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ABSTRACT

Deterioration of groundwater both quantity and gtyals necessary to be addressed through appropnetlicies
based settings, and they are organized involvingoua government agencies and, through the meanteatfnical
engineering (Danaryanto et al., 2005). Degradatadrgroundwater can cause various effects, amongrsthhe intrusion
of seawater, reduced soil fertility, increase thietamperature and interrupt the cycle of seas@ssyell as various other
impacts (Darwis et al., 2012). The purpose of tesearch did discover the shape and type of eidifirecharge, to fill
the shallow groundwater aquifer with a layer of $opp which is semi-permeable. This research waseBXxperimental
Designs with a form of One-Shot Case Study, whia@s wonducted to test the effectiveness of IP-system
Type Pre-Experimental Designs selected in carrgingitechnical research, due to the implementatibliPesystem with a
new innovation, that the likely presence of othaables that influence the rise in groundwaterdeas the dependent
variable. While the form of One-Shot Case Studgcseti as the independent variable observing onb;, oamely the
number of pipes, and the dependent variable was @téy one, namely the increase in the groundwttile. Chart-1 to
Chart-3, suggests that the number of points addieatity affects the volume augmentation occurriddormations of said
point being tested, it appears that the relatiopshetween the number of points added to the ineréaghe level of
groundwater is a linear relationship (see Chart #his is because the number of formations beingdés still limited to
3 formation, so the optimum point of the numbepmnts added cannot be imaged.Chart-5 to Charti8strates that the
thickness of a semi-permeable layer on topsoilatlyeffect the effectiveness of groundwater reghafhis phenomenon
was also experienced in the process of naturalasgd, and it can be seen in the increase in growtdmnievels in wells
control. On the application of IP-system, semi-peaibile layer on topsoil, seepage will cause a radadn cross-section
in the pipeline. The relationship between the théds of the layer of semi-permeable to the groutelwacharge volume
is illustrated in Chart 9. Meanwhile, Chart 10, stiag the relationship between a depth of rechangioges with the

increase of groundwater levels in test wells.
KEYWORDS: Rechange, Groundwater Rechange, Artificial RechaBgeni-permeable, Top Soil
INTRODUCTION

In the period of nearly eight decades since thiy d®50s, many countries began to use groundwater \@ater
irrigation and industry. This is what has led te@ thmergence of various problems in the availabdftygroundwater,

caused by the rate of return on groundwater thainider the rate of groundwater extraction. Excesgjxoundwater
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extraction will have an impact on such things asgrdasing the volume of surface water (lakes andrg),

increased soil salinity, the occurrence of subsideand the threat of crisis springs. The last tepioNgwa Groundwater
Association (2010) in Margat et al. (2013), statihgt today groundwater as a water source thatpeitant in supporting
human life and food security for 1.2 to 1.5 billiprople in Africa and Asia. It became one of theses of groundwater

extraction is increasing every year.

Deterioration of groundwater both quantity and gualit is necessary to be addressed through apiatep
policies based settings, and they are organizemhiimg various government agencies and, throughibans of technical
engineering (Danaryanto et al., 2005). Groundwatanagement ,in general, is an attempt to manageetagonship
between the various determinants factor of the mplaater resources, such as vegetation, rechanga, are
infiltration patterns, and human resources arevaadeactivities in the regional groundwater basloman activities are
often only aimed at temporary interest to obtaioneenic benefits, without regard to the safety @ émvironment that is

needed to create the conditions of sustainablelalewvent (Darwis et al., 2015).

The presence of water in the soil layers connetiigdther, so that over-exploitation in an area wflend the
reserves of groundwater beneath the other aretle inone of the same basin. Groundwater basimagian bounded by
the limits of hydro, home to all the events hydmilggical like pengimbuhan process stream, and tiease of
groundwater takes place (Danaryanto et al. 200@yr&xation of groundwater can cause various effact®ng others:
the intrusion of seawater, reduced soil fertiliipcrease the air temperature and interrupt theecyfl seasons,

as well as various other impacts (Darwis et alL20

Utilization of groundwater is stewardship effortshieh include; provision, use, exploitation, devetemt,
maintenance, and protection of groundwater optynalh order to function effectively and efficiently.
Many people who use groundwater for various purp@sel interests, ranging from people who use d ssurce of clean
water, farmers who use it as irrigation water, tee tbusiness people who exploit them as industriatem
But legally in Indonesia is currently no specifiegulations governing groundwater conservation terbalance of
groundwater, especially in the area of groundwagtreval in large volumes (irrigation and induakyi This is due to lack
of research done on the level of degradation ofigglavater occur, as well as the formulation of tmplications of the
lack of scientific research results in supporttef formulation of the regulation. Research and bgwveent of artificial
recharge techniques, can make a positive contoibiti seek impartial groundwater recharge withuse of groundwater

by humans.

