in Fig. 5
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except for No. 2 have similar tendencies in SP varia-
tion, and the behavior of each monitoring point is
not clearly indicated. It can be interpreted that SP
at No.l itself is affected by local phenomena and
quite unstable. For cases with any other monitoring
point as a reference point, the same problem oc-
curred.

To avoid the problem of an unstable reference
point, the average of the data for all monitoring
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points at each moment was used as a reference
value. In this paper, the SP value based on the aver-
age 1s called "relative SP" while conventional SP has
a local reference point.

Figure 6 shows the relative SP observed at
Mataloko. Note that this figure shows the relative
SP based on the average of seven points without
No. 2. Since No. 2, which is located approximately
fifteen meters from the wellhead of MT-2, is af-
fected by well-casing and has an extremely different
behavior from the other points, this point should be
eliminated from the average calculation. The charac-
teristic of each monitoring point is quite distinctive
in this figure.

In Fig. 6, the production rate from the well is
also shown. The SP at No. 2 slowly increases with
production, stops increasing after the decrease of
flow rate on Janualy 26th and decreases after shut-
in on January 27th. A clear negative correspondence
between flow rate and SP at No. 2 was also ob-
served on January 27th around noon when there is
a step-wise change in flow rate. There is no flow
data after 13:00 on January 27th because flow-test
was over at this moment. However, the relative SP
at No. 2 suggests that the well operation on Janu-
ary 27th continues till 19:30, and SP at all the other
monitoring points show quick responses at this
time. At No. 3 and No. 7, changes of the SP trends
were also observed after this time. Rapid SP
changes at No. 2 around noon on January 26th and
28th are identified. They are caused by wellhead
bulb operations of well MT-2.

Though it rained everyday for a few hours in the
early afternoon in this period, the effect of the rain
on SP was not clearly observed. The SP drifts for
the first few hours of the observation are because of
the poor contact of the electrodes with the ground.

2.3 Results of SP monitoring at Mataloko

in July

Since the SP change caused by the shut-in of the
well was observed at eight monitoring points in
January, a more extensive SP monitoring was planned
for the flow-test in July.

Figures 7 and 8 show the observation results of
Mataloko SP monitoring during July 11-21, 2001. A
short-term flowtest was conducted for three days in
this period. Eight more monitoring points (A, B, C,
D, E, F, G and H) were added to the first eight
points (No.l1 to 8). Locations of these points are
shown in Fig. 2. Note that this short-term flowtest
was carried out after a three-month long flowtest
from April to early July. The reservoir condition is
thought to be changed from that in January.

The relative SP change observed for this period is
shown in Fig. 7. The upper graph in Fig. 7 shows
the results for monitoring points aligned from
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north to south while the lower graph shows points
from west to east. Since there is a lack of early-
time data from No. 6, the relative SP 1s calculated
based on the average of 14 points excluding No. 2
and 6. In Fig. 7, a common high frequency variation
1s identified for most of the monitoring points. It is
considered to be caused by the telluric current in-
duced by external geomagnetic variations. The
waveform of "external noise" in Fig. 7 1s calculated
from the 14 observation data except data for No. 2
and 6, as the average records the polarities that are
adjusted to have the same sense in the change
caused by external noise.

Figure 8 1s obtained by subtracting the external
geomagnetic noise from each curve in Fig. 7. In this
calculation, the intensity of the external noise k at
each monitoring point is determined to minimize
2(V,, - V.), where V, = v,—k +e, ; v, is the ob-
served data, e, is the external noise shown in Fig. 7
and subscription n indicates the n-th data in a time
series.

No clear SP responses to the shut-in of the well
were identified in July except for No. 2. The SP at
No. 2 decreased both after the start and shut-in of
production. Although the changes are quite small,
the change in SP trend at the beginning of produc-
tion was observed at No. 2, No. 3, No. 4, No. 5, C,
E and F, and SP trend changed when production
started and returned to the first trend after the
shut-in at No. 8, A, B, D and G. At No. 1, No. 6
and No. 7, no response to the well operation was
observed.

The effect of rainfall, which was not detected in
January, 1s clearly 1identified at all monitoring
points in Fig. 8.

