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Extended abstract

Introduction

Water collection and storage with minimal losses are among the most effective measures for water
resource development in dry and semi-arid regions. Underground dam technology is a suitable solution
for managing water resources in such areas. These subterranean structures influence hydraulic flow in
porous environments and are constructed to block, divert, or reduce groundwater movement.
Underground dams serve various purposes, including water resource control, management, protection,
and development. The success and sustainability of these structures largely depend on selecting the most
appropriate location, considering project goals, operational efficiency, and intended use. One of the
primary reasons for failure in dam projects is the lack of comprehensive studies on site selection.

Materials and methods

The study area is located in the western sub-basins of Semnan Province, geographically positioned
between 53°15' to 54°20" East longitude and 35°20' to 36° North latitude. Geologically, it lies within the
Alborz and Central Iran zones. The basin spans 104.91 square kilometers, with elevations ranging from
1,643 meters to 1,413 meters. The region has a semi-arid Mediterranean climate, receiving approximately
100 millimeters of annual rainfall. The current geomorphology and topography of the basin are shaped by
geological structures, rock types, and erosion susceptibility. Due to the mountainous terrain, the area
lacks significant alluvial groundwater aquifers, with water resources being limited to subsurface flow in
alluvial deposits along streambeds or within hard rock formations. Consequently, underground dams
present a viable solution for water supply in such conditions. This study assesses the feasibility of
constructing underground dams in the western sub-basins of Semnan Province using a hierarchical
analysis approach within a Geographic Information System (GIS). Relevant resources were reviewed to
determine the essential criteria and conditions for selecting suitable locations for underground dam
construction. Informational layers were generated and integrated in a GIS environment, employing a
hierarchical approach to facilitate decision-making.

Results and discussion

Controlling and blocking subsurface flows in alluvial deposits of streambeds through underground dams
can create reservoirs within the porous environment, enhancing water resource development. This
strategy is particularly relevant for dry and semi-arid regions, including the northwestern and western
sub-basins of Semnan Province. To identify suitable locations for these structures, key factors such as
geology, hydrology, water resources, topography, and stream geometry were analyzed. Areas that failed
to meet the required standards were deemed unsuitable and excluded from consideration. Most of the
necessary criteria were derived from satellite imagery, topographic and geological maps, and expert
knowledge. The site selection criteria were classified into two groups: absolute criteria and decision-
making criteria. Absolute criteria provided a binary assessment (favorable/unfavorable), whereas
decision-making criteria were prioritized within a suitability range, from highly suitable to relatively
suitable. These factors were incorporated into the site selection process using a hierarchical methodology
in GIS. The application of GIS tools for overlay analysis, function execution, and weighted scoring
significantly improved the speed, accuracy, and efficiency of the process.
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Conclusion

The findings indicate that using a step-by-step hierarchical methodology within modern techniques, such
as GIS, enhances the accuracy and efficiency of regional-scale site selection studies. This approach
improves reliability by refining criteria determination, weighting, and scoring. The hierarchical
methodology systematically eliminates unsuitable areas, progressively narrowing the study region to the
most viable locations. The results showed that approximately 20% of the streambeds in the western sub-
basins of Semnan Province have the potential for underground dam construction, providing effective
water storage and management solutions. The most suitable locations are found in streambeds of
categories 4 and 5, particularly on sandstone, limestone, and marl formations.
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Table 1. Classification of the area's slope and its scoring

Slope classification Slope (%) Score
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Table 2. Qualitative classification of permeability of formations in the region based on lithology and their scoring

Perm_e_abll_lty Formation lithology Score Permeability
classification
Gl-G2 Marl, shale, calcareous shales, marly limestones, siltstone, gypsum layer 10 Very little
G3-G4 Cemented sandstone and conglomerate, dolomite, tuff and igneous 5 little
G5-G8 Alluvial fan, river thrusts, old alluvium and thick-bedded limestone 0 Moderate - high
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Table 3. Classification of the quality of the formations in the region based on lithology and its scoring

Quality class Formation lithology Score
Well Cemented sandstone and gangue, dolomite, tuff and igneous, alluvial fan, limestone 10
Medium Marl, shale, calcareous shales, marly limestones, siltstone, river trusts, old alluvium 5
Bad Gypsum marl, gypsum lime, gypsum layer 0
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Fig. 6. Basin surface zoning map based on formation quality in three quality classes



