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ABSTRACT : The introduction of the paper specifies aspects of the hydraulic 
screen optimization as a drainage system for mine or construction work. The 
project of the screen respecting all the optimization aspects mentioned is 
solved by means of mathematical simulation. Stochastic models starting from 
methods of mathematical statistics and probability give data for the final de­
terministic model described by partial differential equations for physically 
defined relation water-rock. The conclusion of the paper contains requirements 
for a hardware and software of the computerized system. 

RESUME : Au commencement de !'article, on specifie les aspects du probleme pour 
optimiser une barriere hydraulique destinee a drainer des constructions ou des 
ouvrages miniers. Le plan d'une barriere qui prend en consideration tous les 
aspects en question est resolu a 1 'aide d'un modele mathematique. Le mode le 
stochastique, derive par les methodes des statistiques et du calcul de probal -
lite, fournit les informations necessaires pour creer le modele final determi­
niste des equations aux derivees partielles qui decrivent le systeme physique 
eau-roche. Pour terminer, on presente les exigences de hardware et software d'un 
ordinateur convenable. 

RESUMEN : Al comienzo del articulo se analizan los aspectos de optimizaci6n de 
una pantal la hidraulica, como sistema de drenaje de minas o construcciones en 
el subsuelo. Tenidos en cuenta todos esos aspectos, se ha resuelto un proyecto 
de pantalla, con ayuda de un modelo matematico. El modelo estocastico, confec­
cionado a partir de metodos estadfsticos y probabilisticos, suministra los da­
tos necesarios para establecer el modelo deterministico final, basado en las 
ecuaciones de derivadas parciales que definen las relaciones ffsicas roca-agua. 
Finalmente se senalan las exigencias del hardware y software del sistema de 
computaci6n. 
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INTRODUCTION 
The drainage system is a very important part of a mine or con­
struction being founded under the 1eve1 of underground water. It 
is possib1e to say that in many oases the possibi1ity of effecti­
ve drainage is a 1imiting factor in opening a mine or rea1ization 
of the construction. In the majority of oases the drainage system 
direct1y inf1uenoes the way of opening or situation and technolo­
gy of the construction. 

The project of a concrete drainage system must start from given 
geo1ogica1, hydrogeological and hydrological conditions, which 
must be respected within the whole complex together with the re­
quirements of mining or constructional activity. This determines 
a wide scale of methods of isolation of mine or oonstruotion work 
from underground water beginning from tamponing of oraoks, through 
injecting the failures, clay membranes, oonorete walls, drainage 
galleries and shafts, hydrau1io screens and barriers, eto., up to 
transferring a river bed. It is desirable to obtain optimum solu­
tion of the project and operation of a drainage system concerning, 
as far as possib1e, a11 the mentioned criteria. In many oases an 
optimum effect of drainage is obtained by the combination of several 
basic methods. 

The paper indicates the optimization of a very frequent1y app1ied 
basic method of mine or construction work drainage. 

1. APPLICATION OF HYDRAULIC SCREEN FOR DRAINAGE 
Hydrau1ic screen can be used for drainage practically under all 
the hydrogeo1ogical conditions: in the oase of free and strained 
level of underground water, porous and joint permeability (in the 
case that the system of joints is wel1 interconnected). 

General1y, the hydraulic screen presents a c1osed system of wel1s 
(Fig. 1) situated at the nearest possib1e distance from the edge 
or from the centre of the plan area of the drained space (further 
on1y the drained area). For the first examination of the reality 
of the hydraulic screen project it is possible to use the well 
known method of the "large diameter well" to calculate steady flow 
with filtering parameters being usually at the disposal from the 
preceding hydrogeo1ogioal investigation. The equation 

Q 21'k.s • m (1) 
c = 

1 
R 

n -r 

holds true for the mean of weighed coefficient of filtration {k), 
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required reduction within the drained area (s), for the thiokness 
of water-bearing stratum (m), level (H) of the free level is 
m • 2H-s, further for the "large diameter of the well", generally 
for the mean or weighed distance of the drained area center of 
gravity from its boundary (r) and finally for the range of the 
d•~••ion due to the "large diameter well• (R) drainage effeot. 
'lb• range of the depression is determined for orientation, e. g. 
from empiric relations after Kusakin 

R = '.}000 s Vi: 
or after Siobardt 

(2) 

