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SUHNARf 

T;:r, study consists of two parts. One , ... l!JO~I ,;iscussos 1llo 
de•.·ntcrine; o~· the artesian aqui~'er operated L~· strntu~J 

pressure. The dewatering of the free •:ater sur!"acc ~;odel 
ls discussed in the other parts. 

At tho artesian aquifer first of all, the for:.tulas ;'or 
the calculation formulas of an isolate~ artesian :ell in 
tl1e case of' nonsteady Clow are deriveJ, aealiilC I'lt·sl 
t·it;h the case, ,\·here the radius o~~ L:e circlP o.f' l~l~lu­

ence /H/ does not extend to the borcier oi' the pen:"'a;Jlo 
layer, i.e. to the supj".>ly area /H 0 /. Ai"ter C1ls 1 ,:ten 
t~e R=R 01 other i'ormulas are derived. 

At the above cases, \'Ihen t~1e constJut .._;t·awdo,,;n cond j t i nu 
is existing /s=s 0 / the Q=f/t/ i'or.:tula /Q=dischai c;e, t 
time oi' pumping/; and "hen Q=Q 0 =cons tans, the Jra' ·J o"n 
~unction /s=f/t/ are given. 

Also for the moment of attaininG t:1e !JorJer o.f the supply 
area /tv/ a ne>< formula is presented. 

Tl1e above .formulas are justi[ication in the nature. 

At the stratum pressure aqui.fer [ormulas have been 
established for t~e calculation o[ t~e time - Jependent 
variation of the depression ta ·.ing place in eac:t of tltese 
wells, in the' case o.f simultaneous operation of a :tulaber 
of artesian wells in a permeable stratum of infinite 
extension 1 and of a constant exploitation 1 finallo' the 
discharge series are calculated for a constant dra1.d01n. 

Tl1e second part of the study presents the forcmla S=f/t/ 
when Q=Qo=const, at the free water surface. 

A./ DEliATZRING OF ART;,;Sit.1T AQUIFER 
OP£HAT.t:D BY STRATffi.l Pflli0SUH.E 
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I. ANALYSIS OF SINGLE AHTESIAN ;/ELL. 

·l. / The Discharee of Well Placud in lito In fin ito A<julfut· 
with Conatant-drawdown Condition. 

Thora is an artesian a'luif'er with tho notation or figuro 
l, in which aquif'er of' thickness, m, and I< cuof'flciont or 
pormeabllity. Thero will be constant drawdown condition 
/s:s 0 :H0 -y0 / at the well or r 0 radius. In thls condition 
expressions will be developed f'or dlscltaq~e /Q/, and 
drowdown radius /R/ depending time af'ter pumpin~ started 
/t/. 

At time t the inf'luence range of' drawdown /drawdo"'' ra­
dius/ is R, and after time increment dt this Lucomes H+ 
<.!H. If' tho discharge during unl t tlme is Q, tilon tho 
discharge during the tlme increment dt is Q.dt. Titis 
water is in proportion to the change or the piozowetric 
volume /dV/ 1 i.e 

Qdt : ~ dV /1/ 
According to Fig l, 

dV = jJ 2R X" dR /H 0 -y0 / /2/ 
is a proportionality f'actor, whose value can be f'ound 

by pumping /see later/. 

And thus 

/2a/ 

If' the f'ormula of Dupuit-Thiem is considered valid at 
the moment t, that is 

2 Im1t (H.-y.) c:l.t- n(H- )2.l"RciR /J/ 
In~ r o !"" 

by rearranging equation /J/ 

~Jcdt =IVnRdR-R/nrdR 
rz 

Hemembering that for t:O, also R:r and C:~ thA 

"''•""""al R·:v"·;,. ;·~T " .. .,,. '"'" 
- L ,. 2 

/4/ 

/51 

Above can be seen, that R does not depend on the drnwdown 
/s:H-yo/ only the time af'ter discharge started /t/. 
Equation /5/ involves a process of successiveapproximation 
because R is on the right aide too. 