W\ / weybioms Gl 0y ladsem 15 10 (due) ) des Dlas]  ori ) Sl

Jdoas ¥ ) 00, b leanll IS 50 8o g au s
Sy s bolbs (S0 & LT sl
0j9> phaw a5 Wilad S K& ol> 0 g cudp
ol oS ool 4 Seop Joa Ll sl
S50 addllae 8590 gl Sl (B3> 0l (e
(Tashakori et al., 2023) wsd oo Bd> g 43,5
0357 ) e Comdse JJoar ¥ 5 ) 4, (slaaal ]
a0 Vel i g ok cwd s Lages sl
zhw o glaalpl as s VS o aies
Oles ) o a0 ¥V oas, b asdlas 0,50 sloass>

.MJGA

e 0 a5 il oy Wl o Sy Al
el g ailoog; yimy 55 (Geaj S o SliwnsS
Sl Slasl BB il o Lo Cdds 0 g
2500 SRy p) e oS Sl s b (eioen
S e 53 o J5uS ol 5 oad Lz (e e
S Spl gl Guls g JRliie bone Sy oS
ol ase boogd e Jlasiul g 0wl
wils pl Glp Lol sbo,las 51 (SO w)lse
5 (07 st Bl 5l g cipl 5l selrs gy
el opd lp pdiazry 5 ab>de LB (glad
Sz 9 395 9,lse 8,5 Sl o b el 0l J S

XN

)!df L] !&'9?"7"‘

)S'!f"l(

NN

w Stedy ares boundary

L
0285 W W X0

T L) T
ST 2'30rr ware

T T T L)
varre e e -RTE

Fig. 7. Map of the drainage network of the region

ol Cli g pdidel g S oo (Sadoys
037 Jeily 3529 rizmen g (B> e (lpiea
37 sswein) S oojle o oyblre sl g
2 sShe glhaw Sl cgr calal bl
Dashti  «Arab Ameri, 2018) wios a5,k
aza A o (Barmaki and Saberi Nasr, 2024
s39ama ;5 ol Lk Jlesl b adlaie Lol gla oS
G55 ez Voo ank ) ulas) Slallas
o3 oo ol 1) ((emlidime) Glojlo cplr g Gliews

bl b Sldlas osgame sla fud’ atis il fuus
5 ok bt plajle ViV e e asdi |
Lok adhie glaJus b axs b 5 Olow
1555 Al 3 GIS lases o e Yoo 5l i Job
Sed Y b oS aY Gligea b g odd (o9,
Geato a5 lanlpl o5l g LS slaanl ol (slanl ]
Olyeas @B S5 oS 3t cow 5 JuS
Jsb b oS lp aisd (aseie (B3> lacjl
o O0e 5l S g e Vor Bl ye B0 e Sl e
A JBls (g ad 4 S Gl e Ve AL
Joa (S5 p b anlyl bl 5 JuS



\\C~Y’ a\ O)Lo.:: a\; A.L’>

sl S pde g (owiige [ 1V

5 : L L " N s
£ ’,..‘-....\\\
5
S |2 o
: 57
51 i . i
3 ’ £ ",/
7 74
i
- N
L d
e A egen i
'ﬁ N/ Fault length > S00m
/\/ Fault length < S00m
€5 Study area boundary
Sub-basin boundary
=z
g
g- 333 v i
8°200E 53300 P - 53500°¢ 4007 s4100°€
(Pl 5 Hlioms (355 )l e owlidicpny Lol VYoo v e asd 5l ouladl) Sldllas cogase jo ol 3L 5 JuS asi —A S

Fig. 8. Map of the fault and its buffer in the study area (adapted from the 1/100,000 map of the Geological Organization, Semnan
and Jam quadrangle)

ol Cowdipmly Cooms 4y (s pj OUL > ralS
S ) oled &8 ,E ) bdsis g bol> Slatse
2ol Gl g a8 (58 ol mbie Sliiow
B S asiz e Sl s 288 ol o s,
d jo a5 bl gl ol sgame 500 B0
Oo 5 (B3 b Slgisar g jao jlitel wisg 3L
o ad ad, S i o) oles b goae iyl 805
o ooy (ol cdoiiz «L3) O] ol asis & JS&
Arab ) 558 o sanlie Slalllas e3game ;o ol 80
«Chezgi et al., 2009 :<Ameri 2018

.(Soleimani, 2007
(el al> o ;o tamime (2195 Gy ol
Gblne slie p bl g Bis 5l ey

et al,

dw Slasl Coz ity glyls srosgass o i
ljlrs a>pe o] o ad asie (hejn;
2B gx lees, o 5 (&S Sygen 2L
plod 4l g ool (pO3Lial (g 5 (guaRb
L Al (ganail

ol o Chgods oles

Lo 50 g 5 ymy o o Ll (5] glacaadse

slawY )l (59, 5 Sldgeer b nlplo
20 bylas ples ShlLial oz g lajlae 4 bgy o
Mdeily 2y goncaglyl 4 pladl ol g 4>l

