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Summary. The purpose of this article is tobe constructed without the costly screen
present a new bell type water well constructioghich is called as filter less well. These wells
with a wide gravel filter and its application. Thepgye high unit discharge, and less operation
construction of the water well has been develyst |n this case the water intake is formed

oped and research has been conducted usiagqyer harg ground or rock which is above the

physical and electrical modelling as well as in the ) . . )
practical field. Researches in this work are o ater bearing aquifer. However, this con

analytical and experimental character. As the ré—tﬂ_mt'on can 0r_1|y be use_d i the well con-
sults of the research, optimal physical paramete?@lidated subsoil or rock is available. In the
of the constructions have been found and analytinconsolidated soil or sandy soil these con-
cal - empirical formulae have been derived t$tructions cannot be designed [1, 2].
calculate hydraulic parameters. Recommendation
for application has been presentdthe results
received in this work can be used for the applica- AIM
tion of well construction. Further research is re-
quired to improve the physical and the hydraulic The aim of the article is to illustrate the
parameters of the proposed construction. The,y pell type water well construction and its
work has SC|er1t|f|c and practical interest. efficiency which can be applied in any geo-
_ Key words: electrical ar_1d physical model- logical condition
ling, water well construction, ground water, ) ’
bell type water well, water supply, irrigation. Creatl_on of new type water \_Ne”' Col-
matage is the serious problem in the well of
traditional construction [3]. Wide gravel
INTRODUCTION packing contributes significantly to the dis-
charge of the well [4]. Considering these
In the context of widespread growth ofacts the study of the traditional wells con-
population, and industrial and agriculturaﬁthCtiOﬂS with screen and without it has been
production, water demand for drinking purconducted to find out not costly well con-
poses, irrigation, etc. has been constantly igtruction that is hydraulically efficient. This
creasing. Ground water is playing a majostudy led to the creation of the new bell type
role in meeting these needs. Groundwater Y¢ater well (BWW) with wide gravel screen
extracted through different types of wells. TdFig. 1). It has less hydraulic resistance, less
meet such needs, generally water wells areetal content and can be applied in a con-
constructed with steel screens which are vefjped as well as in non confined aquifer. The
expensive. If the geological condition of thdunnel of the bell type water well functions
construction site is of consolidated earth cts the intake. It is lowered into the well and
rocks above the aquifer, the water well can
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wide gravel is filled around it to act as a filtel
(Fig. 1).
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Fig. 2. Bell type Water Well Construction
(BWW): a-— Single Tier Constructiofn —

Fig. 1. Three-dimensional Model of Bell type Multi Tier Construction

Water Well Construction (BWW)

especially in the countries where the ground

_ The vast majority of remote area populay ater development is taking rapid speed like
tions consume low quality water and most q Nepal, India, and Bangladesh etc. [9, 10,
this population uses the traditional dug typg, 4 11].

open water well [5, 6]. These traditiona

ingle-ti It t I -
wells can be replaced with the BWW Whergt Singletier bell type water well con

ruction is designed to withdraw the

o d th q drill h rtjroundwater from unconfined and confined
tamination and the modern drilling techno aquifer of different level of water pressure.

ogy allows the construction of such wells IRrhe geology of the aquifer or the above the

different tyr;]eﬁ of subsall [7, 8]. ith el aquifer may be composed of loose sandy de-
Research has been conducted with eleCtio,qiis or compact soil and hard rock. Unlike

c_al ”.‘Ode"'”g’ physical modelling and in th n the traditional water well construction, in
field in order to study the BWW. These stud-he BWW well. the metal screen is not used

) ) L fic pipes or other local materials such as rein-
including the estimation methodology of thqorced cement, concrete, wood or bamboo.

well discharge and suffusion processes. Thlene hydraulic resistance of the construction

well might be of the single or multilayer anqs not high. The lower water intake part is

might be constructed in a confined or NONgade of cylindrical funnel type and filled

confined aquifer. From these wells an avelyih :
) gravel around the intake. The BWW
age discharge of 200 to 3007y can be Fig. 2, a) consists of one large diameter

obtained. The construction of the well can bg, -\ (600...1200 mm), gravel packing, cas-
made using cheap materials like PVC pip(lang 4, funnel 5 with z’a cylindrical edée 6

. . TWhich is descended below the ground water
strgctlon of the traditional wells, costlylevel 2, and waterproof packing material 3.
stainless steel and non-ferrous metals weyg,, gravel pack is filled around the cylindri-

required). It opens new perspectives in th&al intake. The form of funnel intake bears

design of water well for the drinking water agne \ngerground earth pressure and its ex-
well as irrigation in the agricultural systems
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tended lower part increases the area of infi
tration.

