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Extended abstract

Introduction

Site selection and construction of a subsurface dam is a managerial solution
to the storage of the underground flow to water supply during dry seasons,
especially for industrial uses. In this way, due to the existence of different
criteria in finding suitable areas for underground dam construction, the
evaluation of all the components involved in it requires high accuracy. For
this purpose, consolidation of GIS and Multi-Criteria Decision-Making
(MCDM) is an appropriate solution when multiple criteria need to be
considered together to rank or choose between alternatives. The present study
has focused on the feasibility of extracting water through an underground
dam as a suitable solution in the area of Sangan Mine, Khaf Plain.

Material and method

We identified suitable sites for underground dams through a knowledge-
based analysis of nine factors, namely lithology, slope, land use, aquifer and
city boundary, and distance from the village, fault, roads, and stream. These
factors were examined independently for underground dam zoning. Next, the
role and importance of each criterion in determining the appropriate location
of the underground dam is explained.
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Fig 1. Flowchart of the locating underground dam
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Lithology: This layer was prepared using a 1:250,000 Taibad geological map in Arc
GIS software. In the preparation of this map, the high potential of the underground
dam generally belongs to the plains and alluviums, and other hard formations are of the
next importance. Dry lakes and salt flats will also lack importance and rank.

Slope: In the mild slope, the reservoir would have a greater volume, the water flows
more slowly, and it has more time to infiltrate into the ground so more water can be
stored in the underground dam. This map was also obtained by using the DEM of the
area and using the surface analysis functions, where the value of each pixel indicated
the value of its slope in degrees.

Distance from streams: When working with stream networks, we can use the Euclidean
distance. Maps of streams and watersheds were extracted using the Generate
Watershed algorithm in Global Mapper software and using a DEM. Then the distance
function, buffer, was applied to them.

Distance from faults: Generally, the underground dam should be constructed at an
appropriate distance from the fault because it is dangerous for the structure, and it may
also cause water to escape from the reservoir. In the study area, two left-lateral strike-
slip faults, Doruneh and Khaf, are observed in the northeast and the center,
respectively (Taibad geological map [1:250.000]; Geological Survey and Mineral
Exploration of Iran; 1981). To achieve this item, the distance function, buffer, was
applied.

Land use: There will usually be a problem of acquiring land in agricultural lands.
Areas with residential and industrial use due to the possibility of structural destruction
and water pollution (Pirmoradi et al., 2010) cannot be suitable places for the
construction of an underground dam and should be excluded from the decision-making
process.

Distance from roads and villages: Due to the traffic of vehicles on these routes, the
roads are highly polluted and the water near them will have an unfavorable quality. In
addition, proximity to the village can be important due to the issue of providing human
resources and access. To achieve these items, the distance function, buffer, was
applied.

Urban and Aquifer area: Due to the pollutants in these areas, it is impossible to build
an underground dam in the area with urban use, and these uses should be excluded
from the location studies. Also, due to the great depth of sediments in the aquifers, the
construction of an underground dam in them has no logical and economic justification.
Binary functions have been used for urban areas and aquifer environments.

A weighting of all criteria is achieved by using a pairwise comparison system of the
hierarchy elements, AHP. The algorithm for comparing options and scoring them is




presented in Table 1.

Table 1. Final weighting of effective criteria in the spatial potential of
underground dam construction

Distance  Distance  Distance Distance
Land
Parameter from from from Litholo Use Slope from
Village streams Faults 9y roads

Weight 0.11 0.13 0.12 0.22 025 011 0.06

Results And Discussion

The potential of constructing an underground dam in the study area is mostly focused on the bed
of seasonal rivers and streams, provided that they are located in lands with suitable land use and
geology, away from faults, and in a bed with a suitable longitudinal slope. The optimal point's
considerations of the construction of the structure including surface water conditions towards the
outlet of the watershed, also geometric and environmental considerations of the underground
dam construction site have been considered to determine the final point of the structure
construction. Finally, an area located in Nashtifan village, which is optimal in terms of the
access route to the consumption place (18 km to the factory), was considered as the best place to
build the structure.