Discharge hae been computed f'rom the approximetely f'ormula: 

Q - ffr..m k. (j:_- yti_ 
In ,. /6/ 
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Wit:: Cif"J~OI'01~t t n can be cnlcul~l t.e<~ 8CCI)l'(l inc to uqua-
1ion /5/, anu put into /6/, t:w Q= '/t/ runction cu11 0e 
< et0rr.IinorL 

2./ Cnlculation of' Dral-:down of Artesian Well ~;itu<.ltt~(. 
lu the Infinite A(]uif'er \:it:J Constant 1lisc' aJ'(_:t~ 
Con<iition /Q=Ql/• 

In !Oq /G/ r: 0 -Yo=s, I1' Q=Ql is constant c: 0 -yo :1as to l.Jo 
variable. Thus 

s-H-y =GtlnRc 
" 

0 2li:mk 
as H depends on t only, its value can tJe calculated 
!'ro~ Eq /5/, and can be put into Eq /7/. 

J,/ Dischar~e o1' Well Situated on Finite Artesian 
h.quifer with Constant - dra1·do1·n Con,, it ion. 

/~/ 

As tl1e dra,id01'n radiu$ /R/ atta_ined ti1e boundary o. t~1e 
aqt>ifer 1 it Hill be constant, i, e flccH 0 • 

In 1his case 1-ith ref'crence to Fie. 2. we stud:· t;w :·inld 
of well with constant-drawdo•m. 

/8/ 

til at is 

__ pr J77 '5,_[ ~dt - -;JR.; r dH 
tn '5/r 

Hearraneine equation /9/ and introuucinc 

/r:;/ 

the notation 

We cet 

A-~ ~<; tn Rrr 
/10/ 

_A d t "" _5LIJ -
~ ~ /ll/ 

The solution of' equation /11/ 

jt--ln(H-'10 )-tC /12/ 

The boundary condition t=o 1 HccH 0 , and tl1us C=ln /I: 0-~· 0 /. 

By substitutinG these ter~s into equation /12/ 

H u,..H9 -~o -70 .....,(.; t) /lJ/ 

Eq /IJ/ situated into Dupuit-Tide::~ expressior., >ce Get the 
function Q=1/t/. 

Q _ 2X'mk(f.lo-1JoLeLp(-~ f) /14/ 
30 In R(r f.> 
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l1./ Calculation of Drawdown of liell Situated into Finite 
Aquifer with Constant-discharge Ccndltion. 

As the drawdown radius /R/ attained the boundary of' the 
aquif'er, and constant discharge is requested, in this 
case H-y 0 has to remain constant. 

With notations according to Fig /3/ 
1J R0

2 Ji: ds • 00 dt 
Evaluating the integral 

;3 R; :t s - Q" i + C 
If' t:o, s=H-y0 =s 0 ; c:f3R0

2re 0 

/15/ 

/16/ 

/17/ 

By substituting these terms into equation /16/ we obtain 

s- s. -r ,GQ~~r 
In Eq /18/ the value o:f t is to be counted, when R 
attained the boundary of the aquifer. 

/18/ 

5./ Attaining Time /tv/ o:f the Boundary of' the Aqui:er 
/R=R 0 / 

From Eq /5/ t may be -~~ectad, and if' R=R 0 thus t:tv, ie: 

l.., = R1 (ln&- .L )L t- A.-!3:- /19/ 
• r 2 ,2mk. ~mk 

neglecting If/:,~- ( (! is usually scan) 

t = R 2 (In..& - L) --IL- /2a/ v o r 2. 2mk. 

6./ Examples 

Consider the aquifer with parameters indicated in Fig /4/, 
with R0 :20.000 m H:l60 m, m:::60 m, k=8 rn/ctay, (3 =0 1 0001 
and r=O,l m. The drawdown will be constant So=5 m. 

01 interest I& the :funcion o:f discharge Q:::1/t/. 

J-..t first tv is computed :from Eq /20/ /Eqs /5/, /6/ are 
valid till t <tv/. 

t - 200001.(1 ~- 1 )~0001 
= 487 days 

v- n 0 ,I 2. 1· (;0 · 8 
R can be calculated :from Eq /5/. For eAample t=lO Jays. ~or 
the computation let us take R1=2~00 m1 thus 

R • I 
-2-

-3157m 

3157 m is substituted into the rigl1t-lland side of Eq 
ieinln R. Than we get 3122 m. That is acceptable. 

