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Ke1,vt'ords: time-lapse microgravity' stripping filter'

density changes

ABSTRACT

Cround defonnations and gravity changes rvere tnesured in

order 10 study density distribution changes caused by the

production and re-injection into the Karnojang geothennal

ieseru'oir, In the last two years (2006-2007) we conducted

two elevation measuremenls, in July 2006 and July 2007 In

addition. we carried out three microgravity surveys' in June

2006, Novetrber 2006 and July 2007. The gravity stations

were located at 88 benchrnarks to cover the sunr'ey area'

From those three maps we have already made two tlme-

lapse rnicrogtavity anorraly change n-taps, covering the

periods ofJune-November 2006 and June 2006-Ju1y 2007'

Gravity effects due to density change in the reservotr

(caused by production/re-injection) were obtained by

coffecting the measured gravity anomalies of the

gravitational effect to vertical gtound rnovements

isubsidence) and ground waler level changes. Gravify

anomaly measured on the surface due to elevation change

has a positive value for elevation lowering (subsidence) and

the gravity change is approximately 3 pGal for 1 cm

elevation change. Graviry anomaly related to dynatnic

groundwater was corected by a stripping frlter. By using

inversion methods, a map of density distribution changes

has been produced during this period.

l.INTRODUCTION
Applications of the gravity method are carried out for
monitoring putposes. Multiple studies have been performed.

for example for monitoring EOR at oil and gas fields
(Santoso, et al, 2004; Hare, et a1. 1999), and geotherma.l

fields (Allis and Hunt, 1986; Fujirritsu et al, 2000). Gravify

was also monitored in the Karnojang geothermal field.

Results of time lapse gravity surveys for 5 pertods (i984,
1988, 1992, and 1999J by Perlarnina Geotermal indicate

rhat the negative gravity anomaly frorn 1984 to 1999 is

around -250 pGal at the center of production; whilst the

subsidence maximurr is at 0.2 nr.

Gravity monitoring in geothermai fields is used to predict

the distribution of density change in the reservoir and/or

behavior ofa two-phase zone as a result ofproduction and

re.injection of geothennal fluid. Gravity anotnaly c.banges

between two surveys result from changing ground surface

and subsurface as well (Santoso, dkk, 2006). Changes of
urai'ity in the subsurface are due to changing groundw.ater

ferel. and satu(ation of fluid in reservoir. Therefore, the

nicrogtavity anornaly in the reseruoir needs to be conected

.rr accoullt for subsidence and lowering of groundrvater

.3i el.

1,.-ected gravity due to subsidence can be done directly if
:.:r ation changes are known liom leveling or GPS surueys'

Gravity corections tbr groundwater level change can be

done with the stripping filtet method.

This papel anaiyzes the distribution of densiry changes in

the Karnojang geothennai field using time-iapse

n.ricroglavity anoraaly period of lule 2006 to July 2007-

Modified filter stripping was used to sepalate gravlty

anomaly near surface (groundwater level) frorn that in ihe

reservolr.

2. METHOD fu\D DATA

2.1 Time-Lapse Microgravity Survey and GPS

During period of 2006-2007, we conducted tirne lapse

gravity surveys 3 times that were June 2006, November

2006 and July 2007, using a digital Lacosie & Romberg G-

I 158 gravimeter. Tl.re nun.rbels of berrchltarks used for ihe

surveys were 88 with the sarne looping to get gravimeter

drifts that were relatively similar. Tidai correctlon was

measured directly by the Lacoste & Romberg G-508

gravimeter, which was read continuously at the base.

The elevation of 26 benchmarks was measured using CPS

(Trimbte 4000 LS) wilh neasurement duration of 5-6 hours

at every point.

Stripping Filter
To separate gravity anomalies from shallo$-'ub:ur:ce
(groundwater ievel change) and deep (-qeotnenri:i

reservoir), we applied filter stripping. modjfied :ron
Cordell (i985) and Aina (1994)'

Gravity anomaly caused the mass densiry- change. in the

horizontal direction can be written as,

ag{x.1.or=c&{ J J
sla. f )v ,j ui0.dy

I r,-{[,-o)' +(r - pl . ;f

(l)

If an anomaly observed on the surface stens ironl chan-9es

in the shallow-subsurface and the deep-subsurface. then the

total anomaly can be written as.

g(x,,v)=g,(x,y)+ gaQ,i (2)

where subscripts s and d denote shallow and deep'

Equations (1) and (2) in the wave nutnber domain can be

\wltten:

G{u,v.D =l!L^r.'t(?).'"[?) ." *o'b 
"'r" " 1 

(3)

and

G(u'v)=6,1u,'t)+Gr(u,v) (4)
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w.here u is wave number coordinate, G(u) is Fourier
transform (TF) from g(x), G,(u) is TF fton.r g"(x), Ga(u) is

TF Ii'on'r g6(x), ! : h6"-ht. and t1 : h66-h,6 is prisrn thickness.

The continuity equation (3) can be written for shallow and

deep sources separately, i.e.:

o 1u.q=\! 
K.ap.,i"fi),in[',]l' " l' - " 

"""-'' )I.rr.r' \2 ) \.2)
t5)

and G,s.v)=8,''r .op.,,^(+],'"i9]" '.1,-"'" " l" " k.u.v \2 ) \2)
(6)

Equations (f) and (6) give an important basis design for the

desired filter stripping. Filter stripping for a shallow
anomaiy spectrum can be wrilten:

tQ)
S(r. u)= 

--- 
'

I L{t tt\u 'v )

G,(u,v)

Substituting equations (5) and (6) to equation (7) is:

c/....\- I (S)J\u,v )= 

-

1+slJlu,l' )e ''

- 1 oh,
where ^ Lp,,. B= ' ', dan {=h,o-h,,U:- r , krLp, t-e

Equation (8) is filter stripping which a fonn identical to the

equation presented by Ccrdell (t985) and Aina (1994).

