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Investigating the Characteristics of Rameshk Underground Dam Site
with an emphasis on the faults' role in the selected axis

Iman Aghamolaie!, Mohammad Reza Aminizadeh?, Shahram Shafiee Bafti?

Abstract

Rameshk is one of the villages of Ghaleh Ganj city in Kerman province. Construction of underground
dams is one of the most effective ways to deal with water crisis and dehydration, especially in arid
climates such as this village. For an underground dam to have an efficient yield, an accurate and
optimal combination of the location of the dam and the engineering of the underground dam is
necessary. In this regard, the failure and error in estimating either of these factors significantly lower
the efficiency of the underground dam. In this study, considering the most important factors required
in selecting a suitable site for underground dam construction, the proposed axis for Rameshk Dam
underground is investigated through desktop studies, field surveys, engineering geological studies, and
geophysical exploration. According to the satellite images and data from drilling and geophysical
methods, there is a fault at the selected axis. Also, the thickness of the alluvium at the intersection of
the fault and the selected axis is 32 m. The results show that the alluvial in the location of the selected
axis is mainly of SC type. Based on SPT and Lefranc test data, the results show that with increasing
the depth, the dam site is highly dense and permeability is reduced. Alluvial compaction with
increasing depth, calcite cement between grains from depths of 15 m and below, and the water table at
a depth of 7 m indicate that the probable fault location of the proposed axis does not have much
drainage power. Although it is not an ideal option, it is suitable for constructing an underground dam
regarding the regional and economic conditions of the study area.

Keywords: Underground Dam, Arid climate, Rameshk, Fault.
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Investigating the Characteristics of Rameshk Underground Dam Site

with an emphasis on the faults' role in the selected axis
Iman Aghamolaie!, Mohammad Reza Aminizadeh?, Shahram Shafiee Bafti?

Introduction

An underground dam is a hydraulic structure that is constructed to store and control groundwater.
These dams are typically made in areas with high differences in groundwater flows caused by the
hydraulic gradients. Generally, the construction site of underground dams is different for different
conditions. These dams are occasionally investigated and implemented on the coasts to prevent the
entry of fresh groundwater into the sea, on the desert boundaries to prevent the entry of freshwater into
the desert saline aquifers, or in some areas to prevent surface water leakage or infiltration of sewage
and subsurface contaminants through groundwater streams (Ishida et al., 2011; Dortaj et al., 2019).

To improve the efficiency of an underground dam, it is essential to integrate accurately the location
and the structural engineering of the underground dam since the existence of defects and errors in the
estimation of these factors significantly reduces the underground dam efficiency (Giovanni et al.,
2008; Ouerdachi et al., 2012). The present work reviews with scientific and technical studies on the
possibility of implementing the Rameshk underground dam in Kerman province, Iran.

Methodology

The first step in constructing an underground dam is to identify appropriate locations for construction.
This step must be performed precisely since it mainly causes the benefit or loss of the project.
Moreover, selecting the inappropriate locations for constructing the underground dams will increase
the cost and the efficiency of the project. Considering the subject of the research plan, the axis of the
underground dam was studied to determine the suitable place in the first stage based on aerial
photographs. Afterward, it was investigated based on field studies and specific climatic,
morphological, hydrological, and underground flows. ArcGIS and CorelDRAW programs were
utilized to prepare the required maps. To complete the preliminary studies, the approximate depth of
the bedrock, alluvial thickness, and groundwater flow stated were determined by excavating manual
boreholes in the riverbed. Then, through rotary drilling operations, a borehole was drilled with a depth
of 35.5 m and continued up to 3.5 m in the bedrock to assess the health of the bedrock with depth.
Moreover, geoelectrical sounding was performed in the reservoir and the axis of the dam to determine
the depth and the topography of the bedrock through geoelectrical information. RES2DINV and
AutoCAD programs were used to analyze geophysical data.

Discussion and Conclusion

Structural studies are considered in the present research regarding the location of the study area in the
Makran zone. The activity of this structural zone is caused by the movement of the Oman plate toward
Iran and its subduction under Makran, as well as its proximity to active faults such as Minab, Rudan,
Fanuj, and southern Jazmourian faults. Thus, the trend and location of faults in this area were studied
relative to the proposed axis of the dam based on the satellite images (Figs. 1 and 2).

There is an NE-SW fault at the site of the reservoir for the dam proposed in this study. Since these
faults are likely to be parallel to the direction of maximum stress, they can involve a tensile
mechanism leading to opening in the rock units and creating voids for water outflow from the
reservoir.

! Invited Master, Department of Geology, Faculty of Science, Shahid Bahonar University, Imaneng189@gmail.com.

2 Natural Resources Organization of Kerman, Kerman, Iran.

3 Associate Professor, Department of Geology, Faculty of Science, Shahid Bahonar University, Kerman, Iran. Corresponding
Author Email: Shafiee_shahram@gmail.com
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Fig. 2. The status of faults in the selected wall and axis (based on Google Earth satellite images)

Geotechnical and geophysical studies were conducted to explore the characteristics of deposits,
bedrock, and faults. Two boreholes were drilled in the proposed axis reservoir for geotechnical
studies, one along the proposed axis by the drilling machine to a depth of -35.5 m, and the other one
was manually drilled to a depth of 9.5 m. The alluviums at the site of the machine borehole mostly are
comprised of a sequence of fine and coarse-grained alluvial sediments with different percentages of
fine-grained particles and interlayers of clay and silt (depth of impact with the water surface in the
machine-drilled borehole was 7 m). According to the results of geotechnical studies (Table 1), the
alluviums in the selected axis are mainly SC according to the Unified Soil Classification System
(USCS). Moreover, according to the results of the SPT test and Lefranc test, with increasing depth, the
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soil has been very compacted and permeability has decreased. With increasing depth and becoming
denser, these alluvial deposits show calcite cement in their structure that reduces their permeability.
The electrical resistivity range of the layers constituting the study area regarding the geological
conditions is presented in Table 2. These data are obtained based on the electrical sounding in the area,
analyzing and interpreting the results, the drilled borehole information, and the outcrop of the riverside
formations in the studied area.

