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Abstract concentrateglace for water. Discharge of groundwater in karst
areas variesconsideraly, caused by the presence of

Researchhas been donein Karst area, Druju Village, interconneted cavities formingunderground drains apecific
Sumbermanjing Wetan Sub District, South Malang. The study, o 9 P

was conducted to map underground river flow in the karst areéocatlorB(Andrlyanl etal, 201p

to reduce the impact of drought during the dgason. The Druju Village is one of the villages located in the area of South
method wused is geoelectric resistiyitydipole-dipole Malang precisely in Sumbermanjing Wetanbdistrict In this
configuration and selpotential methosl Thereare 3 line of region, there is an interesting phenomenoraoifell never

data retrieval resistivity and 34 data pointsseff-potential experiencing drought, even in the dry seaddris wellis only

Based on the results of geoelectrieasuremenit canbeseen decline of thegroundwaterlevel. Thus, in the dry seaspn

that the subsurface resistivity of the study sites ranged fronresidentsexclusivdy rely on one source dhe water of this

4. 64 to 2696 Qm, with t he i wdldncrpasirgtwatdr heeds of the citizémse dthersobrees e a t
surface were claystone insertiossndy marl ad limestone. of water to be found to support daily needs.

The results of the geoelectric resistivity method indicate that_l_he gophysicalmethod is one method that can be used to

oot K10V the conon of e sbuface withau havng t
the layer is supposed to be a layer of carbonate rocléaxc_ava_te. The gepphysmal method utilizes physical parameters
(limestone),but because of the underground river flow, the or its interpretation. Thenethodsthat canbe usedfor the

' ’ identification of underground rivers are resistivity and -self

c_arbon_ate rdcs are crushed and form a cavqy Wh'Sch.en potentialmethod Both of these methods have been widely used
filled with thesandy marlSandy martrappednside thecavity o . . 7
nd shows a good correlation in various regions for estimating

are the ones that serve as underground river streams in the stug . . .
sites.Thisis supported by the lowef Potential valug-1 to 0 uXderground water flow @adasa and de Silva, 2008Brahim

mV), which son the resistivity line. Low Self Potential values etal, 1993; Sajeena et al, 2014; Onojasun, 2015; Moore et al,

o 2011; Nwosu et al, 2011; Fagerlund and Heinson, 2003;
indicate the presence of water beneath the surface. Thgandber et al, 2002: Artugyan and Urdea, 2014: Voytek et al
correlation between the two methosisggestghat the river 9 ' ’ 9y ' ’ '

L 2016).Th rrelation of th WO m is ex
flow direction may be from southeast to northwest (North 016). The correlation of these two metlois expected to

L . rovi verview for underground river in
West) and ends to the Lestivier located in the northern part pro de_ a good overvie or underground er bas
. estimation in South Malang karateaso that water supply
of the study site.

problems during the dry season for residentstEanvercome
Keywords: Karst, Underground River, Resistivity, Self by making proper wells itheundergroundiver basin.
Potential

FIELD SITE STUDY

INTRODUCTION Druju village (Figure 1)s locatedn the Sumbermanjing Wetan

The Southern Malang region is one of the areas included in theubdistrict Malang Indonesi It is Geographicallysituatedat

Karst region. Based on th&uren Geological Map Sheet 8.24228 south latitude and 112.6567@ast latitude with an
(Sujanto et al, 1992), the Karst region is dominated by average elevation of 350 meters above sea level. Based on the
limestone. The main problem of the karst area is drought and’uren Geological Map Sheet (Sujargbal, 1992), the study
water crisis during the dry season. Karst area is a typicakites are locatedin the sedimentation zone with Wonosari
landscape formed by the roakissolution procesgenerdly Formation, where the are&s dominated by limestone,

from limestoneor dolomite thateadly dissolve when wateds sandstone and claystone (Figure 2).

passed The dissolution results in a brittle structure aand
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FIELD SITE STUDY
DRUJU VILLAGE, SUMBERMANIJING WETAN DISTRICT, MALANG

Figure 2. Turen Geological Map Sheet (Sujianto, 1992)

METHOD The SelfPotential Method uses a digital voltmeter. The
éelectrodes usedre formedof conductive metal (copper wire)
dipped in a solution of CuS(and packaged in a porous pot.
The total area of 250,0002was measured, with the distance
between the point of measurementis 100 meters and the
distancebetween the porougot was 10 meters. The results
obtained in the field are potential data (volts). Then the data
from the potentialfields are corrected to the calibration. The
result is themlotted on Surfer 13 software to shdvepotential
contour distribution in the research location. This interpretation
%t contour results can then be used to determine the direction
of underground river flows in the study sites.

