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Abstract

To protect aquifers, it is necessary to assess their current and future stresses. For this purpose, in this paper, the indicators of groundwater resources
sustainability in three dimensions of quantity, quality, and environment in the Varamin aquifer have been used to evaluate the spatial sustainability of
different parts of this aquifer. In this study, a quantitative hydrogeological index; two qualitative hydrogeological indicators and two environmental
indicators, and a total of 5 sustainability indicators have been used to study the spatial sustainability of the Varamin aquifer. The overall sustainability
of the aquifer has been evaluated by AHP weight averaging and entropy methods from different dimensions of sustainability assessment indicators
with the opinions of experts. The final results of the spatial sustainability assessment of the Varamin aquifer show that the eastern part of the aquifer is
more stable than the western part of the aquifer. The low stability of the aquifer in the western parts between zero and 25 indicates the urgent need to
implement aquifer sustainability management plans. The hydrogeological and hydrogeochemical status of the aquifer confirms the results obtained
from the spatial sustainability of the aquifer. Hydrogeologically, the northern and eastern parts of the aquifer are very thick and have high
transmissivity, while in the west the thickness decreases sharply and the alluvium is granular with low transmissivity. Also, the presence of the saline
river in the western part of the aquifer, which is the passage of sewage, has reduced the quality stability and increased the vulnerability of the aquifer in
the western part of the aquifer.

Keywords: AHP method, Aquifer recovery, Shannon entropy, Sustainability indicators.
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Figure 1. Location of the study area
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Table 1. Scores related to five sustainability indicators in three dimensions: quantitative, qualitative and
environmental

Dimension Index name Score
0 25 50 75 100
Quantities Variation in I(AH), <20%  20%<I(AH)<40% 40%<I(AH)<60% 60%<I(AH)<90%  I(AH);>90%
groundwater storage = = = = !
Variation in o o o o o o o o
ousity groundwater quality 1Q<20% 20%<1,=<40% 40%<1,<60% 60%<1,<80% 1,>80%
Groundwater quality
oroblem 1p>80% 60%<1¢,<80% 40%<1¢,<60% 20%<1,<40% Tgp <20%
Sl:f#e”rg‘évﬁltter Iy >80% 60%<1ly <80%  40%<I, <60%  20%< Iy <40% Iy <20%
Environmental Y Index <2 Index > 2
Groundwater Drought -0 —2<Index <-1=25 -1 < Index _<1.5' =50 15< Ind(_ex <'2 =75 Very intense wet
Drought Normal situation Wet situation A
Intense drought situation
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aquifer based on the qualitative index of change in
groundwater quality
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Table 2. Weights assigned to indicators based on
Shannon and AHP entropy methods

Index GR) (W) () (Il ((AH))
Entropy methods 147 73 196 16.8 41.6
AHP 109 58 293 152 38.8
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Table 1 Appendix. Classification of drastic model parameters

Parameters Grade Parameters Grade
Recharge (mm/year) Depth (m)
0-25.4 1 0-1.5 10
25.4-50.8 3 1.5-4.6 9
50.8-101.6 6 4.6-9.1 7
101.6-152.4 8 9.1-15.2 5
>152.4 9 15.2-22.9 3
22.9-30.5 2
>30.5 1
Soail Aquifer
Gravel 10 Gravel 10
Sand 9 Sand 8
Loamy Sand 7 Sand and Gravel 5
Loam 5 Sand and clay 3
Silt 3 clay 2
clay 2
Unsaturated Zone Slope
Sand and Gravel 10 0-2 10
Silty Sand 7 2-6 9
Silty Clay 4 6-12 5
clay 1 12-18 3
18< 1
K
Feb-01 1
Jun-02 2
Jun-14 4
20-14 6
40-20 8
40< 10

>z

(T

§ Soil Env- Class.
[ H Vadose Zone
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Figure 1 Appendix. Drastic modl parameter classification map
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Table 2 Appendix. Calculated index and grade related to five sustainability indicators

