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Figure 1- Location of the studied area.
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Geological Legend

1 Qg: Polygenous loose alluvium including gravel with silt, clay and sand
.7 Qc: Polygenous alluvium including of detrital rocks fragments, gravel, clay and sand - diamictite
~ | Qu: Alluvial deposits and conglomerate in old terraces including gravel and rounded pebbles
E;: Dolomitic limestone, white to gray dolomite and crystallized silicate limestone - Jahrom Formation
E.I Micritic dolomitic limestone, weathered brown with abundant fossils
'e1thered greenish yellow marls, marl, limestone and shale - Gurpi Formation
with dium layering - Sarvak Formation
slrlle “lth cl and limestone - Kajzdumi Formation
y - Darian Formation
* JKge: C helh and brecated limestone with chert-radiolarite layers
7_" JKuen: A thick sequence of green to gray and red radiolarite chert, pelagic limestone and red lutetite
555 m: marble
sz Ky Cale Sparite with dynamic transformation
= M,: Marble with fine skarn
" .| dhz: Dolomite and foliated harzburgite with chromite

s CenxBgo 9 SLT Ml (Lo ) 39 5 o CeawrdVU sl b o 3 Al — ¥ S

Figure 2. Geological map of the watershed upstream of the Islamabad underground dam and the

location of the dam (Adapted from the geological map, sheet 1/100000 of the Geological

Organization).
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Figure 3- Soil hydrological groups in the watershed of Islamabad underground dam in the
Islamabad.
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Islamabad dam N

Left abutment
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Figure 5- The red flower diagram of the left
abutment discontinuity.
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i Islamabad dam

Right abatment 5
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Figure 4- The red flower diagram of the right
abutment discontinuity.
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Table 1- Engineering characteristics of discontinuity in the Islamabad underground dam in the

Islamabad.

Abutment  Joint Aperture Spacing Roughness Infill
set (cm) (cm) material

J1 0.00-0.2 15-24 Rough Clean
Left J2 0.00-0.1 20-30 Rough Fine soil
Bed. = —m s e e

J1 0.1-0.5 20-30 Rough Clean

J2 0.1-0.3 10-15 Mod. rough Clean
Right J3 0.00-0.3 15-40 Sligh. rough Fine soil
Bed. = ---eeeem e e e
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Table 2- Spatial location (azimuth and slope) of discontinuity in the Islamabad underground dam
in the Islamabad.

Abutment Joint azimuth slope Slop
set direction

J1 NO044 46 N134

Left J2 N106 37 NO016

Bed. NO017 35 N287

J1 NO072 58 N162

J2 N115 37 NO016

Right J3 N158 42 NO068

Bed. NO017 35 N287
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Table 3- specifications of exploratory boreholes at the construction site of the underground dam in the

Islamabad.
Thikness of weathered rock  Depth of bedrock  Hight ~ (UTM) Cordinate  Depth Borehol

(m) (m) (m) X y ( m) orenole

- -- 1945 78984 3315072 7 BH1

- -- 1943 748935 3315059 10 BH2

1.5 9.5 1941 748633 3314949 15 BH3

1 8 1934 748442 3314955 12.5 BH4

2.5 7 1935 748416 3314924 12.5 BH5

- -- 1936 748402 3315002 7 BH6
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Table 4- Classification of underground dam construction rocks based on system (RMR).

Parameter Right abutment Left abutment
Score quantity Score quantity
Uniaxial compressive strength 10 100 - 250 10 100 - 250
(Mpay
Rock quality index (RQD) (%) 15 75-90 15 75-90
state of discontinuity 10 Smooth surface, little 25 Rough surface, Small
filling, aperture,
Opening aperture(1-5 mm) A little weathered
Spacing discontunity (Cm) 10 20-60 10 15-55
Wet 15 Dry 15 Dry
Score adjustment -7 Moderately good -15 Unfavorable
(Joint set orientation)
Sum Score 53 60
Rock group 11l 1]

Description of therockmass

Suitable rockmass

Suitable rockmass
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Figure 6- A view of the dam construction and bed alluvium granulation.
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Table 5- Results of granulation test at the underground dam in the Islamabad.

