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Keywords: of groundwater or creating other adverse effects. The Davarzan alluvial aquifer, covering an area of 703
Bﬁ‘(iﬁ;‘ﬂ“;;ﬂi}:ﬁ‘ge&gg: square kilometers, is the westernmost aquifer in Khorasan Razavi Province, bordered by an ophiolite
remaining life. complex to the north and a salt flat to the south. Continuous groundwater extraction over the years has
E A E led to an annual water level decline of 0.36 meters, reducing the accessible and extractable water reserves
o in this area. Based on groundwater modeling, the safe yield, according to the Hill method, is estimated
at 64.3 million cubic meters per year. This yield is 18.3% less than the current average extraction and is
considered the maximum safe yield for the aquifer. Calculations estimate the renewable storage in the
Davarzan aquifer at approximately 49 million cubic meters per year. Therefore, continuing the current
extraction trend, which causes an annual reduction of about 13 million cubic meters, will result in
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continued groundwater level decline and eventual aquifer depletion in the coming years.

Introduction

Groundwater is an important source of fresh water in
Iran, providing water for domestic and irrigation needs.
If there is a balance between the recharge and discharge
of an aquifer, it can be considered a renewable natural
resource. However, if pumping exceeds the total
recharge, groundwater mining occurs, and the aquifer is
no longer sustainable (Sophocleous, 2005).

Many concepts such as safe yield, optimum yield,
and groundwater sustainability are used in the
management of groundwater systems (Gau and Liu,
2002). In groundwater management, the concept of safe
yield has been used by several hydrogeologists to
determine the pumping limits from an aquifer (Sakiyan
and Yazicigil, 2004). Safe yield is the rate at which
groundwater can be withdrawn from an aquifer without
causing undesirable effects (Dottridge and Jaber, 1999;
Heath and Spruill, 2003).

The Davarzan desert aquifer in Razavi Khorasan
Province is an aquifer with a negative groundwater
balance, and the water quality deteriorates significantly

towards the south due to its proximity to the salt flat.
Water demand has significantly increased in recent years
due to urbanization and agricultural development.
Therefore, this paper aims to determine the safe yield and
estimate the remaining lifespan of the aforementioned
desert aquifer by evaluating its hydrogeological
characteristics.

Materials and Methods
Application of the Hill method in determining safe
groundwater yield

The Hill method is based on measured data of water
extraction and changes in the water table elevation in the
groundwater aquifer. In this method, the annual changes
in groundwater or piezometric level are plotted against
the annual average pumping of the aquifer. If the sources
supplying the aquifer are stable, the points plotted on this
graph can follow a straight line. In this method, the safe
yield is equal to the average annual extraction of the
region, provided that the annual average water level
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changes are zero. Recorded values over a period should
be estimated from the long-term average extraction.

Estimation of groundwater storage and remaining
aquifer life

The status of groundwater resources can be examined
in three states: total storage, dynamic storage, and static
storage. The total storage of the aquifer is obtained from
the product of the aquifer's extent, its average thickness,
and the average specific yield according to the following
relationships:
V=A*H*Sy 1)

where V is the total storage of the aquifer in cubic
meters, A is the area of the alluvial aquifer in square
meters, H is the average thickness of the saturated zone
in meters, and Sy is the average specific yield.

To obtain the amount of renewable (dynamic) storage,
the following equation can be used:
dV=(A*dHRe*S) 2

In this equation, dV is the renewable storage in cubic
meters, A is the area of the aquifer in square meters,
dHRe is the change in the water table during the wet or
recharge period (ascending limb of the hydrograph) in
meters, and S is the average storage coefficient of the
aquifer (dimensionless). The amount of overdraft from
storage (dV) is obtained by multiplying the amount of
water table decline for a hydrological year or cycle by the
area and the storage coefficient of the aquifer as follows:
AV = A*(-AH)*S or Sy 3)
dHRe - dHDi = -AH 4)

In the above relationships, dHRe is the water table rise
in the recharge or wet period (ascending limb of the
hydrograph) in meters, dHDi is the water table decline
in the discharge or dry period (descending limb of the
hydrograph) in meters, AH is the water table decline in
one hydrological year or a long-term period in meters, A
is the area of the aquifer in square meters, and S or Sy are
the average storage coefficient or specific yield of the
aquifer (dimensionless). The indices Re and Di represent
recharge and discharge, respectively.

