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Abstract: There are rising interests in the utility of groundwater in various aspects, which is 
capable of triggering problematic issues. The excessive exploitation for anthropologic uses, 
without regards to aquifer capacity, will decreases the water table as well as capacity of 
groundwater in the aquifer. This research was aimed to provide aquifer model of underground 
water by consideration of various environmental factors, with the propensity of being modeled, 
in an attempt to predict groundwater conditions in subsequent years. The purpose of this 
research was to forecast water requirements, availability, as well as three-dimensional model of 
groundwater depth in Kemuning, Indragiri Hilir Regency-Indonesia between 2015 and 2022. 
Furthermore, various environmental factors, from aquifer proiles to anthropologic demand, 
are taken into account in the evaluated model, including water requirements, encompassing 
recharge and aquifer parameters, which consists of storativity and transmissivity. From 
anthropologic side are domestic requirements, trade, public facilities, agriculture, and 
livestock. The results show that groundwater availability in Kemuning is to be safe condition, 
and average diference is 1.06×108

 m
3/yr. The coeicient of storativity and transmissivity are 

16.514 m
2/day and 9 897.26 m

2/day, respectively, while the average depth was recorded as 2.8965 
m to 10.4927 m. 
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Introduction

Water resources are strategically important 

because of their involvement in the basic needs 

of human life (Ball P, 2017). Moreover, the need 

for clean water sources cannot be overlooked, 

therefore, treatment and preservation are absolutely 

necessary (Dasgupta N et al. 2018; Brack W et al. 

2017; Muhammad Juandi et al. 2017; Kobielska 

et al. 2018; Chonova et al. 2018). In addition, it 

is very essential in satisfying humans' domestic 

and industrial needs, especially the groundwater 

(Wada et al. 2018; Thomas R and Duraisamy 

V, 2018), where its low production costs and 

quality establishes the superiority to other clean 

sources, with the only limitation being the quantity 

because it majorly depends on the geometry or the 

distribution of aquifers.

The use of ground water is related to its availa-

bility and manner of use, which is diversified 

into various aspects, and is capable of initiating 

problems regarding methods of procurement. 

Moreover, the excessive exploitation by populated 

areas, public facilities, agriculture, livestock and 

trade without respect for the ability of aquifers, 

cause groundwater funnel to decrease the water 

table and potentially the groundwater in aquifer 

(Rezaei K S et al. 2019). These level reductions 

also initiate air chemical reactions with aquifer 

materials, consequently causing the production of 

harmful contaminants, such microbial organism 

and heavy metal (Brack W et al. 2017; Chonova T 

et al. 2018). *Corresponding author. E-mail: juandi@lecturer.unri.ac.id 
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Kemuning is one of 20 districts in Indragiri 

Hilir Regency, covering an area of 525.48 km2, 

which encompasses 12 villages, with a population 

that continues to increase annually, recording 

33 643 in 2017 (Kobielska P A et al. 2018). Fur-

thermore, an increase in this growth leads to 

an elevation in water demand, coupled with 

land clearing and illegal logging in the district, 

therefore, affecting the condition of groundwater 

zoning (LU Chen-xi et al. 2018; Juandi M and 

Syahril S, 2017; LIU Chang-ming et al. 2001). In 

addition, the potential for availability needs to be 

considered in order to ensure sustainability and 

also avoid negative impacts in the underground 

water, as well as the surrounding environment 

(ZHANG Ji-en et al. 2015). This information, 

integrated with environmental factors is, therefore, 

needed as reference in the future for maintaining 

the sustainability of underground water within the 

community under investigation.

