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Fig.2. Comparison of modflow results and analytical methods for aquifer in Fig. 1.
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Fig.4. Actual and theoretical drawdown cone for the well in the center of the studied aquifer in Fig. 1.
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Fig.5. The effect of transmissivity on drawdown cone and influence radius.
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Fig.6. The effect of horizontal anisotropy on the drawdown cone and influence radius.
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P s il (s
Sapesn Sl el vl o G205 JUEl s 5 o 4LlS gLl Sl 31 ool lau] i cons S2al33l
A 0550 plgzel )0 5z se elr (gly Ve USE o ail JEl bl alS ST asles i ol SRl Sl aS
a3l sl o dliio 8] ey Sl by s b g 0 dasls 150 10 8 iy s gl (gl 2l g e
ol i lggul CandVl jo cals (mals ol g asl mals slil cuwls i cud Giol8l b ogh e oo
GhrS 5l (o5 e 590 Jolsd 10 g FBees ol U0 50 oty S8l bg Pue 990 os 0nps aSilizmen
il o Ll a8l 33l Loy 515 pebans s o il L S5 _co 0y aS0liz ans] 0 42aslS” )] ek
L loced lsmal S cad i L Oly 45 955 00 el 9050 rap el iy Sl (talE 1 a8 o

2,5 sslinl T 5l olalllas S0 50 g 00,5 sbml Blssul U5 5o il Led cualies


http://dx.doi.org/10.22034/JEG.2023.17.3.1019242
https://system.khu.ac.ir/jeg/article-1-3098-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.3.1019242 ]

e 15T Ol ul 53 OF glaslr 53 3 o 3l by S

AR

0.5

1.5

0.01

0.1

~ Actual drawdown

cone in central well

/

NFB (Divide line) =~

——BRS =0

——BRS = 0.006

0 5 10 15 20 25 x(km) 3p
0 5 10 15 20 25 (Km) 30
] (b) t=1y ——BRS=0
K=10m/d ——BRS = 0.006
. Sy =0.10
Re = 80mm/y
. Q = 4000m3/d Theoretical drawdown
il cone in central well
E
[75]
0 1000 2000 3000 4000 5000 6000 x (m)
3 30 300 3000
- \
~ - oo*”
=
Theoretical drawdown cone in - (d)
upward direction I

5B glads 8l by e p s card 1V S

Fig.10. The effect of bed slope on the drawdown cone and influence radius.

Oleral g 31 4335 51wy

Sladie a5 5590 Gae 4o lgtul jo Ads S ali8l 458 e lgtul jo adsl Ol mlaw g 881 508 o
381y gl o s Sy olael s 8, s bl 55 callis 5 8550 alS VU 1 plysl U5 T s 2

o aplgs abamde Wigd e 45l O plaw 4 Cand C8l by Bre slacdl S el 059 p] 5 435 lake

Sygeo 50 a5 Cowl dme Cpl as olayg, ol g wsler Sdaie o 4dn jlade 2 gl C8l Glabg e ples aS
Cordao ol oS8 O jgod badd aSl (i ad yed S8l by e A5 S Gleay leg 50 mhaw 1 435 042

Sz ] olie VL (G35 o 5 00g: plyel s o bawgie 44355 ke &l JUES! (0 5 gledl calies


http://dx.doi.org/10.22034/JEG.2023.17.3.1019242
https://system.khu.ac.ir/jeg/article-1-3098-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.3.1019242 ]

Y¥yo \Y-rggr;)w‘&m»‘wx«wukﬂﬁp

Sl joaile Dglas ma b g 00g Budnin p2 s alides polie jo C8l Gl byt cle ed 4y g ol
oS ol Koy o cdl e g i JUl coll b dss i polie j0 5 00g JESI cllB Sl ales asdss

(\ \J&w) S| ).aoo)...mf oél ,bjjm 9 )...m...' cél )LAM ‘ol_? )I 99 J..a‘gﬁ L) (5’5

220
200
180
E
= f
1(8:'3 Actual drawdown cone in central well NFB (Divide line)
60 Re =160
40 CHB (Ri Re =80
20 <+ (River) Bottom ~
0
0 5 10 15 20 25 x(km) 30
0 5 10 15 20 25 (km) 30
o 1 1 1
(b)
(W]
2 -
t=1y
- Theoretical drawdown Re =160 K=10m/d
cone in central well Sy =0.10
| Re =80 Q = 4000m3/d
Lo
E
(7]
0
—
o
o
[ |
2 -
H b .
Theoretical drawdown cone in ~1 .,
£ upward direction R (d)
(7] .

b gl 5 2l by s c e adas L)) S
Fig.11. The effect of uniform recharge on the drawdown cone and influence radius.

