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Abstract

Population growth and economic developing programs have
increased the pressures on water resources and put serious
challenges on the balance of water resources and especially
groundwater systems. In recent years, green water has been
considered as one of fresh water sources while various acts
have taken for its scientific and practical management. Green
water management acts affect both surface and ground water
resources and can be effective in aquifer restoration plans. In
this research, the effects of these acts in the study area of
Namdan located in the Tashk-Bakhtegan basin in Fars
province of Iran have been evaluated using MODFLOW
model. The model was calibrated for a seven year period
(2006-2013) and validated for a three year period (2013-2016)
in both steady and unsteady conditions. Then, the effects of
mulch, stone lines, terraces, and contour acts on the balance
and the water level of the aquifer were investigated. The results
showed that the mulch with the average of an annual increase
of 4.2% in storage and terrace with an increase of 4% of stored
water in the aquifer have had the greatest impact on the aquifer,
which can be suitable acts for the aquifer restoration under
plans such as Iran Aquifer Restoration Plan but results are not
enough to cover for the restoration objectives.
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Fig. 1- Namdan Aquifer study area, Tashk- Bakhtegan basin, Fars province, Iran
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Fig. 2- Conceptual model of Namdan aquifer and the location of piezometer and extraction wells
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Fig. 3- Namdan aquifer hydrograph and the Kaftar precipitation station in the study area
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Table 1- Summary of extraction wells information
&1 0 50 slrols SleMb! 1 glaos - Jgas

Parameter Unit  Maximum  Minimum Annual Total
average
Number of wells - - - - 1702
Annual extraction m? 884350 415 188015 ~320x10°
Pumping depth m 250 6 49 -
Spring operating hours hr 2160 15 1424 40% of total extraction
Summer operating hours hr 2160 30 1613 43% of total extraction
Fall operating hours hr 1440 40 633 17/1% of total extraction
Winter operating hours hr 890 100 495 0/04% of total extraction

* Based on Power Ministry information about extraction wells (2009)
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Table 2— The numerical simulation model characteristics
S (g wdnnd Oladuin -V Jou

Characteristics

Description

Simulation setup

Groundwater flow modeling

Dimension

Porous media

Simulation mode

Spatial discretization

Structure

Number of elements

Mesh dimension (vertical direction) (m)
Mesh dimension (horizontal direction) (m)
Temporal discretization

Time step for transient simulation (day)
Stress period for transient simulation (month)
Boundary conditions

Lateral boundaries

Top surface boundary

Bottom surface boundary
Model Parameters
Topography elevation (m)
Bedrock elevation (m)

Water table elevation (m)
Aquifer thickness (m)
Freshwater density (kg/m?)
Recharge rate (m/day)
Extraction rate (m?/day)
Gravitational acceleration (m/s?)
Hydraulic conductivity (m/day)
Specific storage

MODFLOW (Harbaugh, 2005)

Two dimensional

Heterogeneous media

Saturated steady-state and transient flow

Finite difference method
5058

15-153 (one layer)
500x500

30
83

No flow
Time-dependent fixed head (2241.2-2339.6 m)
Flow boundary (recharge and extraction rates)
No flow

2288-3022

2148-2394

2268-2400

15-153

1000
0.00000945-0.003354
554.1-2622.8

9.81

1-25

0.008-0.21

Table 3- The calibration procedure characteristics
oy alpd Olasuin -Y Joaa

Characteristics

Description

Auto-calibration code
Calibration observation

Calibration parameters

Total number of calibration parameters
Optimization algorithm

Max number of iteration for PEST

Max of iteration with no improvement for PEST
Relative convergence limit

Relative parameter change criterion

Preferred homogenous regularization for PEST
Prior information power factor for PEST
Preferred value regularization for PEST

PEST (Doherty, 2005)

Water elevations in 48 piezometer wells
Hydraulic conductivity

Recharge rate

Specific yield (only for transient calibration)
3108

Gauss-Marquardt-Levenberg nonlinear scheme
20-30

3-4

0.005

0.005

Yes

1.0

No
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Fig. 4- Calibrated values of (a) hydraulic conductivity (m/day), (b) specific yield (-), and (c) recharge rate (m/day)
for the study area

23 (395 32 y0) 4325 255 (2) 9 () 2329 (20T (2) 595 2 5%0) (SWgpsud Culun (W) o (2xiwly ydlio —F WS
& Wlhe 2dgase

IVAY oyl oY o5lond (o0, Jlw oyl 32! Of gilio Cliudos
Volume 14, No. 2, Summer 2018 (IR-WRR)

W



2240

= 223 > >
g Calibration
L 2230
-
& 2225
©
= 2220
Computed == =« Observed
2215 111 e il
O ~ (e} D o — N ™ <t Yo}
o o — - - -
o o o o o o o o o o
N N N N N N N N N N
Time (Year)

Fig. 5- Calibrated and validated aquifer hydrograph
T S g Sruwly Sl 5 gl B1,S g 0 -0 JSWS

Table 4- Estimated changes in groundwater inflow under green water management acts using SWAT model
(Delavar et al., 2017)

SWAT Juto b o 1 Cat paite Ololudl Codi (o5 f &2 (6399 (852 1y -F Jgoa
(Delavar et al., 2017)

Management acts Land use Surface runoff Percolation
Mulch Rangeland 28% 9%
Stone-lines Rangeland 29% 6.1%
Terraces Rangeland 71.8% 11%
Contour Rangeland 43.6% 1.4%

Table 5- Components balance in the study area under green water management acts in rangeland land use
(Million cubic meters)

(cnSo o cyguben) &3 30 (639,15 55 Jaw O Cu pe Cloladl o Jladlke 03gumme M (151 -0 Jgua

Recharge Discharge
Management
gt C_;roundwater Recharge Total Discharge Groundwater Total Storage
acts inflow from - : outflow from
. rate inflow  from wells . outflow change
boundaries boundaries
Base 81.4 181.8 263.1 318.7 46.5 365.2 -102
Mulch 85.9 182.8 268.7 319.6 46.9 366.5 -97.8
Stone-lines 84.5 182 266.5 319.3 46.7 366 -99.5
Terraces 86.9 181.3 268.2 319.5 46.8 366.3 -98.1
Contour 82.1 180.1 262.2 3184 46.4 364.8 -102.6

* Infilitration from surface caused by both precipitation and return flow of extraxted water
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Fig. 6- Study area hydrograph under the management acts: (a) Mulch, (b) Stone lines, (c) terraces, and (d)
Contour
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