UTMX UT™mY Index Il Grade(lg) Index I(Qp) Grade I(Qp) Index Iy Gradre(ly) UTMX uTmYy Index Iy, Graded (Idh) Index GRI Grade GRI
557400 3903200 44 50 1251 50 40 50 546535 3912300 15 0 -0.56 50
554750 3900800 49 50 1554 50 42 50 546983 3908785 16 0 -2.06 0
561900 3898750 53 50 837 50 45 50 547050 3917492 17 0 0.18 50
554400 3910200 43 50 890 50 43 50 548657 3914717 18 0 -0.63 50
575760 3907500 74 75 647 75 45 50 550068 3910717 19 0 1.31 50
566200 3923750 67 75 588 75 42 50 550846 3913960 20 25 -4.14 0
555200 3905350 39 25 2864 25 43 50 551257 3891717 21 25 1.36 50
573278 3896075 45 50 1023 50 85 0 551627 3917579 22 25 2.20 100
551600 3911000 54 50 2847 25 41 50 551633 3896289 23 25 2.74 100
566798 3906395 37 25 811 50 43 50 552057 3900800 24 25 1.41 50
560700 3912500 36 25 1070 50 42 50 552234 3900655 25 25 0.75 50
552400 3915587 58 50 1366 50 44 50 553587 3912567 26 25 -1.85 25
571000 3898950 67 75 1009 50 88 0 553766 3905669 27 25 2.00 100
565750 3926700 54 50 834 50 41 50 554110 3904214 28 25 1.34 50
558800 3898700 45 50 984 50 48 50 554826 3910156 29 25 -0.50 50
565100 3918800 49 50 500 75 70 25 555028 3916817 30 25 0.98 50
563300 3912000 62 75 902 50 30 75 555733 3925863 31 25 -4.02 0
555356 3889753 51 50 3305 25 72 25 556194 3921183 32 25 -1.98 25
552472 3892628 49 50 6569 0 76 25 556313 3896574 33 25 1.01 50
554000 3895900 49 50 2805 25 28 75 556341 3923373 34 25 1.42 50
552800 3894900 44 50 7946 0 45 50 556430 3900778 35 25 -0.12 50
551850 3907300 55 50 5355 0 72 25 557150 3905926 36 25 -1.19 25
562000 3923650 63 75 549 75 44 50 557500 3891092 37 25 0.08 50
567800 3894500 51 50 632 75 78 25 557242 3900752 38 25 1.59 75
564550 3895900 56 50 816 50 79 25 557514 3888798 39 25 0.94 50
562200 3894200 63 75 829 50 70 25 558164 3914897 40 25 0.60 50
572500 3914000 62 75 705 75 38 75 558300 3908112 41 50 -1.85 25
559574 3927862 70 75 1329 50 44 50 558457 3898306 42 50 -1.30 25
557700 3907100 49 50 1085 50 43 50 558536 3920410 43 50 -1.30 25
558200 3917800 69 75 823 50 50 75 559800 3909657 44 50 1.04 50
547632 3913525 34 25 6502 0 70 25 560008 3906121 45 50 1.60 75
548666 3915434 60 50 8199 0 55 50 560426 3890177 46 50 -0.48 50
556500 3894500 49 50 719 75 54 50 560429 3902738 47 50 1.42 50
565300 3899800 44 50 989 50 77 25 560467 3903109 48 50 1.32 50
568446 3904405 69 75 784 50 45 50 560689 3912178 49 50 -1.28 25
566500 3906150 63 75 838 50 44 50 561633 3892389 50 50 1.56 75
560900 3915900 7 75 587 75 43 50 561700 3898058 51 50 1.93 75
569750 3900900 53 50 496 75 95 0 561703 3898058 52 50 -0.90 50
571250 3920900 73 75 1292 50 50 50 563079 3927995 53 50 1.33 50
564100 3913300 54 50 601 75 70 25 563751 3907926 54 50 0.33 50
552800 3917500 64 75 1637 50 23 75 564138 3917069 55 50 -1.74 25
556600 3897150 76 75 1012 50 45 50 564338 3924790 56 50 -1.03 25
574700 3920750 62 75 690 75 70 25 564552 3898778 57 50 0.54 50
556600 3889200 53 50 7452 0 920 0 564674 3912915 58 50 -1.74 25
577600 3915800 56 50 995 50 88 0 565401 3902421 59 50 0.32 50
570550 3891990 47 50 618 75 24 75 565824 3890180 60 50 -0.50 50
568600 3912250 59 50 655 75 25 75 567540 3926026 61 75 0.46 50
567550 3899000 55 50 1187 50 22 75 567953 3922552 62 75 -1.76 25
571255 3912000 58 50 701 75 26 75 570782 3912087 63 75 1.04 50
552300 3897200 48 50 9129 0 44 50 571298 3923549 64 75 1.25 50
551300 3898000 45 50 10746 0 78 25 571902 3897300 65 75 -1.79 25
559900 3922400 63 75 665 75 28 75 572069 3912759 66 75 0.99 50
557250 3920550 59 50 1070 50 55 50 572909 3915930 67 75 153 75
549500 3901150 57 50 4499 0 76 25 573039 3908572 68 75 1.05 50
573950 3908000 55 50 555 75 43 50 573627 3919155 69 75 0.42 50
552200 3921250 61 75 6327 0 44 50 575251 3921253 70 75 -0.45 50
551200 3917200 57 50 3482 25 41 50 575928 3913838 71 75 -1.43 25
560250 3902800 54 50 857 50 40 50 577343 3905652 72 75 1.19 50
562850 3908800 53 50 605 75 46 50 579513 3914814 73 75 -0.46 50
562200 3907450 54 50 597 75 45 50
565900 3908450 53 50 1262 50 55 50
565150 3891500 72 75 635 75 47 50
555200 3925900 60 75 5674 0 38 75
567800 3915200 51 50 513 75 50 50
556750 3912700 63 75 758 50 30 75
573400 3917300 51 50 685 75 57 50
557000 3890750 61 75 715 75 75 25
557600 3923900 55 50 1531 50 48 50
569300 3918800 63 75 764 50 44 50
576750 3912400 40 50 810 50 53 50
554200 3913850 52 50 1085 50 48 50
557300 3916800 74 75 824 50 54 50
542300 3905050 50 50 7980 0 920 0
566050 3903600 51 50 845 50 45 50
561500 3919800 45 50 477 75 35 75
574700 3911400 67 75 787 50 55 50
549900 3913100 55 50 7811 0 54 50
552139 3909777 72 75 1703 50 45 50
563090 3928192 55 50 1585 50 44 50
- -
”
Shl sl s
" * e

Vevr Susbm ¥ oo,ledm VY 6,90

ARR