=

Sedice ol 30 Sl &8 > Eap g 3l i sl ol cudlad a8 ol T BlLbI s sladhie (o ol o 5b >
20l r olsl (Sazd Gyl 1 gy g Sl Lulsy 5o 00 gylae Sled B 5 e (alpd po il by e
oy Ol B ailE0g, G g O S 0 SO Jeoly a j0 aS ol Jlocud O o b B T o1 gzl SO

)a.,Ls w3l asl den Colil aieili ol bl 4y bgy e Slegoge a5 ol Coenl Cpx QT 3l 050 oyl


http://dx.doi.org/10.22034/JEG.2023.17.3.1019242
https://system.khu.ac.ir/jeg/article-1-3098-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.3.1019242 ]

e Bl SU5T S0l s O (glasler 53 86 o 2 by e vy

3,90 ezl lp anlllas ol sl snis 3,155 Jlocas ol v b o1 plgsel yo slanllas pi y:SG Lol ol
Jboy O ahaw zl 5wl b aS cul o1 [0 imgh 65l g ool plol slisle soae oL, Jow 5l oolaiwl b Lk
Aol s sl 215 adss Jlael g adsl Ol mhaws Glsie 4 o1 (Byme 5 plyzel glo el 5l (oS5 o sl
=l b oslols soue Jaw bl samslin Sl g 00,5 Bix 1) jley Sow o Slezel b b 5l ol
S 5 i Sl g pte SIS g (Byre b rigres Sl 035wl 8 1) i g (oo e@ige ko slo Joe
2 65 28l g e Ll b g 08,8 i |, oyl el S o 5 Sl n 5 s slainie i
slo lis gl el ools las o9 1) ol 51 SGo3 5 590 Joled jo il Ol s (g g Slaise sl piw
3 e e 2 sl pm s By A5l B 453l 30 pglan 5 ol 53l o limy gl Ly o
Sl Gl a b fpaiz Vs (LS S Sl ey aS0I B 090 0 00558 O o 8l Jlade  ylizes ]
5 Sl jliel 086 (2l g o laxe (o3 3 elad (sl (s0ae 53 calplis 09 ge cigite Ol el LSl g os,
Calan s alo iy o 8,8 it 5 5,5 8 4 0y9m ol Sl bl K plyie 4 il elad wls
Cl ol el o0 Jolgs 10 wad oS Juolgd jo bl zals cel lagyl fog YU 514 05,0 cdl by 5y ailSgo
Dgd o I malS el yg0 Jolsd [0 el o5 Jeolgd jo il iuli8l el la)] o5 YU ST Se b 5 058 o

218 28l g P a2l 51 (oSeal 5 s090e (29595 (Jg W

‘5”0)&5
O30 1A LS 50 5 Gl g g aige elod S laghsy (pmgi 05 b 4 5,08 25 GBI I Ba s
Byl 1y Sleya8 g Sas S saiy,l slo plesal, [bls 4 lilucas 25 BT 5l g abg e slail], (sasb

&l

Ahmadi, A., Chitsazan, M., Mirzaee, S. Y., Nadri, A. 2022. The effects of aquifer and well parameters on
Capture Zone and Discharge Zone in alluvial unconfined aquifers [Original Research]. Journal of
Engineering Geology, 16(2), 180-207. https://doi.org/10.22034/jeq.2023.16.2.1019241

Ahmadi, A., Chitsazan, M., Mirzaee, S. Y., Nadri, A. 2023. The effects of influence radius and drawdown
cone on the areas related to the protection of water wells. Journal of Hydrology, 617, 129001.
https://doi.org/https://doi.org/10.1016/j.jhydrol.2022.129001

Barrash, W., Dougherty, M. E. 1997. Modeling axially symmetric and nonsymmetric flow to a well with
MODFLOW, and application to Goddard2 well test, Boise, Idaho. Groundwater, 35(4), 602-611.
https://doi.org/https://doi.org/10.1111/j.1745-6584.1997.th00125.x

Barry, D., Parlange, J.-Y., Li, L. 2000. Approximation for the exponential integral (Theis well function).
Journal of Hydrology, 227, 287 - 291. https://doi.org/https://doi.org/10.1016/S0022-1694(99)00184-5