Gravel packe around the cylindrical por-
tion of the intake has sufficient mass resuli
ing in high filtration rate and increasing the
well discharge. The gravel pack stops th
sand particles from entering the water, deliv
ery pipe, and pump. Ground water flows
through the gravel packing 7 to the flat bot
tom part of cylindrical intake and is raised tc
the well delivery pipe. The water is with-
drawn with the well pump that is fixed below Fig. 3. Bell type Water Well Construction:
the groundwater level 2. a — with perforated screeh— with perfo-

The multi-tier bell type water well con- rated co_nic paric — with perforated screen
struction is designed with a number of wide and conic part
cylindrical water intakes connected with simrials of the connecting pipes and the cylindri-
ple pipes and filled with packed gravekal intakes might be different. In this case,
around the intakes. Multi-tier well structuregshe water intake area is higher than in the
can be used in confined 11 or unconfined 8jmple BWW designs, and respectively has
single or multi layer water-bearing stratdess hydraulic resistance.

(Fig. 2,b). Fig. 3,b shows another updated construc-

The multi-tier BWW (Fig. 2,b) consists tion where the funnels are perforated 3 or
of one large diameter trunk (600...1200 mm}lotted 4. Fig. 3¢ is given another updated
gravel packing 6, casing 2, funnel 3 with anulti-tiered BWW where all the parts of the
cylindrical edge which is descended belowonstructions are perforated 3 or slotted 4.
the ground water level 1, and connectinghe wells of this design have maximum wa-
pipes 5 with openings 7, waterproof packinger intake surface area and flow rate. In this
material 8. The gravel pack 6 is filled aroundase the performance of the gravel pack is
the cylindrical intakes. The form of funnelincreased significantly. This is the most hy-
intake bears the underground earth pressuteaulically efficient construction.
and its extended lower part increases area of In the updated BWW, in place of perfo-
infiltration. rated or slotted connecting pipes 2, a porous

The cylindrical water intakes are placed itement concrete pipe can be used. The effi-
the water bearing aquifers (in these caseiency of the porous concrete pipes can be
multi layers aquifers) which allows water tcenhanced using multiply layers of properly
be withdrawn uniformly from the water bearselected gravels of different sizes. The size of
ing aquifers. The intakes are not placed in thtee gravels of concrete depends upon the size
impermeable layer 10. Ground water flowsf the sand particles in the aquifer.
through the gravel packing 6 to the flat bot- Application of bell type water well to
tom part of cylindrical intakes and is raisegurify ground water and to rehabilitate
to the well delivery pipe. The water is with-the well. Today many regions in the world
drawn with the well pump that is fixed beloware facing serious problems, due to the high
the groundwater level 1. content of iron in groundwater [12]. Back-

Methods of improvement of hydraulic washing methods have been using to remove
efficiency. Fig. 3 shows the further devel-iron from ground water [13]. The multi-tier
oped BWW in which hydraulic parameter8WW construction for wells with the wide
are more efficient. Fig. 3a shows a BWWjravel filter can be used to remove iron from
construction where instead of simple blindjroundwater directly in the aquifer by
pipes, perforated or slotted pipes 1 are usednchemical circulation methods (Fig. 4). In
to connect the cylindrical intakes. The matethis method the state of the iron content is
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water wells with large diameters. In the prac-
tice of deep water well drilling of large di-
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ameters, generally the well is drilled with a
v . small diameter just enough for casing pipe.
o | And the well is drilled widely only in the

Y portion of where the water well screen is
placed. Similarly in the case of drilling of
deep well the foldable BWW well can be ap-
plied where the water intake cylindrical part
is unfolded into the aquifer. After lowering
the intake of well to a point where the diame-
ter of the well is wide enough for the con-
struction, the water intake is unfolded (Fig.
5, 6).

