MATHEMATICAL SIMULATION OF HYDRAULIC SCREEN
TO DRAIN MINE AND CONSTRUCTION WORK

Loupanec, M.

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 1farticle, on spécifie les aspects du probléme pour
optimiser une barriére hydrauiique destinde 3 drainer des caonstructions ou des
ouvrages miniers. Le plan d'une barriére qui prend en considération tous les
aspects en question est résolu & 1'aide d'un modéle mathématique. Le modéle
stochastique, dérivé par les méthodes des statistiques et du calcul de probal -
lité, fournit les informations nécessaires pour créer le modéle final détermi-
niste des équations aux dérivées partielles qui décrivent le systéme physique

eau-roche. Pour terminer, on prészente les exigences de hardware et software d'un
ordinateur convenable.

RESUMEN : Al comienzo del articulo se analizan los aspectos de optimizacidn de
una pantalla hidriaulica, como sistema de drenaje de minas ¢ construcciones en
el subsuelo. Tenidos en cuenta todos esos aspectos, se ha resuelto un proyecto
de pantalla, c¢con ayuda de un modelo matemdtico. El modelo estocdstico, confec-
cionado a partir de métodos estadisticos y probabilisticos, suministra los da-
tos necesarios para establecer el modelo deterministico fimal, basado en las
ecuaciones de derivadas parciales que definen las relaciones fisicas roca-agua.
Finalmente se sefialan las exigencias del hardware y software del sistema de
computacion,
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INTRODUCTION

The drainage system is a very important part of a mine or con-
struction being founded under the level of underground water. It
is possible to say that in many cases the possibility of effecti-
ve drainage is a limiting faotor in opening & mine or realization
of the construotion, In the majority of cases the drainage system
directly influences the way of cpening or situation and technolo-
gy of the construction.

The project of a concrete drainage system must start from given
geological, hydrogeological and hydrological conditions, whioh
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 isoclation of mine or construotion work
from underground water beginning from tamponing of cracks, through
injecting the failures, olay membranes, concrete walls, drainage
galleries and shafts, hydraulioc sc¢reens and barriers, etc., up to
transferring a river bed. It 1s desirable to obtain optimum solu=
tion of the project and operation of a drainage system concerning,
as far as possible, all the mentioned criteria. In many cases an
optimum effect of drainage 1is obtained by the combination of several
basic methods.

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

1. APPLICATION OF HYDRAULIC SCREEN FOR DRAINAGE

Hydraulic screen can be used for drainage praotically under all
the hydrogeological 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 well 1nteroonnected).

Generally, the hydraulic screen presents a closed system of wells
(Fig. 1) situated at the nearest possible distance from the edge
or from the centre of the plan area of the drained space (further
only 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 hydrogeological investigation. The equation

2Tks . m

Q. = (1
¢ 1n7§ )
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 thiockness
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
depression due to the "large diameter well" (R) drainage effeot.
The range of the depression is determined for orientation, e. g.
from empiric relations after Kusakin

R = 3000 s VK (2)

R=575s V¥BE . Kk (3)

or after Sichardt
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Quite oftenn it 1s possible to meet the non-closed hydreulio screen
(fig. 2), which is suitable from the point of view of considerable
savings wlien establishing the screen with insignificantly increased
operation costs. It can be used first of all to drain areas with
oonsiderably predominating dimension in one direction. The non-
closed hydraulic screen, situated along the longer side of the area
being drained, usually ensures the required reduotion also in the
direction of the shorter dimension. In the contrary oase, it is
sometimes possible to close the non-~closed screen at its edges in
non-permeable lines (Q = 0). The non-closed soreen oan be used even
in the case that the non-permeable line is situated at the longer
side of the area being drained. In the case of small inflow of un-
derground water into the area being drained, it is more oconvenient
to prefer the non-closedscreen rather than the olosed 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 sporeen 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 soreen can be
repeatedly situated in a sufficient forefield before the mining front.
When mining reaches the screen, the screen is liquidated. Therefore
the wells in such screens must not be equipped with steel but with
such a material which can be easily extracted (oeramio casing, con-
crete centering, eto.).