Bresciani, E., Shandilya, R. N., Kang, P. K., Lee, S. 2020. Well radius of influence and radius of
investigation: What exactly are they and how to estimate them? Journal of Hydrology, 583, 124646.
https://doi.org/https://doi.org/10.1016/j.jhydrol.2020.124646



https://doi.org/10.22034/jeg.2023.16.2.1019241
https://doi.org/https:/doi.org/10.1016/j.jhydrol.2022.129001
https://doi.org/https:/doi.org/10.1111/j.1745-6584.1997.tb00125.x
https://doi.org/https:/doi.org/10.1016/S0022-1694\(99\)00184-5
https://doi.org/https:/doi.org/10.1016/j.jhydrol.2020.124646
http://dx.doi.org/10.22034/JEG.2023.17.3.1019242
https://system.khu.ac.ir/jeg/article-1-3098-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.3.1019242 ]

[V \\‘~Y}:5b__rEJW‘VAMAJL?“;A.\;@WLZQ:A)‘A{)L}

Cooper Jr, H., Jacob, C. E. 1946. A generalized graphical method for evaluating formation constants and
summarizing well-field history. Eos, Transactions American Geophysical Union, 27(4), 526-534.
https://doi.org/https://doi.org/10.1029/TR027i004p00526

Darcy, H. 1856. Les fontaines publiques de la ville de Dijon: Exposition et application des principes a
suivre et des formules a employer dans les questions de distribution d'eau (Vol. 2). V. Dalmont.
https://doi.org/http://books.google.com

Dragoni, W. 1998. Some considerations regarding the radius of influence of a pumping well. Hydrogéologie
(Orléans)(3), 21-25.

Dupuit, J. E. 1863. Etudes théoriques et pratiques sur le mouvement des eaux dans les canaux découverts
et a travers les terrains perméables. Dunod, Paris, 352 pp.

Langevin, C. D., Hughes, J.D., Banta, E.R., Niswonger, R.G., Panday, Sorab, and Provost, A.M. 2017.
Documentation for the MODFLOW 6 Groundwater Flow Model: U.S. Geological Survey Techniques
and Methods, book 6, chap. A55, 197 p. https://doi.org/https://doi.org/10.3133/tm6A55

Louwyck, A., Vandenbohede, A., Libbrecht, D., Van Camp, M., Walraevens, K. 2022. The Radius of
Influence Myth. Water, 14(2), 149. https://doi.org/https://doi.org/10.3390/w14020149

McDonald, M. G., Harbaugh, A. W. 1988. A modular three-dimensional finite-difference ground-water
flow model (Techniques of Water-Resources Investigations of the U.S. Geological Survey Issue book
6, chap. Al).

Moench, A. F. 1997. Flow to a well of finite diameter in a homogeneous, anisotropic water table aquifer.
Water Resources Research, 33(6), 1397-1407. https://doi.org/https://doi.org/10.1029/97WR00651
Neuman, S. P. 1972. Theory of flow in unconfined aquifers considering delayed response of the water table.
Water Resources Research, 8(4), 1031-1045.

https://doi.org/https://doi.org/10.1029/WR008i004p01031

Neuman, S. P. 1974. Effect of partial penetration on flow in unconfined aquifers considering delayed
gravity response. Water Resources Research, 10(2), 303-312.
https://doi.org/https://doi.org/10.1029/WR010i002p00303

Theis, C. V. 1935. The relation between the lowering of the piezometric surface and the rate and duration
of discharge of a well using ground-water storage. Eos, Transactions American Geophysical Union,
16(2), 519-524. https://doi.org/https://doi.org/10.1029/TR016i002p00519

Thiem, G. 1906. Hydrologische Methoden: Leipzig, Germany. JM Gebhardt, 56p.

Vatankhah, A. R. 2014. Full-range solution for the Theis well function. Journal of Hydrologic Engineering,
19(3), 649-653. https://doi.org/DOI:10.1061/(ASCE)HE.1943-5584.0000833

Winston, R. B. 2019. ModelMuse Version 4: a graphical user interface for MODFLOW 6. Scientific
Investigations Report-US Geological Survey(2019-5036).

