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SIMPLIFIED MATHEMATICAL MODELY FOR
THE CALCULATION OF LEWAT RING

by Dr. S4ndcor Léczfalwry
_VIZITERV Budapest 1397 P{.%27.

SUMMARY

Tie study consists of two parts. One oi thew ciscusses the
devatering ol the artesian aquiler operated Ly siratun
pressure, The dewatering of the frec tater suriace uodel
is discussed in the other parts,

At the artesian aquifer first of all, the foriwulas lor
the calculation formulas of an isolated artesian -ell in
the case of nonsteady flow are derived, dealing tivst
with the case, where the radius o tle circle of inllu-
ence /R/ does not extend to the border of the periraiile
layer, i.e, to the supply area /Ro/. Alter thils, vien
tiie R=R,, other formulas are derived.

At the above cases, when the conskint drawdown condition
is existing /s=so/ the Q=f/t/ foraula /Q=discha:ge, 1

time of pumping/; and when Q=Qo=constans, the dravdoun

Cunction /s=f/t/ are given,

Also for the moment of attaining ti:e border of the supply
area /tv/ a new formula is presented,

The above formulas are justification in the nature,

At the stratum pressure aquifer {ormulas have bheen
established for the calculation oi the time =~ dependent
variation of the depression taiiing place in each of ihese
wells, in the case of simultaneous operation ol a number
of artesian wells in a permeable stratum of infinite
extension, and of a constant exploitation, finally the
discharge series are calculated for a constani draudowvn.

The second part of the study presents the formula s={/t/
when Q=Qup=const, at the free water surface.

A./ DEWATZRING OF ARTESIAM AQUIFER
OPERATED BY STRATUM PRESSURE
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I, ANALYSIS OF SINGLE ARTESIAN VELL,

1,/ The Discharge of Well Placod in the Infinite Aquifor
with Constant-drawdown Condition,

There is an artesian aquifer with the notation ol figure
1, in which aquifer of thickness, m, and k coeflicient of
permeability, There will be constant drawdown condition
/s:so=Ho—y°/ at the well of r, radius. In this condition
expressions will be developed for discharge /Q/, and
drowdown radius /R/ depending time after pumping started

/t/.

At time t the influence rarnge of drawdown /drawdown ra-
dius/ is R, and after time increment dt this hbecomes R+
dR, If the discharge during unit time is Q, thon the
discharge during the time incremwent dt is Q.dt, This
water is in proportion to the change of the piezowetric
volume /dV/, i.e

Qdt = A av /1/
According to Fig 1,

av = A 2R X dR /Ho-yo/ /2/

is a proportionality factor, whose value can be found
by pumping /see later/.

And thus

Qdt = B2RIdR fHy-y,/ /2a/

If the formula of Dupuit-~-Thiem is considered valid at
the moment t, that is

~2Emk (Mo~} 4t . 4 (H,-gy ) 2ERAR 73/
In -ﬁ-

by rearranging equation /3/
Dk gt = RinRAR —~RInraR v/

2
Remembering that for t=0, also R=r and C:-£7 the
differential equation is solved R in the form

2mky 0"
R=l|/ —2 - 2 75/
I ’

Above can be seen, that R does not depend on the drawdown
/ssH-yo/ only the time after discharge started /t/.
Equation /5/ involves a process of successive approximation
because R is on the right side toe,
Discharge has been computed from the approximetely formula:
Q-_ZEL'J/(%"’J:L /6/
N 7
29
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Witl: dififerent t R can be calculaled according to equa-
tion /5/, and put into /6/, the Q="/t/ function can uc
ceternined,

2./ Calculation of Dravwdown of Artesian ¥Well Situated
in the Infinite Aquifer witly Conslant wvisc arge
Condition /Q:Ql/_

In Eq /6/ XHg-vo=s, I Q=Q1 is counstant I,~yo has to he
variable, Thus

Gy r -
S'-H,“go: 2;%7; ///

as R depends on t only, its value can be calculated
trom Eq /5/, and can be put into Eq /7/.

3./ Discharge of Well Situated on Finite Artesian
Aquifer With Constant - dravdoun Conuition,

48 the draudoyn radius /R/ attained tihe houndary o the

aquifer, it will be constant, i, e R=zR,.

