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Extended Abstract

Introduction

Groundwater is considered one of the most important indicators of environmental development,
and land planners pay great attention to identifying the quantitative and qualitative status of these
resources. In general, the sustainable management of groundwater resources during crises can
reduce the effects of drought and water shortages. This issue is particularly significant in the
central plains of Iran, where water scarcity and low rainfall are prevalent. Therefore, to manage
these resources effectively, it is crucial to identify the factors that influence them. In recent years,
increased attention has been paid to landforms and environmental indicators as parameters
affecting the permeability and variability of groundwater. Over the past decade, there has been a
notable increase in studies and articles in this field.

Among the key landforms in the geomorphology of arid and semi-arid regions of Iran are alluvial
fans. Due to their unique structure, these fans provide an ideal environment for groundwater
storage. This research focuses on the southern slopes of the central Alborz mountains to develop
a model based on geomorphic parameters for assessing the quantitative and qualitative potential
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of groundwater. The findings of this study present innovative approaches to utilizing landforms
in identifying areas with suitable groundwater potential.

Material and Methods

The alluvial fans located in the southern slopes of the central Alborz hills cover a significant part
of the western plains of Tehran Province, as well as the southern plains of Alborz and Qazvin
provinces. The total area of this region is 7,450 square kilometers, and it is part of the sub-basins
of the Salt Lake system.

In this research, the morphometric characteristics of 23 alluvial fans in the southern plains of
central Alborz were analyzed using correlational research and ex-post facto methods. With a
practical approach, the boundaries of the alluvial fans were delineated using satellite images and
topographic maps. Eleven morphometric parameters, including sweep angle, area, volume,
concavity, slope, apex and base height, length, base length, radius, and height difference of the
alluvial fans, were extracted.

Additionally, the relationships between water table depth, well discharge, and electrical
conductivity (EC) of groundwater with morphometric parameters were evaluated using statistical
analysis of 587 water wells.

Results and Discussion

The results showed that changes in discharge, EC, and water table depth were influenced by the
morphometry of the alluvial fans, with contributions of 63%, 27%, and 54%, respectively.
Furthermore, the results revealed that among the 11 morphometric parameters, increases in the
average values of four parameters—area, cone length, base length, and radius of the alluvial fan—
led to higher groundwater extraction potential. Conversely, decreases in apex height, sweep angle,
and base height corresponded to increases in flow rates.

The findings indicated that in alluvial fans where the apex and base elevations are higher than
others, the water table is lower relative to ground level due to increased sedimentation and
sediment thickness. Moreover, the depth of the water table increases with the enlargement of the
area, length, base length, and radius of the alluvial fans. Alluvial fans with large, circular, fan-
shaped structures exhibited higher levels of groundwater stagnation.

Conclusion

Reducing concavity or sediment diameter on the surface of alluvial fans can effectively
decrease soil refinement during water infiltration. This study highlights that examining
geomorphic landforms prior to implementing water resource management plans can The
analysis of groundwater electrical conductivity (EC) demonstrated that EC values
increased in alluvial fans with high sediment volume and low concavity.significantly
reduce errors in selecting locations for aquifer recharge or groundwater well excavation.
This research, through its innovative approach and robust statistical analysis, has
introduced a new model to evaluate the role of alluvial fans in the quantitative and
qualitative changes in groundwater. The findings offer an efficient and effective
framework for identifying groundwater table potentials, providing valuable insights for
sustainable water resource management.

Keywords:Groundwater Resources, Alluvial Fan Morphometry, Geomorphic Indicators,
Sustainable Groundwater Management, Central Alborz Groundwater Dynamics
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Fig.5. Cluster classification of alluvial fan morphometric features (Figure A: Tree

diagram of morphometric clustering of alluvial fans, Figure B: Distribution of alluvial
fans based on cluster separation)
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Table 2- Average, maximum and minimum morphometric characteristics of alluvial
cones in each cluster
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Table 4- Status of Groundwater parameters in alluvial fan of the Case studies
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EC- DBI depth of the Number of EC- DBI depth of the Number of
p mho/cm I/s water table alluvial W mho/cm I/s water table alluvial
Fans Fans
588 17.8 84.5 13 1074 22.7 60 1
1606 15 39.2 14 643 245 57.3 2
846 94 55.6 15 659 13.2 61.8 3
1336 438 29.3 16 678 171 56.5 4
805 7.8 49.7 17 727 305 52.5 5
711 6.7 89.9 18 800 6.1 59.6 6
988 1.3 132.3 19 673 20.9 55.4 7
590 9.4 68.3 20 641 24,5 44.2 8
1139 4 74.6 21 653 26.5 54.2 9
1101 6.5 46.3 22 668 20.1 35.7 10
892 7.3 63.8 23 602 6.9 83.3 11
1017 14.9 37.4 12




