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Table 1. Summary of studies regarding the application of numerical simulation in groundwater modeling issues.
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Figure 1. The flowchart of the study procedure.
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Figure 2. The elevation map and the piezometer location of the Namdan study area, Tashk-Bakhtegan basin,

Fars province, Iran.
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Figure 3. Namdan aquifer hydrograph and the Kaftar precipitation station in the study area.
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Figure 4. Conceptual model.
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Figure 5. The inflow, outflow and impervious boundaries map (a) and the segmentation map (b) of the study area.
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Figure 6. Coefficients of calibrated return flow (a) precipitation recharge (b) hydraulic conductivity (c).

u&u sde gllest) AT S ol Ll
(V JS8) el od ool in /AN il Sila o
o 5 SMlas oo s n Sx rpes
bl o)ss LY L;J Jho aw sl gslwas
Sl le) A% s s S A bl

R

5ol e By 4 4l bl

Al sl b Sgds colis ol
Claye fpeme laanS Sda L gilaag
Silotag Sl b ol S5 Slabee glales

s OF 50 0 0) O 50 SIS (5815



ITAY (1) olowd (Y0) s S g O Chlis s Widg3s 4 pai

oo 3 fle a8 Ol g 5 Sepl 4 s L

345 Sy pde o (Jyame 7 (S LSL
Gt s e Ll 5 o il ol B,
il Sl Wlgs i ol il
S Sl el gl 8 osl ey ol
L (o3 Yo b o) 2oL sl 358 5 (Aoys 00 B O)
03 Ol ds gl el B oae olis 4 ax s
w8 kY s A A e ol el e
ol ol sl iy polie Ll sl
osba b Sl adis s 258 O (S
P e WO e easdee S Sk

N N W SR LTI W ST ST

(JL.. Y) 67_:;_.;15

OYN-AY B IYAO-AF T sla L)

Gl ol Jool= (e 1/00 ol Sla o S0l
s £ el il dle (VIS

:&L..~| Y

T J

. . 2

Minimize Z Z (s i)
t=1 j=1

Ah<(hg -h )<Ah

sim

)

j,t . s o . j,t =
Sim 3 e e Sl S5 b 0T s

Wj(a\tdl.w)b_] g_j)l.w BL) e.,LJDLSJL.uM )\JS
5o shalie U Slabse 515 Ol e u>= Ah

(Lt ) (gt S
(Yaf-40 L yyay-ay d] sl JL)

Calibration (7 Years) Verification (3 Years)
(2005-06 to 2012-13) (2012-13 to 2014-15)
2334 3 &
T
2332 2-0.9273 R2 =0.9983

RMSE = 0.88 (m)

RMSE = 0.55 (m)

7 o}
58
™= 2330 4
é 3
) & 2328 -
¥ 1k~
L 2326 -
Bt
‘L: 2 2324
g
3\ 5 2322
~ O 2320 &~
2318 T T T T T T — T ]
1““5.06 10%@.01 1““-].0% 1“03.0‘) 1“09_\“ 1“‘0_\\ 1“‘\.\7- 1“\1—\3 10\3-\-\ IQ\A-\E‘
(& JW) oles
Time (Hydrological Year)
(@L) gloars (@YL) slanlos (alale) slanlis

Simulation (Annual)

Observation (Annual)

Observation (monthly)

(Pt 5 el 5 0593 93 53 Ol Bl sddgilannd 5 SlAalia OIS 0 -V IS
Figure 7. Observed and simulated hydrograph of the aquifer in calibration and verification periods.
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Figure 8. Utilization wells.
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Figure 9. The hydrograph in thr Study area under scenarios number 1, 2, 3 and 4 for a 30- year period of simulation.
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Figure 10. The hydrograph variations in the study area under scenarios of 4, 5, 6 and 7.

A 5V b S8) Wb e 65 e
)_sw,'ﬁ,'gicl@;\;éas&om CL"
sladl CK;A Olo gd 5 by st adkie 5o
3V slasb) s aikie 53 55 bme i slaelr
Slp Vs 0 slagle 5 by s sl V
Camd 5wl (5l Sl Dl n (Ols el
5 A VY ) s e s adkaie g 4
w@);w)ﬁjgfch.‘j\;.(g—w
0 Ll el o 8 a0 lag sl s 58
abie e Ok lacdr Sl LA 5oL
S WY bt Al Fr s OLL B Ol el
Ahr GRIB e mbs Ly, bl 4 S

(2 )Y Js2)

"

lals Oo5ad spdee L35 Vool o

S5 s g g )3 (Silawst addaie )3 s 8
& oo (S 3ltnd 0535 DL B a5 O e
YOYYN 515 50 5 4l Gl e VA sz se w0
G S AL e e Dol 4
Ol Vs V0 Gl aw 3l Jol> CL’
il 350 e3sdma 3 Olgsl 5 S b
ot a5y Sl Ol Ol 4 S
ol ﬁ:&]a.’wﬁ OV S w3 gdee g
\/)'\Loﬁ)twjajzéw\;'spvj‘ﬂ.@l
s ol dld s adlee 93 53 bee 8 glacls
Spdens adlie S5 po gmme Ok Slaelr LS
2 ey e S5 s L3S e
L5 A A W Y-S ViR O WP PR GSVUONE e SV 0¥



S ol g (oo Mg

b) (&) (@) ()