/5/ 

1 
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The discbertc of \\'ell JC days a.f't<n ptH'lpJ_ng- stcLl.·tuz /1 i.tl1 
Eq ri./ 

Q 21rG0.8(1D0-55) _ H'5 7 '/ 
=< In J I 2 Z - m d 

O,i 

In F.ir;. /5/ the dj_scharge hyd:-ograph cons true ted f'ro101 the 
other data is also 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 at 487 days. These parts of the curve were 
drawn in Fig. /5/ too, 

Consider the aquifer formation as above and with the same 
data, but there l<ill be constant discharge Q/.=750 a/day. 
Compute the drawdowr1 curvo pror'ile j n t!Je period so::f /t/. 

Till tv=487 days the equation /?/ will be valid, calculating 
":itb the k1ww R /with~ ',f, After 48? days the Eq /18/ ls 
usedf> 

The results of tba caJ.culatlon can be seen in Fig /6/. Tbe 
drawdown sinks rap~~ly after tv /48; days/. 

7./ Determination~ Factor, 

(.3 can be determined by test pumpinc, accordl"g to Eq /<.1./. 
Eq /21/ is derivctcd from Eg /~/, j.e: 

..!.... -t- e (In .E....- L) 
2 r 2 

1-3,= 2mkt /21/ 

The basic data of the aquifer are !mo•·n. /rr.,k/ Usinr; Eq j;:Jj 
it i~ necessary to have a pumped well and an observed well.Tbe 
distance betwen two wells is R1 and the time of beclnnlrg 
of dra»do"n at the obsat·ved woll after pumping started /t1/ 
has to be measured. These values /R1 tJ.! (3 can be calcu-
letcd. 

£t Fonyod two wells "'ere situated. The distance of two wells 
is R1=J60 m. Tbe pnz·emetoz·s of ibe "'lulfer: mo::Jl "'• k=G,2 c•, 
/fine sand/ Puu;ping :from well I. /r=O,l m/, sinLinc of water 
level at wall II. began tv=2 bours:0 1 08J day after pumpjnr: 
started. 

According to Eq /18/. 

= 0,0000 114 

t:t Eq 
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8./ Test of' Vorti!ication of' tho l.othod 

At l-:atul' r£'8('(1l'Cl'J for '•'l1iL'I'-\,o:lJ( SyRtcr.. of Coun-f~ c);'l·-SLt:­
ror. B testicg ~ell group va~ built, Beside a let of' question 
/for exar:~ple testing o:f HantusL's model/ "e examined the 
vertif'ication of above calculaticg r:~odel. 

The testing aquifer is ceraoteri,;:ed b·y 1:::5 m/<lay /finH sand/, 
m::lJ m, ;3 ::0,000012. Radius of the wells are r::O, 1') "'· 

Pu~ping test is made on one of' them with variablP constant 
discharge. The measured and calculated drawdol·!n curves ~·ere 

drown in Fig./7/. It can be seen, that the measured and 
the calculated drawdowns are practically same. 

II. OPERATING OF WELL GROUPS. 

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

At these cases the superposition of velocity poter•tial is 
used~' 

As khown the velocity potential: 

ifJ = -kh 

where h is the piezometrical level at the observed prjnt. 

At an artesian well 

.h Ql 
'ft- - 21Lrn In r1 t C 

where r 1 the distance from the well to the observation point. 

At two artesian wells the total potential are: /see Fie.B./ 

i.e: 
¢- ~. + ~t 

- l.ch,. _ __f.k_ In r. -~111 r t C /22/ 
2:rm ' 2k"m 2 

value o:f C can be calculated from boundary conditions accor­
ding to Fig./9/, thus 

H-h1 ,.s1 - 2~,:," In~+~ ln..h..r /2J/ 
fO f0 

where s 1 = the drawdown of ~ell 1. 
Q1 = discharge or well 1. 
r 10:: radius of well 1. 
b distance between tbe t"o wells 
Q2 = discharge of well 2. 

