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1-Introduction

Due to population growth, the increasing rate of industrialization, and the continuous exploitation of
groundwater by industries, the quantity and quality of groundwater resources have been affected
(Daneshvar and VVosoughi et al., 2011). The release of pollutants from industrial activities into groundwater
poses irreversible hazards to aquifers in many regions of Iran. The Maragheh Basin in East Azerbaijan
Province is one of the aquifers contaminated by industrial effluents, leading to a decline in groundwater
quality due to the failure of evaporation ponds of Kaveh Soda Complex (Zenozi and Vaezi, 1399).
Consequently, 300 hectares of downstream aquifer have been contaminated with 960,000 cubic meters of
groundwater.

In order to control leakage and reduce the volume of stored effluents, one method for improving the
quantity and quality of groundwater is artificial recharge, as Fred et al. (2006) suggested. This study
assesses and manages the contaminated aquifer by examining the study area's hydrological, soil,
hydrogeological, and sedimentological characteristics. A comprehensive watershed analysis determines the
optimal location for implementing artificial recharge projects.

The suitability of the location for artificial recharge projects is a key prerequisite for the success of this
method. Previous studies, including Hamadi et al. (2007) and Ghayoumian et al. (2004), utilized GIS,
MCDM, and DSS techniques for optimal site selection for artificial recharge projects. After determining
the appropriate location, the effectiveness of artificial recharge in improving water quality is evaluated.
Past research indicates that artificial recharge can significantly enhance the quality of groundwater.
Examples from studies conducted by Karlsen et al. (2012), Ma et al. (2012), Soulios et al. (2007) in Greece,
and Shi et al. (2015) in China support this notion.

This research thoroughly examines the site status and selects an optimal location for implementing
artificial recharge. Subsequently, the area is assessed in various ways to ensure the feasibility of
implementing artificial recharge projects. Factors such as topography, geography, accessibility, and the
impact on surrounding areas are investigated to ensure sustainable water supply. After confirming the final
location, a comprehensive feasibility analysis is conducted to ensure the reliable and long-term
implementation of the recharge project.

In another part of the study, groundwater pollution in the vicinity of the Kaveh Soda Factory in
Maragheh, resulting from effluent leakage, is investigated. Recharging of runoff water to reduce this
pollution is proposed. Considering the increased salinity of groundwater due to contamination, the research
indicates that artificial recharge can improve groundwater conditions. This method reduces water salinity,
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can control floods, improves water quality, and revives the aquifer's water table.

These recharge basins are shaped as rectangles with lengths four times their width. After transferring
runoff from the Mardagh Chay River, it enters the first sedimentation basin and flows into the recharge
basins after clarification. The infiltration of low-salinity runoff and its addition to saline groundwater can
rapidly reduce the salinity of the aquifer, which has slowly decreased the aquifer's salinity in recent years
due to natural rainwater recharge.

2-Material and methods

This research has been conducted in the downstream lands of the Kaveh Soda Factory in Maragheh to
improve the aquifer's condition and reduce groundwater pollution. Comprehensive geology, hydrogeology,
and hydrology studies have been carried out, and the sediment amount in the watershed was estimated using
the MPSIAC model. Additionally, using the double-ring tests, the surface permeability in different sections
of the area was assessed. Ultimately, an appropriate location for implementing the recharge project was
chosen based on the type and size of the pollution plume, land use, slope, proximity to the recharge source,
and ownership of lands under the Kaveh Soda Factory.

Furthermore, the SCS method was employed to estimate the runoff volume in different return periods
of floods. The chosen location considers factors crucial for the success of the artificial recharge project,
ensuring effective mitigation of pollution and improvement of the aquifer's quality.

3- Results and discussions

The Mordagh Chay River has been considered the primary water source for implementing artificial recharge
projects. The physiographic characteristics of the Mardagh Chay River watershed were also calculated,
estimating the area to be approximately 413 square kilometers with an average slope of 22.62 degrees. The
results of double-ring tests indicate that the average water infiltration in this area is around 0.36 centimeters
per hour.

Using the MPSIAC model, the sediment amount in the watershed was estimated to be 238 cubic meters
per square kilometer. A suitable location for the project, covering an area of 58 hectares, was identified
within the pollution-affected zone (approximately 300 hectares of downstream lands from the factory). The
selection was based on factors such as land use, land slope, pollution plume location, and proximity to the
water supply source in the downstream lands of the factory (within a 5-kilometer distance from the lowest
lagoon).