® © ©

M) () ® 6

‘ Khonjesht Shahr-e Mian Khosro-Shirin
s Ol (g g

‘,._\,l;..u(c)\‘_,wl:.“(y)\ _,._\)L'..“(d.\l) éfycb}hg‘ﬁjéﬂwﬁ\ﬂ}ﬁ} s..ai Mt’%ﬁb#&w—\\ JS.-’&
}xbjéxycb}qbﬁfoka|b|jx.u‘la"f)i).sJ(C)Vﬁjb.uc(}).\ﬁ)‘:mc(‘g)o‘,._\)L'.u(o)i‘,._\)L'.uc(:)\‘

.M‘&ﬁfﬁ)uqbﬁf}aﬁé|b|

Figure 11. Water table contour maps (meter) of study area, under Status quo conditions (a), Scenario 1 (b),
scenario 2 (c), Scenario 3 (d), Scenario 4 (e), Scenario 5 (f), Scenario 6 (g), Scenario 7 (h) which the black
continuous line and numbers belong to the status quo and the dashed lines and the red numbers belong to the

related scenario.

W



ITAY (1) olowd (Y0) s S g O Chlis s Widg3s 4 pai

Lsuﬁ)l-\.aﬂ o E) Jj?'jﬂ tﬂj L &;.—.:M Q‘)}'&a ol JL&.&\ 6LA}.’)L.-: c)tb Muﬁb
W\GMW&G\YJLZ&L&)‘JWJJML‘W iﬁ)m)>wﬂ)ﬂ)uicla“)\ﬁ L@wa
J‘.,\..M.:\L:Li ﬁ)b)bubﬁ&ﬁML&.ﬂ‘\SJ}]ﬁdM LAﬁ\)LﬁN JJLMI “ CMM«.) Ls,‘jg)’:“""’ CJ\J.M.Q_? LS‘)‘J
gd_?lx.ma.a abjwjbbﬁjﬁjleuﬁb LgLAol;;A.«A CJG‘AJ\J:’.Q\J‘:?&;JJS{’SLJQ"@J]GJ\MLJ
Oty
Khosroshirin
2410
~ 2405
£ 2400
—§ 5 2395
2 2390
-J_g 2385
)@ 2380
i 5 7
2 2370
2365
2360
2355
Ss>se ads Y ol ¥ ol O gl # gyl Vgl
Status quo Scenanol Scenario 2 Scenario 3 Scenano4 Scenario 5 Scenario 6 Scenario 7
(@)
Ol
Shahrmian
2350
", E 2340
JL; 2330
*) ;’ 2320
15 210
= 2300 I
2290
?“u \u__., T.,__, Vu__, ‘)"__, FU___, \._,__,
Status quo Scenario 1 Scenano 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7
®) <
OR VRS
Khonjesht
2295
", E 2290
—a\J § 2280
— 0
)@ 2275
X2 20
3 2265
2260
Ssrsepdy ) syl Y gyl

Status quo Scenario 1 Scenario 2 Scenarlo 3 Scenano 4 Scenano 5 Scenano 6 Scenano 7

©) z

.(c)dmiag-'é‘g(u_a) Ol g () gy b g s 1 Jidu w3 CiliSes 5 g 5l Co \..Jich.aj‘; Ol pds 13 903 VY IS
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Table 3. Mean Annual values of groundwater balance components, storage change and groundwater level

depletion under various scenarios.
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Abstract

Background and Objectives: Nowadays, in addition to increase in the population growth, decrease
in precipitation and surface flows in arid and semi-arid regions of the world, has caused to increase
the extraction of groundwater resources and therefore many problems in this valuable and
non-renewable resources. In this regard, assessing, monitoring and prediction of the groundwater
resources behavior is significant. In this study, a developed numerical simulation model with finite
difference solution using MATLAB was applied to evaluate the groundwater elevation changes in a
real case.

Materials and Methods: The study area is the Namdan aquifer located in the Tashk- Bakhtegan
basin, Fars province, Iran. The transient finite difference model was developed to assess the
groundwater elevation changes. For setting up the model, the study area zoned manually considering
the various factors and finally 50 cells were considered. In addition to the groundwater flow
interactions between cells, the interactions between boundary cells and inflows and outflows
boundaries took account into the modeling. The recharge parameters were calibrated using try and
error method while the hydraulic conductivities were calibrated using an optimization problem with
an objective function of minimizing the residual sum of squares of water table prediction and
observation (a period of 7 years) using an evolutionary ant colony optimization tool and R*=0.93
obtained. Furthermore, the calibrated model verified for a period of 3 years.

Results: The aquifers condition was assessed in transient condition for a period of 30 years, under 7
various scenarios which have been compiled from climate, utilization, crop pattern and the aquifer
restoration plan of Iran indexes. By a decrease of 10% in the precipitation and an increase of 20% in
the extractions, the groundwater elevation will drop by 0.9 meter and 6.1 meter, respectively.
Changing the crop pattern from wheat to barley, which consumes less water, causes 4.4 meters rising
in the groundwater elevation. In the removing unlicensed wells scenario, the annual water level
rising will be 0.45 meter in average.

Conclusion: The groundwater elevation has been faced with the most changes in the scenario of
removing unlicensed wells in all over the study area compared to other scenarios and at the end of
simulation period, it would be predicted that the groundwater elevation will increase about 19.6 m.
This shows the necessity of paying attention to determining unlicensed wells condition in the aquifer
restoration plan more than ever.

Keywords: Aquifer restoration plan, Finite difference method, Namdan aquifer, Numerical
simulation
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