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1- Demand Satisfaction Index: IS
2- Demand Reliability Index: IR

3- Sustainability Index: 1U

4- Management Potential Index: IM
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Figure 1- Location of the Shahrekord aquifer
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Figure 2- Boundaries and piezometers in the aquifer
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Figure 3- Coefficient of transmissibility and location of the groundwater dam and artificial recharge
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Figure 8- Increase of the aquifer water level after subsurface dam
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Figure 13- Increase of the aquifer water level after 5% Reduction on water withdrawal
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Index  asld
Scenarios g ,luw

WEI+ lu
NO-Scenario 4,k 935 pic 1.068 0.070
Underground Dam = _ej 500 1.068 0.070
Artificial Recharge  cguae 4,is 1.061 0.071
5 % Reduction on water withdrawal ¢, ielS so s 07 1.045 0.078
10 % Reduction on water withdrawal = cuslb, jials Lo Vo7 0.969 0.114
15 % Reduction on water withdrawal <ol jzelS as)> V07 0.886 0.140

Sl (639xd0 el il ialS Mo pd Vo g lus (g0 0 g

d)l-\e.l-; L;Lbua&l.is L;«a.\‘ﬂ Cuwddy )-.’.31-'910 9) JB“‘? & 4>9;L



WAY 5 — 01,5 Yo lod MY b (S gl apis YVA

polie o dagil iomen bbige Gyl ol jl e ol
el o Ve culy ials gl sl Cund 4 sla adl
o 435 QB gyl (e Gl g 028 (aSLE 93 1 den
Ol 3 et g g0 oSl 53 Culoyy (5300 0 1l gyl ol |
S gyl 5 a8)S )y 8 cam laol Kls auim gy b (ol
oy b ol sl (asls o3 oyl Mo p (6,86 inejp
a8l as 5g b o sdaliie Lo jedli g0 dwloe poldo
Olizzen (Jg 0035 el 93 (pl dgmt el (e slagy sl
i s Loyl canpy polio b (ool coglés osal cawday polio
) aings Hlie 4 oad duolre (slayadls e 03,8 5 Sonp
25 oliiwl Glojen Cjgo & o pde gl (w2 Sl Ol
i sl gyl ey g s)lub pa3LS 93 5l Glgie Cnivren
ey S>> sl 00 u.»):u)l_’ ul9:>uT LS‘)’. e O)‘ 0 &S
Loy (mpp 9 Codlop yl 3 550 laglssel 5,Slas
Ay dlie pl joas caol S5 @ p5Y aed eolatwl calises (e
ol ond bl glagy o g szl (o 9 (B g (o
9 ol ogdls sl ok dnsg Can lgie S
blad 55 (Jeore Cuwj g loin] solaiBl sla jasli o jasli

2,5

e 4 ol g 9 088 503 Slagy s 4 Cans apasli ()l
GRS g (Fghan 45 g Sy (el 100 0 slag
Laaslis ol e cpiomen X539 I8 ,80 a e ls opl lade
ol 458 aa 48 (b & Sl (ueipj il gl
S ol 90 balsy (bl .l 03,50 (635 0)l05 2929
a2 e dayadli cpl dgme )3 oo Jolo s ibposre 5 )lub
o Blo &S (e b 4ol &t b bl el &
)15 65815 gl 4 (69)9 o e Jlade g 0 g
9 M2k Gaawg (adld 53S9y 2 (uejj S gyl i

& 5 4ol
Cople Sy (uajpj ol cidise (slag s dlie oyl )
s ol Candg g 48,5 )18 () 3)90 35 b bl
DBl g (sghae @l (i) e Sl gl gl Jlasl 5l
0058 il Jae (gylo o sbs (sbrols | shod Ve g O cudly
3 gyl ol U liee oanlie g Lo sbg) onl (suslio Car
‘_’J|9_>'qi Sl w0sd Mol gyl oy Hasli § ylul adls 9
9 o yasuie odel Cawd ) gl b A5 Ao g iyl
o) 5 bl e 5 alial s sl (sl Capniy &S

&l

1-  Anonymous. 2012. Second Phase Studies of Artifical Recharge in shahrekord Plain, Chaharmahal Provincial Water
Authority- Shahrekord (In Persian).

