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Planning the management and optimized consumption of groundwater resources
is a critical infrastructural necessity, as these resources supply a significant
portion of the country's drinking water. A key component of this planning is
accurately calculating the water balance, which requires determining the aquifer's
hydrodynamic parameters, including transmissivity (T) and hydraulic
conductivity (K). This study calculated these parameters using step-drawdown
pumping test data from a single-well system across various locations in the 411-
square-kilometer Hashtgerd Plain aquifer (an unconfined aquifer) with
AquiferWin32 software. The results indicate that transmissivity is distributed
unevenly across the plain. The lowest transmissivity values were observed in the
southern (Kourosh Town) and southwestern (Najmabad) sectors, while the
highest values were associated with the Kordan alluvial fan and its downstream
lands. Based on these findings, maximum transmissivity was estimated at 3,682
square meters per day, with an average of 440 square meters per day. Hydraulic
conductivity was determined by integrating saturated thickness data from
geoelectrical studies with the previously calculated transmissivity values. The
final results showed that hydraulic conductivity ranges from a minimum of 0.2
meters per day in the southern regions to a maximum of 9.7 meters per day in the
central aquifer.

Introduction

planning. This estimation relies heavily on

Groundwater resources are essential for
sustaining life and development, particularly in
arid and semi-arid regions like Iran. However,
overexploitation of aquifers through excessive
pumping has led to a significant decline in
groundwater levels, resulting in negative water
budgets across many regions. This unsustainable
practice has triggered irreversible environmental
and infrastructural consequences, including
aquifer degradation, deteriorating water quality,
land subsidence, and damage to civil structures
such as roads, tunnels, and urban developments.
Therefore, accurately estimating the volume of
groundwater within an aquifer system is
essential for effective management and

determining fundamental aquifer parameters,
such as transmissivity (T), hydraulic
conductivity (K), storage coefficient (S), and
specific yield (Sy).These parameters are
typically assessed accurately through various
methods, including laboratory experiments and
field-based pumping tests. Pumping tests are
among the most reliable and widely used
techniques for assessing aquifer characteristics
(Todd, 1980). However, conducting traditional
pumping tests, especially those requiring
multiple wells and observation points, often
presents numerous challenges. These challenges
include high drilling costs, numerous sample
points, significant manpower requirements, and
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extended time commitments. This makes it
difficult to apply such methods extensively
across lIranian plains. Consequently, there is a
growing need for alternative methods that can
overcome these limitations while providing
accurate and efficient results. One such method
is the single-well step-drawdown test. This test
serves not only for well development and
determining the well’s yield, but also provides
important hydrogeological parameters without
requiring extensive infrastructure. It s
particularly suitable for agricultural wells and
has been shown to offer practical advantages in
terms of cost, speed, and reliability. This study
focuses on the Hashtgerd Plain, which is located
northwest of Tehran in the Alborz Province.
Using data from single-well step-drawdown tests
and analyzing it with Eden-Hazel's method
(1973) and Aquifer Win32 software, we
estimated the hydrogeological parameters of the
Hashtgerd aquifer. This study aims to emphasize
the importance of step-drawdown tests in
determining aquifer properties and to provide
critical insights for managing groundwater
resources in similar regions.

Materials and Methods

This study was conducted to determine the
hydrodynamic parameters of the Hashtgerd plain
groundwater aquifer, specifically its
transmissivity (T) and hydraulic conductivity
(K). First, drawdown-time data was collected for
26 pumping wells during the pumping
(drawdown) and recovery (residual drawdown)
phases. Data were obtained from the Alborz
Regional Water Authority and local drilling
companies to ensure wide and representative
distribution across the study area. Before
analysis, essential corrections were applied to
the data to eliminate errors. These corrections
included removing the effect of well loss,
adjusting for variations in discharge rate during
pumping, and eliminating outlier data points.
Well losses were corrected by plotting
drawdown-time graphs for each well and
separating the portion of drawdown attributable