This study used two methods namely geoelectric resistivity an
self-potential method. The studyas conducteéh the village

of Druju, Sumbermanjing Wetan Subdistrict, Malang district
bordered by green lines (Figure 3) wiliee lines of resistivity
and 34 of selpotential data pointgFigure 4). Resistivity
methodusel ResistivitymeterOYO MacOhm, withthelength

of eachline of 200 meters and spacede of 10 meters. The
configuration used is the dipetépole configuration. Software
used irresistivity data processing is Res2dinv. Data processin
is performed by 2D inversion method with smoothness
congdrained inversion leastquares The end result of this
inversion is a 2D subsuida crosssectional model with &ue
resistivity value and epth variation.
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Figure 3: Resistivity and SelPotential Research Sites
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RESULT AND DISCUSSION of 23.6 meterswhile the line length of 12060 meters of
carbonate rockis seenat a depth of 18.4 meterdt is
presumably the same thing witime 1 that at first, the line
length of 96110 meters at a depth of 18.4 meters is thought to
be carbonate rock but due to the continuous flow of water, the
carbonate rock continues to erode to form a cavity in the
ground. The cavity is then filled with alayer of sandy marl
Table 1.1 Subsurface resistivity distribution andis indicatedas the location of an underground river flows
at line 2. On this line length of 9010 meters thereis a well

The estimation of underground river flow with dipalgole
configuration resistivity method in Druju Village,
Sumbermanjing Wetan Sudistrict hasbeen doneon three
measurement lineslere are the results of data processing and
interpretation:

No. Contour Re§|st|V|ty Type of Rock with never drying waters despite the dry seasohis is
Colours (Y. m presumably because the location of the well idtrign the
1. BlueGreen 4.64-709 Claystone underground riveflow.
Dark Green 80437 Sandy marl
Yellow
3. Brown Purple 4382696 The carbonate rock - - HREHngi
(limestone) e‘lla on 40 80 120 160
530 ry
9.25
. 13.6
Line 1 18,

This line has a length of 200 meteBased on the result of i i R
resistivity methodthe 2D suksurface resistivity section was 4.64 5 709 176 437 1086 269
obtainedas seen itFigure 5.Figure 5 shows that at a depth of R

0-13.6 meters, theiis claystone, then at 13183.4 meters depth
there is a sandy marl and at 18.423.6 metersis
limestone Limestone was detected at a line length of 40 meterg-ine 3

to 100 meters & depth 0fL3.6 metersAt the same depth, the  gjmijarly, with line 1 and line2, 2D Subsurface resistivity

line length of 110 meterso 145 metersare foundsandy  .rgsssectionof Line 3 (Figure7) shows that at a depth of O to
marl. Allegedly at adepth of 13.6 meterst a line length from 13 6 meters theris clay stone, then a depthof 13.6 to 18.4
40-145 meters there is initially a carbonate rock layer but haspeters there isandy matland from 18.40 23.6 meters there
undergone dissolution as a result of continuous Water g jimestone.Carbonate layer on this lirie seenon the line
flow. ThIS causes cavity othisline (110-145 meterswhichis length of 4090 meters and 12060 metersWhile on theline
then filled with rocks from tle upper layer of thesandy 4 9o metersa 120 meters, and a depth of48eters, there is
marl. Thus, itis suspectedhat thesandy marllayer thatis  g4ngy marlAllegedly at the length of this line, rocks that used
trap.pedln_the basin is the location of the underground river ;4 ha carbonate are erodeddoptiruouswater flow forming a
basin on line 1 cavity filled by sandy marlTheline length of 96120 meters
LINE 1 DRUJU with a depth of 18.4 meters is then indicated as an underground
cavity where underground river water traverse.

