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Abstract: Determining the origin of groundwater are closely related to conservation and renewable groundwater 

resources. Research on the source of groundwater recharge would be based on a theoretical approach, the 

statistical methods Principle Component Analysis and mass-balanced mixing models. Both of these methods will be 

tested using secondary data naturally occurring isotope of water, deuterium and oxygen-18, and ions major cations 

and anions in the aquifer distressed over (depth of the well between 40 dan140 meters). Source recharge ground 

water to be tested consists of three sources that recharge rainwater, river water and ground water. 

This study aims to determine the ratio of the source of groundwater recharge using statistical methods and mass 

balance-mixing models. Where tracer affix source water using natural isotope parameters. In this study, physical 

and chemical parameters of water contained in the data of ground water, river water and rainwater are used to 

determine the origin or source of ground water recharge.  

The results of mass balance calculation-mixing models using parameters 
1
H or δD and pH, to a rate of 

groundwater recharge source for the location of T3, T4, T6 and T13 are as follows: 43% of riverwater, 33% 

rainwater and 23% groundwater. Research on the ratio of recharge sources provide some information about water 

sources that contribute to groundwater recharge in Jakarta and surrounding areas. There are two sources that 

recharge rainwater and river water Bogor area near the location of groundwater. Physical development is carried 

out in the Bogor area will result in reduced water that seeps into the groundwater, it will bring a reduced impact to 

the aquifer water supply in Jakarta. 
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I.  INTRODUCTION 

Groundwater is one of the alternative sources of clean water and drinking water most of the population in Jakarta today. 

This is due to the limited supply of clean water supplied through the piping system by drinking water management 

institution. However, if the rate of soil water suction is greater than the rate of groundwater recharge, there will be a 

decrease in ground water level. 

The groundwater is a natural resource that can be renewed, but in the process of formation takes the tens of thousands of 

years. If the ground water has damaged both quantity and quality, then the recovery process takes a long time also with 

high costs and complex technology can‟t even go back to its original state. Therefore, it takes an integrated management 

of aquifer systems. In the aquifer system takes information about the origin of groundwater in order to know the source of 

recharge water in the aquifer system. Mechanical natural isotopes 18O and 2H provide input in the form of real 

information about the origins, said groundwater areas where conventional techniques can‟t determine it. Determining the 

origin of groundwater recharge are closely related to conservation and renewable groundwater resources 

Early research on the sources of groundwater recharge has been done based on the theoretical approach, the statistical 

method Principle Component Analysis and mass-balanced mixing models. Both of these methods were tested using 

secondary data naturally occurring isotope of water, deuterium and oxygen-18, and ions major cations (Na +, K +, Ca +, 

and Mg2 +) and anions (Cl-, SO42- and NO3-) in the aquifer depressed over ( well depth between 40 and 140 meters). 

Source of groundwater recharge under test consists of three sources that recharge rainwater, river water and ground water 

(aquifer depressed over). 
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Preliminary results (Mawardi, 2016) showed that this method is quite effective to determine the ratio of the source of 

aquifer recharge from the river water, rain water and groundwater flow from upstream. Thus, the method of the research 

results can be used to estimate groundwater recharge sources and determine the integrated management of aquifer systems 

are sustainable and environmentally friendly. 

II.   REVIEW OF LITERATURE AND RESEARCH METHODOLOGY 

A. Groundwater: 

The groundwater is water that moves in the soil contained in the space between grains of soil that seeped into the ground 

and joined to form soil layers called aquifers. Layers are easily traversed by so-called ground water permeable layer, such 

as coating found on sand or gravel, whereas a layer barely passable called ground water impermeable layer, such as a 

layer of clay or loam. Layers can catch and pass the water called aquifers (Herlambang, 1996). 

Following the formation of ground water hydrological cycle, which is a natural process that takes place paada water in 

nature, experiencing displacement sequentially and continuously. In the hydrologic cycle, the water cycle in general from 

the ocean to the atmosphere through evaporation, then falls to the surface of the earth as rain. Rainwater that falls to the 

mainland, some will be absorbed by plants and some evaporates back into the atmosphere, and the rest flows in the 

ground and into rivers and flowing into the sea, as well as other seep into the ground. 

Various aquifer permeability rock based constituent is as follows: 

1. Free aquifer (Unconfined Aquifer): 

The layer of water that passes only partially filled with water and were in the top layer of water-resistant. Surface soil 

aquifer is called the water table, the surface of the water that has the same hydrostatic pressure with the atmosphere. 

2. Depressed Aquifer (Confined Aquifer): 

That aquifer entire amount of water bounded by impermeable layers, both above and below, as well as having the 

saturation pressure greater than atmospheric pressure. 

3. Semi pressured aquifer (Semi Confined Aquifer): 

That is entirely saturated aquifer water, where the top layer is limited by spring water passes underneath an impermeable 

layer. 

4. Aquifer Semi Free (Semi unconfined aquifer): 

That aquifer underneath which is a water-resistant coating, while the upper part is fine grained material, so that the cover 

layer still allows the movement of water. Thus this aquifer is midway between the aquifer by aquifer semi-free depressed. 