to the well itself. Then, the corrected drawdown
was recalculated. Discharge rate variations were
addressed using correction equations specific to
whether the flow rate increased or decreased
during pumping operations. Additionally,
outliers that deviated significantly from the
general trend of the drawdown curves were
identified and removed to prevent distortion of
the estimations of hydrodynamic parameters.We
estimated the transmissivity of the aquifer using
step-drawdown test data and the Eden—Hazel
method (Eden and Hazel, 1973). This approach
is based on a modified Cooper—Jacob equation
and the principle of superposition. It allows for
the separation of turbulent well losses from
formation losses. Aquifer Win32 software was
used to automate the procedures outlined in the
Eden—Hazel methodology.  Additionally,
hydraulic conductivity (K) values were
calculated by dividing the estimated
transmissivity by the saturated thickness (b) of
the aquifer. This value was obtained from
electrical resistivity surveys conducted in the
study area. Overall, the combined analysis of
corrected pumping and recovery data provided
robust transmissivity and hydraulic conductivity
estimates across the Hashtgerd aquifer.

Conclusions

The objective of this study was to evaluate
the hydraulic characteristics of the aquifer in the
Hashtgerd Plain by conducting step-drawdown
pumping tests and subsequently analyzing the
data. The results revealed several significant
findings. First, analysis with the Aquifer Win32
software showed that the Eden-Hazel method
was a better fit for the drawdown-time data than
the Cooper-Jacob method, particularly when
outlier data points were removed. Transmissivity
(T) values calculated using the Eden-Hazel
method ranged from a minimum of 24 m2/day in
the southern and southwestern parts of the plain
to a maximum of 3,682 m?/day in the Kordan
alluvial fan. Similarly, hydraulic conductivity
(K) values varied from 0.2 to 9.7 m/day across
different areas. This significant variation in
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transmissivity and hydraulic conductivity across
the plain indicates a high degree of aquifer
heterogeneity.  Specifically, the northern,
southern, and southwestern regions exhibited
lower transmissivity due to thinner aquifers and
finer sediments, while the Kordan alluvial fan
exhibited the highest values. Furthermore, the
study results imply semi-confined aquifer
behavior in certain regions, as evidenced by the
variability in drawdown responses.Another
important point to note is that pumping test
results are inherently uncertain, primarily due to
potential errors in field data collection and the
natural complexities of aquifers. While the
general trends are reliable, local variations
should be interpreted with caution. Overall, this
study emphasizes the necessity of detailed,
location-specific hydrogeological investigations
for the effective management of groundwater in
heterogeneous aquifers, such as the Hashtgerd
Plain.
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Fig. 2. Geological map of the study area
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Table 3. Estimated hydraulic conductivity

o> o ‘ij <l (M) glesl cowls miday) Sds,oue colos

(m?/day)

PW1 813 84 9.69

PW2 38.8 40 0.97

PW3 102.6 98.9 1.04

PW4 17.4 105 0.166

PW5 135 47 0.29

PWG6 37.9 115 0.33

PW8 6.6 33 0.2

PW11 631 135 4.67

PW12 437 87 5.02

PW13 58.2 120 0.5

PW16 8.5 35 0.243

PW18 22 109 0.2

PW19 16 153 0.105

PW21 250 85 2.95

PW22 13.7 45 0.3

PW?23 94 38.2 0.25
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Fig. 10. Route of the geophysical project carried out in the northern plain
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Table 4. Estimated large transmissibility (Modified)

el o Sépl Culo B g N ablie Jodsy sillas
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((XW C)Lo‘) ‘5)}‘. JLQ"" Sl o)j—‘ﬁ al ij?

sla ol K (m/day) b (cals Js glsi M) Gt (m2/day)
PW1 9.69 380 3682.2
PW2 0.97 370 358.9
PW3 1.04 280 291.2
PW4 0.166 160 26.56
PW5 0.29 120 34.8
PW6 0.33 170 56.1
PW8 0.2 180 36
PW11 4.67 170 793.9
PW12 5.02 170 853.4
PW13 0.5 190 95
PW16 0.243 100 24.3
PW18 0.2 330 66
PW19 0.105 240 25.2
PW21 2.95 190 560.5
PW22 0.3 280 84
PW23 0.25 160 40
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