R = 575 s ~H • k. 
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Quite often it is possib1e to meet the nor:.-c1osed bydrau1ic screen 
( fig. 2), wh:!.ch .i.s sui tab1e from the point of view of considerab1e 
savings wben estab1ishing the screen with insignificant1y increased 
operation costs. It can be used first of a11 to drain areas with 
oonsiderab1y predominating dimension in one direction. The non­
c1osed hydrau1ic screen, situated along the longer side of the area 
being drained, usually ensures the required reduction a1so in the 
direction of the shorter dimension. In the contrary case, it is 
sometimes possible to c1ose the non-c1osed screen at its edges in 
oon-permeab1e lines (Q = o). The non-closed screen can be used even 
in the case that the non-permeable 1ine is situated at the 1onger 
side of the area being drained. In the case of small inflow of un­
derground water into the area being drained, it is more convenient 
to prefer the non-closedscreen rather than the closed one even at 
the very cost of adequate extension of the non-closed screen behind 
the borders of the area being drained. It is evident that in all 
the mentioned cases the non-closed ■oreen is situated at the side 
of predominating inflow of underground water. If this inflow is di­
rected against the mining direction of the mine, the screen can be 
repeatedly situated in a sufficient forefie1d before the mining front. 
When mining reaches the screen, the screen is liquidated. Therefore 
the we11s in such screens must not be equipped with steel but with 
such a materia1 which can be easily extracted (ceramic casing, con­
crete centering, etc.). 

In we11 permeab1e water-bearing strata, where large capacities 
are pumped with relatively flat depressions, the necessary reduc­
tion would ca11 for non-effectively large number of we1ls in a 
hydrau1ic screen. This apprehension is rea1 especially with closed 
hydraulic screens used to drain large areas. To obtain the required 
reduction even in the center part of this area, the screen is oom­
p1eted with a system of shallow wells, drilled and later pumped 
from the drainage level-of the mine or from the bottom of the con­
struction work. It is also possible to use the system of horizontal 
wells, eventually drainage seam or pits of small profile. The 
drainage seam or pit is advantageous as a supplementary drainage 
system even for the non-closed hydraulic screen. 

A combination of a hydraulic screen with a supplementary method of 
drainage usua11Y decreases the range of the depression due to the 
drainage of the mine or construction work. This range is especial1y 
large with small dynamic reserves of the area. If there are signi­
ficant ho1ding areas within a possible range of depression, or 
even a potentia1 source of underground water pollution, it is con­
venient to combine hydraulic screens with hydrau1io barriers. They 
are created by infusion wells into which water pumped from hydrau-
1ic scroen is driven in. Thus the depression due to drainage of the 
mine c.· .. ,:mstruction work is decreased. This protection can be ased 
in mat r ·,se.<J at the very cost of slightly increased cape.cities in 
the h/ , , , ,.1 l ic s, r·een l'lells. 
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Simil.ar1y it ia posaib1e to combine a hydrau1ic screen with al1 
the other -thods or passive and active isol.ation or a mine or 
oonstruotion work from underground water. 

In the conciusion or the obapter on the suitability or app1ica­
tion or the hydrau1ic screen to drain mine and construction 
work, it is necessary to carry out an economical consideration 
or the screen project. A hydraulic screen, as compared with 
other -thods or isol.ation or mine and construction work from 
underground water, under simil.ar conditions, presents lower in­
vestment coats, but higher operation costs caused by continuous 
pumping or hydrau1ic screen. In the majority or oases the opera­
tion costs can be compensated so that water being pumped from a 
hydraulic screen, usual1y not yet po1luted due to exploitation, 
etc., is used to improve to river riow, to supp1y inhabitants and 
industry with water, etc. 

water flow 

--

water flow 

Fig. '.} 

Under some hydrogeo1ogioa1 conditions there is an endeavour to 
use infiltration hydraulic screen (Fig. '.3) for water being pol­
luted by mining aotivities or else, which cannot be used for the 
above mentioned purposes. The principle or the infiltration 
hydraulic screen is in that the water from the strata disturbed 
by mining or oonstruotion activities is transferred due to natural 
draining ability or the we1ls into isol.ated lower strata, not 
disturbed by mining or oonatruotion activities. The condition is 
that the transmissibility 

T = k. m (4) 
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~iven by the coefficient of filtration (k) and the flow profile 
{m) is larger in lower strata where water is transferred to than 
in the upper strata being drained. Another condition is that the 
difference of piezometrio niveau 

Ap = J\i - Pd 

of the upper (p) and lower (p) series of strata is larger than 
the sum of the ~eductions due ~o drainage of the upper strata (ah) 
and the increase due to the resistance during infiltration of 
water from hydraulic screen wells into the lower strata (ad). 
The following holds true 

sh + sd ~ AP• 

Among others it is necessary to meet the condition that the 
weight of imper-able series of strata isolating the lower per­
meable strata from the bottom of the mine or construction ditch 
is larger than the upward hydrostatic pressure in the lower water­
bearin~ strataJ otherwise a fracture of iao1atiag impermeable 
strata (Artesian roof) into the mine or construction work could 
take pl.ace. In the case of weighed specific weight (f) of the Ar­
tesian roof rocka of given thickness (ma) there holdsatrue that 

pd< ma fa• 

In the case that polluted or otherwise unusable water cannot be 
drained from the space of the mine or construction work by means 
of an infiltration hydraulic screen or similar drainage system 
with spontaneous drain (pit, tunnel, eto.) it is necessary to 
carry out a careful caloulation, whether the oosts for pumped 
hydraulic screen, i. e. investment costs and in the case of long­
time drainage also operation costs, are proportional to the re­
sulting effect of mining or constructional activity. 

