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Abstract: This research intends to build an interaction model between rainfall, lake water, and ground
water. The location of research is in the Sentani Lake where is placed in the Jayapura Regency-Papua-Indonesia.
Sentani Lake is a lake in the Sentani Watershed. Sentani Lake is located between Jayapura City and Jayapura
Regency-Papua Province. The area of Sentani Lake is 9,630 ha with the depth is 75 m over the sea. In the northem
of this lake are the Cyclops Mountains (Dafonsero) that separate the Sentani Lake and the Pacific Sea. The Sentani
Lake functions as the track of transportation, food source, drinking water source, and tourism. Based on the
bathymetry analysis result which is obtained from the River Region Institution of Papua, the Sentani Lake has the
smallest elevation from 13.05 mdpl until 71.5 mdpl with a maximum storage capacity of 4.8 milliard m*. The
methodology of this research consists of 1) To set and to simulate of Hydrology Model; 2) Analysis of water
balance; 3) To set up the hydro-geology model; 4) To simulate the integration of rainfall-lake water- ground water.
The interaction model between rainfall and lake waters is built based on the relation between the outlet discharge
and the rainfall at 10 points and then is validated at the 5 points of observation data. This model produces the
formulation as follows: inflow to the lake from rainfall = 0.067 x rainfall — 5. The interaction model between the
lake water level and the ground water level is built based on the value of ground water-level fluctuation and the lake
water level at the 10 points, and it is validated at the 6 points of observation data. This model produces the
following formulation: fluctuation of ground water level = 0.1529 x fluctuation of lake water level. By combining
the ground water and run-off in the Sentani Watershed, it is known as follows: inflow total of lake = base-flow +
0.067 x rainfall — 5.
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1. Introduction

The impact of human activities on the ecosystems
has long been recognized, and there is increasing the
evidence to support the indicator that we have entered
the anthropogenic period [1]. Some human activities
have been documented and recorded as one of the main
driving forces that are simultaneously changes in the
natural environment [2], the landscape spatial pattern
[3, 4], and goods and service availability in the
ecosystem [5]. The problems about the inundation and
flooding are more critical generally because of the
climate change and, specifically, change in the rainfall
intensity [6].

In 2013, the height increasing of Sentani lake water
level was 1-2 m and caused area inundation in
surrounding Sentani Lake. According to the
environment agency in the United Kingdom, the lake
water level increased if there was the extreme rainfall,
so the soil and geology became saturated and caused
the ground water level to rise, and the lake water level
was increasing [11]. The ground water and lake water
can impact one another from the quantity and quality
side [7]. The main factor that affects the fluctuation of
the lake water level is necessary to be analyzed through
the integrated simulation between rainfall-lake water-
ground water.

The other analysis mentioned that, in the Sentani
Watershed, mainly in the Sentani Lake, the increasing
water level is caused by the high rainfall, big erosion
speed, and the slope gradient in the Sentani Lake that is
more than 5%. This condition causes the erosion and
sedimentation that gives impact on the increasing
Sentani Lake water level [8]. The other researcher said
that the increasing critical area and high rainfall
intensity in the upstream of Sentani Lake can cause the
increasing of lake water height because the rainfall
flow in the upstream will enter as the inflow into
Sentani Lake. The increase of critical area plays a
critical role in forming the run-off because it can
change the other hydrology processes, such as
infiltration, evapotranspiration, interception, and
erosion [9].

To evaluate the change in forming the run-off on a
spatial and temporal scale, an analysis of land use
change is very needed [3, 10] that recommend the use
combination of hydrology model and traditional
statistical tests to analyze the impact of land use change
on the run-off in the water catchment scale. However,
this research will analyze the much-influenced
component in the increasing of Sentani Lake water
level through the approach of numerical simulation and
water balance.

2. Material and Method

2.1. Research Location

Sentani Lake is located in the Jayapura Regency-
Papua-Indonesia. Sentani Lake is located between
Jayapura City and Jayapura Regency-Papua Province
with the coordinate is in the east longest of 140°23‘—
140°50¢and south longest of 2°31‘~ 2°41°LS (Fig. 1 and
2).
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Fig. 1 Location of Sentani Lake
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Fig. 2 Watershed map in the surroundings of Sentani Lake

2.2. Research Methodology

This research consists of five steps: 1) Literature
study; 2) Data collection; 3) Field survey; 4) Data
analysis; 5) Development of model and simulation.