In well permeable water~bearing strata, where large capacities

are pumped with relatively flat depressions, the necessary reduc-
tion would call for non-effectively large number of wells in a
hydraulic scoreen. This apprehension is real especially with closed
hydraulic screens used to draln large areas. To obtain the required
reduction even in the center part of this area, the screen is com-
pleted with a system of shallow wells, drilled and later pumped
from the drainage level.of the mine or from the bottom of the con-
struotion work. It is also possible to use the syatem of horizontal
wolls, 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 soreen with a supplementary method of
drainage usually decreases the range of the depression due to the
drainage of the mine or construction work. This range is especially
large with small dynamic reserves of the area. If there are signi-
ficant holdinz areas within a possible range of depression, or

even a potential source of underground water pollution, it is con-
venient to combine hydraulic screens with hydraulio barriers. They
are created by infusion wells into which water pumped from hydrau=
lic screen is driven in. Thus the depression due to drainage of the

mine ¢ sunstruction work is decreased. This protection can be used
in marr rises at the very cost of slightly inoreased capacities in
the hy v calic st reen wells.
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Similarly it is possible to combine & hydraulic screen with all
the other methods of passive and active isolation of a mine or
oonstruction work from underground water,

In the conclusion of the ohapter on the suitability of applica-
tion of the hydraulic screen to drain mine and construction
work, it is necessary to carry out an economiocal consideration
of the screen project. A hydraulic screen, as ocompared with
other methods of isolation of mine and construction work from
underground water, under similar conditions, presents lower in-
vestment costs, but higher operation costs caused by oontinuous
pumping of hydraulic screen. In the majority of cases the opera-
tion costs can be compensated so that water being pumped from a
hydraulio screen, usually not yet polluted due to exploitation,

etc., is used to improve to river flow, to supply inhadbitants and
industry with water, etc.
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Under some hydrogeological conditions there is an endeavour to

use infiltration hydraulic screen (Fig. 3} for water being pol-
lJuted by mining aotivities or else, which cannot be used for the
above mentioned purposes. The principle of the infiltration
hydraulic screen is in that the water from the strata disturbed

by mining or construction activities is transferred due to natural
draining ability of the wells into isolated lower strata, not

disturbed by mining or construction activities, The condition is
that the transmissibility

T=k.m (&)
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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 plezometric niveau

Ap = P, - P4

of the upper (p,) and lower (p,) series of strata is larger than
the sum of the Reduotions due %o drainage of the upper astrata (s
and the increase due to the resistance during infiltration of
water from hydraulic screen wells into the lower strata (ld)
The following holds true

n)

8, + 8, < APD.

Among others it is necessary to meet the condition that the

weight of impermeable series of strata isolating the lower per-
meable strata from the hottom of the mine or construction ditoh

is larger than the upward hydrostatic pressure in the lower water-
bearing strataj otherwise a fracture of isolating impermeabdle
strata (Artesian roof) into the mine or construction work ocould
take place, In the omse of weighed specifio weight (f;) of the Ar-
tesian roof rocks of given thickness (ma) there holds true that

pd< m, fa.

In the case that polluted or otherwise unusable water ocannot be
drained from the space of the mine or construotion work by means
of an infiltration hydraulic screen or similar drainage system
with spontaneous drain (pit, tunnel, eto.) it is mecessary to
carry out a careful caloulation, whether the ocosts for pumped
hydraulic screen, i. e. investment coatis and in the case of long-
time drainage also operation costs, are proportionmal to the re-
sulting effect of mining or constructional activity.

2. MAIN ASPECTS OF OPTIMIZATICON OF THE PROJECT AND OPERATION OF
HYDRAULIC SCREEN

Some aspects of a conceptional charaoter concerning rational pro-
ject and operation of a hydraulic soreen have been mentioned in

the foregoing chapter. All of them are direoted towards one object:
a necessary reoduction of underground water level in the space of
the mine or oonstruction work at minimam costs with minimum affect-
ion of existinz underground water regime in wider surroundings.

I inis is projected onto the detall solution of a hydraulic

*an, it is possible to lay out the following optimization
ontan
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Optimum situation of the screen in predominating underground
water flow direction, with regard to hydrogeclogical situation,
respeoting the boundary conditions in horizontal and vertioal
directions to enable to obtain maximum drainage of the space
of the mine or oconstruotion work.

Determination of the optimum natural underground water level
for which the hydraulio soreen is to be dimensioned. The task
is to propose maximum natural level with regard to the impor-
tance of the mine or construotion work and scheduled time of
drainage., Simultaneously with the course of the maximum level
during individual hydrologiocal years and during important peri-
ods of the year it is necessary to follow also minimum natural
underground water level, to be able to determine the amplitude
oourse.