2. MAIN ASPECTS OF OPT:00:ZATION OF THE PROJECf AND OPERATION OF 
HYDRAULIC SCREEN 

Some aspect• of a conceptional character concerning rational pro­
ject and operation of a bydraulio screen have been mentioned in 
the foregoing chapter. All of them are directed towards one object: 
a neoes•ary reduction of underground water level in the space of 
the mine or oonstruotion work at minimum coat• with minimum affect­
loo or existing underground water regime in wider surroWJdings. 

i.. li,is is projected onto the detail solution of a hydraulic 
• '<•n, it is possible to lay out the following optimization 

t; ts: 
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1. Optimum situation or the screen in predominating underground 
water flow direction, with regard to hydrogeologica1 situation, 
reepeoting the boundary conditions in horizontal and vertioa1 
directions to enable to obtain aaximum drainage of the space 
of the mine or construction work. 

2. Determination of the optimum natural underground water level 
for which the hydraulic soreeo is to be dimeoeioned. The task 
ie to propose -ximum natural level with regard to the impor­
tance of the mine or construction work and scheduled time of 
drainage. Simultaneously with the course of the maximum level 
during individual bydrologioal years and during important peri­
od• of the year it is necessary to follow also minimum natural 
underground water level, to be able to determine the amplitude 
course. 

J. Optimum situation of individual wells of the screen as close 
as possible to the centre of the drained area, in the places 
with the moat favourable rilteriag parameters so that in the 
most unfavourable places (t) of the drained area the required 
reduction ia obtained by suferposition of the reductions due 
to optimum number of wells p) 

4. A proposal of the optimum number of wells of convenient dia­
meters to obtain balanced pumping of the screen. In no well 
of the soreen it is permitted to exceed safety reduction whioh 
still does not po:r·mit origination of negative hydraulic effects 
on the skin of the "ell (skin-ffects, obtaining critical in­
take rate whon suffosioa begins to appear) even in the case of 
-ximum pumping of the screen to ensure required reductio,1 with 
maximum proposed natural underground water level. This is close­
ly connected with the proposal of suitable manipulation order 
for the operation of hydraulic screen. 

5. Drainage of the mine or construction work presents mostly a 
large interference with existing regime of underground water 
in a wide surrounding. There is a ~uestion how to hold the 
consequences of this interference within optimum limits: to 
obtain a certain balance between positive and negative consequcn· 
ces. The starting point in the evaluation of the consequencA~ 
of drainage is spreading of the depression in the space ao,t 
time. 
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What must be taken into consideration is ageing of the aoreen 
we11a, spreading of the depresaion to the p1aoea of expreaai­
ve1y different hydrogeo1ogioa1 medium as compared to that in 
which the mine or construction work is proposed (a change of 
fi1tering parameters, boundary conditions). One part of this 
prognosis is a1so a protection of underground water from po1-
1ution. It is necessary to consider a11 the water sources, po­
tentia1 sources of po11ation, their mutual poaition with the 
possibility of disp1aoement with regard to tbe direotionJ and 
to the rate of flow of underground water. 

3, MATHEMATICAL SIMULATION OF THE OPTIMUM PROPOSAL OF THE PROJECT 
AND OPERATION OF THE HYDRAULIC SCREEN 

Respecting the aspects of optimization stated in the foregoing 
chapter presents a comp1ex aolution of conaiderab1Y wide prob1em 
which mostl.y esceeds the 1imits of the mine and construction work. 
It is evident that optimization cannot be solved empirioall.y. One 
of the ways bow to solve this problem is a mathe-tioa1 simulation 
using the digita1 computers. It is very quick, mobi1e, when solving 
necessary variants of the mode1 and oonsiderabl.y 1ess expensive 
when we compare it to other comparable -thods. 

In the -tbe-tica1 simulation of the hydraulic aoreen it ia pos­
sible to speak of a atoobaatic simuJ.ation which ia fol1owed by de­
terministic simulation. 

J, l STOCHASTIC SIMULATION 
Stochastic aimulation so1ves the existing regime of underground 
water not affected by drainage of the mine or construction work 
good know1edge of which is necessary to propose the aoreen (Lou­
pe.nee, 1969). The initial point is the time series of hydrologi­
cal obaervations, being most of al1 purposeful, limited by the 
time interval usua1l.y of severa1 years, An ana1ysis of these em­
pirical aerie• present• a static model. From the point of vi-
of the theory of random events, the series of hydrologioa1 obser­
vations presents a random process taking place under unchanged 
physical conditions within the arbitrary ti-. A generation of 
hydrological series and prognoses of hydrological characteristics 
within the arbitrary time present• a dynamic mode1. Stochastic 
simuJ.ation makes use of the mathematical atatiatios and a theory 
of probability. Its simu1ation contains always a random e1e-nt 
(Ba1ek, 1976J Ibbitt, 1974). 