Conclusion

Among the suitable areas for the construction of an underground dam in the study area, the
stream located in the west was determined as the optimal point from all directions. This point
was the location of water collected in the Fadak and Khajeyar kall which was confirmed by
water resources, environment, and morphology considerations. In addition to the criteria
considered in this research, several criteria should be considered in the implementation phase of
underground dam projects, including the depth of bedrock, thickness of alluvium, specific yield,
storage coefficient, and transmissivity of the alluvial layer. It is evident that for the
implementation stage, it is necessary to carry out geoelectric soundings, as well as do pumping
tests.
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Fig 1. The location of Sangan mine and factory and their environmental impact zone.
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Fig 4. Thematic maps of effective parameters in the spatial potential of the underground dam
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Table 1. Valuing the effective parameters in locating the underground dam in the study area
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Fig 5. The map of the first phase of the potential of the underground dam
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Fig 8. Environmental considerations of constructing an underground dam in the study area
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ol 5o g ojle Glasl o awdie (Siwip) g
o3l Slasl aigy ahldl ol S Sy Sl

239 4185 0y O (sl
5 e Sl edguzme ;o (ein) dw (2L Ol Jue
e G 0905) K ol (g5l dusS Gl
aS ol olas Glize gl ol )y bl 5 (Glg> el
Ao o S olio bl Lad anl ] L gble
(b ol o aiiis canlin g ) s Slasl ag,
5l Sl odgame ) gz 5 ye )0 adly anlyl

opes lal b IS jeba ool yo O] el
(JEsl g slole p pialaz (alo 3) (6518 Sliles
CLAlE ) e 50,5 w8 wunS it sl
5 oy5bS J&5 5 Joo dlool) g alis slalgs o508
5 ot (o] 5 bglie Slge) (6 Ml JSiay albly
ol Cales 50 5 oy g ilag O Dl s
5 sbeo o ol el SLOKe 0,5 o bl (yoles )
aliy o pp soladl ailge 5 S Juloo S olas
ard )l casloads xw og;y cpl 51005 oo Cgme 53,



S rddeal odimdslis Blg> Q\Q:SLJ O Sladllas
{)‘9"’”—‘ </ ¥ o).._‘>.) w)..a 9 09gdxe U"‘ u3.‘> L...Mu
Sliglesl 5 yogse Slaml 58 5 S S5 slagliiges
ghe Bos @ 02 @ S ol Je )0 sy
Lz sl (5)5p0 (shol @Y 058 oo 5 05y o]
S plralr o g 00 (G0 ooy Jlad
lises blas o Cwloads usﬁj.v—‘ Colus J...uu 9 S

caslons cuss

Abkhori Underground Dam. Journal of Modeling
in Engineering, 12(38), 153-165. [In Persian].

Haj Seyed Ali Khani, N., & Saeediyan, H. (2023).
The Combined Role of GIS, RS, and Geoelectric in
Determining the Susceptible Areas of Underground
Dam Construction (Case Study: Pashueeyeh Basin
of Kerman Province). Water and Soil, 36(6), 729-
742. [In Persian].

Karimpour, M. H., & Malekzadeh Shafaroudi, A.
(2007). Skarn  geochemistry-mineralogy and
petrology of source rock Sangan Iron mine,
Khorasan Razavi, Iran. Scientific Quarterly Journal
of Geosciences, 17(65), 108-125. [In Persian].
Kharazi, P., Yazdani, M. R., Ara, H, &
khazaealpour, P. (2017). Suitable site selection for
groundwater dam construction using analytical
hierarchy process Case study: Dasht- e -Kavir
Watershed.  Scientific-Research  Quarterly  of
Geographical Data (SEPEHR), 26(103), 177-185.
Mehrabi, H., Zeinivand, H., & Hadidi, M. (2012).
Site selection for groundwater artificial recharge in
Silakhor rangelands using GIS technique. Journal
of Rangel Science, 2(4), 687-95. [In Persian].
Onder, H., & Yilmaz, M. (2005). Underground
dams. European Water, 11(12), 35-45.