R1 :R2:R 1 thus 

!: - _Q,_ 1 Zimk. 
/24/ 
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:::alcula.tine R from Eq /S/ 1 ~~ts vcLluP cat: 11(' f-111.hf"tilt·tpc~ 
Eqs /2J,21;,/ and function s 1 :=f/t/ can Le ClllculeLo<i, liuJur. 
I~<Jil /2''• 2J,/ it muet bo 1 thnt b<ll 

The drawdown of' well 2 is: 

S:z -~~ln.&...+ _QL_ In~ 
.t.tml<.. b 2.tmk r 20 

where r 20: tbe radius of well 2, 

2./ Drawdowns at Thre~Operating "·ells ~ith Conetant­
Discharge Condition, 

/25/ 

/26/ 

Drawdown as function of pull'ping time can he deriveted as 
in cases of ~wo wells. 

Tiw drawdol>"l:l at 1<ell 1. 

~I ...&!_ 0• I -f.';;-R (h I ..R.L S 1 - 2Ji: •. n r + 'U!Tii:m n t rrr;::;K n b m"- 10 ~ 12. t:; 

where b12 = dictence betwen well 1 and \'Jell 2. 
blJ = dictance betwen well 1 and well J. 

if Ql=Q2=QJ=Q, and R1_~R2~R3rR 
R3 

s1 -~ln 
bl!l :z,.. m k. riO bi2 

The drawdown at well 2 

with simplii'ied condition 

Q R:. 
s~-~ln rw bl'l 52.!; 

The drawdown at vell J: 

s~- S• ~ •n..{l~~ln bR1. + 2a~m In fl.-~ "n 2:tiT!k 23 '21:mT :.o 
and the simpli~ied equation is 

r:~ R3 
S ----3-- In---
3 2Xmk r3ob23 ~~ 

/27/ 

/28/ 

/29/ 

/JO/ 

/Jl/ 

/J2/ 

J ./ CalcuJ.a ting of Drawdo,.-na by Operating WellB, lluuber n. 

If ~e havo wells number n, the drawdown at t~e well i can 
be derived at the same above. 

The simplified equation ie: 

Q Rh 
Si "'2i:mk.ln r"lo 6d. 6,_·L ..••. bn~ 34 

/JJ/ 
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lihere r 10 radius of: well i 
bli distance betwenn well i and •ell 1. 
b 2i = distLnco.between well i nnd w~Jl 2. 

With the nbove aqutrtaona'· can be used it: R :;>bin' and 
R < R0 • 

5./ Examples 

At waterworks Fony6d the aquit:er can be cal'acterized by 
f'ol.lo1-:ir..g data: 
thickness of aquifer m:ll m, k:6 1 2 m/day /fine sand/, 
4 :0 1 0000114 1 H:lOO m. 

It is desirable to get 900 1/min, We get only JOO 1/min. 
from one veil, for that reason it needs three wells, with 
r:O,l m radius. The distance between wells will be J60 m. 
We want to determine the drawdowns depending of pumping 
time. In our case Ql=Q2:QJ= JOO l/min:4J2 ~/d. 
Rl:R2:R3:R; r 1o=r 20=r 30 ; we calculate with the simpli!ied 
equation, 

First we calculated R, depending on time /t/ with Eq /5/, 
and drawdowns with Eq /J2/. 

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

The smaller · the distance between the wells, the deoper 
the drawdowns will he. 

If' the distance between the "·ells /b/ are smaller than 
J60 m, i,e b:50 m, at t:J65 days, s will be 24,1 m instead 
of' 20,4 m /three wells are operating/. 

6./ Discharge of' Well Groups with Constant-drn,.·do~m Condi­
tions. 

At constant drawdown it is desirable to get the discharge 
!'unction depending on pumping time, i,e Q1 and Q2, have to 
be calculated, !'rom Eqs /23,25./ in the case of two wells. 
Q1 and Q2 can be wxpressed and calculated, as s1 and s 2 
are l<nown. 

Q s,2i:mk.. /J4/ 
- i In~ 

If' we have three wells, the simt>lif'ied equation is: 

s.Zi:mk. Q::a-=-=~-,n,:--
ln R~ 

~"o btl b,~ 

/Js/ 

If the nuuber of the wells is •n•, the discharge of' well i 
can be derived as seen above. 
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Q.,. Sj 2."-i" m k. 
Jn -~~~~--~--

S"iD,~ ba~ .... bn L 

/J6/ 

The Eqs /J4, J5 1 J6/ are valid ii' R < R0 and R > b, 

ExampJ.e: ThA discharge of three wells at Fony6d are to be 
calculat~d 1 at "l=s2="J=s 0 :6 m. Data: b 1 2=b1J=b:J60 m.The 
calculations were made as shown above. 