Stochastic simulation takes p1aoe in severa1 phases on selected 
probabi1ity 1eve1s (e. g. ae II O. 01, i. e. 99% probabi1ity saf'ety), 
on which the zero hypothesis is accepted or rejected. 
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).1.1 PREPARATORY PHASE 
Aa the statiatio and probability methods call for the assumption 
of noraality, all the hydrological series must be subjected to 
the coincidence test, whether they have normal or at least appro­
ximately normal diatribu.tion. Among parametric coincidence tests 
ve can mention e. g. ~-test, among the non-parametric ones e. g. 
Kolmogorov-Smirnov test for one selection. 

Extreme values of observation in empiric series are often loaded 
with enormous random error. An elimination of suoh an observation 
is carried out by the teat of an extrem, deviation. Among the pa­
rametric tests we oan name e.,g. Grubbs s test, among the non-pa­
rametric ones•• g. the Dixon a test. 

A syatematioal error which usually affects all the values of ob­
aervationa in a hydrological aeries is more difficult to be iden­
tified. It is possible to use the less known method test of ran­
domity, the test for the number of iterations (i).With the num­
ber of observations n>40 the division of the groups of observations 
of the same selected type (iterations) approaches the normal one 
with the mean ,tc.,and decisive deviation cs;- • The criterion of the 
teat is tbe standard value 

(5) 

An unsatisfactory test of randomity with generated series indi­
cate• an unsuitable mechanism of generation of the time series. 

Criteria of all the mentioned testa are compared at the :;elected 
level of importance with their critioal values, tabulated ln 
every statistics textbook (e. g. Nosek, l972J Raisenauer, 1970). 

). l. 2 DETERMINATION OF STATISTIC PARAMEI'ERS OF THE SERIBS 
This phase is used to ascertain, except for the parameters cur­
rently used in parametric tests (extreme amplitude, mean, deci­
sive deviation, -di.an) also chronological trends of observations, 
empiric frequency and distribution line or even the lino of re­
petition and also the determination of quantities, variaticn 
range, coefficient of variation (C) and a coefficient of assy-
metry (c~)- v 
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so- atatiatioa1 obaraoteriatioa are used when preparing the 
balance equations, first of a11 when specifying their ter .. in 
the arbitrary convenient ti- period. Th• 1eft aide of thi• 
equation aeparatea the underground drain determining dynamic 
reserves of the area where the mine or oonatruotion work ia •i­
tuated. Thi• dotation must be taken into oa1oulation when drai­
ning (Dub, 1969). 

3.1.3 SERIES TRANSFORMATION 
Hydro1ogioa1 ••riea are often discrete (rain, irregular water oon­
aumption). For the ana1yaia with continuous aeries it ia recommen­
ded to carry out a convenient tranaforiation of diaorete aeri••• 
The transformation of the aeries can auitabl.y empbaaize its dyna­
mics. When simulating infi1tration of the rain water to the under­
~round water leve1, it is neoeaaary to cumulate the rain water 
{a tranafor-tion of the origina1 aeries by g1iding tota1■) with­
in a certain period to enab1e the prooe■• of infi1tration. The 
aeries are fre9uentl.y amoothed due to tranafor .. tion (e. g. 
g1iding tota1s) or some observations are emphasized (e. g. weighed 
mean). 

Tranafor-tion meobaniama -Y be very oomp1ioated. If aevera1 
aeries take part in the tranafor-tion prooe•• (first of a11 at 
the input), we ■peak about superposition. Both procedures are 
often taken in the prooe•• of aerie• generation (Gruahevakij, 
1973). 

3.1.4 CORRELATION AND REGRESSION ANALYSIS OF THE SERIES 
Whi1e oorre1ation determines the de~ree of dependence of variab1es 
(e. g. by oorre1ation ooeffioient R), regression describes this 
dependence by the function of an approxi-tion. 

A practica1 app1ication distinguishes tvioe and more mu1tip1e 
corre1ation and regression ana1yais. 

The T-test with twioe-u1tip1e ana1ysis i• ■atiafaotory to eva1a­
ate the coefficient of oorre1ation (R ) between one dependent1y 
(y) and one independentl.y (x) variab11~ 

• V (6) 

where » • n-2 ia the number of degrees of freedom for n obser­
vations. A regression re1ation between both variab1e• oan be ge-
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nera1ly written in the term of the•- of arbitrary known f11n­
otiona f J(z) and 1mkaown para-tera bJ. 

p 

y. L (7) .,.o 
Tb• ooettioient ot oorre1ation (~1 2 P) 
variab1e (y) and independently ' ••·· 
xp) la eva1aated by aeana of the F-teat. 