Pazhouhab Shargh consultant engineers. (2010).
Water resources budget update, Khaf study area.
Ministry of Energy. Islamic Republic of Iran.
Reports. [In Persian].

Pirmoradi, R., Nakhaie, M. & Asadian, F. (2010).
Site selection for underground dams’ construction
using GIS techniques case study (Malayer Plain in
the Hamedan Province). Journal of Physical
Geography. 3(8), 51-66. [In Persian].

Shirani, K., Dastjerdi, A. S., & Rahnamarad, J.
(2017). Integration of multi-criteria decision matrix
and geographical information system to site
selection for an underground dam. Electron J
Geotech Eng, 22, 3669-3686.

azlym 5 Sad sla 5 bl o ead (5550 ez sl
la. O 9 KR W w.uu o)L...: u‘d}‘ wl...n bl )l)

SiPige 9 e Cumy ol plie Slla>Me Jloe!
W) k-)L?L»." L;’LQ‘ alass ‘o)'Lw Slas] J?r.c

el Al G cpl &5 cl 53 a4 a3
ey S Slasl s Codbge YL Jlixl b gble
oy azd 5 5a5 )5 (sl jlne p ogdle g Cunl 418 5 plovil
sl Gzl Al o e pair (Gdos cal o
o oz 5l as w55 18 b ol (Guejp) s
w0y pul épl Culbs (S S Ges 4 ly
2,5 oLl &5';3).3] oY Jeol ol 5 0psd oo

&b

Ali, S., Al-Umary, F., Salar, S., Al-Ansari, N., &
Knutsson, S. (2014). Evaluation of selected site
location for subsurface dam construction within
Isayi watershed using GIS and RS Garmiyan area,
Kurdistan Region. Journal of Water Resource and
Protection, 6(11), 972-987. [In Persian].

Bigneh, S. (2012). Underground dams as a new
method in water management and extraction, the
fifth national conference on watershed management
and water and soil resources management, Kerman.
[In Persian].

Chezgi, J., Arab Khazaeli, E., & Heshmat Pour, A.
(2020). Suitable Site Selection of the Underground
Dam  Construction for  Water  Resources
Management in Arid and Semi-Arid Lands. Desert
Management, 8(15), 73-84. [In Persian].

Dai, X. (2016). Dam site selection using an
integrated method of AHP and GIS for decision-
making support in Bortala, Northwest China
(Master's thesis, University of Twente).

Damfeh EA, Adakoya AF, Wayor BA (2022)
Determining the Best Site Location for
Underground Dams Using Fuzzy Analytic
Hierarchy Process: A Case in the Sunyani West
District. International Journal of Advancements in
Technology. 13:201.

Dehghani Bidgoli, R., & Koohbanani, H. (2021).
Site selection for underground dam construction by
fuzzy algorithm in GIS platform. ECOPERSIA,
9(3), 159-168. [In Persian].

Esavi, V., Karami, J., Alimohammadi, A.,, &
Niknezhad, S. A. (2012). Comparison of the AHP
and fuzzy-AHP decision-making methods in
underground dam site selection in Taleghan basin.
Scientific Quarterly Journal of Geosciences,
22(85), 27-34. [In Persian].

Haji azizi, M., Rahmani, M., & Biglari, N. (2014).
Fe Analysis of Underground Dam and Important
Points in Underground Dam-A Case Study,



Talebi, A., Zahedi, E., Hassan, M. A., & Lesani, M.
T. (2019). Locating suitable sites for the
construction of underground dams using the
subsurface flow simulation (SWAT model) and
analytical network process (ANP) (case study:
Daroongar watershed, Iran). Sustainable water
resources management, 5, 1369-1378. [In Persian].
Telmer, K., & Best, M. (2004). Underground dams:
A practical solution for the water needs of small
communities in semi-arid regions. TERRA, 1(1),
63-65.



