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Abstract

Increased groundwater extraction has caused severe depletion
(On average 65 cm/year) in the groundwater resources of
Alborz province and especially Hashtgerd Plain in over the
past few decades. Hence, considering the importance of these
valuable resources, appropriate strategies should be considered
for the sustainability of this resources. In order to realize these
measures, the MODFLOW numerical simulation was
calibrated in steady-state and transient conditions for three
years (2013 to 2014) and validated for a one-year period
(2015). Then, the influence of the implementation of the Iran
Aquifer Restoration plan in Hashtgerd plain was evaluated and
pollutant ions movement (nitrate and sulfate) in this scheme
were investigated using MODPATH. According to the results,
if the current conditions continued, the aquifer storage would
decrease by an average of one MCM/year. Also from the
management measures, the guidelines for restriction of
unlicensed utilization wells and the step-by-step restriction of
groundwater extraction cause improving the aquifer storage
about 8.8 and 6.8 MCM/year. The results of the MODPATH
also showed that if the plans such as scenarios 7 and 9 were
implemented, the movement of nitrate ions (at concentrations
of 30 to 70 mg/l) will be limited in the Hashtgerd city area.
The study concludes, although the complete restriction of
unlicensed utilization wells may work best in line with the
objectives of the Aquifer Restoration Plan, the step-by-step
restriction of utilization wells may be more acceptable and
applicable.
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Data and mformation
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|

Conceptual model
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Conceptual model definition (Fig. 4)

Numerical simulation of groundwater level using
MODFLOW (Table 4)

Calibration and Validation (Fig.6-7)

preparing

Hydrology (Table 1)
Meteorology (Table 1)
Extraction wells (Table 3)
Piezometers

Quality of groundwater
resources (Table 2)

Land use map (Fig. 3)

Scenarios simulation
(Table 5)

Investigation of pollutant movement in aquifer
with MODPATH (Fig. 9-10 and Table 8)

e  Pollutant particle tracking
(backward) in the Steady state

condition

¢ Pollutant particle tracking
(forward) in the Steady state

condition and Selected Scenarios

Groundwater resource management in
line with Aquifer restoration plan

!

¢ Groundwater extraction control (Table 6)

¢ Plain artificial recharge

o B o

Controlling groundwater level depletion under management
scenarios and effect description

Fig. 1- The flowchart of the study procedure
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Table 1- Characteristics of case study (Regional Water Company of Tehran, 2011)
(Regional Water Company of Tehran, 2011) el aihie laswiv - Jga>

Characteristics

Description

Overview
Geographical coordinates

Area of basin (km?)
Area of aquifer (km?)
Plain elevation (m)

Type of Quaternary sediments in plain

Operation status

Depth of Groundwater (m)
Number of exploitation wells
Discharge rate (annual)
Meteorological

Temperature (°C)
Precipitation (mm)
Evaporation (mm)

50° 22' - 51° 07" Longitude
35° 48" - 36° 07' Latitude
92884

410.7

1151-1442

10-100
698
239.5 MCM

10.3-13.9
225-700
1094-1275

Piedmont fan and valley terrace deposits
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Table 2- Investigating the quality of groundwater resources of Hashtgerd Plain
(Safari et al., 2020; Chapman, 1996; Drinking water- physical and chemical specifications, 2009)

3 Sk i iy 2N ilie CadeS (omy 2 =Y Jga2

Groundwater quality Value TH NO3 SO TDS
assessments (mg/l)  (mg/l) (mg/l) (mg/l)
Minimum 629 63 335 184
Average concentration of four Average
years 2012-2016 370.4 20.7 2571 9884
Maximum 10146 107 8161 2669
Iranian Drinking Water Quality Admissible Limit 200 - 250 1000
Maximum Contaminant 500 50 400 1500
Level
World Health Organization Admissible Limit 200-100 - 250 600
Maximum Contaminant
Level 300 50 500 1000

Table 3- Summary of extraction wells information
(Regional Water Company of Tehran, 2011) (5,13 48 2 (sWhols CleMb! aos ¥ Jgas

Well operation Number  Well drilled years ~ Well depth Discharge Operating  Annual average
status (m) (I/s) hours (m®/year)
Unlicensed 287 1339-1387 10-210 0.5-58.8 24-8404 181963
wells
Licensed wells 411 1340-1390 22-210 0.70-48.2 142-8760 57575
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Fig. 3- Land use map of Hashtgerd Plain (prepared using Landsat8 images, (2013)) and location of
groundwater quality samples
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Table 4- The numerical simulation model characteristics.
&3¢ gilwdns Olasuin -F Joaa

Characteristics

Description

Simulation setup

Groundwater flow modeling
Dimension

Simulation mode

Spatial discretization

Structure

Number of elements

Mesh dimension (vertical direction)

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/s2)
Hydraulic conductivity (m/day)
Specific storage

yield Specific

Calibration

Auto-calibration code
Optimization algorithm
Calibration observation

Max number of iteration for PEST

Max of iteration with no improvement for
PEST

Relative convergence limit

Relative parameter change criterion
Preferred homogenous regularization
Prior information power factor

Preferred value regularization

MODFLOW (Harbaugh, 2005)
Two dimensional
Saturated steady-state and transient flow

Finite difference method
8153

One layer

200x200

29-31
36

No flow
Time-dependent fixed head (1184.8-1141.2 m)
Flow boundary (recharge and extraction rates)
No flow

1168-1336.9
957-1153
1133-1191
19.1-221.2
1000
0.00039-0.00099
0.38-4636
9.81

1-30
0.00001
0.003-0.12

PEST (Doherty, 2005)
Gauss-Marquardt-Levenberg nonlinear scheme
Water elevations in 12 piezometer wells
Hydraulic conductivity