Zhai, Y., Cao, X., Jiang, Y., Sun, K., Hu, L., Teng, Y., Wang, J., Li, J. 2021. Further discussion on the
influence radius of a pumping well: A parameter with little scientific and practical significance that can
easily be misleading. Water, 13(15), 2050. https://doi.org/https://doi.org/10.3390/w13152050



https://doi.org/https:/doi.org/10.1029/TR027i004p00526
https://doi.org/http:/books.google.com
https://doi.org/https:/doi.org/10.3133/tm6A55
https://doi.org/https:/doi.org/10.3390/w14020149
https://doi.org/https:/doi.org/10.1029/97WR00651
https://doi.org/https:/doi.org/10.1029/WR008i004p01031
https://doi.org/https:/doi.org/10.1029/WR010i002p00303
https://doi.org/https:/doi.org/10.1029/TR016i002p00519
https://doi.org/DOI:10.1061/\(ASCE\)HE.1943-5584.0000833
https://doi.org/https:/doi.org/10.3390/w13152050
http://dx.doi.org/10.22034/JEG.2023.17.3.1019242
https://system.khu.ac.ir/jeg/article-1-3098-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.3.1019242 ]

Journal of Engineering Geology, Vol. 17, No. 3, Autumn 2023 318

The drawdown cone of influence zone in water wells in unconfined alluvial aquifers
and the influence of physical parameters of the aquifer on it

Amin Ahmadi ", Ghoramreza Mirzavand % Maryam Zebarjad 2
1. Department of Civil Engineering, Dezful Branch, Islamic Azad University, Dezful, Iran

2. Department of physics, Dezful Branch, Islamic Azad University, Dezful, Iran

Received: 05 Oct 2023 Accepted: 16 Nov 2023

Abstract

The zone of influence of the well is the area where the activity of the well changes the water

level. The zone of influence is important in determining the protection zones; however, in this

regard, reliable relationships have not yet been presented and their lack of relationship has not

been confirmed; and this is due to the lack of accurate knowledge of the zone of influence in

some aquifers. This study was carried out using the MODFLOW model to know the effect of

aquifer physical parameters on the drawdown cone in an unconfined alluvial aquifer with a

sloping water surface; and since no such research has been reported so far, the results are

innovative. The results showed that although it is possible to ignore the effect of a well in parts

of the aquifer due to measurement and presentation limitations, in practice the influence zone of

each well will extend to the outer physical boundaries. It was found that two types of real and

theoretical drawdown cones can be discussed in the influence zone and each should be analyzed

separately. It was found that parameters such as hydraulic conductivity, saturation thickness,

transmissivity, horizontal anisotropy, bed slope, and amount of recharge in sloping unconfined

aquifers have a dual effect on the drawdown cone, and if their high values decrease the drawdown

in short distances, they increase the drawdown in long distances. It was found that normal

heterogeneity does not change much on the drawdown cone, and the reason is the opposite effects

of hydraulic conductivity and specific yield on the drawdown value. It was found that hydraulic

conductivity, horizontal anisotropy and specific yield have a strong effect, but vertical anisotropy

and heterogeneity have a negligible effect on the drawdown cone.

Keywords: Influence zone, Influence radius, Drawdown cone, Water well, Protection zone,

MODFLOW.

Introduction

The zone of influence of the well in the groundwater is a three-dimensional area around the well,
where the activity of the well changes the level and speed of water movement in it. The drawdown
cone is the relatively conical shape of the water level around the well, which can be represented by
iso-level curves in the real state and iso-level drawdown curves in the theoretical state. The radius of
influence is the radial distance of the well from the closed curve around the well resulting from the
horizontal section of the theoretical drawdown cone for a standard time and standard drawdown. After
Darcy's relations, various people have formulated the groundwater flow and especially the movement
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towards the well in steady and transient conditions and presented analytical and semi-analytical
relations to estimate the water level drawdown around the well (Dupuit 1863; Thiem 1906; Theis
1935; Neuman 1974; Moench 1997; Darcy 1856). In addition, with the development of numerical
methods for solving water flow equations, several groundwater flow simulation models have been
presented that are capable of simulating the well and estimating the amount of water level drawdown
around it (McDonald and Harbaugh 1984). Previous research has mainly been conducted in aquifers
where the water level in the aquifer is considered to be parallel to the bed surface and both levels are
assumed to be horizontal. The water level in real unconfined aquifers is a function of other
characteristics of the aquifer and is a dependent variable, and in this study the effect of the
independent parameters of the aquifer on the well drawdown cone in such an aquifer has been studied
using the numerical mathematical model MODFLOW. The results of this research can be an effective
help to know more about the fall cone and the radius of influence, and a more accurate understanding
of the effect of the well on the aquifer can be used in the management of the aquifer in terms of proper
spacing of water wells and their quantitative and qualitative protection.