Optimum situation of individual wells of the soreen as close
as possible to the centre of the drained area, in the places
with the most favourable filtering parameters so that in the
most unfavourable places (t) of the drained area the required
reduotion ia obtained by superposition of the reductions due
to optimum number of wells (p)

i=1l

A proposal of the optimum number of wells of convenient dia-
meters to obtain balanced pumping of the screen. In no well

of the screen 1t is permitted to exceed safety reduction which
atill does not permit origination of negative hydraulioc effects
on the skin of the well {(skin=-effects, obtaining critical in-
take rate whon suffosion begins to appear) even in the case of
maximum pumping of the screen to ensure required reductiou with
maximum proposed natural underground water level. This is close-~
ly connected with the proposal of suitable manipulation order
for the operation of hydraulic soreen.

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 question how to hold the
oonsaquences of this interference within optimum limits: to
obtain a certain balance between positive and negative consequen:
ces. The starting point in the evaluation of the consequences

of drainage is spreading of the depression in the space and
time,
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What must be taken into oconsideration is ageing of the soreen
wells, spreading of the depression to the places of expressi-
vely different hydrogeological medium as compared to that in
which the mine or comnstruction work is proposed (a change of
filtering parameters, boundary conditions). One part of this
prognosis ia also a proteotion of underground water from pol=-
Jution. It is necessary to consider all the water sources, po~
tential sources of pollatien, their mutual position with the
possibility of displacement with regard to the direction; 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 complex solution of considerably wide problem
whioh mostly exceeds the limits of the mine and construotion work.
It is evident that optimization cannot be solved empirically. Ome
of the ways how to solve this problem is a mathematical simulation
using the digital computers. It is very quick, mobile, when solving
necessary variants of the model and considerably less expensive
when we compare it to other comparable methods.

In the mathematical simulation of the hydraulioc screen it is pos~-

sible to sapeak of a stochastio simulation which is followed by de-
terministioc saimulation.

3.1 STOCHASTIC SIMULATION

Stochastic simulation sclves the existing regime of underground
water not affected by drainage of the mine or construotion work
good knowledge of which is necessary to propose the soreen (Lou-
paneo, 1969). The initial point is the time series of hydrologi~
cal observations, being most of all purposeful, limited by the
time interval usually of several years. An analysis of these em-
pirioal series presents a static model. From the polnt of view

of the theory of random events, the series of hydrologiocal obser-
vations presents a random proocess taking place under unchanged
physical oonditions within the arbitrary time. A generation of
hydrologioal series and prognoses of hydrological characteristios
within the arbitrary time presents a dynamic model. Stoobhastio
simulation makes use of the mathematical statistics and a theory
of probability. Its simulation ocontains always a random element
(Balek, 19763 Ibbitt, 1974).

Stochastic simulation takes place in several phases on selected
probability levels (e. g. oc= 0.01, i. e. 99% probability safety),
on which the zero hypothesis is accepted or rejected,
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3.1.1 PREPARATORY PHASE

As the statistio and probability methods call for the assumption
of normmlity, all the hydrological series must be subjeoted to
the coinoidence test, whether they have normal or at least appro-
ximately normal distribution., Among parametric coincidence tests

we ocan mention e. g. -teat, among the non~parametric ones e. gz.
Kolmogorov=Smirnov test for one selection.

Extreme values of observation in empiric series are often loaded
with enormous random error, An elimination of such an observation
is ocarried out by the test of an extremg deviation. Among the pa~
rametric tests we can name e, g. Grubbs s test, among the non-pa-
rametric ones e. g. the Dixon s test.

A systematical error which usually affeots all the values of ob-~
servations in a hydrological series is more difficult to be iden=-
tified. It is posaible 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 & ,and decisive deviation ©Of . The criterion of the
test is the standard value

1= & (5)

u

An unsatisfactory test of randomity with generated series ludi-
cates an unsuitable mechanism of generation of the time saries,

Criteria of all the mentlioned tests are compared at the selected
level of importance with their critical values, tabulated in
every statistics textbook (e. g. Nosek, 19723 Raisenauer, 1970).