Study the BWW with the method of
elektrohydrodynamics analogy (EHDA).
The method is based on the analogy of dif-
ferential equations for potential distribution
transformed from a dissolved state to an iren electrically conductive paper and fluid
soluble form by injection of aerated, oxygenmotion in porous media [14]. The Research
saturated in the circulation zone of aquifeworks of the BWW have been carried out
The insoluble forms of iron will be held un-using known methods of simulation of axis
derground by the porous rocks or gravel pagdymmetric filtration in electricity conductive
when pumping water. paper models (EHDA) proposed by P.F. Fil-

The basic idea of removing ground watechakov [15, 16]. Simulation of axis symmet-
iron with multi-tier BWW with gravel filter ric filtration in the electrical model can be
IS, one cylindrical intake is used for injectingoresented by the Laplace equation given be-
the oxidant and other intakes are used tow, which describes the stationary distribu-
pump out the treated water (Fig. 4). Théon of water pressure in the filter area and
same principle can be applied to remove ththe potential distribution in the electrically
chemical colmatages from the well and otheyonductive paper.
rehabilitation works.

Foldable bell type water wells. It is diffi-
cult and sometimes impossible to drill dee|

Fig. 4. De-Ironing of Ground Water in Aquifer
with BWW:

a — injecting through upper intakie ~ injecting
through lower intake

i

!

Fig. 6. Three-dimensional Model of Foldable
BWW Construction1— Initial position,
2, 3— Middle positions4 — Final position

Fig. 5. Foldable Water Intake of BWW:

1 — Initial position of the conic parg— Middle
position of the conic parg — Final position of
the conic pa
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larger scale without distorting the picture of

0 oH) o0 oH Y axis symmetric filtration.
g(K rﬁj"’&(K rgj—o, (1) The construction parameters and simu-
lation options of the wells. To evaluate the
where H = H (r,z) - the filter headf ,Z — Eerformances _of well 90”?]””‘37'0“5_’ research
Cylindrical coordinates;K - Permeabilit 1as been carried out In the electric conduc-

yindr S O ive paper model using elektrohydrodynam-
coefficient of the aquifer. Then equation (1} s analogy method (EHDA) changing differ-

Qescrlies the ItWO dd!mer?smlnal flltratlog, aN@nt physical and hydraulic parameters of the
It can be simulated in the electric conductivy o construction and the aquifer (Fig. 8).
ity model. If we takd&k 'r as a variable coef-

fici ¢ filtrati he electrical ductivi The physical and hydraulic parameters of the
icient of filtration, the electrical conductivity construction are radii of the water intake and
should follow the laws:

gravel packing, the depth of immersion of
the upper water intake c, depth gravel pack-
0, =const o, = Kr, (2) ing h, the distance between the water intakes
b, and resistance gravel packii®y. The

Whera)'z, and O'r _ Speciﬁc electrical con- thickness of the aqUifen, is kept constant in

ductivity in the vertical and horizontal direc-ine model and was equal to 20(.) mm (see_ Fig.
tions, respectively. 7). All the experiments are carried out bring-

To set the electric conductivity accordinlc)rigg the relative parameters to the thickness of
e aquifer.

to equation (2), it is necessary to make t
model attach several sheets different length _ _

of electrically conductive papers. The length F=r/m h=h/m ct=c/m, b=b/m

of the lower sheet of paper must be equal to

the length of the entire model. The following In the experiment, the relative conductiv-
list is attached on the top of it and must bidy resistance of the gravel packing was

shorter than the value of: brought to the ratio of the conductivity resis-
tance of the aquifeRyg:
_ 1 1 1 _
Arz—M(E+E E] (3) R=R,/R,.

In the experiments the dimensionless pa-
Each subsequent sheet must be attaChr%%eters were changed, in the following

on the tpp of it and must be shorter than thr%nges:
value of:
F =0.05...0.015h=0...1;C =0...0.3;
. 1 1\ M B —
Ari :(—+_J —, (4) R =10...50.
Ri R) 2 Effect of the water intake positions and

the dimensions of the gravel packing on
Where M — coefficient of proportionality the well discharge. Optimal depths of the
which is selected as per the convenience wiftake for different,,, and differentr , were

on !

modelling and taken equal #d = 4000;R - experimentally determined. The experimental
resistance of théth sheet of paper on thedata was mathematically processed and the
square cmj = 3, 4, ...n; n- the number of following empirical formula was derived to
sheets. Basic research models for single-tidetermine the optimal depth of the intake as
and multi-tier BWW are shown in Figures 7the function of the radius of the intake.

a and 7,b. In order to reduce the model scale

errors the water intake area is made in the ¢ =0418+0146Igr, (5)
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To simulate gravel packing, conductivepacking. The experiment shows the signifi-
papers were used which have resistances tAnt effect of gravel packing on the well dis-
20, 30, 40 and 50 times smaller than the reharge (Fig. 9). The Fig. 9 shows the change
sistance of the paper simulating the aquifem the nature of the flow rate at different radii
Based on the experiments, the dischargd intake and the different resistances of