. Liquid  Plasticity Plasticity
Borehole D(?ﬁ;h Grading name (Gurgcélg)gz D(iﬁ;h limit limit index
(%)LL (%)PL (%)PI
0-2 Manual soil -
BH1 2-7 Clay sand and Gravel SC3 ° 27 6 21
0-2 Manual soil -
BH2 25 Gravel with bad maturity and GP-GCS 6 32 14 18
sand and clay
5-8 Clay Gravel and sand GC
0-1 Manual soil SC
BH3  1-3 Clay sand and Gravel GC 6.5 41 19 22
3-7.5 Clay Gravel and sand GC
0-1 Manual soil -
1-3 Clay sand and Gravel SC
BH4 3-5 Clay Gravel and sand GC 53 30 13 17
5-6.5 Clay sand SC
0-1 Manual soil -
BH5 14 Silty Gravel and sand GS® 5 22 7 15
4-6 Clay Gravel and sand GC
BH6 0-2 - 5 30 13 13
2-7 Clay Gravel and sand GC

Unified Soil Classification System
Clay Sand

Poorly Graded Gravel

Clay Gravel

Silty Gravel
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Table 6- Results of grading and soil categories at the underground dam in the Islamabad.

Borehole D(enr])')th Classification of layers (Alluvium / Bedrock) r;k;iti\ée;fgﬁ] prﬁggre]n(t;gg)
SC-SM’ SC
BH1 7 0% 20% | 29.4
I i —
BH3 15 SC GC We?;r;ired Limestone 231
14.3% 32.2% 12.8% _40.7%
BH5 125 266';2 ngo L"gisozone 16.6
BH6 5 l(c);()c‘i/o 18

7- Silty Sand
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Table 7- results of direct cutting test performed on some samples of the dam site.

Internalfriction

Depth sample Cohesion C
Borehol m) Sampl mple t F low
orehole (m) (cm) Sample Sample type ast/Slo angle (degree)¢ (kg/cm?)
BH1 2.5-3.0 10x10 remolded slow 33 0.20
6.5-70 10x10 remolded fast 31 0.25
BH2 2.0-3.0 30x30 remolded slow 37 0.04
BH3 1.0-2.0 10x10 remolded slow 32 0.20
6.0-7.0 30x30 remolded fast 36 0.06
1.0-2.0 10x10 remolded slow 30 0.28
BH4 3.0-4.0 30x30 remolded slow 28 0.03
5.0-6.0 10x10 remolded fast 30 0.30
BH5 1.0-2.0 30x30 remolded slow 39 0.03
4.0-5.0 30x30 remolded fast 36 0.06
BH6 5.0-6.0 30x30 remolded fast 37 0.05
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Table 8- Results of permeability test at the dam site.

Borehole Depth (m) Constant IoadK (lesgurden load
2.0-3.0 2.0x10°* 3.6x10°°
BH3 4.0-5.0 8.7x10°° 3.8x10°
9.0-15.0 1.8x10°° 2.4x10°©
2.0-3.0 4.3x10* 4.1x10°°
BH4 4.0-5.0 2.5x104 5.1x10°
7.0-12.5 1.9x10°° 3.8x10°6
3.0-4.0 2.4x10°4 2.0x10°5
BHS 6.0-10.0 3.5x104 5.4 x10°°
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Table 9- Results of water chemical analysis of BH6 borehole (in the dam site).

Anion / Cation Soluble Hardness Acidit Saltiness
(mg/l) solutes(mg/l) caco3 y (mp/cm)
HCO3 (ol S04% Ca** Mg?* TDS TH pH EC
360 195 181.5 64.1 924 643 540.6 7.7 150.7
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Extended Abstract

Introduction and Goal

Underground dams are water structures that are built to block or divert underground and
subsurface flows. The use of this technology is recommended for the management, control,
protecting and developing small water resources in arid and semi-arid areas such as Iran. The
watershed of the Islamabad Underground Dam, due to its mountainous location, lacks an
alluvial groundwater aquifer, and groundwater resources are limited to subsurface water in the
alluvial deposits of the streambeds or hard formations water. Therefore, the underground dam is
one of the solutions for providing water in such conditions. The engineering geological
characteristics of the rock mass and alluvium of the streambeds have a direct impact on the
success, safety, and sustainability of underground dam projects. Therefore, in the selection of
the dam site, geological and geotechnical investigations and studies are carried out with the aim
of determining the geological structures, stratigraphy and lithology of formations, discontinuity
and faults, grain size, hydrodynamic characteristics and thickness of bed alluvium, the location
and conditions of underground water at the dam site and its reservoir area, in order to estimate
the volume of the reservoir and its sealing. The inefficiency and failure of dam projects are
often caused by insufficient engineering and geological investigations in the pre-construction
stages.

