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Abstract	

Water	is	an	important	aspect	of	life.	People	need	clean	water	for	their	household	needs.	Problems	arise	
when	the	supply	of	clean	water	does	not	meet	the	needs	of	the	community	as	felt	by	the	residents	of	
Madurejo	 Village,	 Prambanan	 District,	 Sleman	 Regency,	 Yogyakarta.	 In	 the	 dry	 season,	 the	
groundwater	level	decreases	so	that	the	air	supply	decreases.	This	study	aims	to	analyze	the	existence	of	
aquifers	that	can	meet	the	needs	of	the	community	throughout	the	year.	This	research	has	a	research	flow	
starting	 from	surveys,	 field	orientation,	 field	measurements,	 analysis	of	measurement	 results,	 then	
the	 location	 of	 aquifer	 locations.	 The	 measurement	 method	 in	 the	 field	 uses	 a	 vertical	 sounding	
geoelectric	method	with	a	Schlumberger	array.	This	measurement	has	the	main	objective	of	identifying	
the	 subsurface	 as	 a	 potential	 aquifer	 in	 Madurejo	 Village,	 Prambanan	 District,	 Sleman	 Regency,	
Yogyakarta.	Method	of	measuring	rock	resistivity	by	injection	of	subsurface	currents.	Data	retrieval	is	
carried	 out	 at	 2	 points	 with	 a	 track	 length	 (AB)	 of	 150	 to	 250	 meters.	 for	 processing	 using	
interpretation	software	with	the	final	result	in	the	form	of	rock	lithology.	This	research	uses	IP2WIN	
Software	and	Progress	3.0.	The	results	showed	that	the	two	points	were	close	to	the	existence	of	the	
aquifer.	The	software	analyzes	at	a	depth	of	9.35-51.5	m	at	sounding	point	1	and	60-80.8	m	at	sounding	
point	2	is	an	aquifer	layer.	The	study	concluded	that	wells	could	be	drilled	at	both	points.	
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INTRODUCTION	

Water	 is	 a	basic	need	 for	 individual	 life,	 ecosystem,	 and	 social	 life	 (Yang	et	 all,2020).	 Living	
things	are	very	dependent	on	water.	All	living	things	need	water	for	their	metabolism.	Not	only	for	the	
body,	 humans	 need	 water	 for	 other	 aspects	 of	 life.	 other	 aspects	 such	 as	 the	 industrial	 sector,	
development,	infrastructure,	and	the	economy	also	need	water	(Cosgrove	&	Loucks,	2015).	the	use	of	
surface	water	and	ground	water	such	as	domestic	use,	and	other	non-domestic	uses	by	the	industrial	
and	 commercial	 sectors	 are	 mostly	 carried	 out	 in	 urban	 areas	 (Kizhisseri,	 2021).	 For	 agricultural	
production	areas	groundwater	will	remain	the	main	source	for	irrigation	and	maintenance	of	their	crops	
(Siebert	et	al,	2010).	Agriculture	can	thrive	in	some	deserts	in	the	presence	of	water	pumped	from	the	
ground	or	taken	from	other	areas	(Fetter,	2014).	Therefore,	studying	the	water	cycle	is	useful	for	the	
foundation	of	 sustainable	development	 (Yang	et	 al,	 2021).	The	hydrological	 cycle	 is	 a	 complex	 cycle	
involving	interactions	between	the	atmosphere,	lithosphere,	biosphere,	and	anthroposphere,	and	is	also	
strongly	influenced	by	human	activities	and	socio-economic	development.	Utilization	of	water	resources	
must	be	wise	with	regard	to	social	and	environmental	impacts	(Bargawa,	2017).	Rapid	climate	change	
and	increased	development	on	vacant	land	can	affect	the	global	water	cycle.	Changes	in	the	water	cycle	
cause	many	 problems	 related	 to	 water	 availability	 (Guangchao	 et	 al.,	 2021)	 Residents	 of	 Madurejo	
Village,	Prambanan	District,	Sleman	Regency	feel	the	same	problem	regarding	with	insufficient	water	
availability.	This	problem	often	occurs	in	the	dry	season.	Therefore,	it	is	necessary	to	find	groundwater	
that	can	meet	the	needs	of	the	population	throughout	the	year.	It	is	important	to	identify	groundwater	
aquifers	 that	 meet	 community	 needs	 and	 manage	 them	 effectively	 (Fraser	 et	 al,	 2020).	 Basically,	
groundwater	reserves	are	found	in	various	aquifer	systems	(Alley,	2006).	
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Figure 1. Research flowchart 
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LITERATURE	REVIEW	
The	 main	 aquifer	 estimates	 are	 investigated	 in	 various	 studies.	 Based	 on	 (Abdulrazzaq,	 2020),	 the	
geoelectric	method	is	the	right	method	for	finding	aquifers.	Aquifers	are	underground	layers	of	water-	
bearing	rocks	or	geological	formations	that	produce	abundant	groundwater	and	can	be	used	economically	
(Salako,	2018).	Groundwater	is	an	abundant,	inexpensive,	safe	resource	for	humans	if	explored	properly	
(Umar	et	al,	2017).	Inadequate	water	supply	is	a	problem	in	the	community,	this	occurs	due	to	poor	water	
management	and	the	high	demand	for	water	that	exceeds	its	availability.	Therefore,	the	search	for	the	
main	aquifer	becomes	an	alternative	problem	solution	to	meet	the	needs	of	water	resources	(Emmanuel	et	
al,	2020).	The	main	purpose	of	this	study	was	to	determine	the	depth	and	thickness	of	the	aquifer	using	one	of	
the	geophysical	methods	(Sihotang	et	al,	2018).	The	electrical	resistivity	technique	is	a	geophysical	method	
that	is	widely	used	in	the	search	for	groundwater	sources	(Bairu,	2013).	This	method	utilizes	the	resistivity	
properties	of	rocks	to	observe	the	subsurface	conditions	of	the	earth	(Jamaluddin,	2017).	Resistivity	is	
an	important	parameter	to	analyze	the	physical	state	of	the	subsurface,	which	is	related	to	the	material	and	
subsurface	conditions	(Joel	et	al,	2020).	Each	rock	type	has	its	own	resistivity	value.	with	different	resistivity	
values,	it	will	be	easy	to	classify	rock	layers	and	estimate	aquifers.	
	