1 Materials and methods 

1.1 Study area

Kemuning district is located at the north of 

Keritang and Indragiri Hulu. The land mainly 

consists of peat soil, which classifies the region 

as a wet tropical climate with sufficiently humid 

air, where the highest rainfall in 2017 occurred in 

March (4 422 mm), while the lowest was in July 

(80 mm) (BPS, 2018). Furthermore, the Indragiri 

Hilir Regency, especially Kemuning, possesses 

endless land and forest issues, where dilemma 

arises in various cases of overlapping land claims 

by owners. In addition, land clearing and illegal 

logging in protected areas occurs often, especially 

in Selensen and Batu Ampar Villages.

1.2 Developing the model

Water occupying the cavities within geological 

layers is called ground water, and its presence 

divides the region into two (1) saturated zone, 

which is a layer of soil located below the surface of 

the groundwater, and (2) unsaturated areas, usually 

located above the saturated, estimated to expand up 

to the location where the cavities contain water and 

air. Groundwater contributes greatly in agriculture, 

botany and soil science because of its retention 

of soil moisture in the root area (root zone). 

Moreover, saturated and unsaturated areas do 

not confer strict limits, because both possess free 

boundaries, promoting water movement between 

both regions (Gavin K and Xue J, 2018).

1.2.1 Water iniltration

The groundwater recharge process generally 

occurs through two sequential processes, which 

include infiltration, encompassing the movement 

of water from above surface to the ground, and 

percolation, which is the passage downwards, from 

the unsaturated to the saturation zone. Furthermore, 

infiltration power is the maximum possible 

permeation rate, grossly determined by ground 

conditions, and the quotient remains the same as 

the rain intensity if it is smaller than the power. 

Meanwhile, percolation power entails its maximum 

possible rate, involving the amount determined by 

the condition of the soil in the unsaturated zone. 

However, this phenomenon does not occur if the 

porosity in the unsaturated zone does not contain 

maximum water (Samso et al. 2016). Groundwater 

recharge R (m3/yr) in green open space (GOS) A 

(m2) can be calculated by the following Equation 

(Chonova et al. 2018).

         R=cPA                                 (1)

Where: P  is the average rainfall per yr 

(m/year) and c is iniltration coeicient.

1.2.2 Water demand

Water needs in an area include its request in 

domestic use, trade, public facilities, agriculture 

and livestock. These are part of integrated en-

vironmental factors, which affect the depth of 

underground water. Therefore, the requirements are 

determined in each sector, in order to ensure that 

quality standards are met daily. Volume of water 

need in each sector can be written in following 

general relation:

         Ei=∑Qi                                (2)

        Qi=niqiti                                                       (3)

Where: i indicated domestic use ED, trade ET, 

public facilities EF, agriculture EA and livestock 

EL, ni is number of individual or element unit, qi 

is water volume in m3 and ti is effective time in 

a year. Public facilities which considered to the 

account are health center, school, market, mosque 
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and mushola. These are 5 common public building 

in the District. While, paddy and maize field are 

majority crop which cultivate by the people. In 

livestock sectors, only three contributable livestock 

in form of household industry, i.e. cattle, sheep, 

and poultry. Estimation of water demand for each 

sector is given by Table 1. 

Table 1 Estimation of water consumption in this research (Kumalajati et al. 2015; BSN, 2002)

Water requirement for Sector notation Volume estimation Units Efective time

Domestic use ED 60 L/day/capita 365 days

Trade ET 5 000 L/unit/day 365 days

School

EF

10 L/pupil/day 365 days

Healty center 200 L/bed/day 365 days

Mosque 3 000 L/unit/day 365 days

Mushola 2 000 L/unit/day 365 days

Paddy ield
EA

1 L/second/hectare 3.15×106 second

Maize 0.25 L/second/ hectare 3.15×106 second

Cattle

EL

40 L/unit/day 365 days

Sheep 5 L/unit/day 365 days

Pig 6 L/unit/day 365 days

Poultry 0.6 L/unit/day 365 days

The demand of water by the community on 

a household scale is termed domestic needs, 

and the value is obtained by understanding the 

number and growth of the population in advance, 

while ascertaining futuristic needs requires the 

knowledge of number of users in the future using 

growth Equation:

   P P rn = +0 (1 )n
                       (4)

Where: Pn is the number of inhabitants of 

the coming years; P0 is baseline population; r is 

population growth; n is number of year.

