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Aquifers Sustainability Assessment by
Integrated Groundwater Footprint Indicator

(Case Study: East Azerbaijan Province)
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Abstract

In arid and semi-arid regions with limited surface water
resources, the growth of different economic and social sectors
requires sustainable management of existing water resources,
especially groundwater resources. The Groundwater Footprint
Indicator is a useful tool for assessing the sustainable use of
groundwater resources and its associated ecosystem services.
In this study, the sustainable use of 27 alluvial aquifers in the
east of Urmia Lake at northwest of Iran has been investigated
by groundwater footprint indicator. In order to integrate
quantitative assessment along with the sustainability of water
quality for agricultural use, an integrated groundwater
footprint indicator based on GIS spatial analysis has been used
for assessment. This assessment will assist water sector
managers in adopting appropriate policies and measures for the
sustainable management of the aquifer system, especially for
the Urmia Lake basin, which has faced salting water problems
in the adjacent aquifers. The results show that 20 alluvial
aquifers have a GF/A greater than 1 and 7 alluvial aquifers
have a GF/A equal 1 and no alluvial aquifers have sustainable
use of groundwater resources. Also, 24 alluvial aquifers have
iGF/A greater than one and only three alluvial aquifers have
iGF/A equal one, indicating that most aquifers are
contaminated by saline water intrusion and excessive aquifer
withdrawal. As a result of the scenario of a 10% reduction in
agricultural consumption, the 14 aquifers shift to a quantity
sustainable use state. This scenario also contributes to the
improvement of the iGF indicator and shifts the 10 aquifers to
a quality sustainable state.
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Fig. 1- a- Groundwater level b- Cumulative volume of groundwater abstraction in Iranian aquifers
(Iranian Water Resources Management Organization, 2014)
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Table 1- Characteristics of the alluvial aquifers of the study area
axdllied g0 dilrio 8wl (5 yledul Wlasuive - Joua

Area

No. code Name aquifer (Km?) No. code Name aquifer Area (Km?)
1 3021A Bostanabad 137 15 3019A Tabriz 782.76
2 3021B Kord Kandi 68.68 16 3019B Tabriz ( Damaneh) 395.61
3 3022A Sarab 180 17 1107 Marand 517.121
4 3022B Asbfroshan 174.32 18 3025A Gamehchi 35
5 3016 Ajabshir 88.18 19 3025C Aggonbad 1.6
6 3017 Shiramin 18.11 20 3025B Saray 2.6
7 3024 Tasuj 213 21 1104A Ahar 52.46
8 3023 Shabstar-Sofian 480.154 22 1104B Varzagan 30.17
9 3018 Azarshahr 123.43 23 3015 Maragheh-Bonab 189.323
10 3020A Mehraban 101.161 24 1303B Mianeh 57.4
11 3020C Dozdozan 59.79 25 1303C Torkamanchali 29.2
12 3020B Bilaverdi 90.139 26 1303A Tarak 97.7
13 3019C Tabriz (Gori gol) 6 27 1105A Harzandat 44.84
14 1105B Hadishahr 43.29
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Fig. 4 — Hydrograph of alluvial aquifer Tasuj (Code 3024)
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Table 2- Components of the alluvial aquifers balance
1 St (Y (sBailie Y oo

