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4- Forchheimer

5- Groundwater Modeling System
6- Interface

7- User friend
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1- Evolutionary Optimization Methods
2- Cuckoo Optimization Alg. (COA)
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Figure 1. Geographical location of the study area.

osls e ool Glaosgdome 4w 5 350 e
S e 4 Oy dslas Lyl o opl o sl e
gl s e o "'\ilf‘ 03 S el s dsles
e A5 3 el S ol e G ne diles
e S e jsba ib e Ol L e

e Sl 0L (leand ¢l S S,

q.

o e ey ol Gledas Sl
L OOy dslae by g wls 3 s ol
AL s 5 S Je e S
Al b sk el o Ko

iy Olgal Slessiee gl OO SVsles

1- Continuum Approach
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1- Conceptual Model Approach
2- Simplification
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4- Dirichlet

5- General Head Boundary
6- Recharge

7- Initial Condition

8- Kriging
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1- Coverage
2- Stress Period
3- Time Step
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Figure 2. Quantitative model of the aquifer area in GMS.
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Figure 3. Qualitative model of the aquifer area in GMS.
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3- Egg Laying Radius
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1- Cuckoo Optimization Algorithm
2- Brood Parasite
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Figure 4. Immigration of a sample cuckoo toward goal habitat.

1- K-Means Clustering Method
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Table 1. Cuckoo optimization algorithm parameters.
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Table 2. Values of error evaluating criteria of flow model during calibration and validation periods.
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Table 3. Values of error evaluating criteria of transformation model during calibration period.
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Figure 5. The convergence process of simulation-optimization model.
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Figure 6. Groundwater level at the end of simulating period with applying optimal policy discharge.
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Figure 7. EC concentration level at the end of simulating period with applying optimal policy discharge.
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Table 4. Location of potential wells, optimal discharge and initial and final concentration of EC after 5 years.

5l EC chle
Sl g o2 EC cbls a5 Ol EC J,l cbhle .
i cils  Jle o N ) obr ojled
optimal (Change the ) ’ ) (Initial concentration UTM(Y) UTM(X) (Wells
discharge concentration of EC)  (Final concentration of EC) number)
(m3/day) (%) of EC after 5 years) (umho/cm) umbe
(umho/cm)
27261 -44 1364 2432 3636250 713750 1
0.00 4 1920 2000 3638250 706250 2
30000 -53 825 1750 3638750 699250 3
26000 =35 3270 5000 3640250 625250 4
30000 41 3800 6400 3640750 690250 5
0.00 42 870 1500 3638250 688750 6
30000 -45 2110 3800 3637750 682750 7
23400 +55 5270 3400 3632250 677250 8
30000 =7 5485 5900 3636750 676250 9
6000 5 7290 7700 3628750 674250 10
ary b ad iy MATLAB s 5asl 5 Jaes S S s

lotingy (2o S Glasnd wl 035 5L e &
J 5 s S Gl leasd Jle Lol
Sty —Sloand die 8 L1 Sleang —Slaans
sl olas c,L:., A3 S AJLNG:.é 90 S sl
)\ o cg_,..>w_“wd 6&0[2_— BE EC g:,.]a.LO \JW}\

B G odE &) agy Sl Sl (Sl
SalS (Aoys 1Y) Al YO llie & eyl DI
e o EC cblle 0Lsl S (gasu= b 5 asls
EC cbhle ,olis ammlis L .as S faws Ol

(Silwans oy lgnl s e chle 5 4

Yoo

sl 5 0l Skt Jde 105 2a g3 ol 3

55 Lo s ST Il Y s e s slacd
LIYA-ae T Jle gl o Olelx Ol
S ks S ag GMSTL lgsle 5 51 eslinad
QBLb e 5 Bl S s 5 Jle el
odal St CL“’ ol s cL?L;‘ Jhe i
Sledd 4 Jde &S Ws S sdalin ¢ aenlms
e Shl Cole 5 cl Sl JaS3 B s
Sy Jhe baw g odd a5 ldalie sl

s sl Jlml 5 0L (gleand Cgr Lol



OS50 g (G e

NIV (,:i)jﬁ\ S @ s L eoly s el oealS aelr e 3 chle slae Al sdalis
LFLM.A BE QT )‘ oslaul r.).s‘«)u,:ﬁ.ﬁ)}i U’i‘ BLl FREA) JLQ..Q\ aS C,.sg Q\jj& Ui\fL"’ .JJ‘J 6;{'.&.7;
Ui\ B QT 6;)54.: LUI CLJ‘ g:,.:J.:J..A 9 d)bw QLLJ\; J.:Jud 2 OJW Y8 e M‘b‘ Q‘Z‘JJJ g;...wqu
338 o to 5 ad S5 e Ol EC chle sl 2als s clale