In this case with reference to Fig. 2. we study tae Tield
of well with constant-drawdoun,

Set out frow

Qdt g—ﬂR:IdH 78/
that is
2T gffrf_‘#eldt ~—BRET IH /sl

Rearranging equation /9/ and introducing the notation

A= ?411(7’/"” A /10/

-’,jdt=—p‘i_%;— /11/

The solution of equation /11/

¥We get

Lt mmin (H=yo)+C 112/

The boundary condition t=o, HzH,, and thus C=1n /Ho—yﬂ/.

By substituting these terms into equation /12/

H‘Yo’i—‘}.f_/‘%_"?} /15/

Eq /13/ situated into Dupuit-Thiem expression, vwe get the
function Q=r/t/.

_2Emk (Ho=ye) A
30 q nR/r etP (-5 t) 714/
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4,/ Calculation of Drawdown of Well Situated intc Finite
Aquifer with Constant-discharge Ccndition,

As the drawdown radius /R/ attained the boundary of the
aguifer, and constant discharge is requested, in this

case H~y, has $0 remain constant, -

With notations according to Fig /3/

BRYTds = Gt /15/
Evaluating the integral
PRITs = Q1+C /16/
If t=o, szH-y.=s,; c=4R 2X’s /17/
o o o [¢]

By substituting these terms into equation /16/ we obtain

5-;,-&-'—60-5-?—1—'_—- /18/

In Eq /18/ the value of t is to be counted, when R
attanined the boundary of the aquifer,

5./ Attaining Time /ty/ of the Boundary of the Aquifer

/R=R_/
From Eq /5/ t may be expected, and if R=R_ thus t=t,, ie:
2/, Re_+\A Brt
= 20 Vo 1
t, R,(lnr T )ik Yok /19/

2
neglecting ﬁi~ (/5 is usually small)
2 R, {
= PIL{ D
t, =R (In% 1)7{”’—,; /20/
6./ Examples
Consider the aquifer with parameters indicated in Fig /14/,
with R=20,000 m H=160 m, m=60 m, k=8 m/day, ,3 =0,0001
and r=0,1 m, The drawdown will be constant sy=5 m,

Of interest .Is the funcion of discharge Q=f/t/,

Lt first ty is computed from Eq /20/ /Eqs /5/, /6/ are
valid till t<tvy/,

E S
ty= 20000 (ln 20000 _ ‘)0‘0004 = 487 days

0,1 ~2/2-60-%§ B
R can be calculated from Eq /5/. For example t=10 days. For
the computation let us take Ry=2500 m, thus

12
] 2:60-8 .5 . Qf

| 00001 i
R = 2300~ 1~ =~3{57 m
0,4 2

3157 m is substituted into the right-hand side of Eq /5/
iginln R. Than we get 3122 m, That is acceptable,

11
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The discharegc of well 10 days after pumping stesrtod Juith
Egq 6.4

T e0.8(60-58 P
Q=2LO (60 )3“13'7m$/d
In 3122
5.4
In Fig./5/ ths discharge hydvograph constructed fron the
other data 1is alsoc given,

But the validity of this curve is thus restricted to 487
days. After 487 days of pumping started the discharge /Q/
was computed with Wq /14/., In this equation the value of
time /t/ begins et 487 dsys, These parts of the curve were
drawn in Fig. /5/ too,

Consider the aquifer formation as above and with the same
data; but there will be constant discharge QL:"FSO s/day.
Compute the drawdown curve prorile in the period s=f/t/,

Tiil ty=487 days the equation /',7/ will be valid, cslculating

with the know R /with Zq 5/, After U887 days the Eq /18/ is
used. .

The results of the calculatlon can be seen in Fig /6/. The
drawdown sinks repidly efter t. /L8, davs/.

7./ Determination /3 Factor,

/3 can be determined by test pumping, according to Eg /2L/.
Eq /21/ is deriveted from Eq /5/, i.e:
”
/B = Z2mikt /21/

-
' —;'—+E"(in-%——-§_~>

The basic data of the aquifer are known. /m,k/ Using Eq /231/
it is necessary to have a pumped well and an observed well,The
distance betwen two wells is Rj; and the time of beginning

of drawdown at the observed well after pumping started /t;/
kas to be measured, These values /Ry ti/ /3 can be calcu-
lated,

Examplo

Et Fonyod two wells were situated, The distsnce of two wells
is R3=360 m, The parsmetors of ihe aquitfer: m=l1l m, k=6,2 m,
/fine sand/ Pumping from well I. /r=0,1 m/, sinking of water
level at well II. began ty=2 hours=0,083 day after punping
started,

hccording to Eq /18/.
4= ZALGL0083 20,0000 114
360 \!ﬂw-z )

£t Eq /2],/_2L1can be negligated,

3e
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8./ Test of Vertification of the l.ethod

At vater rescarch for waoter-voilk systen of County Cyr-Sogpe-
ror. & tesiing well grcup vas built¢, BDeside a 1ct of question
/for example testing of HantushL’s model/ we examined the
vertification of above calculatirg model,

The testing aquifer is ceraotsrired by k=5 m/day /fine sand/
m=13 m, A3 =0,000012, Radius of ihe wells are r=0,15 m.