R2yx 
F • ____ 1_, .. 2 .... •.,•.,p.__ 

• 
(8) 

where '))1 = p and ~, = n-p-1 are the degrees of freedom for n ob­
aervationa. A regreaaion relation between theae variab1ea oaa be 
genera1ly written in the term of the aWII of arbitrary known 
f1motiona ot independently variab1ea fJ(x1 , x 2 ••• zp) and 11Dkaown 
para .. tera b.,. 

Y•~ 
f.<; 

(9) 

Xf the variab1e on the 1eft aide of the equation (9) ia aubati­
t11ted b)' the group of variab1ea y 1 ,y2 ••• y 1 , the mu1tivariation 
aaa1yaia a1ao oa11.ad the oanonioax analy•~• i• obtained. For the 
eva1uation ot the ooeffioient of the oanonio correlation 
:ey1 2 1 :s:1 .. , F-teat of the fo11owing form :I.a uaed: , • • ... , •••• p 

• (10) 

where >,J1 • p and ~, = n-p-,( are the degree a of freedom for n obaer­
va tiona 11Dder the oondition that -f. S p. The genera1 oanonio re­
greaaion re1ation oan be written in the form aila:1.1.ar to equation (9; 
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1. 

L 
p 

~ (1.1.) 

k::O jaO 

The results of the dispersion analysis for the eval.uation of the 
coefficient of correlation are eva1uated at a ae1ected 1eve1 of 
importanoe,and for given degrees or freedom vith critical values 
of Students division (T-test) or Fischer-Snedecor division (F-
test). _ 

The correlation and regression analyses are widely applied 
durin~ simulation of the drainage system of a mine or oonstruotioo 
work. Individual types mentioned above of the analyaes are used 
according to the number of variabl.es (ti- series of observed 
hydrological events), which are at the disposal. 

The correlation analysis is used to ascertain the genesis of un­
derground water in the given area, its origin, e. g. rain water 
infiltration or surface water or underground in-f1ow 1 the position 
and direction of which ia defined. Similarly the correlation is 
used to specify the border conditions in a horizontal. direction: 
determination of imper-abl.e l.ine (Q:0) 1 constant l.evel. (Haoonat.) 
and an unlimited water-bearing stratum. The border conditions in 
a vertical direction can be determined by the correlation of level.a 
of underground water in observed well.a -de in various water­
bearing strata. 

The regression analysis can follow the oorrel.ation analysis in 
those cases where the correl.ations indicate a dependence between 
hydrological effects at selected l.evel of importance. The regres­
sion is used to ascertain the proportion of individual factors 
(climatic, hydrologic 1 hydrogeol.ogic) to the genesis of underground 
water in the given area. Quantification of underground water in­
filtration with regard to the border conditions in horizontal and 
vertical directions is carried out similarly. On the ground of 
proved important dependence of short-ti- observed level of under­
ground water on 1ong-time observed affecting faotors the time se­
ries of variation of underground water level is generatod, eventu­
ally a prognosis of long-time characteristios of this variation 
is carried out. A natural. underground water level. in tbe place of 
pumping is areal1y interpolated by the regression by means of not­
affected we1ls in wider surroundings of the mine or construction 
work. 

In the oorre1ation ana1yais it is possib1e to use with an advantage 
the method of the so ca1led serial correlations wbiob is essential­
ly the prinoiple of autocorrelation applied to morv variabl.es. 
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The time lag between mutually affecting hydrological effects 
(e. g. a retardation which above itself in the froportion of 
rain water on the dotation of underground water) ia determined 
from the phase shift (k) for an infiltration cycle 

Yi• f (zi + k) 

where the correlation coefficient ie the largest. In this way 
it ia easy to determine the rate of natural infiltration of un­
derground water in horizontal and vertical directions (Chow, 1964; 
Draper, 1966J MalevanyJ, 1972J Mata1aa, 1964J Rektorye et al., 
1963). 

3.1.5 APPROXIMATION OF EMPIRIC DISTRIBtJrION LINE 
Chapter 2 empbaeizea the importance of -zimW11 natural level of 
underground water for the optimum propoea1 of the proJeot and 
operation of the hydraulic screen. If long-time observed aigni­
fioantly affecting factor• of underground water are not at the 
diepoaa1 for the prognosis of this level for the whole time of 
operation of the screen, it is not possible to uae the prognosis 
by -ans of regreaaion ae stated in par. 3.1.4. It is, however, 
poaaible to uae an appro.zimation of empiric distribution line of 
abort-time observation of underground water by suitable division 
(e. g. log-nor-1, Gumbel'e, bino.io, triparametrio r ). The long­
time oharaoteriatio• of u~derground water level is eztrapolated 
by -ans of the maae curve with auitab1e division. The period of 
ahort-ti- pumping teata to aaoertain the filtering parameters ie 
olaeeified also on the ground of this curve. Until now the beet 
aatiafaotion in the oaae of underground water ia given the maee 
curve appro.zination. 