255 5 slulasS bl o tgmejp) of il
2l el plie (e 5l s g ely ez
S b g 55 el 4l 6hls g Glslg b))
Iy dalate oylaie ;o 4 b ul S jo 4 (g5l
dalys Of 058 L 5 wad e slajilly o
Bble ;0 duejp) s Slasl 5l ol Gas 0,8
P ‘531 e g 4 S8 L Copde wadol
Ay OHgody haw iy OUL e 5l dg colaiul
olowl a8 0l oy d o b B8 cpl al
& ae w4 e s ol W e S
5 doiz «OlB Z 0gd A 3> B> L g agad
Cod Wl dalate [0 gy dw Slasl S0 el
T3 90 L g 5 s ol ol B
Hajj Seyyed Ali Khani and Saeedian, ) 45 ol
ol lE L ae b g ol Luld e andl (2022
ST PO TN VS SRV K N FRPCOR U0] I W [ O
el Vb 5o olgs oo «lid ol olo b g ol s
5 ol 5l 23 Ol S 5 S8 5 ol
s el sashe 5 550 ool dgil s 5 Lol by
b o Syl i 5 gmen) o e
Obesily 355 5l g 85 18 (e n ) Slave Slos]
Ly Bio 55 gadge onl s wimd oo i it



WY/ weybioms Gl 0y ladsem 15 10 (due) ) des Dlas]  ori ) Sl

shls o1 s ahaie G o a5 anlpl 5l slaosl
uo).c Q] w.ﬁ/b )9 9 09y (..\...aLo diJ) [gS uo).c
R as tsal.:bo)l.a )...]a.’) o)b ‘ida.m u*’)""*‘f ).........i
oz ol Ldods (Bdig o oo 4 anlp] a3l
Slles o (uizmer g S I S5 (35
dwo Sl Gl Ko e I S ol
At e (gt}

S Ay e 50 s B0 Az Ldid> (o
ui‘,.s'blf Lg‘o)'l.w )lf > b )-A-AS (;97xe Jjja)
g Gral¥l LBl 5 28y salys iy S oz
e (it (SOD (A 8) Hezme S Vb o (y55e
05 o0 0335 g P w2 Gl

slajloe & by o slaasy (6,18 mas9; 5
ol oty Oljlitel mox drwlxe g ool 25l
o Slas gl ol glaaigy, wil g a4l o 5o
Pad (a2 18 4 gyl a5l (de) )
ISENPYRCIRER
YY-YO jLonlipgo Cuglgl =Y
PVY kil spgm Coglsl =¥
Skl 03 dw Sl 2 osgasme (s 5l g
5 Olaid daol> daling, cusdse Vb o ouls o)Ll
B ad unlalyl alli 55, » slanlpl A
e gl ans N SE o al eold
odds &, o coey g s Sl gl ogcwlie Hhas
50 bl azgr Wb o LSS Sliass o sl el

WQ;VN ”’;W MOUN

”SYV'N

Deep well
® Qanat
° Spring
m Study area boundary
Sub-basin boundary
s Drainage

R — KM
0255 10 15 20

SY200E S 3VE ll'l;"!

T )
SYSOVE SO0E S400°E SO00E

Slllae o3guzs (o Q] S8L ol jen 4 (ol otz (L) ol aolo a4z -1 sy
Fig. 9. Map of water resources (Qanats, springs, wells) along with their buffers in the study area

L 1 1

36700

SN

Legend

Well location
i village

| Drainage
m Study area boundary
Prioritization
O <22 Third priority
22-25Second priority|
| @ >25 Firstpriority

R — —
0255 10 1% X
T T T T T T T
S3200€ SY'300E SY40TE 53'S0'0"E SI00E 54°100°E 54°200°E

Sy S Slasl gl caslie 3blie (gainaglgl anis — Ve K&
Fig. 10. Map of prioritizing areas suitable for constructing underground dams



