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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 of a well in the

assuming the existence of a well in the center of
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 unigque 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.


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

(I Ls‘*’L“"’ o0 ) A9, gunad 5T iy

Journal home page https://jeg.khu.ac.ir (oSt g S L

ol s olEily

YAAY NP

T SLslsT 48 ST slaoky wili p y> 10 CO1 Ly o0 0l (K9 308 (S yiol )y il
9T

Tiglj e Lo pade T 15 o p0 ) (G0 ] (ol

aminahmadi349@gmail.com :asbbl, . ]! Jg955 ¢ oDl 3131 oSl ¢ Jg853 dlg gl pos (owdites 09,5 bl )

zebarjad. m@gmail.com :aebLl, .l ¢ Jg955 ¢ oMol 531 olSiiily  Jg833 anlg oS58 09,3 Lokl ¥

mirzavand1088@gmail. :asbll, .l ¢ Jg55 oMol 3151 olKuisly ( J9835 ol ¢yl pos wtines 09,3 ¢,bokl ¥

oS> Ao OlNb!
gy S5 Sy il by o 390 o) 3 35 (ialS cael ols Il ey o canl (ladhaie 15 v > (Wl g
ol bios 2038 @llllas 3 asl (65900 o 3 50 Jelge 1Sl g Casl b > 53 Ol edans gy lis

A 533 sadllas Gimggy ol Jl Ban sl s gy 5 8ly Ll a8 g 0 gy (B8l Ol s
S 550 O 3 e i o o 0] slaglyed J S0 9 8 bgsn ol S0 AL ypvsen iy sl o 6

O gl .l 0dds axdllas cdan (glayiolyly 51 g 00 (g 5lwdund old3le doliyy jl oolaiwl b (Jaozo (23 Lol

VYNNG 26,5550 & ,U

Sl el IS 0l 51 o 10l 0 s s ol 5 (o (ol b il by S (o
ol wllad )> ols cadl 5l angr BB yisw Db 0 dbul dogi B Cdl 35 a0 slaalold (0 9008
alags ]o”m S92 ‘.)9»)64 b.)s).‘il cal » ul.o:.o.m bese b )9 ‘}.4]55 BRl Lol o5 ul)o Gy w?&l} :ub),sw

4 Slgice g Mboes BRI Gy (igel 1 g o Canl (GBI Jlas Bpes & cnl gl gl LB las
Conrg Lol 398 00yl iz bgyses Bos 23 s plp 32 GRIBIL 095 (Byme 394 pasie ke S lgis
o Mo @b by S S8 Jlgie slagad (gels 5 (589 )3 fhbiee (Rl (Sl i L by e

Loy ol glad ol mp

] . .sldale il
Sl el ol S35 55 L s 358 (el sl ] el bagio o0 ol Bkes g 0395 ol o
D)8 o] US55 ey HB b 590 Jolsh 10 g 00d by e s

388 el adgl O o 4y s O o 2l iules
(Drawdown contour line) <él wa sla e b oD
Ol o Lialed 5 dwle pgo > 040 0 00ls ioles
Siee slagoie b (b 50 &5 cwloly colad 5l
Lgyoee 098 oo 00ls isles (Water level contour line)
So,en g (Virtual)  gilee Jgl Cdls e

50 Lol eces (Viisible) coss, L6 5 o5 (Theoretical)

sl s (nfluence zone of well) o> 3G >
Slbl ,o gam 4w laikie (Groundwater) oe;,;
CS o s g 3l i sl ol Codled a5 el ol
Sy dasnin 93 b Ygane 3B o> 0980 T 50 O
Drawdown cone or Cone ) el by,see S 09 oo
Influence ) ,sb st s 5 (of depression

9 b ;0 Oygo 98 4 33 Sl by, .ol (Radius

Oy Az . 81 ST laglgsul (o OT lasls 56 moym j0 Cdl by ysee ol (b slo el )b 36 .(VFY) L) L8 gl op ) o] (goan] rabial
https://doi.org/10.22034/JEG.2024.18.1.1019243 .\ - A=A «(V) VA ¢ s (sl