Domestic water needs are vary in each region, 

depending on the pattern of utilization, as residents 

in cities require more than those living in villages. 

Furthermore, the estimated consumption in the 

countryside is used in this study is set at 60  

L/day/capita (Kumalajati E et al. 2015). So, we can 

calculate domestic water needs for a year.

1.2.3 Mathematical model of water sustaina-

bility

The need for clean water always rises as popula-

tion increases, therefore, humans are required to 

obtain it from under the surface. Moreover, the 

exploitation of ground sources is very rapid in 

all regions, due to the increasingly unhygienic 

nature of superficial supplies. Furthermore, it 

is possible to develop a model, integrated with 

environmentally sound underground water 

management, utilizing the following equation 

(Guymon, 1994):

T t x y z T

S h h h h∂ ∂ ∂ ∂
∂ ∂ ∂ ∂= + + +2 2 2

2 2 2

   
R E E E E E+ + + + +D T F A L  (5)

Where: x, y, z are coordinates at the grid point; 

S is storativity; T is transmissivity; and h is the 

depth of groundwater. This equation is applied 

to built-up areas and zones with disruption to the 

groundwater sustainability. 

The numerical solution of Equation is well 

described by Juandi (2017). For solving the Equa-

tion (5), all the retrieval data sets were transformed 

in matrix, H k as initial value matrix, D as boundary 

matrix and G as coefficient matrix. Prediction of 

groundwater table depth H k+1 can be expressed as 

(Juandi, 2017):

               H G H Dk k+ −1 1= −( )                        (6)

2 Results

2.1 Amount of groundwater iniltration

Underground water recharge is part of inte-

grated environmental factors, and its infiltration 

is calculated using Equation (1), where annual 
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average rainfall data is needed, as well as the area 

of green open space, and absorption coefficient. 

Moreover, the average bulk data per annum for 

the prediction year (2018 to 2022), is about the 

same from 2015 to 2017, with the area of GOS 

in Kemuning district being 489 110 000 m2. In 

addition, the absorption coefficient was obtained 

from the value of soil permeability, where the 

average recorded was 5.193 cm/h, which is 0.1. 

Furthermore, iniltration data in Table 2 showed an 
increase from 2015 to 2017, due to the elevation 

in average rainfall that particular year. This was, 

however, constant between 2018 and 2022 because 

of the utility of average rainfall data within 2015 

to 2017. Hence, the highest recharge value was 

recorded in 2017, being the year with the highest 

value of rainfall, comparatively.

2.2 Water use

Water needs for domestic/population sector, 

industry, trade, public facilities, agriculture and 

livestock are part of integrated environmental 

factors, which was calculated in each sector from 

2015 to 2017, and subsequently predicted for 2018 

to 2022, based on estimation.

The requirements of residents in Kemuning 

have been calculated, while the forecast for the 

following year involved the use of arithmetic and 

geometric methods to obtain the population for 

the prediction year, which increased from 2015 

to 2022. This upsurge is directly proportional to 

domestic aquatic demands, as depicted in Table 3.

Trade water needs are observed from the 

number of markets in Kemuning, based on data 

obtained from the Office of Industry and Trade, 

Indragiri Hilir Regency. In addition, this sub-district 

possesses eight permanent markets, located in ive 

villages (2015 to 2017), resulting in growth that is 

not currently observable, hence, this assumption 

was maintained in 2018 to 2022. Furthermore, the 

water requirements were calculated in amount of 

14 600 m3/yr.

Table 3 Citizen population in Kemuning

Year Population
Volume of water consumption

(×105 
m

3/yr)
2015 32 290* 7.07

2016 32 946* 7.21

2017 33 643* 7.37

2018 34 330 7.52

2019 35 024 7.67

2020 35 726 7.82

2021 36 435 7.97

2022 37 152 8.13

*adopted from (BPS, 2018).