330

Results and Discussion
Implementation of the Hill method using initial
aquifer pumping values

According to the Hill method definition, the pumping
rate that results in zero water level decline is considered
safe and appropriate. The annual average decline in water
level under current (initial) pumping conditions in the
Davarzan aquifer is negative, and there is no pumping
rate in the statistical period that would level the water
table.It is therefore necessary to implement various
scenarios to reduce pumping and achieve a safe pumping
rate.

Implementation of the Hill method in modified
Pumping In this scenario, initial aquifer withdrawals are
reduced by various percentages, and eventually, using the
Hill method, the pumping rate at which the average water
table slope in the aquifer reaches zero is identified as the
safe yield. Accordingly, initial withdrawals were further
reduced by 10%, 20%, and 30%. Reductions of 5% and
10% do not stabilize the graph slope. If the annual
withdrawal is reduced by 30%, the slope becomes
positive, and therefore, the water level increases over
time. Thus, a withdrawal rate of 64.3 million cubic
meters per year (equivalent to 18.3% of the average
withdrawal) is considered the rate at which water table
changes become zero.

Estimation of groundwater storage and total lifespan
of Davarzan aquifer
Estimation of total storage of Davarzan aquifer
Based on the results, the thickness of the saturated
zone in the Davarzan aquifer varies from a minimum of
68 meters to a maximum of 115 meters. The specific
yield of the Davarzan aquifer, according to previous
results, averages between 4% and 6% (Sudegi et al.,
2023). Based on changes in the thickness of the saturated
zone and specific yield, the aquifer was divided into five
zones, and total storage amounts for each zone was
calculated. According to these values, the storage in
different zones of the Davarzan aquifer varies from
approximately 299 to 856 million cubic meters. The total
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storage of the aquifer, which is the sum of the storage
amounts in zones A to E, is estimated to be around 2.8
billion cubic meters.

Calculation of renewable (dynamic) storage

According to the unit hydrograph of the aquifer, the
average rise in the water table is about 60 centimeters.
For calculation purposes, since the period of water table
rise mainly corresponds to autumn to early spring, the
discharge from wells and ganats from October to May
was considered as discharge during the wet period.
Accordingly, the discharge from the Davarzan aquifer
during this period is about 28 million cubic meters. Thus,
the renewable storage of the Davarzan aquifer is
introduced as approximately 49 million cubic meters per
year.

Calculation of static storage

After calculating the total and renewable storage of
the Davarzan aquifer, the static storage was determined
by subtracting the renewable storage from the total
storage. Accordingly, the static storage of the studied
aquifer was estimated to be around 2.751 billion cubic
meters.

Calculation of remaining lifespan of the Davarzan
aquifer

Based on the hydrograph of the representative
Davarzan aquifer, the annual average decline of the
aquifer over the 11-year period (2011-2022) was about
0.36 meters per year, and the amount of overdraft from
the aquifer based on the results obtained was estimated to
be about 13 million cubic meters. Considering the static
storage of approximately 2.751 billion cubic meters, as
determined by the aforementioned calculations, the
continuation of the current withdrawal trend, which
causes an annual storage reduction of about 13 million
cubic meters, will lead to a continuous decline in
groundwater levels and potentially complete depletion of
the aquifer within a maximum of 211 years. This figure
holds true provided that, firstly, rainfall and recharge do
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not decrease over the next 40 years, and secondly, all
wells are drilled to the bottom of the aquifer.

Conclusions

Based on the results obtained, the safe yield according
to the Hill method was estimated to be 64.3 million cubic
meters per year. This extraction is equivalent to 18.3% of
the current average withdrawal. According to
calculations, the total storage of the Davarzan aquifer is
estimated to be around 2.8 billion cubic meters. The
renewable storage of the Davarzan aquifer is also
estimated to be about 49 million cubic meters per year,
and its static storage is estimated to be around 2.751
billion cubic meters. Given the mentioned static storage,
continuing the current trend of withdrawal from the
aquifer, which causes an annual storage reduction of
about 13 million cubic meters, will lead to a continuous
decline in groundwater levels and, consequently,
complete depletion of the aquifer within a maximum of
211 years. This figure assumes that wells are drilled
down to the bedrock of the aquifer and other hydrological
components, such as recharge, remain constant.
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Fig. 2. Annual water- table fluctuations vs. groundwater extraction.
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