\\C'\” 6\ O)Lo..':; 6\? ».\.1.’>

5 cwlie OB slaaasin 5 bo)lae 4 (2305
Sl S a4 asilisl b ooljen dil sonail
plosl Joe Sl Ll 3l e sle 2 S50
Lobjles onl plas Jloel calesys g0
gyl 4 olojer ssba kil glaganail
ool ¢ prun (pl 0w, dly> datiue S
2S5, »° 2l Dbl s ool |
5 Ll Grx gex 5 Bl LB e )l
s g Sgpe e p RPN crge Sl
IRWARTAPES

sloaal )l 5l oo o Yo sga> a5 ol olis b
il 1o eliam bl 0y sloady> mlans
Lol JrsS s iluensd 5 (saing o Slas
S s> pl jo s Jed B codsS
9 290 5 ¥ ooy glaaslyl o s Sy
wload il oy s ¢ bbSal dacSimanls

Sloyud g S
odSiaghy (oole Dlha gae eyl odlusy
sbeb e 5 GibrRl s S cbls
Gl Geeiny sl Ay Sl
0uSigh 31 U el p3Y Lxil j0 g 0090 0aSiingh

gl Sls,a8 g Sis g el § S cblis
&lw (2,
alae (pl 59,105 3529 oadlis ol allie ol o

L bl bl o Lol oldla
3 bges (2> o Shy 9 Ll b aladoe
oo et )0 9o pll lal 5 S5 lan
oo b (Olallas cuBdge o o T g ils ab
Socolaiul woged aie Giegh mld ol
S 3 @l a4 p8 g (oSlealids (g5
CE5 g e Wlgioo GIS L g GlacSiSs
s Ll | ol oldlas
5 Blas bl w09 5w | Wl Gl
Glas oloylins Sgai SSE T pradd glb, ks
ol >l lolis o s 1, Bis 5 (K
s o e Sl s 4SS preal claylins s
conlin s b conlin (L5 33, 5 420 b ojls
ol g e gancadyl o Wl cdlss
S0 ds g 2T e Sl eS8 5y slean S
Ll aoslael 5 (20055 092 5 Lajlors (e
Ofebe 4 o, 5o ) pliebl oo
Yo owsb oY Lalps ol b a5 ol e
s

Sifdae yo &5 ol i ptegn I @y
4 el (slo Lo o5 & 5 Jlosl U o o3 poaliles
Dygods S pe Gl g aslllae 890 dilaie mlan

S lblf )O 9 U’“"j) u)‘ o A M‘}} 6‘4.1>).c

oslaiwl 9,90 2ol

Abolfathi, K., Alikhah-Asl, M., Rezvani, M., 2015. Range classification and evaluation using Geographic
Information System (GIS) and Normalized Difference Vegetatiosn Index (NDVI), case study:
Hablehrood Subwatershed of Shahrabad Basin. Hum. Environ. 13, 45-55 (in Persian).

Alavi, E.S., Dinpashoh, Y., Asadi, E., 2019. Analysis of hourly storms for the purpose of extracting design
hyetographs using the Huff method. Geogr. Environ. Plann. 30, 41-58 (in Persian).

Alavinia, M., Nasiri Saleh, F., Asadi, H., 2019. Effects of rainfall patterns on runoff and rainfall-induced

erosion. Int. J. Sediment Res. 34, 270-278.

Arab Ameri, A., Sohrabi, M., Rezaei, Kh., Shirani, K., 2018. Locating underground dams using GIS techniques
and the Analytical Hierarchy Process (AHP) method. Iran. Water. Sci. Eng. 12(41), 60-51 (in Persian).

Chang, Q., Zheng, T., Zheng, X., Zhang, B., Sun Q., Walther, M., 2019. Effect of subsurface dams on saltwater
intrusion and fresh groundwater discharge. J. Hydrol. 576.

Chezgi, J., Moradi, H.R., Khairkhah Zarkesh, M.M., Ghasemian, D., Roustaei, Y., 2009. Locating underground
dams using decision support systems and GIS in the west of Tehran province. Ms.c Thesis, Tarbiat
Modares University. Faculty of Natural Resources and Marine Sciences. 106 pages (in Persian).



114/ weybioms Gl 0y ladsem 15 10 (due) ) des Dlas]  ori ) Sl

Dashti Barmaki, M., Saberi, Nasr, A., 2024. Potential identification of areas susceptible to underground dam
construction nationwide. J. Eng. Geol. 18(2), 185-162 (in Persian).

Derafshan, F., Heydarnejad, M., Bordbar, A., Daneshian, H., 2016. Locating suitable locations for constructing
underground dams using the AHP method of multi-criteria decision making (case study of the Indica-
Khuzestan region). Special. Sci. Quart. Water Eng. 4(2), 9-20 (in Persian).