Table 2 Iniltration volume in Kemuning

Year Rain fall* (m/year) GOS area (m2)* Iniltration (m3/year)

2010 1.7000 489 110 000 83 148 700

2011 1.7810 489 110 000 87 110 491

2012 1.7070 489 110 000 83 491 077

2013 1.1340 489 110 000 55 465 074

2014 1.3850 489 110 000 67 741 735

2015 1.5290 489 110 000 74 784 919

2016 2.2390 489 110 000 109 511 729

2017 2.9270 489 110 000 143 162 497

2018 2.2316 489 110 000 109 153 048.3

2019 2.2316 489 110 000 109 153 048.3

2020 2.2316 489 110 000 109 153 048.3

2021 2.2316 489 110 000 109 153 048.3

2022 2.2316 489 110 000 109 153 048.3
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Table 4 Calculation results of water need in public facilities

Water needs of public facilities, such as 

schools, health centers, musholah and mosque are 

shown in Table 4, In addition, the most common 

consumers were mosques amounting to 27 375 

m3/yr, and estimated in 2022 to be 60 225 m3/yr. 

Conversely, the volume needed for health centers 

in 2015 was 2 628 m3/yr, and estimated to be 

4 234 m3/yr in 2022.

Table 5 Water use in agriculture

Year

Water requirement (×105
 m

3/yr)

Maize Paddy Total

2015 0.85 48.10 48.95

2016 3.41 37.39 40.8

2017 2.09 11.68 13.77

2018 2.09 11.68 13.77

2019 2.09 11.68 13.77

2020 2.09 11.68 13.77

2021 2.09 11.68 13.77

2022 2.09 11.68 13.77

Agricultural requirements are considered from 

the aspects of land use for crops (maize and rice), 

with data obtained from the Oice of Food Crops, 
Horticulture and Livestock, Indragiri Hilir Re-

gency. This was calculated by considering irrigation 

days for maize being 60 and that for rice was 124. 

Meanwhile, the amount of water needed is seen in 

Table 5, where the area of rice in 2015 was 449 ha, 

with requirements of about 4 810 406.4 m3/yr, and 

the amount of land continuously declined to 109 ha 

in 2017, with a subsequent decrease in consumption 

rate to 1 376 438.4 m3/yr. This reduction in area of 

paddy further resulted in a lowered growth rate of 

land area, which when use in the predictions of 

2018 to 2022, produced negative results, hence, 

while forecasting, this study maintained the area 

data as in 2017, which is 109 ha. Furthermore, 

agriculture was the most influential environmental 

factor on water requirements in comparison with 

others, as its demand is predicted to aggregate to 

about 1 376 438 m3/yr for 2022.

Year

Water needs (×105 
m

3/year)

School Health center Mosque Mushola Total

2015 0.22 0.026 0.27 0.10 0.616

2016 0.22 0.028 0.31 0.12 0.678

2017 0.25 0.030 0.35 0.15 0.780

2018 0.27 0.032 0.39 0.20 0.892

2019 0.29 0.035 0.44 0.24 1.005

2020 0.31 0.037 0.49 0.30 1.137

2021 0.32 0.039 0.54 0.37 1.269

2022 0.34 0.042 0.60 0.46 1.442

Table 6 Water use in livestock

Year

Water requirement (m3/year)

Cattle Sheep Poultry Total

2015 4 788.8 3 146.3 12 231.81 20 166.91

2016 4 891 3 210.175 12 476.43 20 577.61

2017 4 993.2 3 274.05 12 725.87 20 993.12

2018 5 095.4 3 339.75 12 980.35 21 415.5

2019 5 197.6 3 405.45 13 240.08 21 843.13

2020 5 299.8 3 474.8 13 504.85 22 279.45

2021 5 402 3 544.15 13 774.88 22 721.03

2022 5 504.2 3 615.325 14 050.38 23 169.91
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The need for livestock water in Kemuning 

District was calculated based on data of livestock 

population obtained from the Oice of Food Crops, 
Horticulture and Livestock, as depicted in Table 

6. In addition, information obtained shows poultry 

to possess the most signiicant water requirement, 
compared to others, which was due to its high 

population per annum, seen from its average 

demand growth rate of 38.8%, from 2015 to 2022.

