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The zone of influence is the area where water withdrawal from the well causes
the water level to fall. The drawdown cone is a conical shape of the water level
in the zone of influence, and it is necessary to know the effect of the factors
influencing it. Previous studies have mainly investigated aquifers with horizontal
water levels and less realistic conditions. The purpose of this study is to
investigate the effect of well physical parameters on the drawdown cone in one
of the unconfined aquifers with a sloping water surface. In this aquifer, a normal
discharge well was simulated using the Modflow program and the effect of the
target parameters was studied. The results showed that: the drawdown cone is
symmetrical up to long pumping and relatively long distances; the zone of
influence will eventually extend to the entire aquifer and significant drawdown
will occur at long distances. A significant part of the drawdown in the well is
recovered in the first moments of pump shutdown, but at long distances the
drawdown continues to increase for a long time. An inflection point can be
extracted from the drawdown cone which represents the minimum drawdown that
does not increase after the pump is stopped and can be introduced as a unique
value. By increasing the flow several times, the depth of the cone increases, but
the width of the cone increases only slightly. If the pump is turned on and off
successively, the general shape of the cone does not depend on the nominal
discharge of the well, but mainly on the average discharge of the aquifer. Relative
infiltration increases the depth of the cone only near the well and has no
significant effect on its shape further away.

Introduction
The zone of influence

assuming the existence of a well in the center of

of a well in the a round island, presented the equation of water

groundwater is a three-dimensional area around
the well where the activity of the well changes
the level and velocity of water movement in it.
The zone of influence is introduced with two
characteristics; one is the cone of depression and
the other is the radius of influence. After Darcy's
equations (Darcy, 1856) and determining the
relationship between groundwater flow and
hydraulic conductivity coefficient, Dupuit,

level around the well or the same shape as the
drawdown cone (Dupuit, 1863). After Dupuy,
Thiem replaced the infinite aquifer assumption
with the round island assumption (Thiem, 1906).
Theis formulated the transient radial flow toward
the well (Theis, 1935). Neuman and Moench
presented relationships for transient radial flow
toward the well in an unconfined aquifer
(Neuman, 1972, 1974; Moench, 1997).
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Analytical relationships have simplifying
assumptions, so it is inevitable to use numerical
mathematical models (Langvine, 2017) to
calculate and draw a real drawdown cone.
Previous studies on the zone of influence were
mainly conducted in confined aquifers, where
the thickness of the aquifer was assumed to be
constant (Ahmadi, et.al., 2023; Bresciani et al.,
2020; Zhai et al., 2021; Louwyck et al., 2022).
In unconfined aquifers, the thickness of the
aquifer is not constant and a more accurate
description of the drawdown cone requires
further research. In this study, the effect of
independent well parameters on the zone of
influence in an unconfined aquifer with a sloping
water surface was investigated using the
numerical mathematical model Modflow. Since
such a study has not been reported so far, the
results of this research can be an effective help
to know more about the drawdown cone and the
radius of the influence zone in this type of
aquifers.

Materials and Methods

The aquifer under study according to the
conceptual model of Fig.1 is of unconfined
alluvial type in an area of 30 x 30 km with a
sloping water surface and the boundary between
a water dividing line and a river with a saturated
thickness of 100 meters in the river bed, specific
yield 0.1, specific storage 0.00001, hydraulic
conductivity 10 meters per day and surface
recharge 80 millimeters per year have been
selected. In the center of the aquifer, a well with
a normal discharge of about 4000 to 10000 cubic
meters per day was pumped and the effect of the
well parameters was evaluated after a long
period of one year. In order to simulate and study
the effect of the well parameters on the cone of
depression and the radius of influence, an
irregular grid (Voronoi) was used in the
Modflow program. The accuracy of the results of
the numerical model depends on the type of
meshing, the assurance of the boundary
conditions, the size of the time steps, the value
of the convergence limit in the iteration process,
etc. The refinement of the grid was done in such

a way that the size of the cells at the well site was
equal to the diameter of the well and was
gradually increased until it reached about 50
meters by 50 meters at the boundaries of the
aquifer (Fig.1). The time steps in the simulation
with transient conditions first started from a very
small value and from 10 to the negative power of
6 days and gradually increased to a dry period of
205 days, then by continuously repeating wet
periods of 160 days and dry periods of 205 days.
It was continued until the relative stability of the
level in the whole aquifer was reached. In the
simulation for stable conditions, the average
amount of recharge is considered in the whole
length and the water level in this state is
extracted and used. The comparison of the
results in time shows that from the time of one
day, the calculated drawdown value of the
analytical relations and the output of the
numerical model in the upstream direction,
where the boundary is without current, are very
close to each other and do not differ much. The
comparison of the results of the numerical model
with the analytical equations shows that the
estimated drawdown values are in agreement
with the analytical equations and the Modflow
numerical model for very long distances and
very small drawdowns (Ahmadi et al., 2023).