OBy © o )yle ol&asls 1 ub



http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

qF

OlSan 5 ool [ 5l w50 2l by o olr (Sed slo sl il

e emes sakuly 5l osliiul 4 g 00,8 35 o0y
iy jliel sgaoali glag gzl )0 28l by e (samlre
@yl Jlisl ol > 3 o3l b el (Thiem, 1906)
shsabaly 50,5 dga B ol Coons 0 )35 (2t (b >
(Theis, 1935) 5,51 sy ol> Sg oue jo S50 Jooo
Lol el oy ) )L s gl (sl s alas], a S
SI5T sl gl il oS ol Gl s U alaw il 31
8l 5l am das pais 0,5 oo )8 colaiul 000 o0
shlsy el 52 gse 5 Heged (e Sl sl Ll
)1 5T szl o ola o & L3S el o> ol
2o b olsel s ol balps Sl iy i o5 o S
(Neuman 1972, 1974; Moench, 1997) »,.5
bl 24z S ol g Gegsd e@ige Laily) Jod ) (SYolee
wla el s Ll il gl sl s ol
IS5 glaig, 5l ool axesli lasT 50, a5 s
Ly b Gl 6lp i Cosgaze (ml by, o]
@ 2SS L g ongr ool Lol o,ls ylgsul 5 ol Bl
Cooper Jr ) cul oads haws 6 elS > ig, o

and Jacob, 1946; Barry et al., 2000; Vatankhah,
il 8 00S sole Gl b (soaxe 3)lse 4o (2014
a ol ool oo QS Jdo 4y 5 005r (o pady BB (b
oolaiul 3 50 filnn g 039 4295 3,50 fiien (S o Slabal,
Siloteds Sl v (6,500 alisue ol 3l Ll a3 5 13
O ol 5 glad 3900 (sl b olz LI o ol
Ol 28 bl g |y goasie g alidee S¥sles g 008
oS ool Sles 3 L Jg ,lbl b, wbol b g lasb
«Schultze) ;s (Lemke) S alox5 taslosges 43l
L5 «Siechart and Kyrieleis) .l 5 &)lbew

o «Vanpoolen).Js, o5 (Weber) »5 (De Glee)
ops o (Kusakiny  .sluss (Wilbur) [e.bs «(Lee)

5 005 (Objective) e ¢ (Actual) s8ly g0 >
Influence ) 5t gles .cuul (Visible) sonlie L
cuol ol> 51 (Radial distance) cles slalols (Radius
5l oain loy S lp alols Ty O v cdl oS
Shoe cdl jlade 550 0 Al ol sadeie das Gl

Criterion ) ,Lss ;L; ,laie 4 (Criterion drawdown)
25 3 ey Sy ewyn 9 Som slr (iME
ol Ol plygel dlize lulys 5 dlize slaglssul
Blidee Sl )3 0)lgen 8l g 3o 8,5 () | E99e
Wlg3 o e Slom jo L8 glas 1 g s o lie
Elad a5 caf g o paaBe Jole @ all (U sae
ol> bl o glatus o 5l ol cled salols 135G
S sl slme 28l by yie (B b Jol> oS o

ool e 81 S5 sl g ke e
ol Sl ghe 2l oyl 5 gRSeslul il
Dlsib g oelz 3B > )0 5 0l2 S 50 e
S g 45 Lz 035 pep U3 o Sl 4 Vlezs|
Jlo ol 58 Slyis Sl (b 5 Geos slooly i
Remini et ) cool o0 5Kl (28 2ls gy i
2 pgye 22b, by, &jso 4 ax! Ll «@l., 2014
b ez )l Dlad gaz o)ls 8wt
Darcy, ) cesl awilp 0wl b Slopl siaw
ST ool 5l blis (slagy > creass SIS b 4 (1856
a5 oly colad 5l B8 lsl o OF Sl e U5
5 el iy ol codled 51 5Ll by s S
oy b ima s Sl oz Bl s 5 ol Lal,
Sy elr o2y 28 L (s (Slsye ol
oloa b ol SLbI s O 5l s aloles 05 (sloy 3
aas &> (Dupuit, 1863) ols asl,l 1, cdl bg,se JSo

2R el 1y sgamal (letul (B3 v e mmes 5l an


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

\ b)l.o.oj: AA 0,99 ‘G“W Lf“wa O

a0

Sl gass el banb asl byl 5l gs
S dlgige lggul oy alise 5 Jie lo el
il sde plgsul o poe

