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The study examined the groundwater balance and the contribution of return flows to
the recharge of the Sarab and Asbforoushan aquifers in the Sarab Eastern Azerbaijan
of Iran. The main objectives were to quantify the major input and output component
and to assess the extent to which return flows could compensate for groundwater
storage deficits and improve aquifer sustainability. The groundwater balance
equation was thus applied taking into account recharge from precipitation, lateral
boundary flows, infiltration from riverbeds and return flows from agricultural,
household and industrial water use, as well as groundwater abstraction from Wells,
Qantas and Springs and discharge into rivers. The results indicated that groundwater
levels have been steadily declining in both aquifers over recent decades, with
groundwater levels being more strongly affected by water consumption and
anthropogenic activity than by precipitation. The final groundwater balance in the
Sarab aquifer was estimated to be slightly positive at +2.8 million m*, while in the
Asbforoushan aquifer the balance was estimated to be slightly negative at -1.08
million m®. However, direct precipitation recharge in each aquifer was limited to
around 3 million m?, with the bulk of the total recharge coming from lateral boundary
flows, riverbed infiltration and return flows. Agricultural runoff, which accounted
for 85 and 46 percent of total groundwater withdrawals from the Sarab and
Asbforoushan aquifers respectively, was the dominant component of the outflow and
put the greatest pressure on the groundwater systems. These findings suggest that
the long-term sustainability of the aquifers studied requires integrated demand
management, improved irrigation efficiency, effective control of illegal groundwater
withdrawal and increased indirect recharge through controlled use of return flows
and site-specific intervention.
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Expanded Abstract

Introduction

Groundwater is one of the most important sources
of water supply in arid and semi-arid areas of the
world. In many parts of Iran, groundwater
supplies a significant share of the water needed for
domestic, agricultural and industrial activities. In
recent decades, population growth, agricultural
development, the expansion of irrigated land and
the increasing abstraction of groundwater from
the ground have upset the balance between
recharge and discharge of many aquifers. The
consequences of this imbalance include a
continued decline in groundwater levels,
depletion of aquifers, reduced yields from wells
and springs, increased pumping costs and, in some
cases, land subsidence and deterioration of
groundwater  quality. The  Sarab and
Asbforoushan aquifers in the Sarab district of the
eastern part of the province of East Azerbaijan are
one of the groundwater systems affected by both
climate change and human activity. Although a
decrease in rainfall and changes in the timing of
rainfall may reduce natural recharge, the
variations in groundwater levels in these aquifers
cannot be explained by direct precipitation alone.
The trends observed are also strongly linked to
groundwater abstraction and water use patterns,
especially in agriculture. It is therefore necessary
to identify and quantify the main components of
recharge and discharge in order to assess the
current status of these aquifers and to propose
appropriate management strategies. Return flows
are an important but often underestimated part of
the recharge of groundwater. A fraction of water
used for irrigation, household consumption and
industrial processes can be returned to
groundwater systems by percolation, leakage
from transmission and distribution networks or
infiltration from surface runoff. Return flows can
therefore compensate for part of the shortfall in
groundwater. However, their contribution should
not be taken for granted as proof of the
sustainability of water management. Excessive
runoff can be associated with low water efficiency
and can transfer salts, fertilisers, waste
components and other pollutants to the
groundwater table. Consequently, the quantitative
and qualitative aspects of the return flows need to
be considered at the same time. The aim of the
study was to assess the groundwater balance of the
Sarab and Asb-Foroushan aquifers and to assess
the role of return flows in remedying the

groundwater storage shortfall and in promoting
the sustainability of the aquifers. The analysis
took into account precipitation recharge,
boundary flow, river recharge, agricultural return
flow, household return flow, industrial return
flow, groundwater abstraction from wells, dams
and springs, and groundwater discharges into
rivers.