2- European Environment Agency EEA. 2013. Results and lessons from implementing the Water Assets Accounts in
the EEA area, From concept to production. EEA Technical report No 7/2013 European Environment Agency.

3- Ghobadian R., Bahrami Z., and Dabagh Bagheri S. 2016. Applied management scenario to predict fluctuations in
groundwater levels with MODFLOW conceptual and mathematical models (Case Study: Khazal-Nahavand plain),
Journal of Ecohydrology, 3(3):303-319 (In Persian).

4- Ishida S., Tsuchihara T., Yoshimoto S., and Imaizumi M. 2011. Sustainable use of groundwater with underground
dams, Japan Agricultural Research Quarterly (JARQ), 45(1):51-61.

5- Lalehzari R., and Tabatabaei S.H. 2015. Simulating the impact of subsurface dam construction on the change of
nitrate distribution. Environmental Earth Sciences, DOI:10.1007/s12665-015-4362-2.

6- Martin-Carrasco F., Garrote L., Iglesias A., and Mediero L. 2013. Diagnosing causes of water scarcity in complex
water resources systems and identifying risk management actions, Water resources management, 27:1693-1705.

7- Milano M., Ruelland D., Dezetter A., Fabre J., Ardoin-Bardin S., and Servat E. 2013. Modeling the current and
future capacity of water resources to meet water demands in the Ebro basin, J Hydrol, 500, 114-126.

8- Mirahmadpour S., and Taleb-bidokhti N. 2016. Investigating the Artificial Nutrition Project of Groundwater
Resources in Tehran's Shahriar Plain as a Way to Prevent the Transition of Earth. 15th National Hydraulics of Iran,
COI:IHC15_195 (In Persian).

9- Pedro-Monzonis M., Solera A., Ferrer J., Estrela T., and Paredes-Arquiola J. 2015. A review of water scarcity and
drought indexes in water resources planning and management, Journal of Hydrology, 527:482-493.

10- Porhaghi A., Akhondali A., Radmanesh F., and Mirzaee Y. 2016. Manage the Groundwater Sources Exploration of
the Nourabad Plain in the Drought Conditions with MODFLOW Modeling, Eco Hydrology, 3:319-303 (In Persian
with English abstract).

11- Ouerdachi L., Boutaghane H., Hafsi R., Tayeb T B., and Bouzahar F. 2012. Modeling of underground dams

application to planning in the semi-arid areas (Biskra, Algeria), Energy Procedia, 18:426-437.



Yva

w10 310 540 3 SIS pSLE g yletl bl Glag slow (i 5T (2L 55

12-

14-

15-

Salimpour Sh., Azhdari-moghadam M., and Hashemi-mofrad A. 2015. Estimation of Farsan aquifer volume for
reducing the negative effect of Beheshtakad water transfer tunnel on groundwater level, 14th National Hydraulics
of Iran, COI:IHC14 195 (In Persian).

Shahraki J., and Mohseni S. 2013. Compromise multi-criteria decision making Application in water resources
optimal allocation, Case study Yazd city, Journal of Iranian of Irrigation and Water Engineering.

Stevanovi¢ Z. 2015. Subsurface dams as a solution for supplementary recharge and groundwater storage in Karst
aquifers in Arid areas, Engineering Geology for Society and Territory, 1_90.

Vanrompay L. 2003. Report on The Technical Evaluation & Impact Assessment of Subsurface Dams (SSDs) TLDP
Technical Report Pp.