Materials and Methods

The catchment area of the Islamabad Underground Dam is located in Arsanjan County, Fars
Province, in the high Zagros zone. The current shape of the basin and the numerous fractures in
the study area depends on the characteristics of this zone and are affected by the state of the
geological structures of the region.
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In this research, the hydrological groups of the soil in the watershed were evaluated with the
aim of estimating the subsurface water and investigating the geological characteristics of rock
mass engineering and bed alluvium at the dam site in order to estimate the volume and storage
of water by the underground dam. Therefore, Initially, baseline information related to the
region, especially its engineering geology, was collected and based on that, a proposal for the
construction of the underground dam was considered. Using the results obtained from
boreholes, field sampling, in situ tests, laboratory investigations and geology of the area, the
geotechnical status and characteristics of the Islamabad underground dam construction site were
investigated and evaluated.

Results and Discussion

In the study area, groundwater resources are limited to subsurface water in the alluvium of the
streambed or hard rock formation water (fractured rock mass). At the site of the Islamabad
underground dam, the most important geological factors affecting water storage was the
condition and density of discontinuity surfaces (such as: faults and existing joint sets in the rock
mass, as well as the grain size and density of the underlying alluvium). The result of the
engineering fracturing investigations indicates the presence of several categories of fractures in
the rock mass of the study area, particularly in the right abutment, with water flow potential.
Field surveys and drilling results estimate the thickness of weathered rock at the site to be
between 1 to 2 m. The alluvium at the dam site exhibits layering and has a thickness ranging
from 6 to 10 m. The initial alluvium foundation, with a thickness of 1 to 1.5 m was coarse-
grained, while the remaining thickness of the alluvium consisted of sand and gravel with a
percentage of fine particles. The permeability of the alluvium foundation was due to moderate
to relatively low compaction (approximately 10-4 cm/s). The cohesion of the alluvium varies
between 0.3 and 0.3 (kg/cm?), and the internal friction angle ranges from 28 to 39 degrees. The
results of soil mechanical tests on alluvial samples indicate that the alluvium is coarse-grained,
and its shear strength parameters suggest adequate soil stability concerning excavation and
settlement.

Conclusion and Suggestions

The results of the fracturing analysis and statistical of the engineering characteristics of
fracturing not only reveal the potential for water escape in the right abutment but also indicate
that the behavior of the rock masses on the sides of the dam foundation is somewhat different in
response to the tectonic stresses of the region. This phenomenon was due to the thickness of the
layering, the degree of compaction, and the percentage of clay in the body of the limestone rock
masses, as well as the alternation of hard layers with pliable and relatively soft marl or shale
interlayers. The results of the engineering classification of the rock mass using the RMR method
show that the rock masses at the dam site fall into the category of suitable rocks for construction
purposes. The Atterberg limits and the cohesion of the soil at the dam site indicate that the clays
present in the alluvial foundation primarily exhibit the characteristics of kaolinite and illite, with
limited swelling and cohesion potential. The results of the chemical analysis of the water shows
that sodium was dominant cation in the chemical composition of the groundwater in the region.
Therefore, this finding indicates the potential for divergence in the fine-grained alluvium
foundation. The thickness, density, and grain size of the alluvial foundation, along with the
results from the Luferan test, indicated that the alluvial material foundation has moderate
quality in terms of storage coefficient, storage volume, and water yield for the construction of
an underground dam. Therefore, based on these findings, the most suitable method for utilizing
the water catchment is the sub-drainage method by creating drains along the catchment, and the
well pumping method would not be appropriate.
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