KRISHNA KAYASTHA

curves are plotted as a function of the watgravel packing.
intake radii, and the resistance of the gravel
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Fig. 7, a. Electrical Modelling of Single-tier BWWO0...10— Pin Connectiond,1— Aquifer,
12 - Intake areal3— Connecting cabld,4 — Current receives — Ampermeter
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Fig. 7, b. Electrical Modelling of Multi-tier BWWQ0...10- Pin Connectiond,1 — Aquifer,
12 — Intake areal 3— Connecting cabld,4 — Panchishin Current receivét— Ampermeter
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Depending on the water intake position, Table 1. CoefficientsA, B, G on different
the formula for the optimal depth of graverelative resistances for the calculation of the op-

packing is determinet, :

timal depth of gravel packing

h, =Ar?+BrF +C, (6)

The coefficients for different values of the

relative resistances are given in Tab. 1.

Wil

'b/ ' d/ c/

Wi

; Lml_' A

Fig. 8. Bell type Water Well Construction:

a — one tiered without gravel filtel;— two
tiered with gravel filterg — two tiered without
gravel filter
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R A B C
10 97,14 -2,88 0,101
20 91,43 -2,66 0,124
30 62,86 -0,514 | 0,109
40 109,14 | -2,87 0,148
50 120,57 | -3,12 0,165

Electro hydrodynamic flow net analy-
sis. Analysis of the influence of the nature of
filtration to the discharge of the well of un-
traditional type is very important. EHDA ex-
perimental setup is used in teaching and re-
search purposes to obtain flow nets for se-
lected groundwater flow situations with dif-
ferent boundary conditions using the electri-
cal analogy concept [17].

The hydrodynamic flow net from electri-
cal analogy gives a visual presentation of the
flow process in the aquifer and it gives a
clear understanding of the processes occur-
ring near the intake (Fig. 10). The overall
picture of the flow of water to the intake area
is a hemispherical-radial with a sharp de-

H‘t"' \- qmpotenttal Lmes
.I;\L ﬁ —
ol
NS
o,

o /\
|

N
o
—f
Gravel Pack

Aquifer

f_H

Fig. 10. Electrohydrodynamic infiltration flow net
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crease in pressures (equipotential) at the c$0 is regulated by the valve 9. The discharge
lindrical intake and smoothly flattens to thas measured by the triangular weir of the
periphery of the well. measuring tank 14. The water levels in the

It should be noted that the main flow ofintake area are recorded using piezometers 6.
water goes through the perimeter side of th&ccording to the results of research, the
cylindrical part. The central part of the in-maximum the hydraulic resistance of the well
take, along the axis of the well has a smaditructure is within 5...8% of the total draw-
flow rate and is in the "dead" zone. This imdown.
plies that the flow rate will be maximum at Study of the discharge relationships in the
the wall of the intake cylinder and minimummulti-tier well is carried out in the hydraulic
at its centre. stand (Fig. 12).

Study of the well using the Physical Study of the wellsin field conditions. In
Model. A special physical model has beemrder to study in the practical field two wells
built with real sand, gravel, and non-pressuraf natural sizes were drilled on the northern
water head. The study of drawdown and disutskirts of the city of Cherkassy, in the
charge relationship has been carried ogbastal area of the Kremenchug reservoir,
(Fig. 11). The physical model consists of &kraine. The depth of the well is 15.85 m,
cylindrical filtration tank 1 with a diameter ofdrilling diameter is 720 mm. As the water
900 mm, a height of 1200 mm which repreintakes were installed two bell type intakes
sents the aquifer. The BWW construction igvith a diameter of 620 mm cylindrical por-
placed in the centre surrounded with graveion, connected by a pipe of 219 mm diame-
packing 3. The water is supplied to the tanter and a length of 15 m. The length of each
from the reservoir 12 through the pump 1Ifunnel is 650 mm and casing diameter 273
The flow energy dissipater 8 was installed toim. The bottom funnel was filled with a
maintain the laminar flow. The water level indepth of gravel 1.4 m and around the intakes
the tank is maintained by means of an oveand the connecting pipes also filled with the
flow pipe 15. The discharge of the well in thesame gravel. The total depth of gravel pack-
model is taken via siphon 13 and supplied tmg is 5.5 m. A piezometer was installed in
a measuring tank 14 installed a triangulahe well. Well discharge is obtained as of 6
weir. The siphon is charged using the vaan3 / h by draw down of level of 1.5 m, spe-
uum pump 7. The water flow in the pipelinecific yield — 4 n/h. Well depth of single-

l

I

|
b1

X

by W

-
I

U B B

Fig. 11. Physical Model with sand and gravel Fig. 12. Hydraulic Stand

90



DEVELOPMENT OF BELL TYPE WATER WELL WITH WIDE GRAVEL FILTER

tiered structure is 6 m, diameter 760 mm U
drilling. The length of the funnel is 1160 E=U—C- (8)
mm, diameter of the cylindrical part 620 mm. H