4-Conclusion

This study revealed that employing artificial recharge methods through infiltration basins expedites
improving contaminated aquifers' quality and the reduction of pollution. The increase in water volume in
permeable infiltration basins leads to a decrease in aquifer salinity, thereby enhancing groundwater quality.
This research examined the pollution zone around the Kaveh Soda factory and the Mordagh Chai River.
The initial estimate reveals approximately 238 cubic meters of sediment per square kilometer and an
estimated polluted area of around 300 hectares. To dilute this pollution volume down to the background
level of the area (2900 ps/cm), recharging 960 thousand cubic meters of water that can be supplied from
the Mordagh Chai River. Considering various factors such as the type and extent of pollution, land use,
slope, and proximity to water sources, an area of 58 hectares has been selected for implementing the
recharge project. This project has the potential to decrease the salinity of groundwater in 3 to 5 years.
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Table 1. The concentration of heavy and toxic elements and ammonia in the groundwater samples

Fe Cr Cd Mn Ni Pb Zn Hg* As NH3
Threshold Limit 5 2 0.05 1 1 2 2 2 0.1 5

w1 1 1.2 0.1 0.14 0.5 1 0.3 0.26 N.D 0.34
W2 N.D N.D N.D N.D N.D N.D 0.2 0.1 021 033
W3 0.4 N.D N.D 0.21 0.3 0.4 0.2 N.D 0.01 2.56
W4 0.35 0.4 0.4 N.D 0.3 0.5 0.2 0.11 N.D 0.42
W5 N.D N.D N.D N.D N.D N.D N.D N.D 0.03 N.D
W6 0.14 0.2 N.D N.D 0.1 0.1 0.1 N.D 0.1 0.59
W7 0.35 0.3 0.22 0.22 0.25 0.4 0.2 N.D N.D 0.88
W8 N.D N.D N.D N.D N.D N.D N.D N.D 0.1 0.29
W9 N.D N.D N.D N.D N.D N.D N.D N.D 0.05 0.29
W10 0.15 N.D N.D N.D 0.1 0.25 0.1 N.D 0.01 0.95

The permissible limits of heavy metals in drinking water based on the Iranian National Standard 1053

(mg/L)

The unit of measurement for mercury (Hg) is pg/L, while for the other elements, it is mg/L.
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Fig. 2. EC value in the groundwater of the site and groundwater flow direction (September 2022)
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Table 2. The locations of the double cylinder test in the study area

Testing Sites UTM-X UTM-Y
DRI 607216 4129828
DR2 607511 4130206
DR3 606685 4130198
DR4 606901 4129498
DR5 606407 4129875
DR6 606776 4129839
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Table 3. Nine factors of the MPSIAC model and calculation method of the scores

Factor Index Relationship Factors
Surface Y1=X1 X1 Rock Sensitivity to Erosion
Geology
Soil X2=16.67K K Erodibility Factor in the Universal Soil Loss Equation
Climate X3=0.2P2 P 6-hour Rainfall Amount with a 2-Year Return Period (in mm)
Runoff X4=0.006R+10QP QP Specific Peak Discharge (m3/s/lkm) , R Runoff Depth (in mm)
Topography X5=0.33S S Average Slope (in percentage)
Land Cover X6=0.2Pb Pb Percentage of Bare Land
Land Use X7=20-0.2Pc P Percentage of VVegetation Canopy Cover
Surface Erosion X8=0.25SSF X8 Score of the Soil Surface Factor (SSF) in the BLM Land
Management Method
Gully Erosion X9=1.67SSFg Score of the Seventh Factor in the BLM Model X9
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Table 4. Calculating the volume and discharge of floods for different return periods.

Flood Return Period Peak Flood Discharge (m3/s) Flood Volume (thousand m3)

2 20.92 299.9

5 42.58 635.43
10 61.44 958.55
25 87.65 1413.13
50 191.22 1529.15

aalllans g0 425> (15558 Sloogas -0 Jooo
Table 5. Physiographic characteristics of the studyarea

Parameter Measurement
Area 413.70
(km?)
Perimeter (km) 245.18
Shape Elongated and
elliptical
Main channel length (km) 71.38
Time of Concentration 9.32
Compactness coefficient 3.38
Basin Shape Horton’s From factor(1932) 0.08
Coefficients _ _
Circulatory Ratio 0.087
The equivalent Length 119.11
rectangle Width 3.47
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Table 6. The results of the double ring test