B. Content of Elements in Groundwater: 

Rain water soak into the ground carrying the chemical elements that provide some influence on various activities. There 

are four groups of the composition of dissolved substances in groundwater (Hadipurwo 2006 in Geology and 

Environmental Planning Agency, 2013):  

1. The main element (major constituents), containing 1.0 to 1000 mg/l, namely: sodium, calcium, magnesium, 

bicarbonate, sulfate, chloride, silica. 

2. The element of secondary (secondary constituents), with a content of 0.01-10 mg/l, namely iron, strountium, potassium, 

karbonat, nitrate, fluoride, boron. 

3. Elements minor (minor constituents), with a content of 0.0001 to 0.1 mg/l, which is atimon, aluminum, arsenic, barium, 

bromine, cadmium, chromium, cobalt, copper, germanium, jodium, lead, lithium, manganese , molibdiunum, nickel, 

phosphate, rubidium, selenium, titanium, uranium, vanadium, zinc. 

4. Rare Elements (trace constituents), containing typically less than 0.001 mg/l, ie, beryllium, bismuth, cerium, cesium, 

gallium, gold, indium, lanthanum, niobium, platinum, radium, ruthenium, scandium, silver, thallium, tharium, tin, 

tungsten, yttrium, zirconium. 

In this study will be used are the main elements that Na, K, Mg, HCO3, SO4, Cl and Si. 
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C. Determination of Value Analysis Method Origin Groundwater: 

Doing the analysis in stages namely: Phase 1, analysis of source/origin of groundwater consisting of rain water, river 

water and ground water; Phase 2, the ratio analysis groundwater origin. The parameters used for the analysis of 

groundwater resources is the value of ions and isotopes of each rainwater, river water and groundwater. The analytical 

method used is a statistical approach Principle Component Analysis (PCA). Before the data were analyzed first performed 

the standardization of data by way of a reduction in mean value and dividing by the standard deviation. Each component 

is the result of a linear combination with the weight of the variables, equation (1): 

                                                                                                      (1) 

Each variable is the result of weighted linear combination of components, with equation (2): 

                                                                                                  (2) 

a.  

 

b. 

 

Figure 1. Location groundwater in this study there are 14 locations in Jakarta (a), taken from the map of the location of the 

sample aquifer pressure on (b). 

The process of calculating the equations (1) and (2) above is done by using SPSS software. The output of this analysis are 

the two main sets of component values (principle component), which is the value of x-axis is plotted into a graph 

(component 2) and the y-axis (component 1) as an example in Figure 2. 

Determined from this plot rain water, river water and groundwater as a source of groundwater which are three outermost 

points connected by lines to each other. Source-1 is the water source of the river, the source-2 is the source of rainwater, 

and the source-3 is the source of depth groundwater. 

 

Figure 2. Sample plot component 1 and 2 in the PCA 
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D. Method Ratio Analysis: 

After determining the value of each source of groundwater, are used to determine the ratio of each source to recharge the 

groundwater by using a mass balance-mixing models. The calculation is performed at each well site. Thus obtained ratio 

of the source-one that is f1, source-2 (f2) and source-3 (f3) for each well site. To obtain a source ratio in the aquifer 

recharge in the (40-110 m) do the average of the results on all the well site. 

III.    CONCLUSION 

The results of mass balance calculation-mixing models using parameters 
1
H or δD and pH, to a rate of groundwater 

recharge source for the location of T3, T4, T6 and T13 are as follows: 43% of river water, 33% rain water and 23% 

groundwater. 

The results of the examination of the accuracy of the estimated ratio of recharge sources indicate, only the values for the 

parameters δ
18

O-H2O which shows the estimated value of almost close to the value in the field for all locations, T3, T4, T6 

and T13, with a mean value of the difference of 1.6 mg/L , As for the value of NO3
- 
the location T13 showed the smallest 

difference of 0.7 mg/L and Cl
-
, location of T6 that shows the estimated value of which is almost equal to the value in the 

field, which is equal to 0.3 mg/L. For the value of SO4
2+

, the location of T3, T4 and T6 which has similarities between the 

estimate and the field. 

Of the 14 groundwater locations, only 4 locations identified his source ratio recharge or just 28% of the total location of 

groundwater that can be identified. Therefore, it takes more appropriate parameters to be used as a tracer and chemical 

and physical parameters of the data is more complete than the river water and rainwater. 

Research on the ratio of recharge sources provide some information about water sources that contribute to groundwater 

recharge in Jakarta and surrounding areas. There are two sources that recharge rainwater and river water Bogor area near 

the location of groundwater. Physical development is carried out in the Bogor area will result in reduced water that seeps 

into the groundwater, it will bring a reduced impact to the aquifer water supply in Jakarta. Source of river water that also 

contribute as much as about 30% of the groundwater recharge indicates that the water quality will be enough to affect the 

quality of ground water, thus improving the quality of river water in Jakarta will have an impact on improving the quality 

of groundwater. 
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