o

Figure 6: Subsurface resistivity 2Drosssectionof Line 2
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Figure 5: Subsurface resistivity 2Brosssectionof Line 1 236
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Line 2

Similarly, with line 1,2D Subsurface resistivityicrosssection Figure 7 Subsurface resistivity 2Brosssectionof Line 3

of Line 2 (Figure 6) showshat at a depth of 0 to 13.6 meters
there are clay stone, thenaatlepthof 13.6 to 18.4 meters are
sandy marland 184- 23.6 meters contain limeston&he
carbonate rockare in the line length of 400 meters with a
depth of 18.4 m, the line length of-9Q0 meters is at a depth

In the SelfPotential (SP) data processing result, the measured
and calibrated potential values ateto 13 mV. Figure 8 shows

a potentialcontour distribution map (mV) at the study site.
Figure 8 shows that theotentialvalue of zero(0) to -1 mV,
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which isindicatedas subsurface water (purptecolorn. A low little. The increasegotentialvalue may indicate that the water
potentialvalue can be thought of as water because water is &s present but haseen mixedvith other rocks.
weak electrical conductor so that tfiee chargamoves very

Contour of SP data

Latitude
&
N
S

112,6565 112,6585

Longitude

112,6535 112,6545 112,6555 112,6575

Figure 8: Map Contour of Potential Value

INTEGRATED INTERPRETATION where residents' wells never dry, its potential valuelab O
mV is characterized by purpbolor (Figure 10).This is very
possiblebecause of the nature of tipeire water as a weak

a?onductorso thatthe charge whiclmove freely is very small,
resulting in low flow and the readability of the detected
potential will also be low.

Based on the results of research conducteditpdasa and de
Silva (2009), it shows theorrelation that low resistivity can be
interpreted as underground water supported by the potenti
value of a low SelPotential; (negative), then thigsearch can
beunderstod in the same wayrigure 9 shows the correlation
of 3 geoelectric resistivitynterpretation Figure 9 shows the The overlayof geoelectric resistivity, the potentighlue SP
visible continuity ofthe rock layers on line 1 to line 3. In this and google earth cabhe seenin Figure 11. Based on the
figure, the partof the dashed line is an indication of the correlation, itis possible the water flow direction is from line 3
underground river, which was ifatly made possible through to line 1 because the elevation also influesittee direction of
carbonate rocks layers. The carbonate rock which in this cas#iow of the river.In general, itan be seethatthe directionof

is limestone is indicated to habeen dissolvetdy continuous  the flow of the undergroundver throughsandy marl. This
water flow eroding and forming a cavity beneath the sandy marfill edthe cavities due to carbonate rocks eroded by
surfaceThese cavities are then filledth layersof rockon top underground river water with the direction of flow from
of the sandy marl Thus, thesandy marlcanbe regardedas southeast to northwest (NoftWest) and ends on the Lesti
aquifer at the study site. River, north of the study site.

If we look at the potential contours of Sé&lbtential data
processing, it cabe seerat threeresistivity lines location, the
value of electric potentias relatively low.Even right on line 2
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estimation of
underground river flow
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Figure 11: Overlay Contour SP, LinResistivity and Google Earth

CONCLUSION

Based on the results of this study,whas foundthat the
subsurface resistivity of the study sites ranged from 4.64 td4].
2696Q mwith the interpretation of rocks in the study sites were

SeltPotential (SP) methods. Journal of Environmental
Geology. Vol 43. Pp.78294

Ibrahim, H.A., A.A. Bakheit and $1. Faheem. 1993.
Earth Resistivity and Self Potential Study on the Area

claystone (4.640.9 Qn), sandy marl (804 3 7 Qm) a n ckEast of Sohag City and Their Groundwater Implications.

limestone (438 6 9 6 The)value of electric potential
detected the study site ranged frovhh to 13 mV, assuming a
low SP value {Ito 0 mV) as underground water. The
underground river igetectedstarting at a depth of 13.6 meters
online 1, and 18.4 odine 2 andline 3 with an indication that
there has been carbonate rocks erosion by \latebelow the
surface forming a cavity as an underground water flow in which
the cavity is filled bysandy marlUnderground river flow is  [6].
assumd to be towards the NoH¥West and ends to Lesti River,
northof the study site.

(3]
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