&l

1.Abaei, A., Ghaheri, A., and Saeedi, M. 2011. Optimal Aquifer Pumping Policy to Reduce
Contaminant Concentration. J. Water Wastewater. 22: 80. 132-138. (In Persian)

2.Abouzari Khouei, N., and Hatamlou, A. 2014. Application of Cuckoo Optimization Algorithm
in Different Optimization Problems. National Conference on Computer Engineering and IT
Management. Tehran, Iran. (In Persian)

3.Anderson, M.P. 1979. Using Models to Simulate the Movement of Contaminants through
Groundwater Flow Systems. Critical Reviews in Environmental Controls. 9: 2. 97-156.

4.Anderson, M.P., and Woessner, W.W. 1992. Applied Groundwater Modeling: Simulation of
Flow and Advective Transport. Academic Press Inc. 381p.

5.Ansari, M.S., Shamsai, A., and Massah, B.A. 2011. Groundwater Level Modeling in
Sefiddasht by GMS Model. Second National Conference on Applied Research in Water
Resources. Zanjan, Iran. (In Persian)

6.Benjakul, R. 2010. Simulating Dioxane Transport in a Heterogeneous Glacial Aquifer System
(Michigan) Using Publicly Available Models and Data. M.Sc. Thesis. Michigan
Technological University. 66p.

7.Chiang, W., and Kinzelbach, W. 2001. Processing Modflow a Simulation System for
Modeling Groundwater Flow and Pollution. Springer Verlag, Berlin.

8.Chitsazan, M., and Saatsaz, M. 2005. Application of Mathematical Model MODFLOW on
Water Resources Management Options of Ramhormoz Plain. J. Irrig. Sci. Engin. 14: 1-15.
(In Persian)

9.De Wiest, R.J.M. 1965. Geohydrology. First Edition. John Wiley and Sons Inc, New York.
366p.

10.Etebari, B., and Yaghob Zadeh, M. 2008. Importance of the Conceptual Models in
Developed Of Mathematical Model in Aquifers (Case Study: Tabriz Plain). Fifth National
Conference on Engineering Sciences and Watershed. Gorgan, Iran. (In Persian)

11.Ghochanian, H.E. 2012. Groundwater Resources Assessment and Planning of Birjand Plain
Using WEAP-MODFLOW. M.Sc. Thesis. Department of Water Engineering, University of
Birjand, 117p. (In Persian)

12.Ghoochanian, M., Etebari, B., and Akbarpour, A. 2013. Integrating Groundwater
Management with WEAP and MODFLOW Models (Case Study: Birjand Plain, East of
Iran). MODFLOW and More 2013: Translating Science Into Practice Conference, Colorado.

13.Hoseini Tabatabaei, M.R., and Salari, A.A. 2013. Application of Cuckoo Optimization
Algorithm in Frame Structures Optimization. 7" National Congress on Civil Engineering,
Zahedan, Iran. (In Persian)

14.Kholgi, M. 2003. Mathematical Models Workshop of Groundwater Pollution From Theory
to Application. Department of Irrigation and Reclamation Engineering, University of Tehran.
(In Persian)

15.Kresic, N. 1997. Quantitative Solution in Hydrology and Groundwater Modeling. CRC Press
LLC. 115p.

16.Maliki, R., Karami, G.H., Dolati Ardejani, F. and Hoseini, H. 2011. Optimization of
Hydrodynamic Coefficients of Shahroud Plain by Using GMS6.5. Fourth Conference of
Water Resources Management. Tehran, Iran. (In Persian)

(RS



1190 (0) 5,lows dTY) Als S 5 f clis gla g}y s puls

17.Mohtasham, M., Dehghani, A.A., Akbarpour, A., Meftah Halghi, M., and Etebari, B. 2011.
Groundwater Level Determination by Using GMS Model (Case Study: Birjand Aquifer).
Fourth Conference of Water Resources Management. Tehran, Iran. (In Persian)

18.Nejati Jahromi, Z., Chitsazan, M., and Mirzaii, S.Y. 2009. Effects of Drought of 2007-2008
Year on Aghili Plain by Using Finite Difference Mathematical Model in GMS6.5
Environment. First International Conference on Water Resources Management. Shahrood,
Iran. (In Persian)

19.Nikfar, S. 2011. Management of Urban Aquifers in Order to Nitrate Pollution Control (Case
Study: Karaj City). M.Sc. Thesis. Department of Water Engineering, University of Birjand.
120p. (In Persian)

20.Prickett, T.A. 1975. Modeling Techniques for Groundwater Evaluation. J. Adv. Hydrosci.
10: 1-143.