RESEARCH	METHODOLOGY	

This	study's	research	methodology	consists	of	study	of	literature,	observation,	data	collection,	data	
analysis,	conclusions	and	suggestion.	Figure	1	shows	the	flow	chart	of	this	research	methodology.	

	
	

	

	
	
	
	
	
	

	
The	Vertical	Electrical	Sounding	method	is	very	commonly	used	for	groundwater	search	because	of	
easy	sampling,	low	operating	costs,	and	more	accurate	results.	The	measurement	procedure	in	the	VES	
method	is	by	flowing	an	electric	current	into	the	ground.	The	electric	injection	is	done	by	using	a	pair	of	
current	electrodes	that	are	plugged	into	the	ground	within	a	certain	distance.	The	current	flow	that	 is	
injected	into	the	ground	causes	an	electric	voltage	in	the	ground	which	will	later	be	read	in	the	
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= 
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potential	electrode.	So,	with	measurements	in	the	field,	the	potential	will	be	obtained	at	a	point	at	a	
distance	(r)	from	the	current	source	which	can	be	expressed	as	follows:	

I�	�	1	�	V	 �			�	r	 2�	 r	
�		 �	 (1)	

	
	
With	this	assumption,	 the	measured	resistivity	 is	 the	actual	resistivity	and	does	not	depend	on	the	
electrode	 distance.	 But	 in	 reality,	 the	 earth	 is	 composed	 layers	 with	 different	 resistivities,	 so	 the	
measured	potential	is	the	effect	of	these	layers.	Therefore,	the	measured	resistivity	value	appears	to	be	
the	resistivity	value	for	only	one	layer.	The	measured	resistivity	is	actually	the	apparent	resistivity	(ρa).	
The	apparent	resistivity	(ρa)	at	2	current	electrodes	can	be	formulated	as	follows:	
	

V	=	VM	-	VN	 (2)	
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Provided	according	to	Schlumberger's	rule:	MN	1/5	AB	the	potential	difference	between	M	and	N	is	
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The	Schlumberger	configuration	is	a	sounding	technique,	the	distance	between	the	current	and	the	
electrode	varies,	so	only	the	current	is	transferred.	This	configuration	is	most	often	used	to	find	water	
sources.	Ideally,	the	MN	(potential)	distance	is	made	as	small	as	possible,	so	that	the	MN	distance	is	
caused	by	the	limited	sensitivity	of	the	measuring	instrument,	so	when	the	AB	(current)	distance	is	
relatively	large,	the	MN	distance	must	be	changed.	theoretically	unchanged.	
	