f (x)dll: (12) 

, 
Pearson a olaaaifioation of the 3rd type 

x-xo 
.a. - a 

(x-:a:
0

) cl e 

f(x) •------------if• 1>rci + 1> 

(13) 

for optimum para .. ter• a, d (ilekaejev, 1960J 86.tle, 1972). 
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With regard to the extent ot the paper it le not poeeib1• to ape• 
oif'y eoae other -thod• ueed lo etoobaetio eiaul.atioo, eaob ae 
bar■ooio aaal.yeie, tread aaal)'eie, dieoriaiaation and vio• ••r­
o1ueter anal.yet•, taotor aaa].:yeie and eoae -thod• o:t the theory 
o:t sa-•• They are, anyway, aeed lo bydro1ogy ap to now very ••1• 
do■• Their wider app1ioatioo 1• reetrioted :tiret of a11 by rel.ati• 
vel.y nort empirio •eri•• of obeerYatiooe and ioeatfioieot o-ber 
of obeer,,ed variab1•• (satrao, 19731 Vil.Ila•, 1973). . 

).2 DEl'ERHINZSTJ:O SDIULATJ:ON 
A determioietio ■ode1 io bydro1ogy etart• troa pbyeioa1l.y defined 
re1atione water - rook deeoribed by partia1 differeotia1 equation•• Tb•••• in genera1 ter■, ioo1ad• aaieotro.PIQ', epaoe aeeyaetry ot 
f1ow, io:ti1tration troa the eart'aoe or troa tbe neighboariag -t•r• 
bearing etrata and other io:t1aeooee ioo1ading loooapl.ate we11e, 
dip and non-1inear ooar•• o:t the etrata aod bedrock. Th• eo1atioo 
o:t the•• di:tf•r•ntia1 equation• (by the aaal.ytio-oootorm -thod, 
the -tbod o:t nete or the •thod o:t tiaa1 e1e-ote) ia l.aboriou, 
bat with regard to ■ore and ■ore etteot:ive ooapatere, 11: 1• tea• 
e1b1e • .Another a1tuation i• in 0011.aotioo o:t 1opat data (para■e• 
tere) :tor th••• genera1l.y :tor■al.ated d1t'tereotial. eqaatiooe. The 
deter■ioietio ■ode1 take• the data, ezoept tor the etoobaetio ■o• 
de1, tiret ot a11 from bydro1og1o iaveatlgation and pu■piog teat•. 
Oarreot -an• ot imreetigatioo, teohno1ogy ot dr111iag and pimping, 
are not at the I.•v•1 which wou1d be required by a geoera1l.y toraa-
1.ated -tbe-tioa1 apparatu (8'1.ak, 1973). 

Tb••• re .. on• repreeeot the ueua1 1iait• o:t the deter■ioietio ■o­
de1, wbiob i• ei■p1itied to be adequate to the qaa1ity o:t inpat 
para-tere. Tb••• are ueua11y -de gradua1J.y ■ore preoi•• by veri­
fioation of the -the-tioa1 ■ode1 eo that it give• the beet oor• 
reepoadiog to the given aatara1 oooditione. Saoh a ■-thod ot ei■a-
1.ation oorreeponde we11 a1eo to the opti■i•tioo of tbe bydraa1io 
aoreeo ueed to drain the mine or oonetraotioo work. 

For 111aetratioo 1et ue etate an ez-pl.a o:t eaoh a eiap1i:tied 
eimul.ation oo the groaod ot 11oeari .. d difterent1a1 Bae1neeq equa­
tion o:t axia11y e,--trioa1 noa-etab111sed t'1ow o:t aodergroand 
water toward• a oomp1ete we11 

(I.4) 

tor the :taootion ot poteotia1 (u), ooettioieot ot' preeeare oon­
duotivity (a), ooett1oieot ot :ti1tration (k) and the d1etaooe ot' 
given point troa tbe oeotre of tb• we11 (r). The oondition ot the 
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deaoribed f1ow ia iaotropic, horizoata1 water-beariag stratum. 
Th• aolutioa of the equation (14) by e. g. aaalytic-oonform me­
thod 1eada, QDder oertain aaa111&ptiona, to the equation aimQ1a­
ting an iadependentl.y pumped we11 iD aa un1imited water-bearing 
atratua with ooaatant oonalDlption (Q) in the time (t). 

for 
r2 

4at 

W(x) 

where W(x) ia the integral-exponential function -Ei(-x). 