Since the lower, inside edge of the socket is HereU., U, are the voltages at the cur-
concave; the edge has a diameter of 520 m

The upper end of the funnel is welded angpq \jtage of the model was fixed as a con-
the casing has a diameter of 219 mm. T

funnel was installed at a depth of 12.67 %efant 20 V. Thereford). - U, and hence;

and fill up with gravel with a thickness of= 1- Then the equation (7) comes out as:
3.33m.

Gravel is also filled above the funnel in- Q, :|_HQC’ ©)
take part. The total length of gravel packing I
is 9.5 m. A piezometer of 50 mm diameter is
installed in the gravel packing. The discharge Discharge of the perfect well can be de-
10.1 n¥/h is obtained with the drawdown oftermined by the Dupii formula:
2.22 meters. The specific flow rates of 4.6
m*h noted with drawdown of 1.68 m. re- 27KmS
spectively 6.7 rith and 4 m. In both cases, Q:W’ (10)
the pumping was conducted for 5 hours and
the water levels were stabilized after 20 min- . .
utes. In this case the water level in another For the relative values, the denominator
well at the distance of 10.7 m was observe kes the value for a perfect well, and the

with a noted drawdown of 0.07 to 0.08 m. umerator the value for imperfect well
M ethods of Discharge calc.ulation.s " (BWW) working in the same environmental
' conditions. This value is less than one and it

Considering the different natural condi-" . . .
tions and the 2omplex shapes of the well il dicates the reduction factor of the discharge
analysis of discharge is conducted base’d e to partial immersion of the well screen in
’ dfhe aquifer. To calculate the well discharge, it

electric analogy models in pressure con S necessary to know the discharge rate re
tions. To reduce these errors to a minimum y 9

the calculations were carried out in relativg::t'on . . ratio
terms. For the ratio, the measurement is tak Qc, det_ermlngd by modelling as the cur-
on the same model in the initial conditions' e reduction ratidy / lc. _
According to the theory of electro- The value of current of the well model:
hydrodynamic analogy, the relative discharge
of wells can be calculated by the following '« =f(r/m ¢/m b/m h/m),  (11)

equation:

nt receivers of perfect and imperfect wells.

Iy andlc are determined by conducting
Q, | experiments on EHDA models. The rest val-
Q="H ="Hg .
"o 1S (7)  ues can be extracted from Fig. 9.
cc In our case:

WhereQ,, and Q. are the flow of imper- '

fect and perfect wells respectively. In perfect Thea value of current as the function of the

wells, the relation of well screen length to the, 4tive radius of the perfect well can be ob-

depth of aquifer is equaly and Ic are the (4ineq by the following empirical equation:
value of current in the model of the imper-

fect ghd perfect wellsg is the. correction | =615 +172.
coefficient for voltage fluctuations on the
model current receiver:

(12)

Solving the equations (9) and (10) and
substituting them to the equation (12) we ob-
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tain an equation for discharge calculation of 4. The discharge of the multi-tier wells in-
the well for the condition of confined aquifer:creases with the distance between the intakes
only up to a certain value, which is calculated
_ 27KmSI depending on the radius of the intake. The
_Ig(R/r) 615F +172) (13)  water well pump should be placed between
the upper and lower intakes.

wherel — value of the current in the modelsmil'II :zgri?l::lg:n L?'j;gc%rfge tcri]iic:]\l:r”elsu
mA; 61,5 and 17,2 conversion coefficients ge up

from model (prototype) to real well , mAR to 200 300 r¥day, in unconfined and con-

: . fined aquifers. Application of this well de-
~ radius of influence of the wellsn — depth jon a10ng with traditional wells will help

of aquifer; K — permeability coefficient of resolve the problem of ground water supply
the aquifer; values oK for Ukrainian aqui- to rural populations as a source of drinking
fers are given in the work of Olena Voloshwater as well as for irrigation.

kina [18]; S— drawdown of the ground water

level; water intake radius =r/m.
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