Materials and Methods

The study area includes the Sarab and
Asbforoushan aquifers in the district of Sarab in
the province of East Azerbaijan in Iran. The Sarab
Aquifer covers an area of approximately 184 km?,
situated between the Sabalan Highlands in the
north and the Miocene Marl formations in the
south. The northern boundary is related to defined
groundwater flows and hydraulic interactions
with river basins, while the southern, western and
eastern boundaries are mainly considered to be
impermeable or impassable. The alluvial
thickness reaches about 200 m in the southern part
of the aquifer and is reduced to less than 50 m in
the south-west. The rivers Agmion-Chay and
Tajyar-Chay, together with the local intermittent
canals, contribute to the recharge of the alluvial
plain. The Asb-Foroushan aquifer covers an area
of'about 170 km?2. It is situated in a valley between
the Bozghoush Mountains and the Ag-Dagqlar
crags. The aquifer is composed primarily of
granitic alluvial deposits, interspersed with mud
and clay layers. Confined or semi-confined
groundwater conditions are found in the central
part of the area, while unconfined groundwater
conditions are found in the foothills of the
Bozghoush Mountains. The southern boundary is
the defined inflow boundary, while the other
boundaries are generally considered as the
permeability boundaries. The thickness of the
alluvial deposits in the sea bed varies from about
40 m in the south to about 10 m in the north. The
Vanagh-Chay River and its tributaries contribute
to the recharge of the aquifer. Groundwater
balances have been assessed by applying the
general equation of water balance:

AS=Y1-YO

Where Y 1 is the total water inflow into the aquifer
and Y O is the total outflow, and AS is the change
in the aquifer's storage. Direct precipitation
recharge, spill-over inflow, river recharge, and
return flows from household, industrial, and
agricultural water use were the input components.
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Abstraction from springs, Qantas, and wells as
well as discharges into groundwater were
examples of outflow components. The Thiessen
polygonal method has been used to estimate
spatially averaged precipitation for each aquifer.
Representative areas were allocated based on the
corresponding Thiessen polygons, using rain
gauge stations with available precipitation
records. The same approach was used to
determine the piezometric area. For each
piezometer, a weighting factor was calculated on
the basis of the ratio between its area of influence
and the total area of the aquifer. This process has
enabled the available groundwater level
observations to be integrated into an integrated
assessment of the groundwater conditions.
Aquifer hydrographs have been analyzed for the
water year periods 1366 to 1367 and 1393 to 1394.
Annual and monthly variations in groundwater
levels were examined in order to detect long-term
trends and seasonal variations. Although the
hydrograph alone cannot fully describe the
hydrological behavior of an aquifer, it provides a
general indication of changes in groundwater
storage and the predominant direction of
variations in  groundwater levels. The
groundwater contour maps have been combined
with flow lines to determine the main groundwater
flow directions and the boundaries between the
inflow and outflow of groundwater. Annual
average flows have been used in the balancing
calculations to reduce the impact of short-term
fluctuations and seasonal variations. The
groundwater abstraction was estimated for the
water year 1393 to 1394, including both leased
wells and unlicensed illegal wells identified until
1394. Wells, Qantas and springs were considered
to be the main effluent sources in the aquifer
system.

Results and Discussion

Hydrographic analysis showed a general
downward trend in groundwater levels in both the
Sarab and Asb-Foroushan aquifers over the period
of the investigation. This trend indicates that total
groundwater discharges have exceeded both
natural and anthropogenic recharge rates for at
least part of the study period. A comparison of
precipitation records and groundwater level
variations also showed that water use and human
activity had a greater influence on groundwater
variations than direct rainfall alone.

Direct precipitation recharges of each aquifer was
estimated to be around 3 million cubic metres.

This contribution was relatively limited compared
to the total rechargeable. This result shows that
direct precipitation alone cannot compensate for
the depletion of groundwater due to intensive
pumping. Boundary flows, river recharge and
return flows were the more important components
of the total input of groundwater. The recharge of
the river was estimated to be around 7 million
cubic metres for the Sarab and 4 million cubic
metres for the Asb-Foroushan. The discharge of
groundwater into rivers was estimated to be
around 0.5 million cubic metres in the Sarab and
0.4 million cubic metres in the Asb-Foroushan.
The discharge analysis showed that the
predominant pressure on the groundwater system
was from agricultural runoff. In the Sarab aquifer,
agricultural use accounts for about 85 per cent of
total groundwater withdrawals. This high share
reflects the strong dependence of local
agricultural activity on groundwater and shows
the significant pressure on groundwater storage.
In the Asb-Foroushan aquifer, agricultural
abstraction accounted for around 46 per cent of
the total. The difference between the two can be
linked to variations in cropping patterns, irrigation
development, the geometry of the aquifers, the
availability of groundwater and the relative
contribution of household and other uses.