B ) 9 dlge

(Modflow) glésle yo ezl cogee Jow

T g5 51V USCs (sogpo oo Billas ooy Z8 o]
Sl gl b tasl S ¥ 50 ¥ olal 4 imwg jo 8]
4il0g, Sy g o e b3 Sy o Jeoly 9> g ol
Wlsog, yws 40 Sye Voo S‘)‘jéq] glisl culs 4
B N AR YT PRI ARSI
Ll Jlo jo e e A (xhaw 43355 5 59, 40 e )
Voooo BFeee g0 0 Jgere oL ol ol ons
5 48,5 8 Shoy cou plszel 550 )0 5oy 50 ceaSeyie
3390 Al Sy (Vs e Ky ) g ol sl S
5 b do iz B 3)lge (0 50) Sl a3 )5 )13 L)
Geizss onl o (sl > O o &5 5 b
» ol )‘Kﬁb Jelse Sl oy 9 Gilwand jslaieas
phic sonaSs Sy 5l ot gled 5 Sl b
el ool oolaxwl Modflow asls,, o (Voronoi)
b losle ;o Modflow Jow adsl sases
» bl g JUgoSs lawgs YAAY Jlo yo camieVL|
(Finite differences) sgoze cMoles olusl, (wlul
5 013 i glaasad (556 by (T 51 g oaday
o= L 5 (Finite elements) sgome slagldl bl 5
McDonald ) el sais slw! (Control volume) J s
o) 059, @nd Harbaugh, 1988; Langevin, 2017
Lo ;0 (i 2l Olyz Jemdlyiys S¥oles 53l 5
G WS o o goue alize o gy, |y Jodseis
Lolys 5l plebl (gauasls g5 4 soue Jow @l

ald o o as jlade (Sl sleplE (sojlasl (65 e

S5 5 amt ol ,o (Bear, 2012; ITES, 2014)
o> <8l ST aST > gl e (5 l30s5 55| Yol
Sl 02y SLST 4 o] Calad pae g 0050 10555
Ahmadi et al. 2023; Louwyck et al., 2022;)

Bresciani et al., 2020; Zhai et al., 2021; Dragoni,
(1998

shls a8 Slapyl 2>« (Analytic) Llss Laly, Yeo!
O ool BLLI s O mhaw (55ludnds o YU Cs
g dolee (gl 1 009y 0SS ool lus 8 (gl lo s
Sl (o8l bl L aF (amstes 8l Log s S s
2by o 5l eolaul il aisls i calle
g bl by e 5 el pibolas! (Numerical) gooe
Cualy 4 050 0 drslome bl (nl 2 o (588 >
Langevin, 2017; Winston, ) sg walys 5S0o3y

(2019
2 b et 5 Sl g e )90 50 4LESS Sliins
plsl gl 5o Base ;b > 0,90 53 (IS 5b
39 i s b (glse lstel jo O haw a8 canl su
Wload 5,5 88l prhaw 50 o Boes 5 ond a1d 3 la
odd (5,8 ol plesul gludl culses g0 0 40 (nlply
Unconfined ) of;1 slaglgzul 1o O 55 abaw Ll el
S g 00y Glgtul (Ko Slasin Ko &b @quifer
el Baes olom] cubrs cplply ol atuly i
ol 55 b gl 5 ZSl by se 5335 hog g 005
ooliinl b aalllas (pl .ol jiion idgth il laglgsul
2oy Jie slayal )l 1 slsle soue 22b, Joe
390 1y et o o b b1 olsel Ko o 5 >
ladlas o et a8 luTl il ools 15 adllas
S A5 S5 Wlgi oo GBS nl gl (el oais (318


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ] [ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

A4

OLen 5 oot | o 36wy 50 2l by pe poly (Sojd slo el by 30

ool yiali8loge, Vol Sis (50,90 S U o ,05 4y g 00
9 039, VP 5 sloo,g0 polae J1ST L e el o0
e Sl A e, B gilaannd oy, V00 SiS
Silwdands 0 ol @l anlsl lgsul ST 8 5l hw
i 3 U5 sk 55 43385 Lowgie ke )l Ll sl
3590 g 00 gl meiwl Al pl jo Ol mlaw g ool 48,5

ol 428,518 oolal

G5 A guuaSs jo gilw, Ll (Ko, 5 1SS
ol> a8 v yo o Jolw (gojlusl ol Jore jo a5 ouls plox]
Slezal oy e 4o aSul B oo sols il 58l TN 4 g ooy
Ol 50 aS ) Se) Gl 00y yie B¢ 40 5o O Sga> 4
ools iales jual3lel &0 a0 D cond o aSis ioled
bl byls b gileans jo gloy slopls (sl ous

E9rS 59y 7 e Sl 4 Ve 5l g oS (LS jlade sl

(a) Rec\-\a\’%e
A
&t drawdow”
&/
B
| Influence zone t—) >
(b} x =30 km
No Flow Boundary (Flow Line)