2.3. Analysis of Design Flood

The design flood is analyzed in the Sentani Lake
Watershed. The scheme used is the same as the
analysis of water availability except the parameter of
losses. The analysis of losses actually uses the same
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parameter as the water availability analysis method
using the same Curve Number value (CN), only the
analysis is different such as using the parameter of
initial abstraction (la) with the formulation as follows:
25.400- 254 CN
la =02 (225 0
However, the base-flow is using the recession
parameter and the ratio to the peak. This parameter is
used to determine the form of the flood hydrograph at
the study location. The different value of recession is
connected with the provision. This range can be seenas
in Table 1. However, the value of ratio to peak is
obtained by trial and error regarding the hydrograph
form that is desired.

Table 1 Value range of the recession
Flow Component Recession Constant, Daily

Groundwater 0.95
Interflow 0809
Surface runoff 0308

2.4. Numeric Simulation between Lake and Ground
Waters

The numeric simulation between the lake water and
ground water is carried out using the Modflow.
Modflow is a three-dimensional ground water numeric
model that uses the finite difference (based on the
Darcy Law and Fluid Mass Eternity Law) to simulate
the saturated flow. As the grid-based model, the
analysis is carried out in the point that is located in the
middle of every grid (Fig. 3).
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Fig. 3 Flowchart of box center indicates how the M odflow carries
out the analysis

The equation of finite difference is evaluated in the
point that is located in the cell center, in the three
dimension directions for determining the inflow and
outflow flux. In the Modflow, the ground water flow is

regulated with the fluid mass eternity law as follows:
_ ab"x _ ﬂt"‘_\l _ Iab‘f - E’h
axr ay adz Car @)
where v is the velocity, h is the hydraulic head, t is the
time, and Ss is the specific storage in the pore media.
The Darcy Law is as follows:
Kk, 2"

Xy (3)
where K is the hydraulic conductivity for pore media.
The equation of ground water flow in the x, y, and z
directions is presented with the following equation:

Ve = —

a ahy @ ahy @ dh _dh

e Ko z) + oy (B ay) + 3z (Ke) *W =537

In the equation above, K changes the v, and W
shows an external factor like a pump well. If the
infinitesimal difference (dx, dy, dz) is changed with the

finite difference (A% AY,42) ' the equation for x-
direction is as the following:

d dhy 1 (hit1 —h1)
P (Kxx E) =T (Km;z Tﬂ,«: —Ki—12

(hy - hi-i))
Axiqyz (5)

3. Results and Discussion

3.1. Interaction Conceptual Model of Lake and
Ground Waters

The conceptual model is built based on the geology
and hydro-geology condition. This model is built by
entering the topography, hydraulic conductivity value
of the layer, and boundary condition in the software of
Modflow. Geologically, the survey area plan (Fig. 4)
that is Yalimo Regency-Papua in the geology map of
Lembar Rotanburg/Idenburg Barat-Irian Jaya is located
in the Kambelangan stone group and is not separated
from the specific type of mud or clay limestone.

Geological Map of the Survey Area

Fig. 4 Geo-electric survey locations

Based on the interpretation result of geo-electric
data in the first location (Fig. 4), the resistivity value of
stone in this location is approximately 0-537 ohm.m.
The resistivity value of stone in the range 3—25 ochm.m
is interpreted as silt, however, in the range 15-300
ohm.m is interpreted as sand. Based on the regional
geology map, the stone in this area is as the alluvium
layer that is dominated by sand and silt. At points GL-
10 and GL-1, the first layer is the topsoil. The second
layer is dominated by clay, and the third one is the
sandy layer. At points GL-3 and GL-11, the first layer
is the topsoil, the second one is clay with the thickness
between 1 and 9 m, and the third one is a sandy layer
with the thickness between 56 and 87 m. In the point
GL-11, the first layer is as the cover layer, the second
one is the interlude between sand and silt, and the third
one is dominated by silt. In the point GL-9, the first
layer is as the cover layer, the second one is dominated
by silt with the depth between 1 and 71 m, and the third
one is a sand layer with the depth between 71 and 100
m (Fig. 5).
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Fig. 5 Geo-electric section: Points GL-9, GL-11, GL-3, GL-2, GL-
1, and GL-10
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The second location consists of points GL-4, GL-5,
GL-6, GL-7, and GL-8. The resistivity value of stone in
this location is in the range 0-145 ohm.m. At points
GL-4 and GL-6, the first layer is the cover layer, the
second one is dominated by sand, and the third one is
dominated by silt with the thickness between 60 and 70
m. At points GL-5 and GL-6, the first layer is the cover
layer, the second one is silt with the thickness is 5, the
third one is sand with the thickness between 30 and 40
m, and the fourth one is silt with the thickness is 50 m.
In the point GL-8, the first layer is the cover layer, the
second one is silt with the thickness is 40 m, the third
one is sand with the thickness is 60 m (Fig. 6).
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Fig. 6 Geo-electric section at Points GL-4, GL-6, GL-5, GL-7, and
GL-8