Results and Discussion

The amount of discharge pumping appears in the
form of coefficient W(u) in the relation of Theis,
and with its increase, the amount of drawdown
and the amount of influence radius increase. The
ratio of the increase in drawdown is proportional
to the ratio of the increase in discharge, and if the
discharge doubles, the amount of drawdown at
all points of the drawdown cone will double.
Since the drawdown around the well is high, as
the discharge increases, the amount of
drawdown around the well increases sharply, but
the amount of drawdown at distances away from
the well increases with less intensity (Fig.2). The
time of pumping duration appears in the Theis
equation in the value of u and is denoted by t.
With the increase of t, the value of u decreases
and the value of W(u) increases. As W(u)
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increases, the drawdown (s) and the radius of the
influence zone (r) increase. Finally, with the
increase of time, the drawdown cone expands
both in the surface direction and in the depth
direction, but according to the relationship
between u and W(u), which is of the integral
type, the surface expansion of the drawdown
cone will be much larger than its depth
expansion (Fig.3). In the well that is being
pumped, loss recovery starts immediately after
the pump is turned off, without any time delay.
In the initial moments after the pump are turned
off, a significant part of the loss is compensated,
but it takes a long time to compensate the entire
loss. At a distance from the well, the loss
recovery does not start immediately after the
pump is turned off. At the moment when the
pump is switched off, the points located in the
vicinity of the maximum radius of influence
corresponding to the duration of pumping
receive the first effects of pumping, and the
process of lowering the water level in them has
just started, and the lowering in these points
increases for a long time (Fig. 4). Examining the
process of changing the shape of the drawdown
cone shows that it is possible to extract an
inflection point that for drawdowns less than
that, the radius of influence gradually increases
after the pump is turned off, and for drawdowns
greater than that, the radius of influence
gradually decreases. Therefore, if it is inevitable
to mention a number for the radius of influence
in studies related to wells, it seems that the
appropriate choice is the number related to the
drawdown in the inflection point, because the
radius related to this drawdown is the maximum
radius that can reduce this amount of drawdown.
It experiences pumping at the last moment and
does not increase after the pump is turned off
(Fig.5). In order to study the effect of successive
activation and deactivation, the target aquifer
was simulated for 1 year with a well with a
discharge of 10,000 cubic meters per day, both
continuously and 12 hours on and 12 hours off.
Since the amount of water coming out of the
aquifer is reduced by half due to the continuous
12-hour on/off during this 1-year period, the well

was simulated with a continuous discharge of
5000 cubic meters per day. Continuous operation
of the well for all hours with discharges of 5,000
and 10,000 each will create a drawdown cone,
the latter being slightly wider but twice as deep
as the former. However, a well with a flow rate
of 10,000 in successive on-off cycles creates a
drawdown cone that is almost equivalent to a
well with a flow rate of 5,000 cubic meters per
day in continuous operation (Fig. 6). By creating
a 4-layer grid and placing a screen at different
levels, the effect of relative penetration on the
calculation of the drawdown cone and the
position of the water level in one of the cases
where the relative penetration length is 40 meters
is shown in Fig.7, and its drawdown cone is
compared with the position of the drawdown
cone with full penetration. As it can be seen, the
relative penetration has a significant effect only
up to a short distance from the well, and after that
the drawdown cone resulting from a small
percentage of relative penetration (25%)
matches the drawdown cone resulting from full
penetration and has no difference from it.

Conclusions

The zone of influence of a water well is the area
around the well in which the water level is
lowered by water withdrawal from the well.
Drawdown cone is a relatively virtual or real
conical shape around the well, which in the
virtual state represents the position of water level
drawdown in the aquifer, and in the real state, it
represents the position of water level around the
well, which is relative It has been drawn down to
the original state due to the activity of the well.
In the studies related to groundwater, it is
necessary to know the effect of various factors
affecting the drawdown cone, including the
study of the effect of the physical parameters of
the well. In previous studies, this issue has been
investigated in aquifers with the same thickness
and more realistic conditions have not been
considered. The purpose of this research is to
investigate more precisely the effect of well
physical parameters on the drawdown cone and
radius of influence in an unconfined aquifer with
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a sloping water surface. The aquifer in this study
is the area between the upstream water divide
boundary and the downstream river boundary. A
well with normal discharge in the aquifer is
simulated using the Modflow program and the
effect of the target parameters is studied. It was
shown that despite the non-uniform thickness of
the saturated layer in the aquifer, the drawdown
cone is symmetrical up to a pumping period of 1
year and the radius of influence is 5 kilometers.
It was found that the radius of influence of a well
eventually reaches the entire aquifer and can
cause large drawdowns at distances far from the
well. It was found that a significant part of the
drawdown in the well is compensated in the
initial moments and less than a day, but the
amount of drawdown increases at distances far
from the well, for a long time after the pump is
turned off. From the study of the drawdown cone
after the pump is turned off, it was found that an

inflection point can be extracted that represents
the minimum drawdown value that does not
increase after the pump is turned off. Since the
radius of influence for this minimum drawdown
IS a unique value, it can be used to define a
reliable radius of influence. It was shown that
although the depth of the drawdown cone
increases with increasing flow rate, this increase
in depth is significant near the well location and
not significant at distances away from the well.
It was found that the overall shape of the
drawdown cone does not depend on the nominal
flow rate of the well when the well is
successively turned on and off. It is equivalent to
the drawdown cone that depends on the average
flow rate. The results of the study of the effect of
relative penetration indicate that this parameter
increases the depth of the drawdown cone only
in the vicinity of the well.
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Fig.7. The effect of relative penetration on the drawdown cone and radius of influence in water wells.
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