A C
mn m

1] j=4
2 3
o 1]
- =

z 5

a

-
=] 2 o
o @ m
- 2
P 5 >
= 0

=)
g 2

Q [(F
& 2

B D

LG / No Flow Boundary (Flow Line)
Voronoi Grid @® Pumping Well

sl 3550 30 (ale gilutend sl slole 1o ond skl (G0aSed 5 (530 Ll o sosha Jro ) JS5
Fig.1. Conceptual model, boundary conditions and gridding used in Modflow to simulate the well in the center of
the aquifer.

cdl lade 3,905 sl o5SG aS Ldow alg, ale>
55 e 5l o Oles 2 00 5 olz 5l alols o o STl

6&@5)5 ‘sw.uwgﬁhb»é)ﬁo.cwgw)ﬁ
sl bulgy b gous Juo


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

\ b)l.o.oj: AA 0,99 ‘Lf“w Lf“wa O

v

oz 5l alols o o Ol e il Jlade 0515 (sl 535G
0dd &l gazme slaglgzul ) Sley 5l lej 2 50 9
ol s o5 <L o plgzel )0 a8 ol Gl > o9,
(V) solae &yg0 @ ] (salaly g 0ogs ooliul LB oo
o 9 Sl @les JISSN b SG el )55 0 alal) ]
o5 5ol 5 alold a5 1 Ol s Lawgze 231> )
L b sabal, (Theis, 1935) &S o asin ob;
4 olgtuby bawgs a5 ol )Sen 5 65k o, 5l ool
WelS Jo g, o @ 00 (gl () abaly &5

Vatankhah, 2014; Barry et ) cool sos 05 (5

G50 5 e bl S sl oas @l ol5T sl szl
(V) Gabolee &j90 4 @ige galal) Casl (oga (gala
So 45 ye 9 93 £ Jam @b Jold J> J2pe p3 g ol
slad jo am e (Sgyau )b pell p adal) cpl el
slr ol g 28T o 5l g oadeelas LY
20 oz jlalold o 50 jegin b mhw bawgie Ges
4 g sakaly (Moench, 1997) 0ol oo asein o)
5 S 5 e @b Jols a5 el (V) selolae 50
Gos sl ol gl Sl ol U 5l Gy 5 Sl yao a0

Sy so Ao Gloj o 58 g ol sl alold 1o 50 yiegiy 5l

.al., 2000 &S Ll als, ale> 51 (Neuman, 1972, 1974)
-_— 1 -_—
ho (1, 201, 202,0) = s——— [, 7" hp (b, 2, P)d2p Q)
Q © 1 o)
s(r,z,0) = - [ 4yJo (VB /) (o (v) + Ti=1 un(3)1dy (")
00 e X 25
S0 = [ mdx - s = 5 W@, u=T ")
_ EXP(—u) 0.5615) _2
- (0.5616+0.4385EXP(—2.2803u)) X In [1 + ( ) 0.4385(4) ] )

A =1.0421u+ (1 +u'® )1 + 1.0801(1 + 2.35u~10919)"1

Joe ol auslie .ol ba g, cnl 5o 636 ol oo
b as aos oo lid oo S Hhas 5l Lo dailg, b (gooe
35l Sl polie o5 s slacdl 5 90 L Jolsd
Cewl Golaie o2y gldole (g0 Juw 5 (Ll Laslgy b oas
(Ahmadi et al., 2023)

ST glazal G 5o Jloy o e oSt (SigSr
bl il byl 5o

sladgl O mlaws (Normal water table) Jl s o zlaw
Slooy 4552 £9,8 5l 3 (xebo j5b 4 a5 el szl |
slsl o L3S Luls o O e ol canl a8 5 IS0
4 SES (g0,90 Sl yo g o)l I 5l Sl 5 o0

Sladss cél o &g o ol s () sy o 5l J8los

Sl 5 0355 6 Lol wies Ll ax S Y 6\ L,
S (e gidali 5 1S5 Gla s, Sl ool sl >
Slezel sl 568 laly, (Ahmadi et al., 2023)
33T gzl Lolul Lol wiloass a1 Ly Cosleds 5 Sgamals
axgi b ogd oo sbml Oy 4 Cands jo Cull s L
oS S8l bgyme (3 Do olisS slasley ;o 4SSl 4y
s 5 00,5 it o culbho Slpuss jl Gl oo wn!
5 bt alio 5,5 alie aa b1, Ldos 5 soae Jow
Jlde a4 59, S pley a5 wes e i Gloj b
Sz 53 goue Joe (29,5 5 lod Lally) (Slewlore 24
039 S0 o &y (e el Gl g jpe 45 VL
595 S5l S slagley jo Laid ol Sl Dol
o=l g gliole sl iy, yo Slawlre 8l olin a5 Col

