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1. Introduction

Quantification of the rate of ground water recharge is a basic prerequisite for efficient ground water
resource management. The rate of aquifer recharge is one of the most difficult components to measure when
evaluating ground water resources. Numerous techniques are used to quantify recharge rate. One of these
techniques is water table fluctuation method (WTF). This method is considered to be one of the most
romising and attractive due to its ease of use and low cost of application in semiarid areas. Scanlon et al,,
(2002) review appropriate techniques for quantifying groundwater recharge, of which the water table
fluctuation (WTF) method is the most likely candidate based on the available data for the study area. This
method is reviewed by Healy and Cook with some recent examples including Moon et al., (2004); Crosbie et
al,, (2005); Scanlon et al., (2002); Healy and Cook (2002); Moon et al., (2004). Sharda et al,, (2006) used the
WTF and Chloride mass balance (CMB) methods for assessing groundwater recharge in India. They showed
that WTF and CMB methods indicated comparable results for estimation of actual groundwater recharge
(Crosbie et al., 2005). In this research, natural recharge of groundwater is studied using the WTF method.

2. Methodology
2.1. Site Description

Ardabil plain is located in northwest of Iran with a cold semi-arid environment and 279.8 mm annual
average precipitation. The total area of the groundwater basin is approximately 1217.17 km? and is located
between
48° 8’ 45" to 48° 37" 30" east longitude and 38° 2" 15" to 38° 31" 00" north latitude. The major source of
water for irrigation purposes in the study area is groundwater.

2.2. Theory of WTF Method

The methodology used to determine the unknown groundwater recharge is the Water Table Fluctuations
method (WTF), which links the change in groundwater recharge with resulting water table fluctuations. The
WTF method, applicable only to unconfined aquifers, is best applied to shallow water tables that display
sharp water level rises and declines. The WTF method expressed as follows (Healy and Cook, 2002):
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R:sy@ or Gh_R (1
dt dt s,

where Sy is specific yield (dimensionless), R is the groundwater recharge (LT1), h is the water table height
(L) and t is time (7). This relationship needs to be modified to incorporate three additional factors, namely
the idea that only a fraction « of the precipitation P (LT1) infiltrates as recharge, a fraction f of the irrigation
flux I (LT') recharges the water table, the pumping flux Fp (LT-!) to supply irrigation water and inlet-outlet
flow, g (LT1). Equation (1) is modified to yield:

dh_oP A _Fp, q (2)

dt s, S, S, S

y oy

Automatic calibration was performed using SPSS software with Levenberg-Marquart optimization to
estimate «, f3, Sy and q for each individual observation well model. The calibration target (objective function)
was based on minimizing the difference between the observed and simulated water table elevation in each

individual observation well.

3. Results and discussion

The results showed that the water table elevation estimated by using the optimized parameters exhibits
approximately a good match with the water table elevation observed for all observation wells. It can be
concluded that the used inverse method can successfully describe the groundwater fluctuation in the study
area. The results depicted that the Sy ranges from 0.013 to 0.21. Highest value of the Sy is in the south and the
lowest is in the east which is consistent with the clay distribution in the study area. The estimated fraction of
precipitation (a) and irrigation () which infiltrate to groundwater showed that the less than of 25% of
precipitation and irrigation acts to recharge groundwater in the most of area. Highest value of the recharge is
near the Ardabil city around the observation well 5. The ground is cultivated throughout this area
encouraging rapid infiltration. The results of this study agree with other finding. The highest recharge is
estimated to be 51.69% of mean annual rainfall and the lowest 38.47% by Fazel et al, (2005) for catchment
areas, namely Sunagawa, Naka-hara, Fukuzato and Minafuku of Miyakojima Island, Okinawa Prefecture,
Japan.

4., Conclusions

The advantage of the WTF method is that specific yield and recharge are estimated at the scale of interest
to basin hydrologic studies and that the method requires no extensive in situ instrumentation network.
Proper matching between observed and simulated water table assure that the present conceptual model has
a potential for estimating groundwater recharge. The results showed that the average of the specific yield is
estimated 0.084 and the estimated fraction of irrigation and rainfall that acts to recharge the water table are
22.53 and 16.84 percent respectively. Finally, with obtaining effective parameters in recharge, average of
annual groundwater recharge is estimate 191 million cubic meters.
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