Recharge rate

Specific yield (only for transient calibration)
12-20

3-5

0.005
0.005
Yes
1.0
No
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Table 5- Characteristics of the scenarios used in the present study
yobs anlao 45 suws s3] (sLdgs lw Olasein -0 Jgi>

Item Scenario type Description
1 Management actions Continue the current conditions
2 Climatic 10% increase in precipitation
3-9 Management actions Plain artificial recharge (50% increase in recharge rate) and
(Aquifer restoration plan) reduction of extraction rate of licensed and unlicensed
operation wells
10 Pollutant particle tracking Investigating the potential movement of Nitrate and Sulfate

contaminant particles in the groundwater system
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Table 6- Control details groundwater extraction in management measures scenarios (Aquifer Restoration
Plan)
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Decrease of extraction

Decrease of extraction rate

Stress periods (month)

Item rate of licensed wells of unlicensed wells (2016-4 to 2032-3)
3 10% 20% 192 Identical steps
4 15% 30% 192 Identical steps
5 20% 40% 192 Identical steps
6 25% 50% 192 Identical steps
7 0% 100% 192 Identical steps
8 10-25% 20-50% 4 steps 48 months
9 10-25% 20-100% 4 steps 36 months, 1 steps 48 months
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Table 7- Characteristics balance in the study area under management measures and climate change
(Million cubic meters per year) scenarios

(Jho 3 ceaSa yio (y98ku0)
Recharge Discharge
Sgenario C?;?I:Cf#g:gr Recharge _Total fl:?fllj:v?lv:f;g Discharge Total Storage Cr:gﬁzles
items boundaries rate* inflow boundaries fromwells outflow change (m)
1 1.8 80.5 82.3 8 75.3 83.3 -0.99 -0.89
2 15 82.3 83.8 8.9 75.3 84.2 -0.41 -0.85
3 1.2 79.1 80.4 15.8 63.4 79.2 1.1 -0.99
4 11 76.8 78 18.5 57.1 75.6 2.3 -0.75
5 11 74.5 5.7 21 51 72.1 35 -0.53
6 11 72.2 73.3 23.8 44.6 68.5 4.8 -0.30
7 1 64.9 66 33.3 23.8 57.2 8.7 +0.50
8 1.2 75.7 76.9 19.2 54 73.2 3.6 -0.49
9 11 72.6 73 23 43.2 67 6.8 +0.12

*Infiltration from precipitation and return flow of operation wells
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Fig. 8- Comparison of the aquifer hydrograph under the management measures and climate change
scenarios under current condition: A) scenarios 2 to 4, B) scenarios 5 to 7, C) scenarios 8 and 9
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Table 8- Examination of lonic Ratio of the aquifer of Hashtgerd plain using Average values of four years
(2012-2016)
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Saeed Abad 0.28 8.0  lon exchange or Calcite precipitation

Songher Abad 0.47 8.1 Gypsum dissolution

Zakei abad 0.46 8.2 Gypsum dissolution

O claols g 5 g p)S e VAL b See cdale b ligu yoamo
BYer cbale b Oligw o p oLl s 03gaot0 > @dly oy
a0t by | Jol gl o )l 518 5y p S e £
TV JS) Wble N gV Sl jlis 4 b e oS Sl )
O laoly «lalsll pl clya] Sygo jd 45T aimd o LS (5 g
Slilguw <8 > prne > iy a Sblch g 3blawmw ) @Bly oy
T S JNC IR W R N

245 s 8 2

03,5 @) Cpiy slaciond oS (e 4 arg b (S b 4
3 ol slag e b by il (el & 55 55 i
9y 2 b5 e 58 Wlge ajpi o plie ise ol
Olgise 9y ol sl awsls oau ¥ ¢S > Cun s b ot
g skl slpb ! plBe o cuwl pY d S dons
0i 5 Ol plie CubsS Cumdg «weipj o @le Lio ols

D)5 |8 o9 do g 3y50 5

50°38'0"F 50°490"F

< ol Bl el > Slzs g0k ol | Jol b
P &l o ol ooy | (oolus o5 dmd o LS aoj
Y cdale b @l sy j dblchuw 9 51 S5 (S slaodgase
> S o3gime ) @ly b o sloely 5 1)y p S e Yo U
05 5 5 s 00 BT Jolaw AL b 55 S e
Y ogln )0 Gliis gy e (b e glaadl (call & JS5) o)l
Sl ) el cow oS 1l e ol 5 Sl (- JSi5)
bl bl s (oS slrodgasa y3 @dly Ly O (claols
P ke Yo bY clale b el pis 8 oy p3 5, g dblciuw
2l & ol 183 LB oss 553 lgn 1 ogdle 5,5 on S35 5
Vgl Jolee (@ Ve JS3) A g2l 53 SIS gy (b e

20,8 05 Ol s 0398500 Jolis a5 glas ol b bbb 0

Bale b > Sl g)0t (s ) oad )] sloaidly

aalyd ) 53 45 dimd o L (o0 A JS) ey T ol
53 bl ooblamw (S laodgizs j> xly iy ol ool

$0°380°E S0°190°E

36°00°N
36°00"N

2)

b=

Legend
Lo Cell

773 Case study

= Drinking wells

*  Nitrate source

5
L) The d

movementof the
particle

35°50'0°N
35750°0"N

5073 S0490°E

36°00°N

36°00"N

Legend -
L. Cell
- —iCase study

“ Drinking wells
Sulfate source

ing (forward)
tracking of Sulfate
300-600 (mg/1)

racl of Sulfate

"N

The direction of
movementof the
particle

50°380"'F 50°490°F

Fig. 9- Pollutant particle traEidng in steady state groundwater system of Hashtgerd plain: A) Nitrate, B)
Sulfate
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