Ll pas ol cle 5 Cand Bebaie ages 5 s @l


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

aA

OlSan 5 ool [ 5l w50 2l by o olr (Sed slo sl il

J.o.c)oj S 00lin Jslﬁ 9 0092 6:3‘5 9 (= .‘05).‘>La
sols Gule ol ahw jlies slo gmie pewy b
bl by 3 zl,5el L .(Ahmadi, et al., 2023)s45
S eib 4 ol o O maw samb 28l e o5,k
ol ol Sl hadd g ool B> cuwl glddhie oL >
byye polr Jie laytelly Sl gwyp 5o I 09800
alio g ool les g ke il slaby e Soe (2l
Cdl ggomme Mas inds il by see gl sl b gl oo
BRRAY 04 o C‘)’.‘;‘“" sladhie ob,> g o> b
bl e dos wolz 1Sl > 5 Gl bybs o)y
los &ygp bag] causlie g oo ools ioles e
3550 80 w2 s Go% (il o o8 2l S e
oo gl Feinl 5,5l slabg S Boes ol 009y a3
Lol 28,5 )18 gy 29550 9

ol <l bgyo 52 (Q) Slsy (29 5l (o

o= alal, jo (Discharge pumping) sk oo lade
Ol Gl L g 09 co ol W o IS a4y Yalolas o
Influence ) ,5b gless jlaie 5 (Drawdown) cél laie
b colite «dl iulidl cons il oo il38l (radius
ol> Gl Ll il o o0 2al380 b cal 0l ol GBILLI o
olz 5190 laalold il jlade (Jg b oo SRal¥l Cuday
AR TSN SR RN E RPICIR JURER R
Olzen e ge ol | b plad 5 28l byyda 2 00
S Farg B (L Ghee (S Lol 95 oo 8l Lg e
o <5ﬁ‘ﬂ 99 w.i‘)s‘l.?\))sﬁ O:v.‘)o w“;da.uuu).wf
58U gl e g, 53 caSesa Aree 4 ¥t

ol 00 e PO dgu> @ Ladd e BO-r Sgum

Olwg (SzsS sanls o o Jlgte slalo jo pln b
ws S L s el Ll s 81y el Il T g azals
Sl lul il 50) 998 g0 ol atin 15 Sy 0 090
PN A S 6090 4 bgrye 85 lade 398 o0 B3
Jboy ol mhans zl Sl gly (ols valys &) Jlo IS Jsb
oS duaseiie o Laid ylgtul Slasie 5l lade o olp
aS e Vor 8l sadgl O mlaw b Jow 5 00l el
aS Sl U g oads 2l wnl ailsog, 515 mlaw Jolso
Al iz g 5 gloygs jo Ol mhaws 3958 5 518 ol
pyle job 4 ol Gla b jo ool audl polas g
2 ol 58 lie 5 abge SRl Glasel jo Of mhw
9 Gl S (50,99 o O] 094.3 )‘AM )‘ )AM )J §0,y9o
4 59 plyul (Sgiaam b a5 il gae ol 4
Gla.w 5@3}}‘0 GOl u_i: )‘ o= o L VOwgY WL».A )L.\.D.o
4 5 60,90 Sl 3 g oamy Jloy cdl> 4 lgsul O
oled a4 Stz (50,90 sloiil jo g ol YL eaie Jlade
ol eJols Sl a yos ) 5l e el sl ol lade
2 by e 0y90 0l 5o 3 eys0 bl o ol e
9 Tasm g oad 0,253 (rhaw 90 ol dawsly 0 by Il
S8 oliul 8,90 adgl O b lgie 4 ol giluas
2ol aaw @dss (il b aS ol b sl §
ol aalgs i olesul gludl cals § ali8l olasel
(Ahmadi, et al., 2023)

SBlybl 50 bgye Juled g i iliso sbae 8
oz

Cél bg P Sy el 4555 90 Soe Sl ol 45 2l bg e
adgl 515 adaw 4 Cas ol ikl o O mba 3l B yae
WOMLM.A Jabﬁobj_» d)bbaj‘_;).,a.t .loﬁ)m U"‘ ol
Al by e 0gd o0 00l Gisled Sl pa sla s b g

&_}"‘ ‘ol cl> U,JLIS )| o= u_)] )‘).: C.la.w d)—!a@ P9


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ] [ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

