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Abstract

The purpose of this study is to quantitatively investigate the effects of artificial recharge of
treated wastewater of Meybod and Ardakan cities with infiltrations and injection wells and
comparing the economics of the two alternatives. In this study, the simulation of the
groundwater flow in aquifer for a one-year period of 2002-2003 was carried out using the
MODFLOW model and three locations were selected for artificial recharge. The annual volume
of treated wastewater to recharge was estimated at 13.2 million cubic meters and the average
level increase within a radius of three kilometers from the artificial feeding site was about 0.8
meters. The price of each cubic meter of water extracted from artificial feeding, excluding the
costs of transfer and treatment of wastewater by the infiltration basin method in feeding places
No. 1, 2 and 3, is equal to 342.2, 417.4 and 9.381 rials and with the injection well method it was
obtained as 506.2, 515.2 and 495.7 rials, respectively. The cost of transporting each cubic meter
of water to places 1, 2 and 3 (which are 13200, 11000 and 9000 meters from the treatment plant,
respectively) was equal to 3580, 2958 and 2418 rials, respectively. Therefore, choosing the right
place is one of the most important points in the design of such systems.

Keywords: Artificial Recharge, Treated Wastwater, Groundwater Model MODFLOW,
Recharge Well, Recharge Basin.
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Table 1. Specifications of infiltration basins

Basin  k(m/Day) v(m/Day) Area(m?) h(m)
1 29.35 12.6 2591.4 0.66
2 18.04 8.7 3724.1 0.65
3 20.37 9.6 3402.6 0.64

Gy sl Olasia-Y Jous
Table 2. Specifications of injection wells
Injection Height of
well ) ) vadose-zone (m) 00
1 29.35 45 33 78
2 18.04 52 37 89
3 20.37 50 33 83
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Fig. 3. Diagram of increasing groundwater head in recharge station number 2
by infiltration basin method in September (m)
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Table 3. Summary of investment costs of artificial recharging schemes and
their annual equivalent (Milliard Rial)

Recharge station Item Well Basin
Conveyance 400.92 400.92

| Construction 19.13 15.47
Sum 420.05 416.39

Annual 44.56 44.17

Conveyance 331.28 331.28

) Construction 20.35 21.87
Sum 351.64 353.15

Annual 37.30 37.46

Conveyance 270.80 270.80

3 Construction 19.69 20.05
Sum 290.49 290.85

Annual 30.81 30.85

°mwﬁéﬁﬁﬁj=ﬁybgTy&ﬂﬁ o dsla - F g

Table 4. Calculate the price per cubic meter of water obtained and the cost saved

Recharge station 1 2 3
Item Well Basin Well Basin Well Basin
Annual equivalent of investment costs 44.56 44.17 37.30 37.46 30.81 30.85
Operating and maintenance costs 3.30 1.74 3.22 1.90 3.16 1.77
Cost of Pumping water from the 0.68 0.68 0.74 074  0.64 0.64
aquifer
Sum (Billion Rials) 48.54 46.59 41.26 40.10 34.61 33.26
AT e R 11.88 11.88 11.88 11.88 11.88 11.88
(Mm? /year)

Price per of recharged water (Rial/m3)  4,086.09 3,922.10  3,473.35 3,375.50 2,913.68 2,799.89

Price of recharged water, excluding
transfer costs (Rial /m®) 506.19 342.20 515.24 417.40 495.67 381.88

Average increase in water level (m) 0.82 0.80 0.78
Power (Kw) 3.79 3.70 3.60
Power saving (Kw.h) 33178.30 32369.08 31559.85
Cost saved (Million Rial) 16.26 15.86 15.46
S e S e B e 303l 3leas G5 O Sl 30 0l e (U, T4 )

Ok VV/A 1y e gime 4 iid gl sact aiat Ol 1 (Ule s oonSa e 05lin 11 /4) o srmn s iis JLo Y b
b 331 S sl s s ] Cansts Yl 55 xSo 20 qwj\yt,qw,uﬁ@sf Ui ol 5 S deslne

23 san 4355 oo 3l (520 S W plat s b gre gbay O b apalone 5 g
J—Q‘A'/V/\j'//\‘ 5‘//\\‘ g.,_:.?,?u\“)\"\ Qm‘a&wg“w
YooY s gleslayl o5k and sr Corlee s Jols S S e ¥

.J_ATCA_.AQ@JAJ:AV\"'V/;‘}T'VYY’/\ YOOV s s waryg L olSsl—a5m Cllis o gtme 4080 En iy ol 5o

Journal of Water and Wastewater Ml s,aT E

Vol. 33, No. 5, 2023 VP Ul o oled FY 0,00 @

'FA



14

dx.doi.org/10.22093/wwj.2022.347603.3267

Shosmonle e 5 9y L L)