(1.5) 

(16) 

Using the priooiple of auperpoaition of partial effect■ from the 
individua1 we11a, it 1• poaaible to aimQ1ate 

ab) oooperatioo of individual we11a io the aoreen 
) reapeoting the 1ine border coaditiona by mean• of the method 

of a conform transformation (reflection of wells) 
c) a vo1ime of the consumption of qpderground water from the 1D­

dividual we11a of the screen in the given time at preaoribed 
reductions 1D the we11a aDd that even iD the case that pwapiag 
doe• not start in the whole screen aimu1taneoqal.y, but in the 
arbitrary wel1a in the arbitrary time. 

d) a reductioD of the underground water 1eve1 in an arbitrary point 
of the min• or oonatruotion work and its aurro11Ddinga with an 
arbitrary oonaumption (ooostaot in ti-) from the individual 
we11• in the screen and that even in tbe oaae of interrupted 
pumping in an arbitrary we11. 

Th••• poaaibilitiea of deterministic aimu1ation enable, when re­
apeoting the proposed natura1 qpderground water 1eve1 and on the 
other hand a aafety reduction, to maintain fu1l.y the aapeota of 
the optimization of the proJeot and operation of bydrau1io aoreen 
(8'.naky, 1976J Kazda, 19761 Loupaneo, 1978). 

3.3 PROPOSAL OF NATURAL UNDERGROUND WATER LEVEL FOR DXMENSJ:ONXNG 
THE SCREEN 

Par. j.1 deterain••, by means of the atoobaatio simu1ation, the 
11111xi■um and minimum aatural widerground water level and thus a1ao 
the uaplitude of its variation. J:ta long-time prognosis is known, 
a• well aa the oour•• during individua1 bydro1ogioal years and 
also obaracteriatio periods (wet, dry). 
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It' the amp1itude of the IID<lergroWJd water leve1 variation i• 
•ma11, the •creen i• dimen•ed tor 1ong-time maziaum 1eve1 which 
oan be proportiona11y decreaeed if it i• poa•ib1e to flood a 
part ot tbe mine or oonatruotion work. 

On the oontrary, it the amp1itw1e of WJderground water level vari­
ations i• high, heavy-duty pwapa being dimen•ed tor aaziawa natural 
1evel vou1d pump only aaal1 quantitie• during the ti- when the 
1eve1 i• 1ow and therefore they wou1d work non-tfeotively. The 
optimW11 ao1ution of tbe acreen operation in thia situation oa11e 
for the oonaideration of three variant•; 
1. It' the oonditiona al1ov, first of a11 the nwaber of the •oreen 

well• and their mutua1 position, the •afety reduction and a1•o 
the range of the depression, the screen i• dimen•ed tor natura1 
1eve1, reduced aa compared to the aazimwa 1eve1 by the •a.me 
amount which it ia posaib1e to reduce the 1eve1 under the bottom 
of the mine or conatruotion work by. Using thia variant, the 
amoWJt pumped from the screen ia approxiaately constant even 
during the period of low natura1 1evel, when the 1evel ia redu­
ced under the 1eve1 required by mining or conatruotioaal acti­
vity. An eventua1 increase of natural 1evel above the proposed 
one ia then •afely retained in the retention apace WJder the mi­
ne or conatruction work. Thie variant of the optimization of 
the •creen operation ia advantageoua in the caae of treqaent, 
intensive var:lation of natural level of uDderground water. Xt 
ia poaaible to uae a atocbaatic prognoaia ot tbia variation and 
to control pumping in the acreen in advanoe ao that the retent­
ion apace under the mine or oonatruction work ia maintained in 
the required aize only during the neceaaary time. 

2. It the dislocation of well• allows, it ia possible to interrupt 
pumping in aome ve11e during the period of low natural level. 
The remaining we11a may be pwaped at constant capacity. This 
variant of the optimization of the aoreen operation •••Wile• 
lover permeabi1ity of the drained horizon, in which depreaaiona 
with higher curvature are realized. 

3. Xt the oonditiona do not a11ow to apply the first or the 
second variant, it ia neoeaaar,- to inata11 except tor heavy-duty 
pumps tor pumping during the period• with high natura1 leve1e, 
alao the sma11-oapacity pumps for 1ow 1eve1a. With tbe 1ow auc­
tion height• of the uaed pwapa and conaiderab1e reductions, it 
will be in moat caaea an inatall.ation of the pwapa in the we11e 
which muat be proposed aa wide-profi1e we11s. 