The final water balance of the Sarab aquifer was
estimated to be slightly positive, at about +2.8
million cubic metres. While the positive balance
indicates that the total inflows exceeded the total
outflows during the period considered, the
relatively small size of the surplus should not be
interpreted as a sign of assured long-term
sustainability. The small positive balance can
easily be reversed by a decrease in groundwater
recharge, an increase in agricultural runoff, a
prolonged drought or further expansion of
groundwater-dependent activities. Thus, despite
its positive balance for the water year studied, the
Sarab aquifer remains vulnerable.

Conversely, the Asb-Foroushan aquifer had a
deficit of approximately -1.08 million cubic
metres. A negative balance means that total
groundwater outflows exceed total inflows and
that part of the shortfall is due to the depletion of
aquifers. If this trend continues, further
groundwater depletion, a decrease in well and
spring runoff, increased pumping requirements
and deterioration of groundwater conditions may
occur. The results also show that return flows are
an important part of both groundwater recharge
and can contribute to reducing the groundwater
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deficit. However, return flows should be seen as a
complement to, and not a substitute for, demand
management. An increase in the return flow due
to excessive water use may increase the amount of
recharge, but it may also indicate poor irrigation
efficiency and water consumption.

In addition, agricultural return streams may
contain dissolved salts, fertilisers and residues of
agrochemicals. Domestic and industrial flows of
return can also carry organic and inorganic
contaminants if not treated properly. The
sustainability value of return flows therefore
depends not only on the volume of flows but also
on their quality, journey times, spatial distribution
and the way they interact with the aquifer.

The findings suggest that groundwater
management based solely on increasing recharge
is not sufficient. In particular, artificial recharge
or deliberate infiltration of return flows cannot
compensate for the uncontrolled removal of
agricultural land indefinitely. A sustainable
strategy requires a simultaneous reduction in the
demand for groundwater, an increase in the
efficiency of irrigation, changes in cropping
practices, control of illegal groundwater pumping
and continuous monitoring of groundwater levels
and quality. Return flows may be integrated into
the integrated management framework following
a quantitative estimation and qualitative
evaluation. Priority should be given to treated and
controlled return flows and to recharge zones with
an adequate natural mitigation capability.

Conclusions

This study assessed the groundwater balances and
the role of return flows in the basins of Sarab and
Asbforoushan. Both aquifers have seen a general
decrease in their groundwater levels in the last few
decades. Although precipitation contributes to
recharge, its role is limited and the main pressure
is exerted by abstraction and human water use.
Border inflows, river recharge and return flows
are the main components of recharge, while the
main discharge mechanisms are wells, aquifers,
springs and agricultural abstraction. The Sarab
aquifer showed a slightly positive balance of
approximately +2.8 million m? while the
Asbforoushan showed a negative balance of
approximately  -1.081- million m?  The
predominant discharge was agricultural by-
product, accounting for around 85 percent in

Sarab and 46 percent in Asb-Foroushan. Return
flows can partially compensate for groundwater
depletion and promote indirect recharge, but
without effective control of abstraction they
cannot guarantee sustainability. Their use also
requires strict management of water quality, as
uncontrolled re-injection can introduce salts,
nutrients and contaminants into the water.
Sustainable management should therefore include
demand reduction, improved irrigation efficiency,
crop optimisation, control of illegal wells,
monitoring of groundwater and carefully planned
recharge projects based on hydrological
feasibility and water quality assessments.
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Figure 1- Location and map of the study area: the
river basin of Ajichay (A), Sarab (B) and Asbforoushan
(C) aquifers.
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Figure 2- Location maps of monitoring networks: Thiessen polygons of precipitation stations for the Sarab (A)
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Figure 3- Locations of wells, springs, and Qantas in the
Sarab aquifer (A) and the Asbforoushan aquifer (B).
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Figure 4- Groundwater hydrographs of the studied aquifers: (A) long-term hydrograph of the Sarab aquifer, (B)
representative (seasonal) hydrograph of the Sarab aquifer, (C) long-term hydrograph of the Asbforoushan aquifer,
and (D) representative (seasonal) hydrograph of the Asbforoushan aquifer.
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Figure 5- Locations of groundwater inflow and outflow cross-sections in the Sarab aquifer (A) and the
.Asbforoushan aquifer (B).
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Table 1- Characteristics and groundwater inflow and outflow rates through the boundaries of the Sarab aquifer.