KabupatenTakalar is one area that predominantlyksvas farmers, geologically the area is very goad f
agriculture because it lies in the shallow groungwaukungan region with huge potential. Aimosttladl lowland areas in
Takalar, ranging from the coast to the foothillggios, is included in a zone of shallow groundwatesins.
Therefore, since the early 1980s, the Departmenfgriculture KabupatenTakalar introduce groundwategation
system, with the direct pumping of shallow grountbxawhich is in farmers' fields, to be used agation water for crops

and rice crops.

But geographically, the zone of groundwater expt@n in Takalar quite vulnerable, as well the ekpkion of
farmers, very close to the beach area, so the ofskhe occurrence of seawater intrusion into inlarmhes.

Topsoil layer, which consists of clay deposits Ipesmeable (semi-permeable), so that the natuchlarge is relatively
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small, and cause an imbalance between the volumatefr taken by the volume of natural recharge scdBoth of these
make the area should be the target of an intemsidesustainable of groundwater conservation. Sakalar groundwater
degradation caused by two dominant factors; (1) figdh groundwater extraction to meet the needs gofcalture,

and do throughout the year; (2) Characteristicsopkoil layers that are semi-permeable, so thatntteral recharge
capacity is small. Both of these factors lead mugdwater recharge volume is not balanced withv/theme of extraction

of groundwater by farmers throughout the year.

Therefore we need new innovations that can helpease the volume of shallow groundwater rechargiaen
area. There are several techniques of artificigthaege to the shallow groundwater aquifer thapjslied during this time,
such Infiltration Wells system and Biopori systeéBut both systems, ineffective use of land with yefaof topsoil which
is semi-permeable. The author with the teamwoskapplying artificial recharge system, by usingoader pipeline, to
penetrate the layer of topsoil up into the permedayer. Innovation writers produced an artificiacharge system,
which is devoted to land with a layer of topsoiligh is semi-permeable, which we call Infiltratiorip® System,
abbreviated to IP-system. Basic development sysféires |IP-system are:

» Condition of top soil layer on the research sigesni-permeable so it takes affixes tool, which deain the water
into the porous soil layers. IP-system can meeteheeeds because it can achieve a penetratioddpth of 6 to

8 m from the surface.

* Rechange of IP-system, not reducing the area dfefand, as well as in the implementation of trdilion Wells

system.

» Rechange of IP-system with an empty pipe cavity, lvald water with volume greater than the bin owbgd
Biopori system.

* Rechange of IP-system, can function longer, bectheseipe is not filled with garbage. The consitierafor
organic soil from the decomposition of waste iseptitally closing the infiltration hole in the reafge pipes,

and cleaning material that closes in infiltratiasehis quite difficult.
RESEARCH METHODS

This research was conducted to find the form ortyipe of artificial recharge, which is effectiverffilling the

shallow groundwater aquifer with a layer of topsalilich is semi-permeable.

This research is a Pre-Experimental Designs witbra of One-Shot Case Study, which was conductegb
the applicated effectiveness of IP-system. TypeBXmerimental Designs selected in carrying out néxdl research,
due to the implementation of IP-system is a nevowaition that the likely presence of other varialttest influence to the
increase of groundwater level as the dependenableri While the form of One-Shot Case Study setecte the
independent variable is observed only one, naneynumber of pipes, and the dependent variablealgasonly one,

namely the increase in the groundwater table.

To find the number of IP-system effectiveness, tirerfield testing, made two wells, ie wells surrdimg
IP-system mounted as test wells, and wells withBegystem as control wells. Control wells locatadfar as 300 m of

artificial recharge zones installation, so thatxa® IP-system does not affect the groundwaterl lievéhe control wells.
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A difference in groundwater level rise that occdria the test wells, the groundwater level riset thecurs in control

wells, is the contribution of artificial rechargeade with IP-system.

To determine the effect of the number of pointseatlth the rechange volume, then made three formsatigth a
different number of rechange points, each withpkegpj pipe 8, and 12 pipes on any test wells. ktdst, chosen location
with topsoil layer thickness is the same, with igkhess of 3 m. The length of the rechange pipehenapplication of
IP-system is the same, that added 6 m long pipe.ifitrease in groundwater level in the three foionattested, gives

results that explain the effect of the number ahtsoadded to the volume augmentation.