Aquifer Qin Qr Qr Qi Qsw Qw Qout E Qgy AV
(mcm) (mcm) (mcm) (mcm (mcm) (mcm) (mcm) (mcm) (mcm) (mcm)
3021A 8.38 4.69 4,18 6.90 2.60 21.52 0.31 5.5 0.52 -1.1
3021B 6.5 2.2 2.3 6.9 1 18.51 0.45 0.25 0.01 -0.32
3022A 30.82 5.3 12 24.4 8.2 78.7 0.22 15 1.1 -0.8
3022B 15.73 5.7 1.84 10.5 1.1 30.59 0.58 25 1.5 -0.3
3016 7.15 2.86 4.48 15.06 2.62 30.91 0 15 0.36 -0.6
3017 1.79 0.13 0.13 0.56 0.43 2.82 0.24 0 0 -0.02
3024 5.95 2 3.88 5.67 11 19.43 4.37 0 0 -5.2
3023 41.17 7.62 4.66 25.06 8.1 85.6 6.21 2.1 13 -8.6
3018 16.71 1.6 7.18 10.15 4.2 38.54 0.75 0.5 0.4 -0.35
3020A 4.75 1.32 6.25 6.37 0.97 14.63 0.26 3.63 1.14 0
3020C 5.37 0.8 2.45 115 0.3 20.57 0 0 0 -0.15
3020B 2.08 24 0.85 2.3 0.3 4.62 0.95 2.92 0.16 -0.72
3019C 0.77 0.25 0.01 0.2 0.02 0.8 0.43 0 0.07 -0.05
3019A 17.17 18.04 17.51 40.3 78.7 125.83 5.29 28.52 14.03 -1.95
3019B 27.06 124 19.92 5.53 3.2 71.1 191 0 0 -4.9
1107 87.88 11.56 4.16 59.3 19.71 196.88 0 1.28 0 -15.54
3025A 0.39 0.025 0 0.14 0 0.56 0 0 0.007 -0.008
3025C 0.243 0.011 0 0.14 0 0.4 0 0 0 -0.006
3025B 0.56 0.015 0 0.3 0.1 0.97 0 0 0.008 0
1104A 5.82 0.87 4,78 8.87 7.05 477 0 22.2 0.41 0
1104B 2.18 0.79 2.15 1.49 0.25 1.84 0 4.96 0.06 -0.01
3015 11.04 6.28 4,75 37.15 20.44 70.2 4.6 3.82 1.1 -0.06
1303B 10.75 1.12 1.39 5.87 3.2 17 25 247 0.69 -0.33
1303C 2 0.86 0.54 0.1 0 0.59 1.16 1.75 0 0
1303A 1.53 4.05 0.7 11 0.2 7.08 0.5 0 0 0
1105A 1.71 0.88 0.19 1.67 0.24 4.27 0 0.94 0 -0.52
1105B 6.2 0.73 0.24 1.85 2.64 10.91 0 1 0 -0.26
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Table 3- Comparison and validation of Modflow models and the last balance results

(Modflow models source: Yekom Consulting Engineers)

(v jolio Cramotige t9tidle slaJue &uie) (M (31 g gldle sla o gl o ) liiel g dug o Y Jgun

Aquifer (chirnn) (m%rr)n) Qr (mem) (rr?c\:ln) (n?corur']) (mEm) (n?cErgn)
Latest Balance Results (2011-2012) 3016 7.15 2.86 4.48 30.91 0 15 0.36
Average Modflow result (2006-2012) 3016 10.99 8.56 4.49 24.20 1.49 0 1.14
Latest Balance Results (2011-2012) 3017 1.79 0.13 0.13 2.82 0.24 0 0
(Average Modflow result (2002-2006) 3017 3.32 0.628 0.919 6.092 1.256 0 0
Latest Balance Results (2011-2012) 3024 5.95 2 3.88 19.43 4.37 0 0
Average Modflow result (2002-2006) 3024 5.02 3.96 2.08 20.65 4.83 0
Latest Balance Results (2011-2012) 3018 16.71 1.6 7.18 38.54 0.75 0.5 0.4
(Average Modflow result (2000-2004) 3018 30.29 2.09 3 70.74 0.57 0.5 0
Latest Balance Results (2011-2012) 3015 11.04 6.28 4.75 70.2 4.6 3.82 1.1
Average Modflow result (2002-2005) 3015 6.3 5.70 11.70 18.2 0.5 0.2 1.40
Latest Balance Results (2011-2012) 1105A 1.71 0.88 0.19 4.27 0 0.94 0
Average Modflow result (2001-2006) 1105A 1.07 078 2.42 0.25 0.105
Latest Balance Results (2011-2012) 1105B 6.2 0.73 0.24 10.91 0 1 0
(Average Modflow result (2004-2006) 1105B 12.78 0.58 2.59 3.14 12.70 0 0
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Table 4- Area and input parameters for determination of GF, GF/A, iGF, iGF/A values in the studied

alluvial aquifers

axllbe 3y90 (8l (s lgSul 13 IGF/A §iGF GF/A GF yalie et S (5399 W yiolyl g Conlune —F Joua