Sample Equations
Instantaneous infiltration equations SCS Equation
Cumulative Instantaneous Average instantaneous
infiltration infiltration rate infiltration (cm/hr)
\ Z = 0.56t%55 i(t) = 0.5¢704° i(t) = 0.1674t°7792 + 0.6985 0.31
Y Z = 0.45t%52 i(t) = 0.45¢7048 i(t) = 0.1312t%7572 + 0.6985 0.29
Y Z = 0.86t933 i(t) = 0.86t7067 i(t) = 0.1312t%7572 + 0.6985 0.57
£ Z = 0.9t%% i(t) = 0.9t7056 i(t) = 0.2283t%79%° + 0.6985 1
o Z = 0.84t%39 i(t) = 0.84¢7061 i(t) = 0.1196t°7475 + 0.6985 0.62
5 Z = 0.84t%39 i(t) = 0.84¢7061 i(t) = 0.1196t%7475 + 0.6985 0.62
azhis S glgl gl ol as -V Joao
Table 7. Erosion value for various soils of the study area
Soil Condition K Soil Condition K
Surface soil with gravel cover 0.50 Erosion-resistant land 0.10
Sandy soil 0.16 Fine sandy soil 0.42
Sandy loam soil 0.17 Loam soil with fine sand 0.42
Silty loam soil 0.47 Loam soil 0.37
Silty clay loam soil 0.25 Clay loam soil 0.37
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Fig. 3. The developed layers of information to evaluate the erosion amount. (a) Land Use map, (b) CN (Curve Number)
map, and (c) Soil Hydrological Group map and d) NDVI (Normalized Difference Vegetation Index) map.
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Table 8. Calculated scores for MPSIAC factors

Factor Index Score
Surface geology 4.56
Soil 5.33
Climate 4.84
Runoff 1.137
Topography 7.43
Land cover 15.6
Land use 15.96
Surface erosion 11.25
Gully erosion 8.35
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Table 9. The coordinates of the proposed location for the implementation of the artificial recharge plan

No. UTM-X UTM-Y
1 606632.88 4129855.30
2 606901.37 4130569.87
3 607617.01 4130282.73
4 607152.00 4129520.57

Legend
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Fig. 4. The proposed site for the construction of recharge basins (Scale1/1000)

AR




w

Foolots AF 0,90 NF-Y ol B iy (69,5 ol (e ]fﬂforf/:;:;ag}j
Sl glint OF (G el e v ) caSlo o gubie S S5 Azl -0
bugie 20 b slr Goye ailbog, ol ol el e &5 Az Olg oo caalllas opl 50 0adplol el g 38 oy p L
a Az bad 00 Gresd il e e VYO aille 398 sloamigs 3l oolitul b eotas 4di b, 45 b5
(2l G5 (Sosll edgame 5 £55 men ale Shs Sy oSl el g eagll pleul oS S5 pslateay
oS il )5 Sles v (L3l 5 o pe 4 (o3 e Sloazmsg> o Ol Gl baidl WS 5 See S,
S DA Colce b 515 ol s sy o (slod gaoes logas Oyl Ol 6o e clyul & Ol ol S9i 5 ,iudgi

20,8 Sl 48 )b ol ol Gl CodsS S 4 £9090 (nl g 4L Al ugels jobay

&l 3wl 5 005l edgazma gl (ul )0 IS o S5 ey o]

(S 09,5 5115 055 (10,08 5 ST LSl pe allie S dta s o0 409, raizmen g ogm oglS )15 Camoinly (2]
9 e onl slo anje 5l (Lisu el (sl oglS add SR s 250 JoS jsb ar ailyge O odli pie oS bz
sl gl &8 18 o Slalid,lS 5 D e dcgaze ol 15 caSe Za TYA 34> )0 ddg> gy e izl d S
R P FO Y- TS TR Voo oogll (6 oogumme Cmlie 0l 00 (o muye yioglS

dga &y (Tl o (l (53 (sl e S 051 LS

&l»

Alavi Panah, K., 2006. Application of Remote Sensing in Earth Sciences. University of Tehran Press. 496 P.
(in Persian).

Bornayi Zanouzi, A., 2020. Investigation of aquifer contamination due to potential effluent leakage from Kave

Soda factory (Maragheh), identification of pollution source and extent, and providing remediation

methods. Master's thesis. Department of Earth Sciences, Faculty of Natural Sciences, University of Tabriz.

Daneshvar Vousoughil, F., Dinpashoh, Y., Aalami, M., 2011. Effect of Drought on Groundwater Level in the
Past Two Decades (Case study: Ardebil Plain). Water and Soil Science 21(4), 165-179.