Y oolads VA 0,98 (gt (owlid yae

a4

bl by oo (b (bS5 Sl 36 5050 oo ol

S,lai ol 5l a0 Juoled yo

ol ke wely 5 Ze )+ ojlaley (glalols gl a5 Il o
U’“J‘)B‘ U"‘)"L"‘ ] o )...a 4 Sgd> A )...4 Y Sgd> )l

Sogle jo Gl bg e dee w8 dely (X0 =N

£ 1(a)
= NFB (Divide line) =
140 + Actual drawdown
cone in central well
120 -
100 ——Q=4000m3/d ——Q=28000m3/d
0 CHB (River) Bottom
0 5 10 20 25 x(km) 3p
0 5 10 20 25 x (Km) 30
O L L 'l L ]
n (b) ——Q =4000m3/d
3
——Q = 8000 m3/d
- A
Theoretical
™ drawdown cone t=1y
— in central well k=10m/d
Sy =0.10
~ E Re = 80mm/y
w
5' [I) 10.00 20.00 30.00 40.00 6[{00 TOIOO x (m)
o
3 30 300 3000
o , .
- -
= o~ o
o . . o
Theoretical - o
- drawdown cone in "
upward direction : (d)

T sloolz b glad 5l by Sleay (20 51V S
Fig.2. The effect of pumping discharge on drawdown cone and radius of influence in water wells.

PRy e Sox )0 e 8l by g b Gl
Wig U sabaly o ez b Lol aliigo (B (hos S
S8 Ly e s i s i 55 551 o5
TS 53 o el o] hos G258 3l 2y e o
o3ls B3 Sl Ly s e 3 s 7S ol
Wy @S gl 10 9ab oo s ASSLa Ll oal

Sl bgysee oy o slagle; 10 g Sy I by 5

ol <l bgyo p (1) 5leoy polud ploj S (o)
alal, ;o (Time of pumping duration) 5Ley pslas o\l
Sl tl g oad b U Jlaie 1o Yo,leds alobas jo b
W laie 5 a8l 2alS U e T 2al538l L o ce ool
glad jlado 5 (8) <l Jlude W aliil by oo el

L Loles el sals (23 (1) T L basye 3l >


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ] [ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

\nu

OLen 5 oot | o 36wy 50 2l by pe poly (Sojd slo el by 30

5 S8l oles g Gioriw 5o Lo Codgase 4 4040
D)5 oy Y5k silay

el oo dazme (Ml Vb slaglej o cenl juus
2 E3ose (nl g 0gdiee platel jo (oS (LSl ol
Ol pen Lo 4 ol Sggiin ol O Gee b
PR S Sl (Yob sleey slan Glaple; jo 28l 2l

180
160 (a) -
1 ——200
3 Y K=10m/d
< . t Sy =0.10
Actual drawdown cone in central well Re = 80 mm/y
120 + Q= 4000 m3/d
100 4 NFB (Divide line)
~ 4= CHB (River) Bottom z
0
0 5 10 15 20 25 x(km) 30
0 5 10 15 20 25 x (Km) 30
o 4 i . . R . ,
n
o
- 4 1d ——1m
—1ly —5y — -
3 4 ——25y —50y Theoretical drawdown
E —0y —200y cone in central well
~ -400y U
- 0 1500 3000 4500 6000 7500 9000 10500 12000 13500 15000
8. " M N L " N X (Km}—'
o
- (c} ;d 1m 1\!‘
o ta —25y
e ——100y ——200y
L]
-l-l-d T
E
oo — — - =
Theoretical drawdown cone in upward direction
15 150 1500 x (m) 15000
o . . '
- -
N A Theoretical drawdown cone
E in upward direction
(%4 ]
™ 1d —1m —1y ——5y ——25y
—50y ——100y ——200y 400y

ol slaols 3T gl 5 il by e s Sy oo 1Y JSs
Fig.3. The effect of pumping time on drawdown cone and radius of influence in water wells.