Boundary T Length Transmissivity Gradient Discharge
Name ype (m) (m?*day) (per 1000) (m*/year)
1 Inflow 2500 300 30 8212500
2 Inflow 1940 320 5 1132960
3 Inflow 3036 350 30 11635470
4 Inflow 770 350 15 1475513
5 Inflow 301 220 12 290044
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Boundary T Length Transmissivity Gradient Discharge
Name ype (m) (m?/day) (per 1000) (m*/year)

6 Inflow 1801 300 18 3549771
7 Inflow 3254 400 27 12827268

8 Inflow 218 420 18 601549

9 Inflow 1754 350 30 6722205

A Outflow 1049 150 3 172298
Total Inflow 46447279

Total Outflow 172298
Net Total 46274981

byl gl ablio 31 (29,5 9 (59939 by olise 3 Slasin -Y Jgax
Characteristics and groundwater inflow and outflow rates through the boundaries of the Asbforoushan -Table 2

aquifer.
Boundary Type Length Transtr;nssm Gradient| Discharge |Boundary Type Length Transtr;l 1SSV Gradient Discharge
D (m) (m?/day) (%o) (m*/year) ID (m) (m?/day) (%o) (m*/year)
1 Outflow| 5726 250 11 5747473 28 Inflow 1935 250 14 1977570
2 Outflow| 864 250 12 946080 29 Inflow 2263 250 13 2684484
3 Outflow| 387 220 15 466142 30 Inflow 3344 250 20 6102800
4 Outflow| 368 200 15 402960 31 Inflow 2928 250 15 4007700
5 Outflow| 1891 50 25 862769 32 Inflow 778 250 18 1277865
6 Outflow| 1051 200 22 1687906 33 Inflow 1398 250 21 2678918
7 Outflow| 358 180 33 776180 34 Inflow 374 200 22 600644
8 Outflow| 477 150 31 809588 35 Inflow 184 200 22 295504
9 Outflow| 1092 120 26 1243570 36 Inflow 195 200 20 284700
10 Outflow| 195 100 31 220643 37 Inflow 176 250 22 353320
11 Outflow| 384 50 31 217248 38 Inflow 120 250 23 251850
12 Outflow| 1992 150 28 3053736 39 Inflow 210 250 23 440738
13 Outflow| 253 120 29 321361 40 Inflow 336 200 27 662256
14 Outflow 125 150 33 225844 41 Inflow 802 200 24 1405104
15 Outflow| 183 150 25 250481 42 Inflow 5211 250 16 7608060
16 Outflow| 229 150 25 313444 43 Inflow 732 200 23 1229028
17 Outflow| 380 150 29 603345 44 Outflow 806 200 23 1353274
18 Outflow| 885 150 22 1065983 45 Outflow 483 50 22 193925
19 Outflow| 1692 150 16 1482192 46 Outflow 427 50 23 179233
20 Outflow| 1986 200 10 1449780 47 Outflow 317 50 23 133061
21 Outflow| 1898 200 8 1108432 48 Outflow 197 50 20 71905
22 Outflow| 1123 200 8 655832 49 Inflow 235 50 25 107219
23 Outflow| 4590 200 10 3350700 50 Inflow 828 250 17 1130303
24 Outflow| 760 200 8 443840 51 Inflow 574 250 18 754336
25 Inflow 372 200 10 203670 52 Inflow 885 250 15 969075
26 Inflow | 2521 250 7 1288231 53 Inflow 4173 250 14 6397209
27 Inflow | 3240 250 14 3311280
Net Total (Inflow — Outflow) 18441042
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Table 3— Calculated monthly groundwater recharges using the FAO recommended method for the Sarab plain.

