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Abstract

In Taiwan, groundwater resources play a vital role on the regional supply
management. Because the groundwater resources have been used without
proper management in decades, several kinds of natural hazards, such as land
subsidence, have been occurred. The Choshui alluvial fan is one of the hot
spots.in Taiwan. For sustainable management, accurately estimation of recharge
Is the most important information. The accuracy is highly related to the
uncertainty of specific yield (Sy). Besides, because the value of Sy should be
tested via a multi-well pumping test, the installation cost for the multi-well
system limits the number of field tests. Therefore, the low spatial density of
field test for Sy makes the estimation of recharge contains high uncertainty.

Gravity measurement is-a Kind of physical geographical approach.
Because gravity is a function of the mass of a material and the inverse square of
the distance, the gravity measurement has the ability to observe the mass
variation of the shallow groundwater system. Using the groundwater level
observation and gravity measurement can be used for the calibration of Sy for a
numerical model. Because the approach can observe the mass variation of
groundwater without well installation, it can overcome the limitation of well

construction for the Sy test. Four steps are used in the study. First, gravity
Il



variations of Si-jhou, Tu-ku and Ke-cuo are observed in May, August and
November 2012. The measured values are required to remove the effect of
other sources, such as ocean tide and land subsidence, and the removed values
are called as gravity residual. Second, a numerical model, MODFLOW 2000,
has been applied to simulate and calibrate the groundwater variation basing on
the four values of Sy obtained from pumping tests. Although the groundwater
levels are well-calibrated in the first version of MODFLOW with low spatial
density of field test for Sy, the mass variation of groundwater might contain
high uncertainty. Third, integrating the Newton gravity integral with the
simulated water mass which obtained from the first version of MODFLOW
may simulate the gravity variation of the system. Fourth, comparing the ratio
between the variation ranges of gravity residual and the one of simulated
gravity, the values of Sy can be modified basing on the ratio and assigned in the
second version of MODFLOW.

Because a multi-well pumping test has been applied on Si-jhou station, the
values of Sy is 0.216. the gravity residual observed from Si-jhou and the
measured Sy can be used to verify the proposed approach. Assigning the field
test value of Sy in Si-jhou, the simulated gravity can fit the gravity residual
well without parameter calibration. The study of Si-jhou is an evidence to
verify the ability of the proposed approach. In Tu-ku and Ke-cuo station, the
ratios between the variation ranges of gravity residuals and the ones of
simulated gravities approximate 1.8 and 50. The values of Sy are modified as
1.8 and 50 times of the values assigned in the first version of MODFLOW.
After the parameter re-assignment, the simulated gravities may fit the gravity
residuals better in Tu-ku and Ke-cuo. The comparison of water balance between
the two versions of MODFLOW indicates that the quantities of recharge for
Tu-ku from -5.285 million tons increase to -7.232 million tons, and for Ke-cuo

from 11.827 million tons to -3.584 million tons.
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The result show that using gravity measurement, groundwater simulation
model and the one of simulated gravity, to replace the traditional multi-well
pumping test, gravity measurement is a kind of non-intrusion physical
geographical approach. Gravity measurement can saving a lot of cost, and also

decrease the groundwater parameter uncertainty.
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