Table 1. The results of geotechnical studies at the proposed axis location

No Sample Depth uUscs Pl Direct Shear Test SPT Kc
C(kg/cm?) ¢ (deg) (cm/sec)

1 BR1 2 SC 14 19 1.6E-02

2 BR2 4 SC 10 0.05 42 24 1.2E-02

3 BR4 8 SC 13 39 6.8E-03

4 BR5 12 SC 14 >50 8.2E-05

5 BR6 15 SC 10 0.03 45 >50 5.1E-06

6 BR7 18 SC 12 >50

7 BR8 20 SC 11 >50

8 BR9 22 SC 14 >50 6.3E-04

9 BR10 24 SC 12 >50

10 BR11 26 SC 14 >50

11 BR12 27 GC 10 >50

12 BR13 30 SC 13 >50

Table 2. The range of electrical resistivity of sedimentary deposits at the proposed dam axis

Row Properties of geological layers Electrical .
resistivity range Explanations
(2 / m)
1 Washed river sand deposits 100-500 Surface layer
Lower sand clay-containing Relatlvgly
2 sediments, slightly dense 400-1200 dense regional
' layer Dry
alluvi
A relatively coarse-grained layer An interlayer um
3 consisting of a mixture of sand and 50-200 with different
clay percentages
A relatively coarse-grained layer Wet
4 consisting of a mixture of sand and 30-50 Sur;‘ace wet alluvi
wet clay ayer um
A relatively coarse-grained layer S?;;ra
5 consisting of a mixture of sand and 30-60 Wet layer alluvi
lower wet clay
um
6 basalt 500-1300 bedrock

The results of quantitative studies were presented in the form of some cross-sections perpendicular to
the river route and almost in east-west directions in the region. These results were obtained through
interpretation and analysis of sounding considering the shallow boreholes at the beginning and end of
the study area, the outcrops of riversides, and the formations in the study area. These cross-sections
indicate the depth of the water surface, the bedrock, and the materials of the subsurface layers.

The electrical section at the dam axis site (Fig. 3) has a length of 125 m and includes 5 soundings of
S1, S2, S3, S4, and S5 at distances of up to 25 m from each other. In addition to these five soundings,
two bipolar-bipolar profiles with electrode distances of 5 and 10 m were performed to complete and
verify the information in this axis. The combined information of these two profiles (one for checking
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the side scrutinizing the information of the profile and the other for performing in-depth studies of the
profile) is presented in Fig. 4. The profile shows a relative symmetry and comparing this profile with
the electrical cross-section of the sounding both indicates the accuracy of the obtained results. It is
worth noting that the fault passes along this direction in the middle of the dipole profile due to not
reaching the high resistance layer in this area. The existence of faults is confirmed by the aerial
photographs as well as drilling results in this axis (2P).

Fig. 3. The position of the soundings in the axis of the dam (profile P2) (toward the south).
The electrical resistance section of P2 was obtained by interpreting the information obtained from field
gatherings of P2-S1 to P2-S5 soundings. According to Fig.5, this section lies almost in the east-west
direction. At this point, the bedrock reaches a depth of -15 m at the site of P2-S5 and S4-P2 soundings
to a depth of -19 m at the site of S3-P2 sounding.
Based on the interpretation and analysis of results of geophysical data, the bedrock in the region is
basalt. The average depth of the bedrock in the reservoir is within a range of -15 to -35 m, which is a
maximum of -35 m in the central part of the reservoir of the dam and a minimum of -15 m in the
margin of the study dam axis. According to the results of the drilling log in the middle of the proposed
axis, a depth of about -32 m is represented caused by the passage of the fault in this area.
Geophysical and drilling results indicated that the groundwater level is 7 m. Thus, a thickness of 25 m
of saturated alluvium would not be possible when there is an active fault and water outflow in the dam
site. The results of the Lefranc permeability test revealed that from a depth of more than 15 m, the
riverbed materials have lower permeability and serve as a water curtain. Therefore, the outlet under
the water curtain is not enough to cause a problem in alluvium saturation within the dam reservoir.



vev

Ol &1 9 6rlal (owiige (gl (oole 4 2l
VFeo ke oo g oz 0 losdh o0 3L Jlw

“dipole dipole P2"

Measured Apparent Resistivity Pseudosection
00 400 80.0 120 m
208 : *

610
962
136
173
24

272

Calculated Apparent Resistity Pseudosection

Depth Iteration 8 Abs. emor = 6.0 %

25

%4
Inverse Model Resistiity Section

I I N N () T [ [ [ I O
300 432 622 896 129 186 21 385
Resistity in ohm.m Unit electrode spacing 2.50 m.

Fig. 4. The P2 dipole-dipole geoelectrical section.
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Fig. 5. The position of sounding in section P2
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