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

B./ DE~ATERING OF WATER-TABLE AQUIFER 
~TH CONSTANT-DISCHARGE COKDITION 

As an exampJ.e a pair of formulas is presented which can be 
used for the calculation of necessary data of mine droinaee 
in a first approximation. /There is no recharge/. T:·1ese are 
tho function of depression s:f/t/ 

/37/ 

the runction or the depression range R:r/t/ 

rl 
/J8/ 

where: k is the coer:ficient or permeability or Darc·y 1 1u is 
the rree, stress-rree, eravitational porosity or the ~ocks, 
r is the radius or the well, H is the or~ginal head 

is the time or pumping, o( is a shape or 
correction ractor determined by experiments based on Eq /J8/ 

The procedure of calculation is then as rollows: 

A Q value is estimated in order to calculate the function 

8 = f/t/. 

Herearter an s 1 value is taken and is introduced into Eq. 
/J8/. Then an R1 value is estimated to pumping time t and 
is substituted in to the right-hand side of Eq./38/, l.~. 
in ln R. With these R~ and s 1 value R2 is calculated on the 
left-hand side or Eq./38/. R.2 is usually not equal to R • 
Therefore, R2 is entered at the right-hand side of Eq.lJ8/ 
and a vaJ.ue RJ is calculated, This procedure must be conti­
nued until the estimated and the calculated R-s coincide, 
/This will usually happen arter J-4 approcia.atious,/ 

According to the above scheme an R value is calculated be­
longing to pumping time t1 and depression sl, This is now 
entered in to Eq,/J7/ and the value of s2 w.ill be obta-ined, 

6 
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II' this is equal to the valuf"' (If ~] introduced ln E(~ /J8/ 
orjginally the result is good. If not, then tho s2 value 
obtained must be reintroduced in Eq /'.18/ and t!1e "holo 
i~eration must be repeated until the estimated and calcu­
lated values become vqual, 

From the character of the calcul~.ti<•n j t fn.lln•s tl.r. t tho 
problems fits the cotr.puter!l and due to the ereat number of 
repetitions it can be solved only by computer~. 

Example: 

There is a mine having ru1 area a radius t•:::JOOO n •• Here 
the level of the keratic "ater must be lowered to s:ll6 m, 
The present level of: karstic water is Il:l41 m, The charaG­
teristics of the karetic rock are: k=35 m/day 1 ;u=O,Ol, 

o{ =0,), 

If Q:JOO,OOO il'/day is pump"d steadily, th<>n acocrdinc to 
Fie,ll. the depteesion after 15 years /5475 days/ ~ only 
s=J5 m1 despite the fact that the rane<J reaches 72,()8'( m 
or round 73 kms. This pumping rate is actually insui'fici­
ent to dewater to mine. 

Taken Qo=600.000 ll'/day 1 again from Fig,ll. it is apparent 
that the depression is 86 m after 15 years, 

It: Q=800,000 o'/day, the desired depression s:ll6 m can be 
reached in appr, 2,200 days /6years/, 
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Table 1 

------------------------------------·-------

8 

time after 
pumping 
started 

days 

1 
10 
JO 

100 
200 
J65 
7JO 

1825 

R 
m 

l.lJO 
J. 900 
5.700 

10.200 
14.100 
19.000 
26.500 
41.000 

operating operating operatinG 
1 well 2 wells J wells 

9,J5 
10,60 
11,00 
11,54 
11,85 
12,20 
12,48 
12,90 

time after 
pumping 
started 

days 

1 
10 
JO 

100 
200 
J65 
7JO 

1825 

10,116 
12,97 
1J,76 
14,88 
15,51 
16,20 
16,78 
17,6J 

yield of 
each well 

11'/da-y 

203 
15J 
142 
129 
122 
117 
111 
10') 

11,:() 
15,J4 
1.6' ~ 2 
18,22 
19,17 
20,40 
21,08 
22,36 

Table 2. 
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Fig.l. 

Fig.2. 

Fig.J. 

Fig.4. 
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1 abf'a Fig.1. 

2.6bra Fig. 2. 
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l.dbra Fi !I· 3. 
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