3l e0 Jelgh )0 05 (s Sl an 990 oo Cews 50

e Gloa ( SYsb slasliey 5lam laple; (Rl 5o

BB L e Soyll LB e olr 5 a5 Swl LS el


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

\ b)l.o.oj: AA 0,99 ‘Lf“w Lf“wa O

AEA

ol> il bg,ﬁuﬁw|9|ﬁqph)‘;|w)x
e (Time of drawdown recovery) cél > ol

BRI EC It | UPONR. PN ESu| RWERL SLIw) R D
@ ol iy e g 00l ol ol cldled JI u‘}.zj
Sy J 0 Sl ely j0 00,5 sop 955 sadl Cl>
Oy Sloy 3 3 5 ey (Sogals I oy alalddy
ooy 5505 Sl ey sl glaple; 5o 05 e 5lET
b oley e (Jg oud (e 81l 295 BB A5
wiz aS gley Gaw) 098 ol cdl S el p3Y g0k
Aol oz 51 g0 loalols 5 (ol Shoay loj il
55 1S ]z w098 o0d ST S8l Gl oy (2290l 5]
o b @ el o ol 4 ey (SBgals il
593 Jolgd )3 13U elad 5 28l by j3e 5900 oy (SDgel>
B g o905 gl 45 o] 3y b 45 0lz |
Soe b blie gled) 5b st aSTas laswe ,o adly
Sl a5 005 lyo | Shaay ST oyl Glios ol
a5 ol e b g o £9,5 (Sib 4 bap)] o o s
Loyl yo il aol38l ol 8 as cusl SYsb S opl 5o
5 0sden £9,5 Gl o Sl Gl wlE g ead g
S8 e ety 0l 5o S 9550 Slsel 1 085 Gl
al"'“" J..SL.\> )° L;\o.\mti..o ol.? 4w 6‘)’.‘ 9 sl"o‘ ol.? 6‘)—.’
o ools lad ¥ jo (ale Y 5laay ley 0) e o
YEO laay Doy cdlaS ol 5l e YO - alold jo .ol
g cuy (choels o) 50 w0dg floows ) 390> o5,
oals t) u]c‘a.u: wxalfuw U])‘ U’“")S) Voo Sgd>
&ﬁuecw}&]‘b]tﬂ‘o‘ﬁ ‘@Y#Pwa‘j‘ms
APV Ve ‘_’)T&AJL» S GBI b oS o Job Jlw Vel

WS el 1y olr bz 5l s HB it Wigi e olz
—ogtee 88l L85 O b L slaglysul 53 g3050 cnl 5
Gyae o9 & Y S (Ahmadi, et al., 2023) ol 5
Wlgs oo 9 ax B lgsul SO o ol S Sl aS el
— 0 00 4 lizman 05 ol 50 Ol e 515 i el
wlys Jyors g Lwgie L (o0 b oly S Laib 398
S 50 ol 515 e als el Jlo Fr v sgas b ol
Sl GYeb Lo ley Dae ol 5l ey Jadd g 0nls Qly’;ﬂ
olzmen 39 00 sl lyul y (6l bens Lalyo o8
ol b Glael 3550 50 oly S (nl baid 05 0 0ay0 oS
VO aold o cawoVl je ;0 ol aludly g
b 2alS el o)l i Lol ol ) (s maskss
s b sloglsial 55 2l g e JS5 0,5 ol 5
s ) I N [y
(Nonisotropy) ss,Slesall 5 (Nonhomogenity)
Yl a5 e b olyT olssel o Ll ol o lite Ly a5
Al 4 ized g Cuals ol Ol s Jodo 4 azgs L6
345 Gl sl e w@ilseg; ol e 992
olie Loy o slos e & o 51 5 087 slaile
PRI ey N g B SV R VNG PV
db}l@élbsgmmﬁ(;\sﬁi?\“gji&)'lbm
aS lioen g oad ool las )& pae a4y )l
by pglone )L,.o., Jlo 0 050> 5l g 958 o0 canlice
s o Ol 5l g edes; @ 50 4 Cws Gl yo 2
A Ceomnd 4y a3 b aS Conl (S5 4y p3Y Ll oald e
lszel o8 550 pglis Sloey Jlo & ooy 5l am TS S|
L ook cdl by o o Lol g oo ailB0g, (gadns cacly
pad JB 5eS Cobly cpl YUK 5D cond jo (55lne
byye (28l 9 3lme p 2 50 0 4 axgl alple ool


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ] [ Downloaded from ndealO.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

VoY

ul)lioassml | ).ub ISP caB ol bj)?u).uob k;"fd LSLQJ;_‘,])L )_‘_‘[)

C.L:.u P ol.? S5 ).>| as ol M‘P ULM.J Eyoge Q—.’.‘ (\CJSM;
g 2 CA..IL‘&).P O yguo 50 g 039y Ao JJ@ o)“&‘ a iy u]
ol 4w az b lssul ol o)ly sl ol

