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Abstract:

Background and Aim: Over-groundwater exploitation leads to severe water table decline and critical
consequences in Iran’s fields. Water level at wells (dynamic water level) has reduced due to
groundwater table decrease. It may reach the pump level and would result in air entrance into the
suction pipe. Such two-phase flow would damage the electromotor finally. On the other hand, field
measurement of the dynamic water level is always very difficult. Hence, it is aimed at this study to
present a model to estimate the dynamic water level indirectly.

Method: Water well Videometry is a useful tool to read the dynamic water level. It is
however costly and not always possible. Therefore, a method to find the dynamic water
level is of great practical importance. In this regard, energy balance equation is applied to a
well pumping system to formulate the dynamic water level. Also, the empirical Jacob’s
(1947) and Rorabaugh’s (1953) equations describing the well and aquifer losses are
employed to develop a mathematical model of the dynamic water level. Finally,
Buckingham analysis was employed to present a dimensionless model of the dynamic water
level. Dimensional analyses could be applied using the information on the well discharge,
well depth, and pump performance curve to estimate the well loss. The models were
calibrated using the observed data of 17 water wells in Karaj, Kamalshahr, and Garmdareh
of Alborz province.

Results: The results indicated that the performance of Jacob’s (1947) and Rorabaugh’s
(1953) methods are similar with the associated mean relative error of 5.1% compared to the
measured dynamic water well values. Also, employing the dimensional analysis and energy
balance methods the dynamic water level could be estimated with the mean absolute
relative errors of 4 and 12.39% respectively. The results indicated that the three first models
were much better than the energy balance model to predict the dynamic water level. Well
performance is directly connected to the position of the dynamic water level, hence, the
proposed methods could be used effectively to evaluate the well efficiency.

Conclusion: To evaluate the relative error of estimating the dynamic water level RMSE
values of different methods were calculated for the areas under study. The results indicated
the proposed methods could be used more accurately for Kamalshahr area. The associated
RMSE values of 6.58, 6.5, and 16.87 m was found for Jacob (1947) and Rorabaugh (1953),
dimensional analysis, and energy balance models respectively. The method proposed based
on the energy balance could not predict the observed dynamic water levels correctly. The
reason might be attributed to the fact that there was no information about the pressure values
at the outlet pipe. Also, there was no significant difference between the performances of
Jacob (1947), Rorabaugh (1953) models. Among all, with the advantage of having
dimensionless parameters, the model proposed based on the dimensional analysis was the
best with the least mean absolute relative error.

Keywords: Dynamic water level, Videometry, Aquifer loss, Well loss
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