Punmping test is made on one of them wiih variable constant
discharge, The measured and calculated drawdown curves were
drown in Fig./7/. It can be seen, that the measured and
the calculated drawdowns are practicelly same,

II. OPERATING OF WELL GROUFPS,

1./ Calculating of Drawdowns of two wells Constant-discharge
Condition,

At these cases the superposition of velocity potential is
used.,

As khown the velocity potential:

$ = -kn

where h is the piezometrical level at the observed primt.

At an artesian well

Qe

where rq the distance from the well to the observation point.

At two artesian wells the total potential are: /see Fig.B./
¢ - ¢(+ @z

R L I -Qa_
kh=~gg- Inr-z%=Inr, + C /22/

value of C can be calculated from boundary conditions accor-
ding to Fig./9/, thus

Qy B, Qo Ra 2
H-hy =8y =pgip In r'oi- ek tn Fo /23/
where sj = the drawdown of well 1.
Q1 = discharge of well 1.
rip= radius of well 1.
b = distance between the two wells
QW = discharge of well 2,
It Ql:QZ:Q; Rl:Rz:R, thus
G = 8 m.ﬁ_ 2k
2Emk Mo ®
33
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Calculating R from Eq /5/, ite value can be suhstitvted
qu 723,24,/ end function 51—f/t/ can be calculstiod, Using
Fas /20, 23,/ it musi ve, that bR

The drewdown of well 2 is:
o LI Ra__ 5
52 EQ‘L‘;mU" + xm In -2~ /25/

where T,o= the radiua of well 2,

ifc Ql:Qz:Q; and Rl:RZ:R! thus

a
5, = TQ—;LmK in "-—g--—~b . /26/

2./ bDrawdowns at ThreeOperating wells with Constant-
Discharge Condition.

Drawdown as function of pumping time can he deriveted es
in cases of two wells,

The drawdown at well 1.

R .
S in o+ g inf e g n £ 2/

where by, = dictence betwen well 1 and well 2,
b13 = dictance betwen well 1 and well 3,
if Qq=Q2=Q4=Q, and R;ER,;¥RqeR
3
Q R 8
8 m=2In /28/
2xmk r"obn b13

The drawdown at well 2

Q Q2 Ry , Q3 , Ra_ 2
Sz = Em‘h’. 'nb‘%;_—*. Emk in rap 2% mk bz:, 729/

with simplified condition

s
] R
S = Tmi In Ti0 Pj2 Paa 730/

The drewdown at vell 3:

Sy mpisin ot ik 5t e D T 731/

and the simplified equation is

3
-8 R 52
53™7Emk M Toybas bry 752/

3./ Calculating of Drawdowns by Operating Wells, Nunmber mn.

If we have wells number n, the drawdown at the well i can
be derived at the same above.

The simplified eguation is:

h
P ¢ R -
34 St B Y
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Where ryo = radius of well 1
bli = distance betwenn well i and well 1.,
byy = distunce between well 1 arnd well 2,
With {ke nbove mquibtiohs - can be used if R 7b,., and
R < Rg.

5./ Examples

At waterworks Fony6éd the aquifer can be carecterized by
follovirg date: , '

thickness of aquifer m=z11l m, k=6,2 m/day /fine sand/,
/3 =0,0000114, H=100 m,

It is desirable to get 900 1/min, We get only 300 1/min,
from one vwell, for that reason it needs three wells, with
r=0,1 m radius, The distance between wells will be 360 m.
We want to determine the drawdowns depending of pumping
time, In our case Q=Qp=Q4= 300 1/win=h32 ®/4.
R1=R2=R3:R; T10=T20=Y30; we calculate with the simplified
equation,

First we calculated R, depending on time /t/ witk Eq /5/,
and drawdowns with Eq /32/.

The calculated values of R and &, can be seen in Table 1.

The smaller ' - the distance between the wells, the decper
the drawdowns will he,

If the distance between the wells /b/ are smaller than
360 m, i,e b=50 m, at t=365 days, s will be 24,1 m instead
of 20,4 m /three wells are operating/.