Area of
contaminated
. Area area C R E GF . iGF AV
No.  Nameaquifer ~ Code (Km?) (qualitative ~ (mcm)  (mem)  (mcm)  (Km?) GFIAIGFIA (Km?  (mcm)
parameter
Kmz2)
1 Bostanabad  3021A 137 3.53 2235  26.75 55 1441 105 108  147.8 11
2 Kord Kandi  3021B  68.68 0 1897 189 025 699 102  1.02 69.9 -0.32
3 Sarab 3022A 180 0 80.02  80.72 15 1818 101 101 1818 0.8
4 Asbfroshan  3022B  174.32 0 3267 3487 25 1759 101 101 1759 0.3
5 Ajabshir 3016  88.18 22.06 3127 3217 15 80.9  1.02 127 1124 0.6
6 Shiramin 3017 18.11 16.23 3.06 3.04 0 182 101 191 34.6 -0.02
7 Tasj 3024 213 87.73 23.8 18.6 0 2725 128 181 3848 52
8 Sg‘zﬁfgﬁr 3023 480.154 173.39 9311  86.61 21 5290 110 150  720.1 -8.6
9 Azarshahr 3018 12343 76.41 3069 3984 05 1245 101 163 2016  -0.35
10 Mehraban ~ 3020A  101.161 34.52 16.03 1966  3.63 1012 100 134 1357 0
11 Dozdozan 3020C  59.79 0 2057 2042 0 60.2 101  1.01 60.2 -0.15
12 Bilaverdi 3020B  90.139 6.57 5.73 793 292 1031 114 123 1106  -0.72
13 Tabgél()GO” 3019C 6 0 13 125 0 62 104 104 62  -005
14 Tabriz 3019A  782.76 544.58 14515 171.72 2852 7934 101 172 13454  -1.95
15 Tabriz 3019B  395.61 18.12 7301  68.11 0 4241 107 112 4435 -4.9
(Damaneh)
16 Marand 1107 517.121 72.5 196.88 18261 128 5615 1.09 124 6402  -15.54
17 Gamehchi 3025A 35 3.33 0567  0.555 0 3.6 102 199 7.0 -0.008
18 Aggonbad  3025C 1.6 1.63 0.4 0.394 0 1.6 102 205 3.3 -0.006
19 Saray 30258 2.6 2.6 0978 0975 0 2.6 1.00  2.01 5.2 0
20 Ahar 1104A  52.46 9.31 518 2739 222 524 100 118 61.7 0
21 Varzagan 11048 30.17 0 1.9 686 496 302 100 100 302 -0.01
22 Mggﬁ;‘k‘:h‘ 3015  189.323 16.13 759 7966 3.82 1895 100  1.09 2056  -0.06
23 Mianeh 13038  57.4 42 2019 2233 247 584 102 176 1011  -0.33
24 Torkamanchai  1303C  29.2 0 1.75 35 175 292 100  1.00 29.2 0
25 Tarak 1303A 977 0 7.58 7.58 0 97.7 100 100 977 0
26 Harzandat ~ 1105A  44.84 7.96 4.27 469 094 511 | 114 134 60.1 -0.52
27 Hadishahr ~ 1105B  43.29 4.96 1091  11.66 1 443 102 114 494  -0.26
Sum. 3987.5 4216 5421.1
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Fig. 5- Results of EC raster map- micromohus per centimeter -and SAR raster map- Milliequivalents per
liter- of alluvial aquifers adjacent Lake Urmia
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Fig. 6- Quality assessment of alluvial aquifers for agriculture based on USSLS classification criteria
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Fig. 7- Quantitative stress values of GF/A alluvial aquifers of East Azarbaijan Province
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Fig. 8- Qualitative stress values of iGF/A in terms of the composite parameter of SAR and EC based on the
USSLS diagram
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Table 5- Results of the scenario of 10% reduction in agricultural consumption on GF and iGF indicators
IGF g GF s sasli 3 (55,9UiS B pman idls aoj3 Vv g1,k spa) il -0 Jouo

Aquifer 3021A  3021B  3022A  3022B 3016

3017

3024 3023 3018 3020A  3020C  3020B  3019C  3019A

GF/A with
10% reduction
in agricultural
consumption

0.95 0.92 0.91

0.99 1.03

IGF/A with
10% reduction
in agricultural
consumption

0.97 0.92 0.91 0.91 1.15

1.72

1.63 1.35 1.47 1.10

Aquifer 3019B 1107 3025A  3025C  3025B

1104A

1104B 3015 1303B  1303C  1303A  1105A  1105B

GF/A with
10% reduction
in agricultural
consumption

0.96 0.98 0.92

0.90 1.02

iGF/A with
10% reduction
in agricultural
consumption

1.01
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