2.3 Aquifer characteristics

Using geological data, the storativity coeicient 
in the studied area was calculated through lithology 

interpretations of the underground layer (Beven K 

and Germann P, 2010). Based on the information 

obtained, Kemuning possesses aquifers with sandy 

silt and gravel sand types, hence, the speciic yield 
value was 16.5% and the aquifer compressibility 

α was obtained from the sand value of 10-9. In 
addition, the porosity value of the soil was 52.82%. 

Therefore, the calculated storativity coefficient 

is 16.514%, meaning the ratio of possible water 

amount taken from soil or saturated rock, to the 

total rock volume was 16.514%. Hence, there is 

a proposed continuity of ground water survival if 

this is conducted.

The transmissivity coefficient is influenced 

by hydraulic conductivity, determined by the 

results of aquifer lithology interpretation, and 

matched with Table 2, as well as the thickness 

of the aquifer. Based on lithological data in 

Kemuning, its aquifers were reported to possess 

sandy silt and gravel sand types, contributing a 

hydraulic conductivity value of 225.04 m/day. This 

value is average conductivity constant of sandy 

silt and gravel sand. Furthermore, an aquifer 

thickness of 43.98 meters was observed, and the 

transmissivity coeicient value of 9 897.26 m2/day 

was assumed.

3 Discussion

3.1 Groundwater table depth model

Fig. 1 The three-dimensional model of gro-undwater depth in (a) 2015 (b) 2016 (c) 2017, and (d) 2018

Three-dimensional models of underground 

water for 2015 to 2018 in Kemuning District are 

shown in Fig. 1, with the maximum recorded as 

10.52 m, 8.77 m, 3.36 m and 3.47 m, while the 

minimum included 10.06 m, 8.53 m and 2.86 m, 

respectively. Furthermore, the average documented 

values were 10.49 m, 8.75 m, 2.89 m, and 2.99 m. 

These depths are typical for supericial water table 
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(Dykes A P and Thornes J B, 2000; Rossatto D R 

et al. 2012).  

In addition, the deepest occurred in 2015, 

and the most influential environmental factor 

also occurred in same year, where there was 

signiicant water demand in the agricultural sector, 
amounting to 4 895 942.4 m3/yr. Meanwhile, within 

the subsequent years, 2016 and 2017, the values 

obtained were 4 079 894.4 m3/yr and 1 376 438.4  

m3/yr, respectively. Comparatively, an elevation 

in environmental factors causes deepness in the 

underground water, which further aggravates 

diiculty in its discovery (Canteiro M et al. 2019; 

ZHANG Xuan-chang et al. 2017).

Results in the form of a three-dimensional model 

for the predictions of 2019 to 2022 in Kemuning 

District are shown in Fig. 2, where the maximum 

depth was 3.63 m, 3.84 m, 4.13 m and 4.53 m, while 

the minimum were 3.16 m, 3.41 m, 3.74 m, and 4.2 

m, respectively. Therefore, the average recorded 

values were 3.19 m, 3.43 m, 3.77 m, and 4.22 m, 

respectively.

The depth of underground water is obtained 

by the computation for two-dimensional model, 

and Equation (5), using the Matlab® software. 