Meanwhile, to determine the influence of the lagreckness semi-permeable recharge volume, theadexdt4
locations with topsoil of different thickness, eagha thickness of 2.50 m; 3.00 m; 3.50 m; and 40Qn this test,
made the same number of rechange points, eachahw as 4 rechange points, while the length ofargh pipe used is

the same, namely along a 6 m.

The source of water recharge in this study, is'timff of rainwater. Therefore, the observationsusth be made
during the rainy season cycle. The increase inrghomater level, observed from the beginning of thiey season to the
dry season, because in the dry season, farmemsedtto pumping of groundwater. The result is elgxddo be input is
contributive to both the development of sciencahi@ conservation of groundwater, as well as toripaiti to the local
government, in drafting regulations on the userofigdwater. It is expected the continuity of théstence of groundwater

can be guaranteed, thus ensuring the sustainadildysustainable utilization of groundwater.
RESEARCH DESIGN

Placement of the control wells should be considepexindwater flow in the horizontal direction, dwt the
control wells were not affected by infiltration aftificial recharge to the test wells. To determihe effect of distance

infiltration of artificial recharge, empirically #uwr uses simplified methods as follows :

If the width of the zone of infiltration of artifial recharge (W) = 4 x 10 m = 40 m (correspondioigrfations of
the recharge point). A difference in water levethe test wells with control wellfA\H) = 0.50 m (maximum condition in
test wells). Subsurface soil permeability (K) = 3@m / sec (silty sand). Rainfall intensity (i) @8 mm / month
(maximum rainfall in the study site). Saturated edahickness (b) = 3 m (bed rock depth of groundwédteel).
A minimum distance between the test wells and obntrells, in order not to be affected by infiltrati of artificial

recharge, can be calculated:

(30day24hour60min x60sec)
m/ mont
100(x10Ccmr

h

K = 10° cm/sec =

= 25,92 m/month
i = 300 mm/month = 0,03 m/month.
T = K.b = 25,92 m/month x 3 m = 77,76 m2/month

Then :
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Lc=AH (Ej +W
W 4

B 2X7776m*/ month] . 40m
Lc=05 +
003m/ month40m 4

2
Lc = o5 12202/ month) o~ (05x1296) +10= 748m
12m“ / month

For the safety of the rechange effect of IP-systimen the control wells on each test site, pladesl distance of

300 m from the point of test wells.

In the same way, the distance between the pipesaoh IP-system formation, with the difference inexdevel
between on the rechange pip&$if. = 4cm = 0.04 m), the wide catchment area of tipe gV = 10 m, the thickness of

the saturated zone affordable pipe = 1 m. Thenliftance between the rechange pipgs)(tan be calculated as follows:

T = K.b = 25,92 m/bulan x 1 m = 25,92 m2/bulan

2Ty W
Lips =AH| —— |+—
W 4

B 2x2592m* /month)  10m
Lipg = 00 +
003mn/ month10m 4

2
L, = 00| 24T MONN} 55y~ (004x0728) + 25 = 941m
03m”/month

Taken distance between pipe infiltration (pipe épglc= 10 m.

The third point formation added, are tested toiolttze effectiveness of IP-system, and also toadiscthe effect

of the recharge pipes number to the rechange vglasmseen in the figure below:
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(a) Fermation with 4 points
rechange

(b) Formation with 8 points (c) Formation with 12 points
rechange rechange

Figure 1: RechangePoints Formation of Installed Arand the Well Test
RESEARCH FINDING

Tests performed in this study are: (1) testing witkhange pipes number is different; (2) testinghwhe
thickness of semi-permeable layers is differentsédbations of both types of testing are presemeaxdhart as follows:
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Figure 2: Increase of Groundwater Level in Test Wd§ & Control Wells
(Rechange pipa = 4 point)
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Figure 3: Increase of Groundwater Level in Test Wd$ & Control Wells
(Rechange pipe = 8 point)
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Figure 4: Increase of Groundwater Level in Test Wd$ & Control Wells
(Rechange pipe = 12 point)
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Figure 5: Correlation of Pipe Number with Increaseof Groundwater Level
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Figure 6: Increase of Groundwater Level in Test Wd$ & Control Wells
(Thickness of Semi-Permeable Layer = 2,50 m)
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Figure 7: Increase of Groundwater Level in Test Wd$ & Control Wells
(Thickness of Semi-Permeable Layer = 3,00 m)
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Figure 8: Increase of Groundwater Level in Test Wd$ & Control Wells
(Thickness of Semi-Permeable Layer = 3,50 m)
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Figure 9: Increase of Groundwater Level in Test Wd$ & Control Wells
(Thickness of Semi-Permeable Layer = 4,00 m)
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DISCUSSIONS