Here a is comparison density, p thickness comparison (t)
and i it is the difference in depth between the shallow and
deep layers.

3. RESULTS AND DISCUSSION

3.1 Subsidence and Groundwater Level Changes in the
Survey Area

To determine change of graviry, each gravity station
collected data with high accuracy (leveling or GPS), i.e. on
the order of mm. Figure 1 as measured by GPS in June

2006 and July 2007. Areas experiencing subsidence are
parallel to the SW-NE direction with Citepus fault and
Kendang fault. Maximurn subsidence is 6 cm, which is the
south pan around the rim-structure. The largest inflation (6
cm) was measured in the Norlh field. Transformation of
gravity as result of subsidence every I cm is around 3,08
pcal.

Changes in gtoundwater level were calculated using local
rainfall based on equation of Akasaka and Nakanishi
(2000), as seen in Figure 2. The change in groundwater
level for the period of June 2006 to Novernber 2006 was -
1,502 m; whilst during the period lronr June 2006 to July
200'l it was +0,396 m. Based on previous studies and
measulsd ground wafer level frorn wells it is on average 5

to 1 0 m, and the depth of geothen-nal reservoir around 700
m (Kamah et a1.,2005).

3.2 Time-lapse Microgravity Anomaly, Stripping Filter
and Inversion

A survey monitoring gravity changes needs to be conducted
with high accuracy. In addition, the survey must be done
with simitar sequence (looping) so that every gravity station
in each period has the approximately equal drift. Tidal

corection was applied using measured tidal variations frorn
the base. Three gravity observatiolts wele conducted to

obtain two microgravity anomaly data sets liom June '06 to
November'06 and June '06 to July'07. Both mic ogravily
anomalies are corrected to account for subsidence in each

period. The result is an estirnate of the change m

distribution of densiry in the subsurface. The gravity
anomaly in the subsurface consists of a shallow anomaly

{groundwater level change) and a deep anomaly (change of
distr-ibution of geothermal reservoit density). These two
anomalies were separated using filrer stripping.

Filter stripping perfonned by multiplying the gravity
subsurface spectrum with the fi1ter spectrura built from
shaliow and deep layer parametem (groundwatet leyel
change). These were estimated from geological data, well
data and other geophysical data. The lilter stripping
parameters are density change (u), thickness comparison (B)

and depth difference ({) befween the shallow layer and deep
layer (Equation (8)). The results show a change ofshallow
layer densiry (Ap.) 0,3 grlcrr3, deep layer density in (Ap3)

0,018 gricrn3: an average depth of5m fbr the shallow layer
and 700rr tbr the deep layer (reservoir). Filter stripping
minir-nizes the graviry effects of the shallow layer and
maxirnizes the gravity effects of the deep layer.
Microgravity anornaly changes in time, which result from
ciranges in distribution density in the geothermal reservoits,
Figure 3 and Figure 4. These were obtained using the filter.
The research area is doninated by negative gravity
anomaly, with the maximum negative gravity anomaly
located in the u'estem and northern parts ofthe field. Figure
4 shows gravity change over a one year period, with
negative gravity anomaly equal to -80 pGal.

The distribution of density change rn the reservoir is found
using inversion methods. A fieid model is built with 16

cells in the x-axis direction. i 7 cells in the y-axis direction
u'ith a grid of250 m x 250 n. and 9 cells in z-axis direction
of with 4 layers- Modeling rvas appfied using the software
Grav3D version 20 of UBC-GEOPHYSICAL Inversion
Facility, University of British Columbia.

Figures 5 and 6 are maps of densit-v change at a depth of
I I00 m for the periods of June '06 to November '06 and
June'06 1o July'07.

CONCLUSION

Gravity monitoring at the Kamojang geothennal field has

been carried out 5 times since lhe year 1984. In this study
the change of gravity rvas rleasured over a pedod of one
year, utilizing conection n-rethods based on GPS data and
the filter stripping lnethod to separate gravity anomaly
caused by shallow subsurface r.ariations hom deep

resen'oir variaiions. This way we could estimale the
distribution ofresen'oir densify usins a data collected over
a relatively short period.

The stripping filter can separate microgravity anomalies, as

a result of reservoir mass decrease due to extraction of
vapor and/or addition ofreservoir mass from reinjection of
geothermal brine, ffom gravity anonralies resulting fi'om
lowering of the watrer table. Subsidence (dry-out) is shown
by negative microgravity timeJapse anomaly (-) and
additional mass of injection water in the reservoir
(recharge) is shown by positive microgravity tiraeJapse
anomaly (+). Negative microgravilv time-lapse anomaly (-)
is interpreted as negative change in densi6r anomaly (-) and
positive microgravity time-lapse anomaly (+) is interpreted
as positive change in densitl.



Filtering result shows that negative gravity anomaly is
related to production wells. Based on timeJapse anomaly
microgravity maps liom the period of June 06 to July 07,
negative concentration anomalies are located in the western
field, i.e. around rim structues- This can be related to
activity of production wells (KMJ-22, KMJ-28, KMJ-37,
KMJ-41, KMJ-42, KMJ-27 and KMJ-65) in the area. Based
on a 3D cross sectional map at depth of 1100 rr (+400 m
a.sl.), this area is represented by negative density from -
0.02 up to -0.04 gram/cm'. This also proves that injection
amounts through injection well KMJ-35, and KMJ-46 in the
area is not effective. Positive anomaly is represented by
accrunulation of injection water from injection well and or
accumulation of water meteoric flowing through faults.
Existence of fluid flow in the reservoir is clarified with
results of'analysis tracer injection and microearthquake
(MEQ).
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