\f'vgllw.ﬁ)ﬁAJWc\VchuE?mQ‘JbBw}L:B\FQJQ \\ed

ol Ol o 5Ske ghls (UL wlsg, G,8) 3,3 lasGl by s 53 35050 glacls izean
(Q‘)Li) éb‘-b‘j) u)&) o")’c‘ LSL“L)JN)-’ Lgf‘fjbli}ﬁ uw‘bdtﬂ d‘jasﬁ @Ujj.ﬁj\/\‘

el a5l IV s Sl sl

Srashsze ASssba 5 basHl by s s, Slogas G Cos Llg e gl phae Ges
Sble e S 5SS B 50 o) Zalbid 5 gl Jalse 4 bl mla Gas 15 3l s
3T dsdr @z g Lol Lasel by s (g 50 b penitens LT &S sl anly Laails g,
Blssy opf) adie b 3 el e U bl mav Ges :S0le oS 35 edaline £l gl
PYIV) 0L ailsss, (Bod ol ol s Gos p0le 4 o 45 035 520 OO/A L ol (O
A b 0Ll b s Sl slaams s 5 WO LS Wl el (g eS Kle ol (e
e el G Ol pea SSUl Cuba sl el sds S adlate 55 gl e Oal YU s
Ol 3 350 S5l 5 a0 ssl Chale & anlllans ) e aiaie 53 s ol S Cunss asiis o

b e Sl ol clale (151U 5 ol axals s )

[OBT: — N EC 1200 1Ll g, y = 13.209x + 686.57
1w =) 3 - p1143
L TRV J Ziaram River
i G 50 = 1400
b . .
£ = I Ziaran River U;’\ s00  Iran's national standard limit
3 — %, O 1053 (e 35050 Jaa s
a T 000
3 T 4
2, ~=l - 0o
3 ~F-L y
3, T 1 e
E | = 3 ao0
1 1 _al;
ol B
4,
A 1 2 3 4 5 6 7 8 9% 101 14 15 16 17 1 0 21 22 23 12 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Alluvial fan number A5l b g s jlek B Alluvial fan number A58 b g s jlad
TWater table
140 74
SRy,
1 Ziaran River
4
§~ 80
LI /
4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
c Alluvial fan number IS da g e o el

Lol by see 55 wns s o gl bl S ol uis Ly, -F K3
&%‘Cla‘uwc ‘Ls'{"JD/J‘ gL._:_lM ZB ch>1- g_)T ‘_;gb IA

Fig.6. Spatial trends of Groundwater parameters in alluvial fans
A: Well waterdischarge, B: Electrical Conductivity, C: Water table depth
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Table 5-Correlation test between alluvial fans morphometric parameters and
Groundwater parameters
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Table 6- Significance test of groundwater changes according to classification of alluvial

fan
i D Jeily sla sl i F Ghols gre Sl raS oty
Groundwater potential parameters Cluster Sig mean Minimum  Maximum
. 1 45 14.7 87.4
TR TS UL WU B L fas &S
i Sl e o 2 274 0088 36 17.7 50.3
Minimum water table depth(m)
3 25 16.4 34
oy P i) s it 12 gg gg; 1(1)‘11
; 1.39 0.27 '
maximum water table depth(m) 3 85 61.3 128.5
T . e 1 59 39.2 105.4
YR Bt Sl
) 2l el gl G L 2 0.41 0.66 54 36.8 68.5
mean water table depth(m) 3 51 37.1 68.6
i s S s Sl . o8 22 Iy
standard deviation of the changes in the water 0.16 0.84 ' ' '
table 3 5.7 3.85 7.19
T 1 10 1.3 26.5
L;/ wJ —ol> |
SO A el ol 2 3.48 0.05 18 65 345
DBI(L/S) 3 15 7.3 305
. 1 826 588 1336
co gl / - S Sl el
e 2 0.65 0.52 787 641 1101
EC (1 mho/cm) 3 966 590 1606