FINDING	AND	DISCUSSION	

The	data	used	in	this	study	uses	the	Schlumberger	Geoelectric	Method	configuration.	Observation	
data	processing	in	the	field	is	carried	out	based	on	the	assumptions	according	to	Robinson:	(a)	The	
subsurface	 consists	 of	 several	 layers	 bonded	 by	 a	 horizontal	 boundary,	 and	 there	 is	 a	 contrasting	
resistivity	between	boundary	layers,	(b)	Each	layer	is	considered	to	have	a	certain	thickness,	except	
for	the	lowest	layer	with	infinite	thickness,	(c)	Each	layer	is	considered	homogeneous	isotropic,	(d)	No	
source	other	than	current	is	injected	over	the	earth's	surface,	and	(e)	The	injected	current	is	direct	
current	(DC).	From	data	processing	with	software,	here	are	the	results	of	data	interpretation:	
	
	
	
	
Line	1	

The	results	of	the	software	interpretation	on	the	first	line	with	150	meters	length	of	the	line	there	is	
a	 prediction	of	 a	 sandy	 tuff	 layer	 containing	natural	water	 at	 a	 depth	of	 9.35-51.5	meters	with	 an	
aquifer	thickness	of	42.15	meters.	
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Figure	1.	Sounding	curve	VES	1	
	

Figure	2.	Sounding	curve	data	results	VES	1	
	
	

Table	1.	Rock	type	VES	1	
	

ρ	 Depth	(m)	 Rock	type	

492	 0	–	0.750	 Lavas	

75.1	 0.750	–	1.253	 Sandy	tuff	

381	 1.253	–	2.496	 Lavas	

17.1	 2.496	–	3.391	 Sandy	tuff	

726	 3.391	–	4.567	 Lavas	

10.9	 4.567	–	9.348	 Sandy	tuff	

565	 9.348	–	15.32	 Lavas	

40.7	 15.32	–	51.5	 Sandy	tuff	

8.56	 51.5	-	∞	 Sandy	tuff	

	



RSF	Conference	Series:	Engineering	and	Technology	
Vol.	1	(1),	95-104	

Main	Aquifer	Analysis	Using	Vertical	Electrical	Sounding	to	Determine	the	Location	of	Drilling	Well	
P.	Widodo.,	H.	Utomo.,	Y.	Utami.,	M.	A.	Sukowati.,	W.	S.	Bargawa	

 

	
	

To	see	the	results	of	the	layering,	the	depth	and	resistivity	results	from	the	interpretation	of	the	
IP2WIN	software	are	used	as	input	data	to	be	reprocessed	in	the	Progress	3.0	software.	

	
Figure	3.	Sounding	curve	VES	1	with	Progress	3.0	

	
The	 first	 trajectory	point	 is	at	 coordinates	X:441349,	Y:	9138475	with	an	altitude	of	 -/+	121	m	

above	sea	level.	Based	on	the	processed	geoelectrical	data,	it	is	indicated	that	the	resistivity	value	of	
300-500	Ohm.m	is	a	surface	layer	with	a	depth	of	0-2.5	m	consisting	of	clay,	sand,	tuff,	then	at	a	depth	
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of	2.5	–	3.4	m	is	an	 indication	of	sandy	tuff	with	a	value	of	resistivity	of	17.1	Ohm.m	which	can	be	
indicated	to	contain	water,	then	at	a	depth	of	3.4	–	4.6	m	is	an	indication	of	a	lava	layer	with	a	resistivity	of	
726	Ohm.m.	At	a	depth	of	4.6	–	9.3	m	is	an	indication	of	sandy	tuff	with	a	resistivity	of	10.9	Ohm.m	so	it	is	
predicted	 that	 there	 will	 be	 natural	 water,	 the	 next	 layer	 at	 a	 depth	 of	 9.348	 –	 15.32	 m	 with	 a	
resistivity	value	of	565	Ohm.m	is	indicated	as	a	layer	of	lava	and	at	a	depth	of	15.32	–	51.5	m	has	a	
resistivity	value	of	40.7	Ohm.	meter	this	layer	is	identified	as	a	sandy	tuff	layer	and	is	predicted	to	be	a	
layer	containing	natural	water.	
	
Line	2	

The	results	of	 the	software	 interpretation	on	the	second	 line	with	150	meters	 length	of	 the	 line	
there	is	a	prediction	of	a	sandy	tuff	layer	containing	natural	water	at	a	depth	of	60-80.8	meters	with	an	
aquifer	thickness	of	20	meters.	

