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Groundwater Recharge Area - A Case Study of Choshuihsi Alluvial
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Applying Model Simulation to Identify The Importance of Protecting
Groundwater Recharge Area - A Case Study of Choshuihsi Alluvial Fan,
Taiwan

Jui-Er Chen (1), Chih-Chao Huang (2), Yun-Shuen Wang (3), Jui-Pin Tsai (4), Liang-Cheng Chang (5), Yu-Wen
Chen (6), You-Cheng Chen (7), and Yun-Chih Wang (8)
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Technical Specialist of Central Geological Survey, Tarwan, (4) Post Doctoral Researcher of the Department of Civil Eng. .
National Chiao-Tung University, Taiwan, (5) Professor of the Department of Civil Eng. | National Chiao-Tung University,
Taiwan, (6) Post Doctoral Researcher of the Department of Civil Eng. . National Chiao-Tung University, Taiwan, (7) PhD.
student of the Department of Civil Eng. , National Chiao-Tung University, Taiwan, (8) Assistant Researcher of the Department
of Civil Eng. , National Chiac-Tung University, Taiwan

Groundwater is an important source of water supply, especially for areas lacking in surface water. Many countries
have delineated recharge areas to protect groundwater resources. If the areas were not protected, the groundwater
quantity and quality would be affected because of human activities. To understand the importance of recharge
areas, this study applied MODFLOW and MODPATH to qualify the effects after a recharge area was polluted.
This study developed a steady state groundwater simulation model consisting of three aquifers to simulate the
groundwater low of Choshuihsi Alluvial Fan. The simulation heads from MODFLOW were used as input into
MODPATH to estimate concentration field. The initial condition of MODPATH was that the contamination
particles were distributed on the surface of the shallow aquifer inside the recharge area and the simulation period
was set as 200 years. Results shows that parts of the particles flow into the deep aquifers and parts of them flow
into the distal-fan of the shallow aquifer 200 vears. The result also shows that 22.2%, 45.3% and 22.4% of the
three aquifers were polluted, respectively.

The second aquifer was polluted widest, this is because the confining bed at mid-fan and distal-fan between first
aquifer and second aquifer were well developed. This caused the recharge of second aquifer to rely on the lateral
recharge from recharge area and so does third aquifer. Furthermore, the large amount of pumpage at distal-fan of
second aquifer caused groundwater level to lower. This situation makes a higher head difference between top-fan
and distal-fan of second aquifer. Therefore, the contamination from recharge area has more opportunity to be
transported to distal-fan.
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The Definition of Groundwater Recharge Area Using GIS Approach -A
Case Study of Choshuihsi Alluvial Fan, Taiwan

JuiPin Tsai (1), Yu Wen Chen (1), Liang Cheng Chang (1), Chun Jung Chiang (2), Jui Er Chen (2). and You
Cheng Chen (1)
(1) Civil Eng., National Chiao Tung University, Hsinchu, Taiwan . (2) Central Geological Survey, New Taipei County, Taiwan

Groundwater recharge areas are regions with high permeability that accept surface water more readily than other
regions. If the land use/cover were changed, it would affect the groundwater recharge. Also, if this area were
polluted, the contamination easily infiltrates into the groundwater system. Therefore, the goal of this study is to
delineate the recharge area of Choshuthsi Alluvial Fan.

This study applies 6 recharge potential scale factors, including land use/land cover, soil, drainage density, annual
average rainfall, hydraulic conductivity and aquifer thickness to estimate the infiltration ability and storage
capacity of study area. The fundamental data of these factors were digitized using GIS (Geographic Information
System) technology and their GIS maps were created. Then each of these maps was translated to a score map
ranged from 1 to 100. Moreover, these score maps are integrated as a recharge potential map using arithmetic
average, and this map shows recharge potential in 5 levels, such as very poor, poor, moderate, good and excellent.
The result shows that majority of “good” and “excellent” areas 1s located at the top of the fan. This is because
the land use of top-fan is agricultural and its surface soil type is gravel and coarse. The top-fan, which is close
to mountain areas, has a higher average annual rainfall than other areas. Also, the aquifer thickness of top-fan is
much thicker than other areas. The percentage of the areas ranged as “good” and above is 9.63% of total area, and
most areas located at top-fan. As a result, we suggest that the top-fan of study area should be protected and more
field surveys are required to accurately delineate the recharge area boundary.
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Abstract