All the above chart, showing indications that &i#l recharge with IP-system quite effectively hgg to restore
the condition of shallow groundwater in the soithwa layer of topsoil which is semi-permeable. Tdiiges great hope to
become one of the alternative methods for conservalf groundwater in the lowlands, which generdive a layer of

topsoil which is semi-permeable.

With the formation of four rechange points in filest wells were observed in this study, there viredécations
that the application of the IP system as a mearertdicial recharge fairly effectively applied,ehsoil with a layer of
topsoil which is semi-permeable. It can be seemftioe results of a rechange during one cycle ofadiey season, rising
groundwater level on four rechange points of tfita fiormation tested, ranged from 46.74 cm to 61c6¥ Even on the
test wells using an 8 rechange point, rising grovatdr level reached 74.78 cm, and test wells wathethange points, the

groundwater level rose to 85.76 cm.

Problems encountered in the implementation of Resy, is the prevention of sludge material fille gpace
pipe, so that no infiltration pits closed, so ttfa installation can affix to work longer. The dieyament of this system in

the future, need a way to prevent the ingress af imio the pipe added.

Analysis complementary to Chart-1 to Chart-3, sstg¢hat the number of rechange points directlgca$f the
rechange volume occurring. Of the three formatiessed, it appears that the relationship betweemtimber of rechange
points to the increase in the level of groundwédea linear relationship (see Chart 4). This isause the number of
formations being tested is still limited to thremrhations, so that the optimum point of the numitiferechange points
can-not be imaged. To determine the optimum nurobeechange points, then further testing needsetaddne with the

addition of a rechange point.

Of Chart-5 to Chart-8, it was shown that the thiss of the semi-permeable layer on topsoil, gresthct the
effectiveness of the rechange installation. Thisnamenon was also experienced in the process afahaecharge.

It can be seen in the increase in the level of mgawater in control wells, which are relatively sméi the application of
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IP-system, semi-permeable layer thickness will eaaugeduction in cross-sectional area of groundwsdepage on the
rechange pipe. The relationship between the thigkoé the layer of semi-permeable to the groundwaicharge volume

is illustrated in Chart 9.

From the results of this test can be made on tlaion between the depth of infiltration zone widgchange
volume that occurs. Because in this test, the len§the pipe used to affix the same four test siteich is along the 6 m,

the depth of the infiltration zone to each format@an be calculated as follows:
e Formation with topsoil layer thickness of 2.50 he tlepth of said zone is 3.50 m.
» formations with topsoil layer thickness of 3.00the depth of said zone is 3.00 m.
e Formation with topsoil layer thickness of 3.50 he tlepth of said zone is 2.50 m.
e Formation with topsoil layer thickness of 4.00 he tlepth of said zone is 2.00 m.

* Chart 10 shows the relationship between the deptheozone added to the rise in groundwater leirelest

wells.
CONCLUSIONS
From this research, the authors can conclude dahémgs, among others:
» Artificial rechange by IP-system, effectively agalito land with topsoil layers that are semi-petoea

e The number of rechange points affecting to recharmjame that occur, and rate of increase in thellef

groundwater is also influenced by the intensityaoffall.

* The thickness of the semi-permeable layer on tbpafiecting groundwater recharge effectivenessh bio the

test wells that implement IP-system, as well ascth#rol wells were not affected by IP-system.
SUGGESTIONS
Based on these results, the authors suggest sévieigd, among others:

* Research needs to continue, especially with theofisechange point more. These suggestions aradatkto
determine the optimum number of rechange poingite effect to an increase in the volume of grouatdw

recharge.

* In subsequent studies, it is also necessary tgulessystem on the intake of rechange pipe, asasall method
of cleaning the silt at the bottom of the rechapipe. Both of these authors suggest that because afge of IP-

system functional, highly dependent on the accudddiie application of these two things.

» In the application of IP-system, the penetratioptdeof the pipe is determined by the thickness cfeai-

permeable layer on topsoil, because the pipe to d@rater into the soil, only portions of a layerpufrous soil.
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