Bl 5ks g 5ol

5“51;"?\’”BA"'_)S)B"J»‘"#)\)-(VJXJLb" 5)
I om GASYsh Dl S by e 4wl

158.46
. 157.46 . - - * * TS *
B
2
©  156.46
E (a)
@ 155.46 .
£
8
+ 154.46 i :
] pumping diuration = 365 day) Drawdon recovery in
[
z 153.46 pumping well
152.46 b T e FrrrrrerTeTT FrrrrrreTe
1095 1460 1825 2190 2555 2920 time (day) 3650
163.9
_ H
b -
@©  163.85 . 2
@ H
s ! ' .
= 1638 Drawdon recovery in Radius
B .
2 distance of well =3500m
(1]
2 163.75 - - -
730 1005 1460 1825 2190 2555 2920 time (day) 3gs0
168.18 T T T
= Drawdon recovery in Radius
3 168.17 . =
- . distance of well =5500m
E
o 168.16
o H H ’
8 '
5 168.15 /_‘,,._4—** ()
o b, o H
2 168.14 i = =
0 365 730 1095 1460 1825 2190 2555 2920 time (day) 3650
170.5 - - -
T 170.495 i Drawdon recovery in Radius
b : distance of well=6200m
g 170.40
@ 170.485 (d)
b 170.48
b : e, _ _ - . .
g 170.475
2 17047
0 365 730 1095 1460 1825 2190 2555 29020 time(day) 3650

olz 5l ye0 Jolh o 5 olx o el Ol o oy (LBgals Sl uy oy 535 5 Sy Gle S1LF IS
Fig.4. The effect of pumping time and the passage of time after pump shutdown on water table of the aquifer in
the well and at distances far from the well.

aS 5,5 zl Al cél by e g9, , (INfelection point)

550l 5l e 3l gt e opl 5l yieS slacdl sl

ol 5l i slacdl Gl g 0gd o i guyNa Gy

3 bz Galply osbee SzsS muwa U el

o g0l 3l s 008 o 0daline O S 0 aS lien
kil jo 5 SzsS @mywia oy Seap e il by e

gy JSb psl &gy (g p D9 o0 00 S gyl


http://dx.doi.org/10.22034/JEG.2024.18.1.1019243
https://dor.isc.ac/dor/20.1001.1.22286837.1403.18.1.5.1
https://ndea10.khu.ac.ir/jeg/article-1-3109-en.html

[ DOR: 20.1001.1.22286837.1403.18.1.5.1 ] [ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2024.18.1.1019243 ]

Y oolads VA 0,98 (gt (owlid yae

V¥

ahe gTalads ol o Gl agd co 00 O SE o aSSL>
Veoragam Tl ey il gled 5 ot Ve sg

Sl S ole GLLI s oleds iSTas il el e
Sl e gy 50 S e Fror oo bal ) el

ol o Voo v sga S o a2 | (6 el V

b glad lp sae o S5 eol> a4y bgye olallas
33 cawlie 438 a5 a0 Hhal 4l pa oo
<ol (Infelection point) cile akai o cdl & by e
ol a5 Cul elat iSTas (2l ol 4y by ye glads aST >
3P omt 5 0955 4 ey alimd ()3T jo 1) 85l e

Lo yio,50 olgzel g ol 50 by gad Gialidl sy (Sbgals

180
(a) ——wt after lyear pumping
160 +
= K=10m/d
£ t Sy =0.10
Actual drawdown cone in central well Re = 80 mm/y
120 + Q = 4000 m3/d
100 =2 NFB (Divide line)
& 4= CHB (River) Bottom =z
0
0 5 10 15 20 25 x(km) 30
0 5 10 15 20 25 x(Km) 30

——— lyear pumping on
1 day after off

= ——— 1 month after off

—— 2month after off

—— 4 month after off

15

s 1 (b) %

1 — 6 month after off Theoretical drawdown
E —— 1 year after off cone in central well
v
- 0 1000 2000 3000 4000 5000 6000 7000 8000 X (Km)
8. L L 'l L 'l Il i L i
° 1 (@
-
o
=]
~—— lyear pumping on
- ——— 1 month after off
,g‘: —— 2month after off
E . . —— 4 month after off
@ Inflection point 6 month after off
—1 fter off
Theoretical drawdown cone in upward direction yearattero
10 100 1000 x(m) 10000
o e e i sl M
——
—————
— lyear pumping on
— 1 day after off
—_ ~—— 1 month after off
E ——— 2month after off
wn (d' ——— 4 month after off
~N o —— 6 month after off
— fter off
Theoretical drawdown cone in upward direction yesraturo

oL‘> ),.JL &L&usus‘ Joj):u).lw.l

gl 5l e )35 B1O IS

Fig.5. The effect of time passing after pump shutdown on the drawdown cone and influence radius of the well.
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