Meanwhile, the data obtained showed a mesh 

graph, illustrating the water distribution, where a 

higher extension to the x-axis and y-axis demon-

strated a farther distance from the land surface. In 

addition, it also depicted a color, which stated the 

change in depth, where yellow indicates deepness, 

also known as maximum depth, and blue indicates 

minimum. 

The highest value of environmental factors 

was forecasted to occur in 2022, which is expected 

to highly inluence the bottom water depth of the 
particular yearly water demand in the agricultural 

sector, amounting to 1 444 066.15 m3/yr. This was 

followed by domestic demand, which amounted 

up to 813 631.75 m3/yr. Furthermore, the require-

ments for 2019 to 2021 are also most signiicantly 
inluenced by the environment, where agricultural 
demands were projected 1 401 236.04 m3/yr, 

1 414 719.05 m3/yr, and 1 428 980.76 m3/yr, while 

the domestic demand ought to be 767 033.25 m3/yr, 

782 399.9 m3/yr, and 797 931.6 m3/yr.

Fig. 2 The three-dimensional model of groundwater depth in (a) 2019, (b) 2020, (c) 2021, and (d) 2022

The depth value obtained per annum in Ke-

muning was depicted in Fig. 3, where in 2015, 

2016 and 2017 a shallower manifestation was 

observed, due to the decreasing agricultural 
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consumption, especially by rice (BPS, 2018). 

From our observation, the decreasing land use for 

paddy cultivation is caused by land conversion for 

other use such as resident and palm oil plantation. 

Furthermore, for 2018 to 2022 it shows increase, 

assuming the value of water requirement remains 

constant, because if a growth is observed from the 

previous year, the demand becomes zero. Hence, 

the most influential environmental factors in 

prediction include agricultural, domestic, public 

facilities and livestock sectors.

 

Fig. 3 Groundwater depth changes in Kemuning from 2015 to 2022

3.2 Estimation of groundwater availa-
bility

Kemuning is a fairly safe area with unde-

rground water potential up to 2017, and expected 

to remain that way by 2022 as shown in Fig. 4. 

This study, therefore, assumes recharge values as 

the amount of available groundwater, while its 

demand is considered to be the sum of domestic, 

public facilities, trade, agriculture and livestock 

needs. The average gap between water availability 

and the demand is about 1.06×108 m3/yr. 

Fig. 4 The amount of water availability and water demand in Kemuning

The value of obtainable water is much greater 

than the demands, due to the existence of numerous 

GOS recharge areas, emerging from the built 

part of the district. Meanwhile, the extent of this 

GOS zone makes rainwater easier to return to 

the underground flow, hence, maintaining the 

quantity (Canteiro M et al. 2019; ZHANG Xuan-

chang et al. 2017). For ideal urban city, GOS area 

should be 30% from the total area (Van Heezik 

et al. 2012; Mahmoudi P et al. 2015; Treija S et 

al. 2012), so that the region will be livable and 

in fresh air condition (Bratina J N, 2014; Davis 
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A Y et al. 2016). GOS area in Kemuning is about 

489.11 km2 and the total area is 525.48 km2 (BPS, 

2018). It means that the GOS area is more than 

90% of total area and large enough to receive more 

water iniltration (Canteiro M et al. 2019; ZHANG 

Xuan-chang et al. 2017; Caplan J S et al. 2019). In 

addition, this region also possesses an aquifer with 

a thickness of 43.73 m. 

4 Conclusions

It can be concluded that availability of 

underground water between 2015 and 2022 in 

Kemuning is observed as a safe condition, with 

an average estimated difference in value between 

the availability and requirement of 105 846 856.6 

m3/yr. The depth of groundwater is, however, 

inluenced by the aquifer parameters. In addition, 
storativity calculated for Kemuning District was 

16.514, indicating the preference to compare the 

amount of water possibly obtained from saturated 

rocks, than with total rock volume by 16.514%. 