Materials and Methods

In this study, an irregular grid was used in the MODFLOW program to simulate a well in an unconfined
alluvial aquifer with a sloping water level and to investigate the effect of influencing factors on the
cone of depression and the radius of influence. The aquifer under investigation has a size of 30 km *
30 km and is located between a water divide and a river. The saturation thickness under the river is
100 meters, the specific yield is 0.1, the specific storage is 0.00001, the hydraulic conductivity is 10
meters per day, and the surface recharge is 80 millimeters per year. A well with a flow rate of 4000
cubic meters per day was pumped in the center of the aquifer, and the effect of the parameters of the
aquifer was extracted after one year of pumping (Fig. 1).

Results and Discussion
There are actually two types of drawdown cones in the well. One is the indicator of the drawdown of
the water level around the well compared to the initial level, which is theoretical and not visible, and
is represented by drawdown curves. The other is the level of the water after the activity of the well,
which is real and visible, and is represented by iso-level curves (Fig. 4). Transmissivity is the product
of hydraulic conductivity and saturation thickness in the aquifer. Increasing the hydraulic
conductivity causes the saturation thickness to decrease, but in general, as the hydraulic conductivity
increases, the transmissivity value increases. Increasing the transmissivity at different distances from
the well will have different effects, so that increasing the transmissivity at close distances will
decrease the loss, and increasing the transmissivity at far distances will increase the loss (Fig. 5).
Anisotropy is related to changes in hydraulic conductivity in the x,y,z directions. Changing any of
these parameters changes the transmissivity. With horizontal anisotropy, as the hydraulic conductivity
decreases in the y-direction, the cone of depression becomes slightly wider in the x-direction, but
much more compressed in the y-direction (Fig. 6). Vertical anisotropy in the aquifer is more common
than horizontal anisotropy, but its effect on the cone of depression is insignificant if the well is fully
penetrated (Fig. 7). The storage capacity in an unconfined aquifer is the sum of the specific yield and
the storage coefficient, and the storage coefficient itself is the product of the specific storage in the
saturation thickness. As the storage capacity increases, the amount of drawdown decreases throughout
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the area of influence (Fig. 8). Heterogeneity mainly has a specific direction and is not random, such
that transmissivity and storativity are both high on the upstream side and both decrease on the
downstream side, and their opposite effect prevents the large expansion or high compression of the
drawdown cone (Fig. 9). By increasing the bed slope in the unconfined aquifer, the saturation
thickness decreases and the transmissivity decreases. Therefore, its effect is the same as the effect of
transmissivity (Fig. 10). With the increase of recharge in the unconfined aquifer, the normal water
level, saturation thickness and transmissivity increase, and its effect is the same as the effect of
transmissivity (Fig. 11).

Conclusion

The zone of influence of any water well is the area around it where the activity of the well changes
the level and speed of water movement in it and it is introduced with two characteristics, one is the
drawdown cone and the other is the radius of influence. The purpose of this research is to study the
drawdown cone in conditions other than the assumptions made in the analytical relationships and to
investigate the effect of the physical parameters of the aquifer on it in an unconfined alluvial aquifer
with a sloping water surface. Investigation of this issue is important because issues related to well
protection require comprehensive knowledge of the zone of influence, but such a study has not been
reported in an unconfined aquifer with a sloping water level. This study was conducted for the desired
aquifer using the MODFLOW numerical mathematical model and it was possible to compare the
results of the MODFLOW numerical model with the results of the Moench, Neuman, and Theis
analytical models. By introducing and separating the real and theoretical drawdown cones, the role
of drawdown curves and isolevel curves in describing the effect of the well on the aquifer has been
determined, and by analyzing the theoretical drawdown cone in different coordinate systems, the
changes of drawdown in far and near distances from the well are well represented. The results showed
that with the continuation of pumping, the amount of drawdown continues to increase and after a very
long period of several years, it reaches a stable state. Therefore, the numerical indication of the radius
of influence without the parameters of time and drawdown is invalid and the radius of influence
should not be considered as a parameter of the well. The results showed that parameters such as
hydraulic conductivity, saturation thickness, transmissivity, horizontal anisotropy, bed slope, and
recharge in sloping unconfined aquifers have two types of effect on the drawdown cone, if their height
reduces the drawdown in short distances, it increases the drawdown in long distances. The results
showed that normal heterogeneity does not change much on the drawdown cone, and the reason is
the opposite effects of hydraulic conductivity and specific yield on the drawdown value. The results
confirm that hydraulic conductivity, horizontal anisotropy and specific yield have a strong effect, but
vertical anisotropy and heterogeneity have a negligible effect on the drawdown cone.
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