3.1.2 DETERMINATION OF STATISTIC PARAMETERS OF THE SERIES

This pbase is used to ascertain, except for the parameters ocur-
rently used in parametrio tests (extreme amplitude, mean, deci-
sive deviation, median) also chronological trends of observations,
empirio frequency and distribution line or even the line of re=-
petition and also the determination of quantities, variaticn
range, coefficient of variation (Cv) and a coefficient of assy-
metry (Ci).

813



SIAMOS-78. Granada (Espofia)

Some statistioal charaoteristios are used when preparing the
balance equations, first of all when specifying their terms in
the arbitrary oonvenient time period. The left side of this
equation separates the underground drain determining dynamio
reserves of the area where the mine or construotion work is si-
tuated. This dotation must be taken into caloulation when drai-
ning (Dub, 1969).

3.1.3 SERIES TRANSFORMATION
Bydrological series are often discrete (rein, irregular water ocon-
sumption). For the analysis with continuous series it is recommen-
ded to carry out a oconvenient transformation of discrete series.
The transformation of the series ocan suitably emphasize its dypba~
mics. When simulating infiltration of the rain water to the under-
round water level, it is neceassary to ocumulate the rain water
& transformation of the original series by gliding totals) with~-
in a certain period tc enable the process of infiltration. The
series are frequently smoothed due to transformation (.. g
gliding totals) or some observations are emphasized (e. g. weighed
mean).

Transformation mechanisms may be very complicated. If several
series take part in the transformation process (first of all at
the input), we speak about superposition, Both proocedures are
ofto? taken in the process of series generation (Grushevskij,
1973).

3.1.4 CORRELATION AND REGRESSION ANALYSIS OF THE SERIES

While ocorrelation determines the degree of dependence of variables
(e. g. by correlation coefficient R), regression desoribes this
dependence by the funotion of an approximation.,

A praotiocal application distinguishes twioe and more multiple
correlation and rezgreassion analysis.

The T~test with twice-multiple analysis is satisfaotory to evalu-~-
ate the coefficient of correlation (R x) between one dependently
(y) and one independently (x) variabl¥:

R

t = -y (6)
l-R -

where VY = n~2 is the number of degrees of freedom for n obser-
vations. A regression relation between both variables can be ge-~
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nerally written in the term of the sum of arbitrary known fun-
otions rd(x) and unknown parameters b;j'

P

vy D, b g (7)

J=O

The coeffioient of correlation (p?xl 2 ) between dependently
variable (y) and independently 1£<2--P" yariables {:

l.xz’ LK N J
zp) is evaluated by means of the F-test.
Rzyx v
Fa 1,2...p . “2 (8)
1-Rzyx 1

where Yy = p and V; = n=-p=1 are the degrees of freedom for n ob-
servations. A regression relation between these variables can be
generally written in the term of the sum of arbitreary known
funotions of independently variables ?J(xl’ :2...xp) and unknown
parameters b 3

y = ; b.j Yj(zl,xz...xp) (9)

If the variable on the left side of the equation (9) is substi~-
tuted by the group of variables y,,y,...¥Y,, the multivariation
analysis also called the ocanonical aBaiysls is obtained. For the
evaluation of the coefficient of the ocanonio correlation
Ryl’z.”_‘ "1,3...p' F~teast of the following form is used:

2
Ry x
Fx 1,2...1T *1,2...p V2

Vi

(10)

2
1-R'yy 2...4 *1,2...p

where Y= p and Y= n-p-f are the degrees of freedom for n obaer~-
vations under the oondition that 4 = p. The general camnonioc re- .
gression relation oan be written in the form similar to equation (9
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L
ST o fu Guvpeery) = }": by ) (xy,xgeeex)  (12)
k=0 3=0

The results of the dispersion analysis for the evaluation of the
coefficient of correlation are evaluated at a selected lavel of
importance ,and for given degrees of freedom with oritiocal values

of S;udent s division (T-test) or Fischer-Snedecor division (F=-
test}.

The correlation and regression analyses are widely applied

during simulation of the drainage system of a mine or oconstruotion
work, Individual types mentioned above of the analyses are used
according to the number of variables (time 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 oxrigin, e. g. reain water
infiltration or surface water or underground in-flow, the position
and direction of whioh is defined. Similarly the correlation is
used to specify the border conditions in a horizontal direction:
determination of impermeable line (Q=0), constant level (Hmoonst.)
and an unlimited water-bearing stratum. The border conditions in

a vertical direction ocan be determined by the ocorrelation of levels

of underground water in observed wells made in various water-
bearing strata.