Fred, M.S., O’Hara, R.B., Brommer, J.E., 2006. Consequences of the spatial configuration of resources for the
distribution and dynamics of the endangered Parnassius apollo butterfly. Biological Conservation 130(2),
183-192. https://doi.org/10.1016/j.biocon.2006.01.007.

Ghayoumian, J., GhermezCheshme, B., Feiznia, S., Noroozi, A.A., 2004. Integrating GIS and DSS for
identification of suitable areas for artificial recharge; Case study: Meimeh basin, Isfahan, Iran.
Environmental Geology 47, 493-500. https://doi.org/10.1007/s00254-004-1169-y.

Guo, Z., Fogg, G.E., Chen, K., Pauloo, R., Zheng, C., 2023. Sustainability of regional groundwater quality in
response to managed aquifer recharge. Water Resources Research 59(1), e2021WR031459.
https://doi.org/10.1029/2021WR031459.

Hamadi, K., Makram, A., Jallali, S., Tarhouni, J., 2007. GIS based multi criteria analysis for potential waste
water aquifer recharge sites. Desalination 215 (1-3), 111-119. https://doi.org/10.1016/j.desal.2006.11.016.

Hassan, W.H., Ghanim, A.A., Mahdi, K., Adham, A., Mahdi, F.A., Nile, B. K., et al.,, 2023. Effect of artificial
recharge on the salinity and groundwater level in Al-Dibdibba Aquifer in Iraq using treated wastewater.
Water 15(4), 695. https://doi.org/10.3390/w15040695.

Hosein Pourmoghadam, M., Lashkaripour, D., Pourya, D., 2013. The effect of Khorasan Steel Complex slag
on the pollution of groundwater resources in Neyshabur plain. Proceedings of the 32nd National and 1st
International Geological Congress, Iran.

Kostiakov, A.N., 1932. On the dynamics of the coefficient of water percolation in soils and the necessity of
studying it from the dynamic point of view for the purposes of amelioration. Trans. Sixth Comm.
International Society of. Soil Sciences, 1, 7-21.

VY F-


https://doi.org/10.3390/w15040695

w

fo)Lo.A:J AF 0,92 ALY ul.».u.uﬁ) A.JJM L_Séﬁ)ls stl.....u U'“Q) J"ﬂfo’!/#;ag}i
L

Nasrabadi, T., Nabi Bidhendi, G.R., Karbassi, A.R., Hoveidi, H., Nasrabadi, 1., Pezeshk, H., Rashidinejad, F.,
2009. Influence of Sungun copper mine on groundwater quality, NW Iran. Environmental Geology 58(4),
693-700. https://doi.org/10.1007/s00254-008-1543-2.

Ravi Shankar, M.N., Mohan, G., 2005. A GIS-based hydrogeomorphic approach for identification of site-
specific artificial-recharge techniques in the Deccan Volcanic Province. Journal of Earth System Science
114, 505-514. https://doi.org/10.1007/BF02702026.

Ramalingam, M., Santhakumar, A., 2002. Case study on artificial recharge using remote sensing and GIS. GIS
Development Journal 3, 85-97.

Sargaonkar, A.P., Rathi, B., Baile, A., 2011. Identifying potential sites for artificial groundwater recharge in
sub-watershed of River Kanhan, India. Environmental Earth Sciences 62, 1099-1108.
https://doi.org/10.1007/s12665-010-0598-z.

Shi, X., Jiang, S., Xu, H., Jiang, F., He, Z., Wu, J., 2016. The effects of artificial recharge of groundwater on
controlling land subsidence and its influence on groundwater quality and aquifer energy storage in
Shanghai, China. Environmental Earth Sciences 75(3), 195. https://doi.org/10.1007/s12665-015-5019-x.

Thangamani, S., 2017. Effectiveness of Artificial Recharge Structures in Enhancing Groundwater Quantity
and Quality. Chem. Chemical Science Review and Letters6(23), 2042-2050.

US Department of Agriculture, Natural Resources and Conservation Service, 1974. National Engineering
Handbook. Section 15. Border Irrigation. National Technical Information Service, Washington, DC,
Chapter 4.

Vaezi, A., Pashazadeh, L., & Tabarmaye, M., 2020. Environmental Management Plan (EMP) for the Kaveh
Soda Factory (Maragheh). Report, Department of Earth Sciences, Faculty of Natural Sciences, University
of Tabriz, (in Persian).

RRA


https://doi.org/10.1007/BF02702026