The interpretation of geo-electric data shows that in
the northern of Sentani Lake, the upper layer is
dominated by silt except in the point GL-3 and GL-2.
However, in the lower one is as the sandy layer. This
location is the part of alluvium formation that consists
of arm, gravel, sandy gravel, and silt. In the southern
part, the upper layer is sand, and then the lower part is
dominated by a sandy layer. This location is as the part
of the Makats formation that consists of Grewek, which
is interspersed with silt stone and clay stone. Fig. 7 is a
section of the three-dimensional geo-electric point.

Fig. 7 Three-dimensional section of geo-eiectric point in the Sentani
Lake area

Generally, the topography of the research location
supports the ground water and lake water flow,
concentrated in the Sentani Lake. Based on the regional
geology map and the value of hydraulic conductivity
for the stone layer in this research location is classified
into 3 such as order 10-4 for alluvial, order 10-5 for
sandy stone, and order 10-9 for Melange and frozen
stone (Fig. 8). As the aim of the research is to know the
pattern of ground water — lake water fluctuation, so the
boundary condition that is used in Sentani Lake is the
constant head for this model. However, the other
research that is carried out by [13] uses the lake
boundary condition for a lake.
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Fig. 8 Hydro-geological conceptual model of Sentani Lake

The fluctuation pattern of ground water level
follows the fluctuation of Lake water level in the low
land area surrounding Sentani Lake. It agrees with the
research of [14] that the transient ground water
fluctuates with the lake water level, so there is happen
the cross. Part of [14] is determined in the flat land in
surrounding Sentani Lake. The fluctuation pattern of
ground water level — lake water level is analyzed
through 3 scenarios that are the scenario-1 if the lake
water level is down to 1 m, the scenario-2 if the lake
water level is normal, and scenario-3 if the lake water
level is on the land surface. From the section of the
three scenarios in the Fig. 9 and 10, it is seen that the
higher lake water level causes the higher ground water
level. Then, the fluctuation pattern is observed in the
northern flat land and southern Sentani Lake that have
the different stone.

The north lookout B that has the alluvial lithology
experiences more dynamic the ground water fluctuation
and it follows the lake water level because it has higher
hydraulic conductivity. This agrees with the simulation
of a constant head lake in an alluvial aquifer by [15].
Fig. 9 presents the interaction section Ground Water —
Lake Water +1 (a) Normal Lake Water (b) Lake Water
-1 (c) and Fig. 10 presents the interaction pattern of
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Fig. 9 Interaction section of ground water — lake water +1 (a),
normal lake water (b), lake water -1 (c)
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Fig. 10 The ground water — lake water interaction pattern

Based on the numeric simulation carried out, there
is found the relation between ground water level and
lake water level of Sentani Lake as follows:

Fluctuation of ground water level = 0.1529 x
fluctuation of lake water level (6)

This formulation is obtained through the
relationship between the lake water level and the
ground water level at the 10 points with the distance of
500 m from the lake (Fig. 11). Additionally, there is
carried out the validation test of the model result in
relation to the observation result for the other 6 points,
and there is determined the good enough correlation
coefficient that is 0.97.

The Relation Model of Groundwater Table and Lake Water Table

Lake Water Table Fluctuation

Fig. 11 Sample point for building the model of ground water-
ground water and validation point

3.2. Interaction Conce ptual Model of Rainfall-Lake
Water-Ground Water

The interaction model of rainfall-lake water-ground
water is built using the SWAT-MODFLOW. This
mode| studies the interaction of ground water-lake
water through the water balance, infiltration pattern,
discharge pattern, and contribution of ground water to
the inflow of lake water because the factors affect one
another. However, the approach that is used by the
SWAT model is watershed of river. So, there is taken
the sample of watershed that represents the whole
condition of geology and geomorphology in
surrounding Sentani Lake for analyzing the interaction
of rainfall-lake water-ground water in surrounding
Sentani Lake.