21.Rajabioun, R. 2011. Cuckoo Optimization Algorithm. J. Appl. Soft Comp. 11: 8. 5508-5518.

22 .Shamsaei, A. 1998. Hydraulic Flow in Porous Media, Vol (2), Groundwater Engineering.
Amirkabir University of Technology, 560p. (In Persian)

23.Zheng, C., and Bennett, G.D. 2002. Applied Contaminant Transport Modeling. Second
Edition. John Wiley and Sons Inc, United States. 366p.

24.7Zheng, C., and Patrick, W. 1999. MT3DMS: A Modular Three-Dimensional Multispecies
Transport Model for Simulation of Advection, Dispersion, and Chemical Reactions of
Contaminants in Groundwater Systems; Documentation and User’s Guide. Contract Report
SERDP-99-1. 220p.

VoY



Gorgan University of Agricultural
Sciences and Natural Resources

J. of Water and Soil Conservation, Vol. 23(5), 2017
http://jwsc.gau.ac.ir

Presetting a Simulation-Optimization Quantitative and Qualitative
Model Operation of Aquifer in Order to Adjust Pollutant Concentrations
Using Cuckoo Algorithm

*H. Saeedi', A. Akbarpour’, A. Baghvand®, M.H. Niksokhan* and S. Sadeghi Tabas’
'M.Sc. Student, Dept. of Environment Engineering, University of Tehran, *Associate Prof., Dept. of Civil
Engineering, University of Birjand, *Associate Prof., Dept. of Environment Engineering, University of
Tehran, *Assistant Prof., Dept. of Environment Engineering, University of Tehran, *M.Sc. Student, Dept.

of Water Resources Engineering, University of Birjand
Received: 04/26/2014; Accepted: 02/28/2015

Abstract

Background and Objectives: Population growth and agricultural development and industrialization
causes the increasing need to use groundwater resources. Hence, the quality of these resources has
particular importance. In some aquifers, due to the heterogeneous distribution of pollution resources,
excessive centralized harvest in particular areas or gender difference in the aquifer, the water quality in
different areas is highly variable. In these cases, if there is no way to eliminate contaminant, the
concentration of pollutant can be uniformed by optimal policy operation in the aquifer. The aim of this
study was presenting a Simulation-Optimization model of groundwater in order to determine the
optimum discharge of operation wells so as the gradient of pollutant concentration was minimized and
water needs to be provided. On the other hand, the discharge of wells extractions can be determined in
a way that water quality, as a specific qualitative parameter, is same in all over the aquifer.

Materials and Methods: The simulation qualitative and quantitative model of aquifer was produced in
GMS environment. In order to achieve the main aim of this study (determining the optimum discharge
of wells in order to minimize the gradient of EC concentration in aquifer), it is required to combine the
simulation model with optimization algorithm (cuckoo). Since GMS is only the graphical interface
between user and aquifer simulation models (such as MODFLOW and MT3DMS) and it is not open
source code so a code was written in the Matlab environment that could run MODFLOW and
MT3DMS models. Since that code was open source, it was possible to combine optimization algorithm
and qualitative and quantitative model. Finally simulation optimization model was produced by
combining simulation model and optimization algorithm (COA).

Results: After providing simulation- optimization model, model was executed in a 5 year period and
1500 times, the mentioned model was converged after 1000 times executing. The amount of
objective function (the mean of absolute difference of computed concentration in the wells) was
computed according to the optimum discharges at the end of simulation period that was 1800 micro
mohs/cm that this amount will be 2055 micro mohs/cm for the next 5 year according to the model
simulations if optimum discharges (continuing the current extraction trend) is overlooked.
Conclusion: Results show that if optimum extraction policy was applied compared to overlooking
that, the gradient of EC concentration in selected wells decreases 12 percent in addition to this, by
comparing the amount of initial concentration of EC and the amount of concentration after
simulation, it was obvious that these amounts was decreased significantly in the wells so it can be
said that applying the policy of extraction not only normalized the concentration gradient but also
was effective in reducing EC concentration.

Keywords: Groundwater, Concentration gradient, Electric conductivity, Intelligent optimization
Approaches
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