Journal of Water and Soil (65798 @aluo g pgle) S g T 4y piai
Vol. 32, No. 2, May.-Jan. 2018, p. 267-281 77 YEVTAY i IFRY 15 ol 5 Y oo Y ol

Assessing the Effectiveness of Aquifer Regeneration Scenarios by Sustainability
Index and Water Exploitation Indicators of Water Resources, Case Study:
Shahrekord Aquifer

B. Sheikhipour!- S. Javadi’*- M. E. Banihabib?
Received: 04-12-2017
Accepted: 26-02-2018

Introduction: Most part of Iran is located in an arid and semi-arid region, thus in most parts of a region;
groundwater is the only water resource also Population growth, limitation of surface water resources and
excessive water withdrawal from the aquifers, caused a sharp drop in groundwater level in many plains of Iran
such as Shahrekord plain, So it is necessary to have suitable management plans to improve the aquifer and
evaluate some indicators to see the effects of the methods. In this research, many management plans were
assessed for the case study.

Materials and Methods: A groundwater numerical flow model (GMS 10.2) was established by using the
monthly data including hydraulic heads, depletion volume of the wells, springs and ganats, precipitation values
in Shahrekord aquifer. The model was prepared and calibrated for both status of steady (October 2010) and
unsteady flow (November 2010-October 2012), and verified for the following year (November 2012- October
2013). The final values of hydraulic conductivity and specific discharge were obtained by trial and error and
PEST method. The water level fluctuation was predicted for three years later (until October 2016) by applying
management scenarios of 5% and 10% reduction in water withdrawal, underground dam and artificial recharge.
After that, two indicators of Sustainability Index and modified Water Exploitation Index (WEI+) were calculated
to determine the effect of the scenarios. The Sustainability Index indicates the consumption ratio of natural
resources to water demand. The optimal value of this Index is 1 and it may also have negative values. Low
values of this index mean high usage of natural resources. The Water Exploitation Index shows to which extent
the total water demand puts pressure on water resources. This index has positive values and its optimal value is
close to zero. These two indicators were used for surface water resources in the past studies so in this article they
were redefined for underground water resources.

Results and Discussion: The result of groundwater modeling shows that the hydraulic conductivity from 1
to 25 m/day and specific yield from 0.01 to 0.08 are varied also the result of prediction shows that the
underground water level would be decreased about 1.34 meter per year in the next 3 years when it hadn’t any
management plans in this area but after 5% and 10% reduction water withdrawal scenarios Decreasing of water
level were, respectively, 1.33 and 0.71 meter for each year also, considering that there were more wells in the
center of the aquifer, water level in this area increased more than other areas, after 5% and 10% Reduction
scenarios. According to the results of the artificial recharge and underground dam storage prediction,
groundwater head increased in upstream of underground dam and the area near the artificial recharge.
Considering the results it was found that the current condition of the aquifer is inappropriate and the amount of
withdrawal from the aquifer is more than its capacity. The amount of Water Exploitation Index for business as
usual scenario equal to 1.068 and for underground dam, artificial recharge, 5% and 10% reduction water
withdrawal, were, respectively, equal to 1.068, 1.061, 1.045 and 0.969. Also the amount of Sustainability Index
for business as usual scenario equal to 0.071 and for the other scenario were 0.068, 0.071 and 0.114. ,
respectively.

Conclusion: Considering the values of the indicators, 10% reduction water withdrawal scenario improved
both indicators and selected as the best scenario. After that, 5% reduction water withdrawal was in the second
place, then the artificial recharge scenario and underground dam scenarios, respectively, were in the third and
fourth place. The scenario of underground dam had any positive effect on these two indicate. Regarding the
calculated values of the indicators, it can be seen that although management scenarios have improved these two
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indicators, the amounts obtained are also significantly different from their optimal values. Several management
scenarios can be used simultaneously to bring the calculated index values closer to their optimal values. Used
two indicators of sustainability and modified water exploitation can be used exploitation for other management

scenarios and assess the performance of them for the other aquifers.
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