	

Figure	4.	Sounding	curve	VES	2	
	

Figure	5.	Sounding	curve	data	results	VES	2	
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Table	2.	Rock	type	VES	2	
	

ρ	 Depth	 Rock	type	

(Ohm.m)	 (m)	 	

166	 0	–	1.75	 Top	soil	

82.6	 1.75	–	2.48	 Sandy	tuff	

381	 2.48	–	3.85	 Lavas	

37.6	 3.85	–	6.38	 Sandy	tuff	

257	 6.38	–	7.99	 Lavas	

109	 7.99	–	20.8	 Sandy	tuff	

58.3	 20.8	–	80.8	 Sandy	tuff	

15.	8	 80.8	-	∞	 Sandy	tuff	
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Figure	6.	Sounding	curve	VES	2	with	Progress	3.0	
	

The	second	trajectory	point	is	at	coordinates	X:	441384,	Y;9138491	with	an	altitude	of	-/+	119	m	
above	sea	level.	Based	on	geoelectrical	data	processing,	the	interpretation	is	that	the	first	layer	has	a	
resistivity	value	of	100-400	Ohm.m	is	a	surface	layer	with	a	depth	of	0-4	m	consisting	of	clay,	sand,	tuff,	
then	at	a	depth	of	4-6.4	m	is	an	indication	of	sandy	tuff	with	a	value	of	resistivity	37.6	Ohm.m	
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which	can	be	indicated	to	contain	surface	water,	then	at	a	depth	of	6.4	–	8	m	is	an	indication	of	a	lava	
layer	with	a	resistivity	of	257	Ohm.m.	At	a	depth	of	8	–	21	m	is	an	indication	of	a	lava	layer	with	a	
resistivity	of	109	Ohm.m,	the	next	layer	at	a	depth	of	21-81	m	with	a	resistivity	value	of	58.3	Ohm.m	is	
identified	as	a	sandy	tuff	layer	and	is	predicted	to	be	a	layer	containing	natural	water.	
	
CONCLUSION	AND	FURTHER	RESEARCH	

Based	 on	 the	 results	 and	 discussion	 above,	 the	 geoelectric	 vertical	 electrical	 sounding	 (VES)	
method	has	proven	to	be	effective	in	finding	groundwater	potential	in	an	area.	From	two	sounding	points	
conducted	around	 the	 study	area,	 it	was	 found	 that	 the	 rock	 lithology	consists	of	 sandy	 tuff	 and	 lava.	
Sounding	poin	line	1	is	suspected	there	is	a	sandy	tuff	layer	containing	natural	water	at	a	depth	of	9.35-	
51.5	meters	with	an	aquifer	thickness	of	42.15	meters.	Sounding	2	is	suspected	there	is	a	sandy	tuff	layer	
containing	natural	water	at	a	depth	of	60-80.8	meters	with	an	aquifer	thickness	of	20	meters.	The	result	of	
all	soundings	are	reveal	that	there	is	an	aquifer	potential	in	that	area.	The	study	concluded	that	wells	could	
be	drilled	at	both	points.	For	further	research,	the	addition	of	water	discharge	testing	and	water	quality	
testing	in	the	laboratory	is	highly	recommended.	The	addition	of	this	test	is	useful	to	find	out	the	quality	
and	quantity	of	water.	
	
Acknowledgment	

The	authors	would	like	to	thank	the	Institute	for	Research	and	Community	Service	at	Universitas	
Pembangunan	 Nasional	 Veteran	 Yogyakarta,	 Indonesia,	 for	 providing	 funds	 for	 this	 research.	 Special	
thanks	to	Asta,	Wisnu,	Anwar	for	helping	to	compile	this	article.	
	
REFERENCES	
Alley,	W.	M.,	2006,	Tracking	U.S.	Groundwater	:	Reserves	for	the	Future?,	Environment	Science	and	Policy	for	

Sustainable	Development,	Volume	48,	Number	3,	pages	10—25.	
Bairu,	 A.,	 2013,	 Application	 of	 vertical	 electrical	 sounding	 and	 horizontal	 profiling	 methods	 to	

decipher	 the	 existing	 subsurface	 stratification	 at	 river	 Segen	dam	site,	Tigray,	Northern	
Ethiopia,	Journal	of	Environment	and	Earth	Science,	3	(10),	42-54.	

Bargawa,	W.S.,	2017,	Sustainable	and	Contextual	Utilization	of	Underground	River	in	the	Arid	Area,	
Environmental	 and	 Earth	 Science	 Symposium,	 3th	 International	 Conference	 on	 Science	 and	
Technology	(ICST)	UGM.	

Cosgrove,	W.	J.,	&	Loucks,	D.	P.,	2015,	Water	management:	current	and	Future	challenges	and	research	
directions,	Water	Resources	Research,	51,	4823–4839.	