Sl iy 5 Lo A0 o 3 ()bl Sliae 4 50 3 S
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Table 7- Morphometric correlation pattern with groundwater parameters
(vellow color direct correlation (D), blue color reverse correlation (R), white color weak correlation

e

Cluster three-p yw 4 > Cluster two-pgs 4 > Cluster one-Jl s 5>

Ol i L G RTY s Ol i L [GIRT s O s L [GIIRT S5l

@bl bl el (S Gl gl e Sl gl sl (S Morphometry of
Depth Changes DBI  EC  Depth Changes DBI _EC  Depth Changes DBI _ EC alluvial fan
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Height difference
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(i
Volume (KM3)
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Table 8 - Correlation test of Groundwater parameters with morphometric characteristics

of alluvial fans in terms of separated clusters

Cluster one-Jl 4 s>

Cluster two-pss 43 5

Cluster three-p s 43 5

A6l by e 5 e ghs 50 b\ @ o % b\ “ o % 4, @ o %
i : & 817 3L . & &7 & . & 87 30
Morphometry of alluvial g .& m@ kb St Y ONX m *h L 0t O m ‘h 3 L P =
fan e O [‘ = rﬁ» c(gn ¢C Teg O [‘ = rﬁ» chp tC @Tg O {' = % L{gn ¢
E @ ?}: E @ L}: E @ }:
i1s "5‘“‘“" 081 .040 -407 -084 590 127 -054 859 -44 -184 551  -.880
3 2 Correlation
Sig !,lstas 402 450 107 403 .109 405 .455 .007 225 .383 .168 .060
=Y J‘E_'_,, S . 143 312 -.318 -.100 .873 -.62 -.56 .021 -.33 -.195 490 -.805
= §  Correlation
- Sig 1t .329 162 170 .385 .012 .095 .093 482 .290 377 201 .098
3 gg O -384 -04 877 670 -68 078 667 -254 -14 -536 604 .150
> §2 Correlation
B < Sig sl lskan 0.00
19 !, .109 446 1 .012 .067 442 .051 291 407 176 140 425
= %, ' S . -.305 -.10 .827 462 -.49 .635 .813 142 438 =271 -.03 753
3,3 = Correlation
Sig 1t 167 378 .001 .076 .159 .088 .013 381 .230 .330 481 124
- = = ri.....uh/‘
.}‘ S 5L o -211  .018 .176 .388 -.58 -13 515 -.293 -.62 .096 319 -.910
7 D k= & Correlation
T Sig lylsbae .256 478 .302 119 110 403 118 .262 .128 439 301 .045
:‘;‘ % Q e ] .185 351 -.280 -111 .659 -.63 -12 .338 -.55 -313  .862 -931
3 S & Correlation
¢ - Sig (sl,lsbus .282 132 .202 372 .077 .088 .393 229 .166 .304 .030 .034
o { %- oS . -418 483 .540 112 =21 431 414 .393 -.16 -.004 103 .349
? T e Correlation
Sig !,lstas .088 .05 .043 371 .342 .196 178 192 .394 498 435 .326
3 3 . ] .207 .032 -.205 -.061 .684 =17 -.19 717 -43 -.310 782 -.361
) < Correlation
x Sig !,lstas .260 461 273 429 .067 371 .340 .035 .235 .306 .059 319
§ e ] .205 -.29 -.484 -.095 -.59 172 132 -.452 -.08 -114 193  -.606
LS S & Correlation
© Sig !lsbme 261 172 .066 .390 107 372 389 155 444 428 378 197
@ LSS
£ o -096 .069 -.096 -.018 .009 -.23 .400 .259 -.48 -213 570 -.122
a; = Correlation
> Sig shylskes 383 416 .390 479 493 326 187 287 206 365 .158  .439
8 e . ATT -.45 -.161 225 -.00 -.58 -.43 -.621 .395 465 -.93 .818
} % Correlation
Sig !,lstas .05 .068 .318 253 494 111 .165 .068 .255 215 .011 .091
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