6./ Discharge of Well Groups with Constant-drawdovn Condi-~
tions,

At constant drawdown it 1is desirable to get the discharge
function depending on pumping time, i,e Q1 and Qz, have to
be calculated, from Eqs /23,25,/ in the case of two wells,
Q1 and Qp can be expressed and calculated; as s) and s,
are known., ’

If Q3=Q2=Q; Rl;flz:R; 81=83=84; TYp=T10=T,: from Eq /26/:

Q=-$ 2Exmk /34/
In Tpg_f

If we have three wells, the simplified equation is:

Q =-———1——l‘° “,{" = /35/
" by by

If the nubber of the wells is "n", the discharge of well i
can be derived as seen above,

35
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The simplified equution is:

= ;S' 2Xmk /36/
n
BL Py Byy et P
The Eqs /34,35,36/ are valid if R=<ARo and R> b,

Example: The discharge of three wells at Fonyéd are to be
calculated, at sl=52=53=s°=6 m, Data: b12=b13=b=360 m,The
caiculations were mede as shown above,

The results of the calculation ca be seen im Table 2.
/Values of R/t/ in Table 1,/

B,/ DEWATERING OF WATER~TABLE AQUIFER
WITH CONSTANT-DISCHARGE COXKDITION

As an example a pair of formulas jis presented which can be
used for the calcuiation of necessary data of mine drainage

in a first approximation, /There is no recharge/. These are
the function of depression s=f/t/

suH'—VH‘--ﬂme—%— 731/

the function of the depression range R=f/t/

Ra\ﬁﬁ% - _7—1—7—r1 /387
et n& - 2{In%- 3

where: k is the coefficient of permeability of Darcy, mu is
the free, stress-free, gravitational porosity of the {ocks,
r is the radius of the well, H is the original head

is the time of pumping, of is a shape or
correction factor determined by experiments based on Eq /38/

The procedure of calculation is then as follows:

A Q value is estimated in order to calculate the function
s = £/t/.

Hereafter an s; value is taken and is introduced into Eq.
/38/. Then an &l value is estimated to pumping time t, and
is substituted in to the right~hand side of Eq./38/, i.e.
in 1n R, With these Ry and s; valuve Ry is calculated on the
left-hand side of Eq./38/. Ry is usually not equal to R,,
Therefore; Ry is entered at the right-hand side of Eq.}j&/
and a value Rq is calculated, This procedure must be conti-
nued until the estimatod and the calculated R-s coincide,
/This will usually happen after 3=4 approcimations./

According to the above scheme an R value is calculated be-
longing to pumping time t3; and depression sj., This is now
entered in to Eq./37/ and the value of sy will be obtained,
36
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If this is equal to the value of s; introduced in Eq /38/
originally the result is good, If not, then the s value
obtained must be reintroduced in Eq /78/ and the wholoe
i4eration must be repeated until the estimated and calcu-~

lated values hecome oqual,

From the character of the calculeticn i1 follcws that the
prohlems fitls the computers and due to ihe great number of
repetitions it can be solved only by computors,

Exemple:

There is s mine having an area a radius r=3000 n, Here
the level of the karstic water must be lowered to s=116 m,
The present isvel of karstic water is Ii=141 m., The charac-
teristics of the karstic rock are: k=135 m/day,/uzo,Ol,

o =0,3.

1f Q=300,000 #/day is pumped steadily, then acccrding to
Fig,11, the depression after 15 years /5475 days/ is only
8=35 m, despile the fact that the range reaches 72,987 m
or round 73 kms, This pumping rate is aclueily insutfici-
ent to dewater to wmine,

Taken Q=600,000 f/day, again from Fig,1ll., it is apperent
that the depression is 86 m after 15 years.

I1f Q=800.000 f/day, the desired depression s=116 m can be
reached in appr. 2.200 days /6years/,

37
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Table 1
time after operating operating operating
pumping R 1 well 2 wells 3 wells
started m

days 8,;m 84 sym
1 1.130 9,35 10,46 11,50
10 3.900 10,60 12,97 15,34
30 5,700 11,00 13,76 16,52
100 10,200 11,54 14,88 18,22
200 14,100 11,85 15,51 19,17
365 19,000 12,20 16,20 20,40
730 26,500 12,48 16,78 21,08
1825 41,000 12,90 17,63 22,36
Table 2.
time §fter yisld of
pumpLng each well
started w/d
days ay
1 203
10 153
30 142
100 129
200 122
365 117
730 111
1825 104
38
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