Precipitation Potential Temperature Coefficient Infiltration Rate
Month (mm/month) Evapotranspiration ©C) C F
(mm/month) (-) (mm/month)

7 96.64 64.8 11.54 1.86 3.86

8 17.72 13.84 11.31 1.85 1.55

9 27.76 18.3 11.04 1.84 2.02

10 3.39 20.68 10.73 1.82 0.4

11 18.48 32.93 10.50 1.81 1.56

12 18.65 45.85 10.26 1.80 1.58

1 30.19 79.8 9.95 1.78 2.07

2 33.78 124.89 9.51 1.76 2.19

3 5.67 150.18 9.09 1.74 0.55

4 245 164.13 8.93 1.73 0
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s Potential Coefticient Infiltration Rate
Precipitation . Temperature
Month (mm/month) Evapotranspiration C) C F
(mm/month) -) (mm/month)
5 0 160.01 8.66 1.71 0
6 14.39 111.88 8.73 1.71 1.32
Total 269.12 1005.28 120.23 — 17.13

Table 4- Calculated monthly groundwater recharges using the FAO recommended method for the

(kg yial (6152 P g, b (S, 51 394 dpmlmo —F Jgu

Asbforoushan plain.

Month Precipitation ~ Potential Evapotranspiration = Temperature Coefgcient Infiltration Rate F
(mm/month) (mm/month) (°C) ) (mm/month)
7 99.73 64.8 11.54 1.86 3.93
8 17.43 31.84 11.31 1.85 1.53
9 28.59 18.3 11.04 1.84 2.05
10 5.45 20.68 10.73 1.82 0.7
11 17.02 32.92 10.50 1.81 1.51
12 24.39 45.85 10.26 1.80 1.85
1 28.28 79.8 9.95 1.78 2
2 27.05 124.89 9.51 1.76 1.93
3 3.85 150.18 9.09 1.74 0.11
4 5.11 164.13 8.93 1.73 0.45
5 0.03 160.01 8.66 1.71 0
6 22.1 111.88 8.73 1.71 1.72
Total 290.02 1005.28 120.23 — 17.78

Infiltration rate (mm/month)
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Figure 6- Monthly comparison of rainfall infiltration
volumes in the Sarab and Asbforoushan aquifers.
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Table 5- Annual discharge based on water permits for the 2014-2015 hydrological year.

Authorized Wells Unauthorized Wells Qanats Springs
Aquifer Annual Annual Annual .
Count Discharge Count Discharge Count Discharge Count Anm(lﬂ}});s:r};arge
(m?/year) (m?/year) (m?/year) Y
Sarab 549 65444835 14 48432 9 2169676 0 0
Asbforoushan 219 27237283 13 101992 21 1233057 2 9460
Slme goly 4 Camsg -7 Jguo
Table 6- Annual discharge of authorized wells.
Aquifer Agricultural Industrial Drinking Other
4 (m*/year) (m*/year) (m®/year) (m®/year)
Sarab 57975798 334377 6517386 617275
Asbforoushan 25985881 0 1011843 239559
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flow recharging the aquifer.
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Figure 7- Map of the percentage of agricultural return
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Table 7- Groundwater balance and its components for the Sarab and Asbforoushan aquifers.

Inflow components Outflow components
Component Sarab Asbforoushan Component Sarab Asbforoushan
Boundaries 46.4 46.02 Boundaries 0.17 29.58
Precipitation 3.1 3.02 Evaporation from water table 0 0
Agricultural return water 94 4.08 Discharge by wells — Agricultural 57.97 25.98
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(return coefficient —
Sarab: 15.44%,
Asbforoushan: 14.97%)
Discharge by wells — Drinking 6.52 1.01
Drinking and industrial
return water, both aquifers 522 0.87 Discharge by wells — Industrial 0.33 0
(70% return coefficient)
River recharge 7 4 Discharge by wells — Other 0.61 0.24
Discharge by wells — Unauthorized 0.05 0.10
Discharge by spring — Spring 0 0
All values are volumes in millions of cubic metres (MCM) | Discharge by spring and qanat — 217 12
Qanat ) )
River drain 0.5 0.4
Total inflow [ 7112 ] 55.49 Total outflow 68.32 56.51
Difference between inflow and outflow — Sarab: +2.8 Difference between inflow and outflow — Asbforoushan: —1.02
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