Meanwhile, the transmissivity calculated was 

9 897.26 m2/day. Changes in the value of the 

depth for the underground water, which was due to 

integrated environmental factors, including aquatic 

demands, water recharge and aquifer parameters 

from 2015 to 2022 was 2.8965 m to 10.4927 m, 

respectively.

Acknowledgements

The authors expressed gratitude and thanks to 

Laboratory of Basic Physics FMIPA Universitas 

Riau for providing equipments and Mr. Romi Fadli 

Syahputra for writing assistance of the paper. This 

research was funded by Ministry of Research and 

Higher Education through LPPM Universitas Riau 

under grant number 09/UN.19/KP/2018 and the 

APC was funded by the authors.

References

Ball P. 2017. Water is an active matrix of life for 

cell and molecular biology. Proc Natl Acad 

Sci USA, 114(51): 13327-13335. 

Beven K, Germann P. 2010. Macropores and water 

flow in soils revisited. Water Resources Re-

search, 49(6): 3071-3092. 

Brack W, Dulio V, Ågerstrand M, et al. 2017. 

Towards the review of the european union 

water framework management of chemical 

contamination in european surface water 

resources. Science of the Total Environment, 

576: 720-737. 

Bratina J N. 2014. Perception, experience and the 

use of public urban spaces by residents of 

urban neighbourhoods. Urbani Izziv, 25: 107-

125. 

Canteiro M, Olea S, Escolero O, et al. 2019. 

Relationships between urban aquifers and 

preserved areas south of Mexico City. Ground-

water Sustainable Dev, 8: 373-380.  

Caplan J S, Galanti RC, Olshevski S, et al. 2019. 

Water relations of street trees in green in-

frastructure tree trench systems. Urban for 

Urban Greening, 41: 170-178. 

Chonova T, Lecomte V, Bertrand-Krajewski J-L, 

et al. 2018. The SIPIBEL project: Treatment 

of hospital and urban wastewater in a con-

ventional urban wastewater treatment plant. 

Environmental Science and Pollution Re-

search, 25: 9197-9206. 

Crosbie R S, Peeters L J M, Herron  N, et al. 

2018. Estimating groundwater recharge and 

its associated uncertainty: Use of regression 

kriging and the chloride mass balance me-

thod. Journal of Hydrology, 561: 1063-1080. 

Dasgupta N, Ranjan S, Ramalingam C. 2018. 

Applications of nanotechnology in agricul-

ture and water quality management. Environ-

mental  Chemistry  Letters, 15(4): 591-605. 

Davis A Y, Jung J, Pijanowski B C, et al. 2016. 

Combined vegetation volume and "greenness" 

affect urban air temperature. Applied Geo-

graphy, 71: 106-114. 

Dykes A P, Thornes J B. 2000. Hillslope hydrology 

in tropical rainforest steeplands in Brunei. 

Hydrological Processes, 14: 215-235. 

Fetter C W. 1994. Applied hydrogeology. Prentice 

Hall: New Jersey, USA. 

Gavin K, Xue J. 2008. A simple method to analyze 

infiltration into unsaturated soil slopes. 

Comput. Geotech, 35: 223-230.  

Guymon G. 1994. Unsaturated zone hydrogeology. 

Prentice Hall: New Jersey, USA. 

Indonesian Statistics (BPS). 2018. Kemuning 

District in numbers. BPS Indragiri Hilir 

regency: Tembilahan, Indonesia.  

Juandi M and Syahril S. 2017. Empirical relation-

Journal of Groundwater Science and Engineering    Vol.8 No.1: 20—29



http://gwse.iheg.org.cn 29

ship between soil permeability and resistivity, 

and its application for determining the 

groundwater gross recharge in Marpoyan 

Damai, Pekanbaru, Indonesia. Water Practice 

and Technology, 12(3): 660-666.  

Juandi, M. 2017. 2 D quantitative the model using 

numerical underground water low rate equation 
to study the damage of groundwater resources. 

Journal of Environmental Hydrology, 25(1): 

1-19.