:3.4 SAFErY REDUCI'XON OF THE LEVEL :IN PUMPED SCREEN WELLS 
During no variant of the opti- operation stated in par. 3.3 the 
reduction in the screen we1la may reach oritioa1 reduction during 
which negative hydraulic effects begin to appear on the akin of 
the well. A rea1 intake rate ia eva1a.&ted first of al1 
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V • -----'-------

(1.7) 
8 

2 'I r · h · pf' · a 

f'or oapaoity (Q), wel.l. radius (r), ef'f'eotive l.ength of' a f'il.ter 
(h), rel.ativ• number (pf') and aaf'ety ooef'tioient (a) which depends 
f'irst of' al.l. on the age of' the wel.1. Th• rel.ative number deaoribea 
the tl.ow proti1• at a oorreot ael.eotion of perforation and strew­
round, this owaber wil.1 be identical. with the ef'f'eotive porosity 
of' the water-bearing atratum (~). In this oase the skin effect wil.l. 
be the •-11.est. The real. intake rate must not exceed the oritioal. 
rate during which auff'oaioo takes pl.aoe. 

4. A. HARDWARE AND SOFl'WA.RE FOR MATHEMATICAL S:IMULATION OF THE 
HYDRAULIC SCREEN 

The -the-tioal. aimul.ation of' the optimwn project and operation 
of' the bydraul.io screen oal.l.a not onl.y f'or a powerf'ul.l. computer, 
but al.so f'or an ef'f'ectivel.y arranged programme system. 

Th• hardware input must at l.east digitize the anal.og registered da­
ta on hydrol.ogioal. observations and pumping teats. More advantage­
ous ia direct storing of' these auto-tioal.l.y aoanned inf'or-tiooa 
in the input -dium of' the computer, either deoeotral.ized or remote 
transf'er into registering centre. In the oaae of' the Jrd generation 
computer we can assume a aatiaf'aotory operation speed, a oapaoity 
of' the internal. memory of' approx. SOO KB, a mobil.e external. memory, 
a strong operation system al.l.owiog the mul.tiprogramming or even the 
ti- sharing. The real. ti- data prooeaaiog oan be used onl.y in the 
oaae of' peak aol.utioo of' drainage optimization, when pumping in the 
bydraul.io aoreen ia ccntrol.l.ed auto-tioal.l.y by the computer through 
servomotors of' the pump val.ves. In any case it ia necessary to pro­
vide the computer with a graphical. output, the best one woul.d be a 
pl.otter or a dig;lcraph in of'f'-l.ine regi-. 

A. part of' the aof'tware shoul.d be a data base of the time aeries, 
which must eoabl.e storage of' practical.J.y arbitrary number of ae­
ries, their precise ideotif'icatioo and a direct access during the 
-nipul.ation, actual.ization and ef'fective checking of' the aeries. 
The system of' programmes f'or the actual. -thematical. simul.ation 
must sol.ve al.l. the tasks described in the chapter No J. It wil.l. 
take stil.1 a certain ti- until.l this system wil.1 operate autona­
tical.l.y with minimum intervention of' an operator. Today we f'ind 
auf'f'ioieot when the individual phases of' the model. are processed 
by independent subsystems (main progra-e + sub-routines, common 
f'or the whole system). A. unit-buil.t system is advantageous during 
the actual.izatioo, expansion or mutual. interconnection of' the sub­
systems. It is desirable that the programme systems eoabl.e, except 
f'or the tabul.ar output 1 also a graphical output - drawing schemes, 
mape or block schemes \Loupaoeo, 1978). 
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CONCLUSION 
In the oono111aion of the iaper on .. the .. tioa1 •i•11l.atioa of the 
optimwa project and operation of the hydraul.io aoreen for drainage 
of mine or oonatr11otion work it i• neoeaaary to point oat the ne­
oeaaity of the optimization. The optimisation oan aaTe oonaiderably 
high imre•t-nt oo•t• and firat of a11 the 1oq-ti- operation 
ooata. The prob1em of no J.e•• importance i• a1ao a preventiTe •0111-
tion of andergrollnd water protection with regard to the aine or oon­
atr11otioa work. The .. the .. tioa1 a:t.nJation 11aiag the ooapgter• 
preaent• an effeotiYe -an• of thia optimisation. On the other hand 
it 1• aeoeaaaZ7 to rea1ize that the prooe•• of optimi•tioa •tart• 
from the natura1 conditions, the iatrioaOJ' and T&r1.abi11ty of whioh 
ia aometimea YeZ7 diffio111t to be aohe .. tized aathe .. tioa1ly at the 
req11ired 1eve1. It will be therefore neoe••&ZT to correct, in ■0118 
oaaea, the .. theaatioa1 mode1 empirioa1ly. The eadeavoar ia, with 
the deve1opaent of bydrogeo1ogioa1 investigation, the teohno1oa of 
dri111ng and pgmping and with f11tare deve1oi-ent of -uaring teoh­
niq11ea, oompgter hardware and aoftware, together with gradua1 pre­
oiaioniag of the .. theaatioa1 sim11l.ation, to redaoe thoae empiric 
intervention• and on the oontraZT to increase the nmaber of drainage 
•Y•t ... oontro11ed by the ooapater in the rea1 tiiue. 
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