L5 JL, PAY/A 5 FAV/E FFY/Y U ol et st 5 Y
FAO/Y 50N/ D 8/Y Uy s s s G5 ol Lo
52 yman 4335 b (612l L ptes S dulee JL
FYAAV/Y 6V s 5 Y 5 Y ) s slmelSe ]
VIO fdn 5 Gy sl S5 LSYIOAA/A 5 TYYS4/
s Gl 5 s o plaw ol YU clow oleg 0 5ke

b Jol o551

@‘b}-\g -0
LM osls 515 oyt s Jdsas 53 sldilaze O S5 5
IS 5 LS5l =55 cots plssal 4 bsyse 5Liss e slansls

wsdisn S8 WS 6oL Sress el Wy sl aS Slsse

References

SAVYA 550 Y 5V ) Ll ool aw 55 Gou 5 oly o
o s 35 b YL olas s 5n a8 e o AY
KPP cs e dn Bl e s 35 4l > s
FV/YEA/O ool oss oo s Jbs Ll FY/Y 54/
cai sl by ssLe Y/
L o san 435 5l Jeols al3le O Gonlo 2 0 Coid
T 5V Gk slaalanl s 38 4l > sla s,
s hasleal U 5 JU, YYA9/8 5 YYYVO/0 YAYY/\ L i,
JULYANY/Y SFEVE/Y B AS/N U ol o S G 3
S e Caad i dlone Ol il 5o Olazsl 65
Jisl slaay o ol sy o sian 4385 5 Jols 515l T

N i slealSis! 53358 ams s> B, b sad abal Ol

Aghlmand, R. & Abbasi, A. 2019. Application of modflow with boundary conditions analyses based on limited

available observations: a case study of Birjand Plain in East Iran. Water, 11(9), 1904.

Al-Sabbry, M. M., Harris, D. & Fox, R. 2002. An economic assessment of groundwater recharge in the Tucson
Basin 1. JAWRA Journal of the American Water Resources Association, 38, 119-131.
Bize, J., Bourguet, L. & Lemoine, J. 1972. Artificial Recharge of Groundwater Basin, Grand Public Pub., Paris,

France. (In French)

Chitsazan, M., Nozarpour, L. & Movahedian, A. 2018. Impact of artificial recharge on groundwater recharge

estimated by groundwater modeling (case study: Jarmeh flood spreading, Iran). Sustainable Water Resources

Management, 4, 79-89.

De Laat, P. J. M. & Nonner, J. C. 2012. Artificial recharge with surface water; a pilot project in Wadi Madoneh,

Jordan. Environmental Earth Sciences, 65, 1251-1263.

Dehghani, B., Farahani, M. & Aminnejad, B. 2020. Evaluation of artificial recharge and flood spreading

scenarios for integrated surface and groundwater resources management using weap model case study
(Varamin Plain). [ran-Water Resources Research, 15(4), 242-258. (In Persian)

Dillon, P., Stuyfzand, P., Grischek, T., Lluria, M., Pyne, R. D. G., Jain, R. C., et al. 2019. Sixty years of global
progress in managed aquifer recharge. Hydrogeology Journal, 27, 1-30.

Donovan, D. J., Katzer, T., Brothers, K., Cole, E. & Johnson, M. 2002. Cost-benefit analysis of artificial
recharge in Las Vegas Valley, Nevada. Journal of Water Resources Planning and Management, 128, 356-

365.

Energy, M. O. 2012. Studies on Updating the Comprehensive Water Plan of the Siah Kuh-Rig Zarrin Catchment,

Case Study of Yazd-Ardekan. Tehran, Iran.

Katibeh, H. & Hafezi, S. 2004. Application of modflow in groundwater management and evaluation of artificial

recharge project of Ab-barik Aquifer (Bam). Jouranl of Water and Wastewater, 15(2), 45-58. (In Persian)

Journal of Water and Wastewater

N 5 O dme o
!

Vol. 33, No. 5, 2023

\f‘\ dLs-uO oJL,..':x’\‘a)j:



dx.doi.org/10.22093/ww;j.2022.347603.3267 e b o] im0 4T glody ;S colatdl dunylio

Mahmoudi, M., Aydi, A. & Ibrahim, H. 2021. Site selection for artificial recharge with treated wastewater with
the integration of multi-criteria evaluation and Electre III. Environmental Science and Pollution Research,
28, 46748-46763.

Morsy, K. M., Morsy, A. M. & Hassan, A. E. 2018. Groundwater sustainability: opportunity out of threat.
Groundwater for Sustainable Development, 7, 277-285.

Patel, A. S. & Shah, D. L. 2008. Water Management: Conservation, Harvesting and Artificial Recharge, New
Age International (P) Limited, Publishers, India.

Perrone, D. & Rohde, M. M. 2016. Benefits and economic costs of managed aquifer recharge in California. San
Francisco Estuary and Watershed Science, 14(2), Article 4.

Salehi Shafa, N., Babazadeh, H., Aghayari F. & Saremi, A. 2022. Multi-objective planning for optimal
utilization of surface and groundwater resources and artificial recharge system. Echo Hydrology, 9(1), 77-95.
(In Persian)

Shekari Tappe, R., Parvishi, A. & Ghanbarzadeh, L. M. 2021. Modeling and evaluation of flood spreading in
aquifer using modflow code (case study: Salmas Plain aquifer). [ran-Water Resources Research, 17(3), 360-
377. (In Persian)

Sheng, Z. 2005. An aquifer storage and recovery system with reclaimed wastewater to preserve native

groundwater resources in El Paso, Texas. Journal of Environmental Management, 75, 367-377.

This work is licensed under a Creative Commons Attribution 4.0 International License

Journal of Water and Wastewater Ml s,aT E

Vol. 33, No. 5, 2023 Vo) Jlo i oyled MY 5500

Q