Kobielska P A, Howarth A J, Farha O K, et al. 2018.  

Metal-organic frameworks for heavy metal 

removal from water. Coordination  Chemistry  

Reviews, 358: 92-107. 

Kumalajati E, Sabarnudi S, Budiadi, et al. 2015. 

Analysis of water demand and availability in 

Keduang watershed in Central Java. J Tekno-

sains, 5: 9-19.  

LIU Chang-ming,  YU Jing-jie, Kendy E. 2001. 

Groundwater exploitation and its impact on 

the environment in the North China Plain. 

Water Tnternational, 26(2): 265-272. 

LU Chen-xi, ZHAO Ting-yang, SHI Xiao-liang, et 

al. 2018. Ecological restoration by aforesta-
tion may increase groundwater depth and 

create potentially large ecological and water 

opportunity costs in arid and semiarid China. 

Journal of Cleaner Production, 176: 1213-

1222. 

Mahmoudi P, Hatton Macdonald D, Crossman N 

D, et al. 2015. Space matters: The importance 

of amenity in planning metropolitan growth.  

Aust J  Agric Resour Econ, 57: 38-59. 

Muhammad Juandi, Antonius Surbakti, Riad 

Syech, et al. 2017. Potential of aquifers for 

groundwater exploitation using Cooper Jacob 

equation. Journal of Environmental Science 

and Technology, 10: 215-219. 

National Standardization Agency (BSN). 2002. 

Preparation of resource balance, section 1: 

Spatial water resources-SNI 19-6728-2002; 

National Standardization Agency: Jakarta, 

Indonesia. 

Rezaei Kalvani S, Sharaai A, Manaf L, et al. 2019. 

Assessing ground and surface water scarcity 

indices using ground and surface water 

footprints in the Tehran Province of Iran. 

Appl Ecol Environ Res, 17: 4985-4997. 

Rossatto D R, De Carvalho Ramos Silva L, 

Villalobos-Vega R, et al. 2012. Depth of water 

uptake in woody plants relates to ground-

water level and vegetation structure along a 

topographic gradient in a neotropical savanna. 

Environmental & Exprimental Botany, 77: 

259-266. 

Samso  R, Garcia  J, Molle  P, et al. 2016. Modelli-

ng bioclogging in variably saturated porous 

media and the interactions between surface/

subsurface lows: Application to constructed 
wetlands.  Journal of Environmental  Manage-

ment, 165: 271-279. 

Thomas R and Duraisamy V. 2018. Hydro-

geological delineation of groundwater vul-

nerability to droughts in semi-arid areas of 

western Ahmednagar district. The Egyptian  

Journal of  Remote Sensing and Space Science, 

21: 121-137. 

Todd  D K and Larry  W M. 2005. Groundwater 

hydrology, 3rd ed. John Wiley & Sons, Inc 

New Jersey, USA. 

Treija S, Bratuškins U, Bondars E. 2012. Green 

open space in large scale housing estates: 

Aplace for challenge. Journal of  Architecture 

Urbanism, 3: 264-271. 

Wada Y, Wisser D, Bierkens M F P. 2014. Global 

modeling of withdrawal, allocation and 

consumptive use of surface water and ground-

water resources. Earth Sys Dyn, 5: 15-40.  

ZHANG Ji-en, WANG Tian-ming, GE Jian-ping. 

2015. Assessing vegetation cover dynamics 

induced by policy-driven ecological restora-

tion and implication to soil erosion in south-

ern China. PLOS One, 10(6): e0131352. doi: 

10.1371/journal.pone.0131352. 

ZHANG Xuan-chang, MI Feng, LU Nan, et al. 

2017. Green space water use and its impact 

on water resources in the capital region of 

China. Physics and Chemistry of the Earth, 

Parts A/B/C, 101: 185-194. 

Journal of Groundwater Science and Engineering    Vol.8 No.1: 20—29