Dortaj, A., Maghsoudy, S., Doulati Ardejani, F., Eskandari, Z., 2020. A hybrid multi-criteria decision-making
method for site selection of subsurface dams in semi-arid region of Iran. Groundwater Sustain. Develop.
10(8), 1-33.

Foster, S., Azevedo, G., Baltar, A., 2002. Subsurface dams to angment groundwater storage in basemer torrain
for human subsistonce-Brazilian expericnce. World Bank. GWMATE Case Profilc Collection, 5, 5.

Geological and Mine Exploration Organization, 1987. Geological Map of Semnan and Jam Quadrangle
1/100000 (in Persian).

Haj Seyed Ali Khani, N., Saeedian, H., 2022, The combined role of GIS, RS and geoelectricity in determining
areas susceptible to underground dam construction. Water Soil J. 36(6), 742-729 (in Persian).

Hanson, G., Nilsson, A., 1986. Ground water dams for rural water supplies in developing countries.
Groundwater 24(4), 497-506.

Hashemi, Z., 2002. Investigation of quaternary deposits in the north of the Haj Ali Qoli Desert watershed in
order to determine suitable locations for constructing underground dams. Ms.c Thesis. North Azad
University. 128 pages (in Persian).

Khairkhah Zarkesh, M.M., Naseri, H.R., Davoudi, M.H., Salami, H., 2007. Using the analytic hierarchy
process in prioritizing suitable locations for underground dam construction, case study: northern slope of
Karkas-Natanz mountains. Construction Research in Natural Resources, 79 (in Persian).

Kharazi, P., Yazdani, M.R., Khazealpour, P., 2019. Suitable identification of underground dam locations, using
decision-making methods in a semi-arid region of Iranian Semnan Plain. Groundwater Sustain. Develop.
9, 100240.

Kordovani, P., 2004. Resources and water issues in Iran. University of Tehran Publications, 414 pages.

Majidi, A., 2006. Management of groundwater resources using underground dam. Scienti. Exten. J. Water Soil.
2(1), 34-28.

Majidi, A., Ghermez Cheshme, B., 2018. Water supply in dry areas with indigenous underground dam
technology. Baztab Tat 1(2), 33-34.

Momzai, A., Talebi, A., Emami, N., 2018. Location of underground dam using analytic hierarchy process and
geographic information system (case study: Shahrekord and Morghmalek watersheds). J. Environ. Water
Eng. 4(2), 137-147 (in Persian).

Program and Budget Organization, 1993. Underground dams, a new technique in the development of
underground water resources. Plan for the study of water resources and research on the optimal use of
existing water facilities. Publica. 8(65) (in Persian).

Rohina, T., Ahmadi, H., Moeini, A., Shahriv, A., 2019. Site selection for constructing groundwater da hrough
Boolean logic and AHP method (case study: watershed of Imamzadeh Jafar Gachsaran). Paddy Water
Environ. 18(1), 59-72.

Saadati, M., 2002. determining suitable locations for underground dam construction in igneous areas using
remote sensing (case study: northern slope of Karkas Mountains). Ms.c Thesis in Hydrology
(Hydrogeology), Shahid Beheshti University. 143 pages (in Persian).

Sadeghiravesh, M.H., Khosravi, H., Abolhasani, A., 2023. Selecting proper sites for underground dam
construction using multi-attribute utility theory in arid and semi-arid regions. J. Mt. Sci. 20, 197-208.
Satoshi Ishida, S., Tsuchihara, T., Yoshimoto, S., Imaizumi, M., 2011. Review: sustainable use of groundwater

with underground dams. JARQ, 45(1), 5-61.

Soleimani, S., 2006. Investigating the engineering geological characteristics of Mashhad Plain in order to
zonate the potential for underground dam construction using RS and GIS (case study: Mashhad Plain).
Ms.c Thesis in Engineering Geology. Tarbiat Modares University. 112 pages (in Persian).

Talebi, A., Mandegar, A., Parvizi, S., Poordara, H., Barkhordari, J., 2023. Underground dam site selection
using hydrological modelling and analytic network process. Groundwater Sustain. Develop. 23, 100976.

Tashakori, M., Hayatzadeh, M., Fathzadeh, A., Chezgi, J., Bemani, A., 2023. Feasibility study and
prioritization of underground dam construction location in arid and semi-arid areas. watershed case study:
Rodan Basin. Water. Eng. Manag. 15(4), 655-672 (in Persian).

Telmer, K., Best, M., 2004. Underground dams: a practical solution for the water needs of small communities
in semi-arid regions. School of earth and oceans sciences. University of Victoria.