3. Discussions

The SP responses to the shut-in of the well after
a short flowtest in January and in July were quite
different. In January a clear sharp SP change after
the shut-in occurred at all eight monitoring points
while no clear change occurred in July. The main
reason for this phenomenon i1s that the monitoring
in January was conducted immediately after the
well completion while that in July was after a long-
term flowtest. In January, the liquid-phase satura-
tion in the reservoir was quite high and flow of lig-
uid-phase was induced by the production test,
resulting in generation of the electric currents and
quick SP changes. However in July, a considerably
less liquid-phase was remaining in the reservoir so
that no detectable streaming potential occurred.
This 1s consistent with the fact that the produced
steam in January was white colored while that in
July was quite transparent. White steam is consid-
ered to contain more liquid than transparent steam.
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Fig. 7
(without Nos. 2 and 6).

The SP at No. 2 is significantly lower than the
others possibly because of the well casing. The SP
near a conductive subsurface structure is generally
low probably due to the same mechanism proposed
for negative SP anomalies associated with conduc-
tive mineral deposits (Sato and Mooney, 1960).

The general trend of SP at No. 2 in January
shows an increase during production and decrease
after shut-in. It can be interpreted as the positive
charge is carried toward the well by the produced
fluid that will be accumulated around the well dur-
ing production. The decrease of production rate was
caused the decline of the trend. After the shut-in,

"Relative” SP variations in July, 2001, based on average of 14 monitoring points

the trend changed to negative. The mechanisms of
the negative response to the stepwise change of flow
rate observed on January 27th and fast increase and
successive slow decrease after shut-in on January
27th are not defined yet. Further investigation is
needed.

In July, SP at No. 2 decreased both after the
start and shut-in of production. After the opening
of the well, a sudden pressure drop is thought to
induce a liquid-phase downflow within the two-phase
zone, which can produce a negative SP on the sur-
face (Ishido and Pritchett, 1999). During production,
two opposite effects on SP exist; downward liquid-
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Fig. 8 "Relative" SP variations in July, 2001, after reducing external geomagnetic effects.

phase flow causes a SP decrease while the inflow to-
ward the well causes a SP increase. By the balance
of these two effects, SP at No. 2 recovers from the
rapid drop and is maintained until shut-in. After
shut-in, SP slightly decreases and shortly recovers
though its mechanism is not identified yet. However
it is considered that the change of the reservoir con-
dition induced the different behavior after shut-in
from that in January.

Although no quick SP response was observed at
the other monitoring points in July, changes of SP
trends corresponding to the well operations were de-
tected at several points. It indicates that the change
of fluid flow pattern in the reservoir was detected
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by SP monitoring. Monitoring points with SP trend
changes only at the start of the production might
have different hydrological characteristics from that
with SP changes both at the start and end of pro-
duction. Further investigation is necessary for the
characterization of each monitoring point.

The effect of rainfall on SP was quite large in
July while it was not identified in January. The
difference comes from the dry and rainy seasons in
Indonesia. In January when it rains almost every-
day, the ground is already saturated with water
everywhere. As a consequence, rainfalls give uni-
form vertical infiltration or surface run-off that
doesn't give SP anomalies. However in the dry
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season such as in July, rainfalls into unsaturated
ground causes an irregular infiltration, resulting in
a SP anomaly.

Comparing the SP variation in January and July,
the influence of external geomagnetic variation is
considerably larger in July. It might be because of
the seasonal or annual change of the magnitude of
the telluric current (Maeda, 1982).

4. Summary and conclusions

Relative SP responses to short-term flow tests
were monitored in January and July, 2000 around a
wellsite in Mataloko, Indonesia. The flow test in
January was conducted immediately after the well
completion while that in July was after a three-
month long-term production test.

In January, the relative SP at all the eight moni-
toring points indicates sharp clear responses to the
shut-in of the well. It 1s because the liquid-phase
fluid in the reservoir is moved by a rapid pressure
change.

In July, eight more monitoring points were added
to extend the survey area. No quick response to the
well operation was observed except for No. 2, which
1s located at the wellsite. However, changes in SP
trend were observed at most of the monitoring
points after the start of production. At some of
these points, the recovery of the trend after shut-in
was also observed.

Although the clear response to the well operation
was observed both in January and July at No. 2,
its behavior 1s quite different both for the long
term and short term. It is considered that the
change of the liquid phase saturation in the reser-
voir caused this difference.

Relative SP response to the well operation at each
monitoring point corresponds to the characteristics
of 1ts hydrological settings. The different SP behav-
iors between January and July indicate the change
of reservoir conditions caused by a long-term
flowtest. The changes of the reservoir is detected by
SP monitoring. Thus relative SP monitoring is a
promising tool for both field exploration and moni-
toring.
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