Fetter,	 C.W.,	 2014,	 Applied	 Hydrogeology	 Fourth	 Edition,	 Pearson	 Education	 Inc,	 United	 States	 of	
America,	Page	14.	

Focazio,	 M.	 J.,	 Reilly,	 T.	 E.,	 Rupert,	 M.	 G.,	 Helsel,	 D.	 R.,	 Assessing	 Ground-Water	 Vulnerability	 to	
Contamination:	 Providing	 Scientifically	 Defensible	 Information	 for	 Decision	 Makers,	 US	
Geological	Survey	Circular,	January	2003,	1224.	

Fraser,	C.	M.,	Kalin,	R.	M.,	Kanjaye,	M.,	&	Uka,	Z.	2020,	A	national	border-based	assessment	of	Malawi’s	
transboundary	aquifer	units:	Towards	achieving	sustainable	development	goal	6.5.2,	Journal	of	
Hydrology:	Regional	Studies,	31,	100726.	

Jamaluddin	and	Umar,	E.P.,	2018,	 Identification	of	subsurface	 layer	with	Wenner-Schlumberger	arrays	
configuration	geoelectrical	method,	IOP	Conf.	Ser.:	Earth	Environ.	Sci.	118	012006.	

Joel,	 E.	 S.,	 Olasehinde,	 P.	 I.,	 Adagunodo,	 T.	 A.,	 Omeje,	M.,	 Oha,	 I.,	 Akinyemi,	M.	 L.,	 Olawole,	 O.	 C.,	 2020,	 Geo-	
investigation	 on	 groundwater	 control	 in	 some	parts	 of	Ogun	 state	 using	 data	 from	 Shuttle	
Radar	Topography	Mission	and	vertical	electrical	soundings,	Nigeria,	Research	Article,	Volume	6,	
Issue	1,	E03327.	

Kizhisseri,	 M.	 I.,	 Mohamed	 ,	 M.	 M.,	 El-Shorbagy,	 W.,	 Chowdhury,	 R.	 and	 McDonald,	 A,	 2021,	
Development	of	 a	dynamic	water	budget	model	 for	Abu	Dhabi	Emirate,	UAE,	 PLoS	One,	
16(1):	e0245140.	

103|	



RSF	Conference	Series:	Engineering	and	Technology	
Vol.	1	(1),	95-104	

Main	Aquifer	Analysis	Using	Vertical	Electrical	Sounding	to	Determine	the	Location	of	Drilling	Well	
P.	Widodo.,	H.	Utomo.,	Y.	Utami.,	M.	A.	Sukowati.,	W.	S.	Bargawa	

 

	

Li,	G.,	Chena,	W.,	Li,	R.,	Zhan,	X.,	Liu,	J.,	2021,	Assessing	the	spatiotemporal	dynamics	of	ecosystem	water	use	
efficiency	 across	 China	 and	 the	 response	 to	 natural	 and	 human	 activities,	 Ecological	
Indicators,	Volume	126,	July,	107680.	

Salako,	 A.	 O.	 and	 Adepelumi	 A.	 A.,	 2018,	 Chapter	 2	 :	 Aquifer,	 Classification	 and	 Characterization,	
IntechOpen,	DOI:	10.5772/intechopen.72692.	

Siebert,	 S.,	 Burke,	 J.,	 Faures,	 J.	 M.,	 Frenken,	 K.,	 Hoogeveen,	 J.,	 Doll,	 P.,	 and	 Portmann,	 F.	 T.,	 2010	
Hydrology	and	Earth	System	Sciences	Groundwater	use	for	irrigation	–	a	global	inventory,	
Hydrol,	Earth	Syst.	Sci.,	14,	1863–1880.	

Sihotang,	 J.	 W.,	 Mohamad,	 F.	 and	 Osvaldus,	 R.,	 2018,	 Aquifer	 Area	 Investigation	 Using	 Resistivity	
Method	in	Cikopomayak,	West	Java,	Indonesia,	Jurnal	Geofisika,	[S.l.],	v.	16,	n.	3,	p.	19-23,	ISSN	
2477-6084.	

Umar,	A.B.,	Ladan,	B.,	Gado,	A.A.,	2017,	Groundwater	evaluation	study	using	electrical	resistivity	
measurements	in	Bunza	area	of	KebbiState,	Nigeria.	Int.	J.	Environ.	Bioenergy	12	(2),	100–114.	

Yang,	D.,	Yang,	D.,	Xia,	J.,	2021,	Hydrological	cycle	and	water	resources	in	a	changing	world:	A	review,	
Geography	and	Sustainability,	Volume	2,	Issue	2,	June,	Pages	115-122.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
|104	

	