The more ground water discharge and soil
saturation in the Sentani area can be caused by the
geology and geomorphology conditions due to the high
stone permeability in the downstream, so the ground
water in the mountain area of Sentani is big enough to
concentrate in the downstream [12]. To evaluate the
hypothesis, there is seen the infiltration pattern in
surrounding Sentani Lake. Fig. 12 shows that the low
infiltration is in the mountains that have frozen and
metamorphic stone; however, the high absorption value
is in the lowland area with the alluvial lithology. By the
high rainfall in the Sentani Lake llarea, the infiltration
value in the mountains may be caused by the low stone
permeability, so there is much water is flowing to the
downstream. However, the high infiltration condition
in the downstream can cause the saturated ground
water condition in the downstream. This implication of
the condition causes most of the river stream in
surrounding Sentani to be dominated by the overflow
of ground water or is usually mentioned as gaining
stream.

In the rainy season, there is low absorption in the
surroundings of the Cyclops Mountains, so the heavy
rainfall is flowing to the downstream. In the dry season,
area with the low absorption is widening to the
downstream. The concentrated infiltration is only in the
downstream near the Sentani Lake. In the rainy season,
the rainfall as the overflow of ground water is formed
in almost the whole river stream with the discharge is
10,000 until 30,000 m® per-day. The catchment area of
concentrated ground water is in the middle between
downstream and upstream in the dry season. Generally,
the river stream is dominated only by the over flow of
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ground water; however, the discharge is not as large as
in the rainy season. In the downstream area that is
waterproof tends to change the rainfall into surface run-
off and influences the fluctuation of river discharge
(Fig. 12).

Dry Season

X - mi_rch_monthly
X 00-01

Wet Season

Fig. 12 Distribution of monthly infiltration in the Yahim Watershed

3.3. Water Balance of SWAT

To analyze the contribution of groundwater to the
Sentani lake water through the hydrograph analysis, we
can see the contribution of ground water to the water
discharge. The contribution of ground water to the lake
water is big enough, 10-15 m’/s on average, as
presented in Fig. 13.
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Fig. 13 Monthly discharge of Yahim Watershed

The high base flow shows that the saturation of
ground water is in the surrounding locations due to the
saturated soil. Most rainfall is difficult to be absorbed
into soil and becomes as flood run-off. Through the
water balance, as presented in Fig. 14, it is seen that the
river flow discharge (green) is dominated by the
ground water discharge (old-green), but the ground
water discharge tends to be stable form season to
season, so when there is an extreme flow discharge, the
dominating influencer is rainfall. This condition usually
happens in the locations surrounding the mountains
because there is more rainfall that is absorbed. Its part
leaks and returns to the surface due to the saturated
aquifer condition, as presented in Fig. 14.
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Fig. 14 Balance of rainfall-lake water-ground water
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From the analysis of the mudflow budget zone as
presented in Fig. 15, the ground water absorbed in the
Sentani Watershed accumulates in lake, so the base
flow accumulates in Sentani Lake. By combining the
ground water and rainfall run-off in the Sentani
Watershed, there is known that: Inflow total of lake =
Base flow + 0.067 x Rainfall — 5.
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Fig. 15 Interaction of absorption — overflow in the Yahim
Watershed

4. Conclusion

This research intends to build an interaction model
between rainfall, lake water, and ground water by
simulating the integration of rainfall-lake water-
ground water. The interaction model of rainfall-lake
water is built based on the relation between the outlet
discharge and rainfall at the 10 points, which is
validated by the observation data in 5 points, the model
produces the formulation as follows: Rainfall into the
lake = 0.067 x rainfall -5.

The interaction model of lake water level-ground
water level is built based on the relation between the
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fluctuation of ground water and the lake water level in
the 10 points, which is validated to the 6 points. The
model produces the following formulation: fluctuation
of ground water level = 0.1529 x fluctuation of lake
water level.

By combining the ground water and rainfall run-off
in the Sentani watershed, there is known as follows:
Inflow total of Lake = base flow + 0.067 x rainfall — 5.
This model is the integration of rainfall-lake water-
ground water and it is suitable for the lake that is
related to rainfall and ground water.
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