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The Rudbal Dam, with a reservoir capacity of 82 million cubic meters, is located in the Rudbal Valley
near Darab City. The dam and reservoir are in contact with Sarvak limestone and radiolarite on the right
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and left abutments, respectively. The possible water leakage route includes an inlet window, transfer
curtain, Water leakage, route, and outlet window. The inlet window comprises Sarvak limestone and river alluvium, in part of
Hydrochemistry. which the grout curtain has been constructed. Since the reservoir was filled in 2016, persistent water
E" 'i'iE leakage has occurred. The purpose of this study is to investigate the physicochemical characteristics of

) the water sources around the dam to determine the path of water leakage through or around the grout
curtain. For this purpose, the physicochemical characteristics of 83 water sources were measured. Water
sampling was also carried out at 30 points, and the concentrations of its main elements were determined.
By evaluating the results of the analyses, the relationship of the samples with the reservoir water was
determined. Examination of characteristics such as water type, electrical conductivity, and temperature
showed that the inlet window at the dam site had not been completely sealed by the grout curtain,
allowing some water to leak. By considering that the exact path of water leakage cannot be determined
based on the results of a single sampling step, it is recommended to conduct a complementary isotopic
and hydrochemical study.

Introduction

Designing and construction of some water structures,
such as dams, substantial time and financial investment.
In water resources management, the volume of each
dam's reservoir is determined in a way that meets the
projected water demand of its intended use. Failure to
fill the tank will fail to achieve the designed goals. The
reservoir water rising will change the groundwater flow
pattern in the foundation and abutments. Water stored in
the dam reservoir may leak from the dam structure,
foundation, or abutments to downstream areas. In this
case, new springs may appear that did not exist in the
natural state before the dam construction. In order to
prevent erosion and destruction of the dam foundation
and structure, water leakage from the dam must be
controlled by grouting operations. Grouting is a process

that minimizes the amount of leakage in these areas by
decreasing the permeability in the foundation and
abutments. Karst is a topography formed from the
dissolution of soluble carbonate rocks such as limestone
and dolomite (Alimoradi et al., 2024; Nabizadeh et al.,
2024; Kalantari et al., 2025). Due to the complex
hydrogeology, the construction of a grout curtain in
karst regions is usually more difficult and expensive
than in other geological settings, and the risk of leakage
is greater (Bruce et al., 2005; Donnelly et al., 2009).
The Rudbal earth-fill dam, with a height of 71
meters, a crest length of 485 meters and a reservoir
volume of 82 million cubic meters, was built in 2015 to
supply part of the drinking and agricultural water of
Darab city. By reservoir filling, water leakage was
observed through the karst formation at its right
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abutment, making it difficult to achieve the dam's
construction goals. The water leakage rate was reported
to be about 2.5 to 3 cubic meters per second (Mozafari
et al., 2024). In this research, an attempt has been made
to determine the most likely path of water leakage from
the Rudbal reservoir using hydrochemical studies.

Materials and Methods

The study area is located in the Kal-Mehran
watershed, in the central section of the Persian Gulf
basin. From a geological point of view, the study area is
situated in the Zagros Simply Folded structural zone.
The Bordano and Pahan anticlines, as well as the Korsia
Salt Dome, are the most important geological structures
in the area. The Rudbal valley, with an approximately
northwest-southeast orientation, is located on the
northern limb of the Bordano anticline. The dam and
reservoir are constructed inside the Rudbal valley. In
terms of stratigraphy, the Hormuz Formation, radiolarite
units and Sarvak limestone, Tarbur limestone, Asmari-
Jahrom limestone, and Quaternary deposits are exposed
in the study area.

To carry out this research, in the first stage, a
geological map of the area and a geological profile were
prepared along the dam axis (Fig. 1). In September
2019, during a field visit, physicochemical
characteristics (temperature, electrical conductivity, and
pH) were measured at 83 points of different water
sources. Also, 30 water samples were collected from
different sources and sent to the laboratory of the
National Forest and Rangeland Research Institute for
analysis. The hydrochemical similarity of the samples
was then compared. Also, by analyzing the results of the
analyses, the relationship of the samples with the
reservoir  water was determined. Based on
characteristics such as water type, electrical
conductivity, and temperature, the downstream water
flow path was determined.

Results and Discussion
The changes in reservoir water temperature with
depth are shown in Figure 2. The reservoir water
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temperature at depths of 5, 30, 55 and 70 meters was
24.6, 22.7, 19.7 and 11.9 °C, respectively. Therefore,
the water temperature decreases with increasing
reservoir depth. The water temperature study shows that
water moves from the deeper parts of the reservoir
towards the boreholes in the R2 gallery and seepages in
the AGLl access gallery. Water moves from the
shallower depths of the reservoir towards the
downstream boreholes. The electrical conductivity at
depths of 5, 35, 55 and 70 meters of the reservoir was
measured at 423, 332, 327 and 292 ps/cm, respectively,
which indicates a decrease in electrical conductivity
with increasing water depth. Usually, the electrical
conductivity should increase with increasing water
depth. The reason for the decrease in electrical
conductivity of water with increasing depth in the
Rodbal Dam reservoir could be its dependence on water
temperature, given that the temperature of the reservoir
water decreased from 24 °C at the surface to 13 °C at
greater depths. The electrical conductivity values of
most sampling points in the galleries were similar,
making it difficult to determine the leakage path.
However, electrical conductivity also confirms the
specific results of temperature. The type of most
samples (river, springs, and boreholes in the dam
reservoir area and agricultural wells downstream of the
reservoir) is bicarbonate-sodic. These results indicate
the hydraulic connection of the reservoir with the
surrounding and  downstream  water  sources.
Considering the placement of the samples in the lower
and right corners of the square of the Douro diagram,
simple dissolution and mixing of waters can be
considered as the most important hydrochemical
processes affecting the collected samples.

Conclusions

The possible water leakage route includes the entry
window, the transfer path, and the water exit window.
The water entry window comprises that part of the
permeable geological formation that is in direct contact
with the reservoir water. At the Rudbal Dam site, the
entry window of the possible water leakage route is
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limited to the Sarvak Formation and the alluvium of the
river bed. The hydrochemical results show that the
water entry window at the dam site is not completely
sealed by the grouting curtain. The similarity of
temperature, electrical conductivity, and water type of
the reservoir with the points downstream of the grout
curtain indicates that water passes from different depths
of the reservoir to the downstream of the grout curtain.
Based on the results of a single water sampling, the
exact water leakage route cannot be determined.
Therefore, it is recommended that isotopic and
hydrochemical studies be conducted in short and long-
term intervals at this site. Also, the discharge of the
Gulab Spring and its hydrochemical changes should be
continuously monitored.
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