Pingtung Plain is one of the most important groundwater areas in Taiwan. Because of the over usage of
eroundwater resource, several kinds of environmental impacts and natural hazards such as land subsidences and
seawater intrusions have happened near the coast area of Pingtung Plain. To avoid the environmental impacts, an
accurale quantification estimation of groundwater recharge is crucial for the planning of sustainable management
for groundwater resources. Traditionally, groundwater numerical modeling is the most popular approach to esti-
mate the quantity of regional recharge. Based on the assignment of different boundary conditions in numerical
modeling, the spatial distribution of pumping can be accurately determined. However, because the construction
process and the calculation of groundwater numerical modeling is more complex and the computational burden of
numerical modeling is large, the length of the time step of numerical modeling for regional groundw ater system
traditionally is a month or a season which is much longer than the lengths of precipitation events. Because the
low sampling frequency is like a kind of low pass filler might ignore the impact of precipitation events, a monthly
numerical model is difficult to simulate the increasing quantity of groundwaler storage during or after a precipi-
tation event. Besides, because the increasing quantity of groundwater storage is the combined effect of pumping
and recharge, also called net recharge, the recharge and pumping quantities are very difficult to be separated only
using a numerical model. To overcome the disadvantage of numerical modeling for separating the recharge and
pumping. a Water-Table Fluctuation (WTF) method can determine these two terms based on the fluctuations of
groundwaler levels or storage from different periods, such as draught period and flooding period. For example,
because the quantity of recharge during draught period is rare enough to be ignored, the fluctuation of system
information can be used to determine the potential decline quantity include pumping quantity and loss quantity.
In this study, daily groundwalter levels are also used in WTF to avoid the impact of low sampling frequency men-
tioned above. Therefore, this study propose a hybrid architecture which integrates the water balance results of

16



WTF and numerical modeling to estimate the the annual quantities of recharge, pumping and loss for Pingtung
plain.

In this study, the integrated result demonstrate the groundwaler balance analysis of Pingtung plain from 1999
to 2010. The averages of annual pumping for F1, F2 and F3-1 respectively are 133, 440 and 412 million tons and
the average pumpage for the entire system is 985 million tons. The loss quantity of entire system is about 825 to
1393 million tons. The recharge quantity is about 1270 to 2124 million tons, the average quantity of recharge is
1765 million tons and the relationship between the accumulated quantities of recharge and precipitation for each
precipitation event is positive based on a linear regression analysis. The linear regression model demonstrates
that if every 100 (rmm) of precipitation may cause 62 million tons recharge. The proposed hybrid architecture
have the ability to demonstrate the status of water balance before, during and afier precipitation events. The loss
quantity is about the 63% of the quantity of vertical recharge and, therefore, the quantity of effective recharge is
about the 37% of the quantity of vertical recharge.

Water-Table Fluctuation, Groundwater Numerical Modeling, MODFLOW, Pingtung Plain and Groundwater
Recharge
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Groundwater is an important source of water supply. Understanding hvdrogeological parameters is necessary be-
fore estimating groundwater resource. However, high uncertainty is expected for hydrogeological parameters such
as hydraulic conductivity and storage coefficient. Traditionally, these parameters are obtained using pumping tests.
Nevertheless, due to high cast, limited data can be collected. The 1D electrical resistivity survey, a relatively low
cost method, provides an alternative for estimating hydrogeological parameters. Most studies that use 1D electrical
resistivity survey for parameter estimation incorporate Ariche’s Law. This law is used to obtain (1) the formation
factor and (2) the relationship between the formation factor and field data using a regression equation. Gener-
ally, Ariche’s Law is used for sandy soil and the effects resulted from clay are usually neglected and a regression
equation is usually applied to the entire studied area. This study uses Ariche’s Law to develop multiple regres-
sion equations for different hydrogeological conditions and takes clay into consideration for parameter estimation.
The developed algorithm is applied to estimate hydraulic conductivity of alluvial fan of Chou-Shui River Basin in
Taiwan. The fan top is sandy soil. The fan center and fantail have a considerable portion of mud in aquifers. Two
regression equations are developed for the parameter estimation of study area.
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The Flood Effects on Infiltration Rates in a Disconnected Stream
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In theory, infiltration rates increase linearly with river water depth, as indicated by Darcy's law. Previous studies
show average infiltration rate in a disconnected stream was doubled during the summer flood months than the win-
ter and estimate 40% of the total aquifer input was from river flooding infiltration. However, some studies suggest
an increase in water depth will compress the clogging layer, which then becomes less permeable. Infiltration rates
did not increase linearly with water depth and sometimes actually decrease, as had been observed in field cases and
column tests. In a flood event, an older clogged streambed may be eroded but a new one will be forming quickly
while the concentration of suspended load is very high. Our purpose is to understand the flood effects on infiltration
rates in a disconnected stream. We use diurnal temperature time series to determine the daily streambed infiltration
rates during several flood events in a disconnected stream, the Chohsui stream, in Central Taiwan. Our data do not
support the flood dramatic increasing infiltration rate theory. The infiltration rates were also low in the flooding
season because of the streambed was clogged very quickly with large load of suspended particle. However, the
total recharge amount to aquifer would be increase because the increase of wet perimeter in the stream during a
flood period.
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