The regression analysis can follow the correlation analysis in
those cases where the correlations indicate a dependence between
hydrological effects at selected level of importance. The regreas-
sion is used to ascertain the proportion of individual factors
(olimatic, hydrologic, hydrogeologic) 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=time observed level of under-
ground water on long-time observed affecting faoctors the time se~
ries of variation of underground water level is generated, eventu-
ally a prognosis of long-time characteristies of this wvariation

is carried out. A natural underground water level in the place of
pumping is areslly interpolated by the regression by means of not-

affected wells in wider surroundings of the mine or construction
work.

In the correlation analysis it is possible to use with an advantage
the method of the so called serial correlations which is essential-
ly the principle of autocorrelation applied to more variables.
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The time lag between mutually affecting hydrological effeots
(e. 2. & retardation which shows itself in the proportion of
rain water on the dotation of underground water) is determined
from the phase shift (k) for an infiltration cyocle

vy =1 (xi + k)

where the correlation coefficient is the largest. In this way
it is easy to determine the rate of natural infiltration of un-
derground water in horizontal and vertical direotions (Chow, 1964}

Drzp;r, 19663 Malevanyj, 19723 Matalas, 19643 Rektorys et al.,
1963).

3.1.5 APPROXIMATION OF EMPIRIC DISTRIBUTION LINE

Chapter 2 emphasizes the importance of maximum pnatural level of
underground water for the optimum proposal of the project and
operation of the hydraulic soreen., If long=time observed signi-
fioantly affeoting factors of underground water are not at the
disposal for the prognosis of this level for the whole time of
operation of the soreen, it is not possible to use the prognosis
by means of regression as stated in par. 3.1.4, It is, however,
possible to use an approximation of empirio distribution line of
short=time observation of’underground water by suitable division
(e. &. log=normal, Gumbel s, binomic, triparametric r'). The long-
time characteristios of underground water level is extrapolated
by means of the mass curve with suitable division. The period of
short-time pumping tests to ascertain the filtering parameters is
oclassified also on the ground of this curve. Until now the best

satisfaction in the case of underground water is given the mass
ourve approximation,

v Ple (12)
o

Pearson’s olassifiocation of the 3rd type

X~X

(x-xo)i e B

aﬁ'*l)r(i-rl)

(13)

¢ (x) =

for optimum parameters a, d (Aleksejev, 19605 HAtle, 1972).
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¥Vith regard to the extent of the paper it is not possible to spe~
oify some other methods used in stochastio simulation, such as
barmonioc analysis, trend analysis, discorimioation and vice versa
cluster analysis, factor analysis and some methods of the theoxry
of games. They are, anyway, used in hydrology up to now very sel=
dom. Their wider application is restricted first of all by relati-
vely short empiric series of observations and insuffioient number
of observed variables (Satran, 19733 Vilkme, 1973).

3.2 DETERMINISTIC SIMULATION

A deterministioc model in hydrology starts from physiocally defined
relations water = roock desoribed by partial differential equations.
These, in general term, include anisotrophy, space assymetry of
flow, infiltration from the surface or from the neighbouring water-
bearing strata and other influences including incomplete wells,
dip and non~linear ocourse of the strata and bedrook. The solution
of these differsntial equations (by the analytic-conform method,
the method of nets or the method of final elements) is laborious,
but with regard to more and more sffective computers, it is fea~-
sible. Another situation is in collection of inpat data (pareame-
ters) for these generally formulated differential equations. The
deterministic model takes the data, except for the stoobastic mo-
del, first of all from hydrologio investigation and pumping tests.
Current means of investigation, teohnology of drilling and pumping,
are pnot at the level which would be required by a generally formu-
lated mathematiocal apparatus (Hhlek, 1973).

These reasons represent the usual limits of the deterministio mo~
del, whioh is simplified to be adequate to the quality of input
paramsters, These are ususlly sade gradually mors precise by veri-~
fioation of the mathematioal model so that it gives the best cor-
responding to the given nmatural conditions. Such a method of simu~
Iation corresponds well also to the optimization of the hydraulio
soreen used to drain the mine or construotion work.

For illustration let us state an example of suoch a simplified
simulation on the ground of linearised differential Businesq equa-
tion of axially symmetrical non-stabilized flow of underground
water towards a complete well

It AR

for the funoction of potential (U), coefficient of pressure oon-
ductivity (a), coceffiocient of filtration (k) and the distance of
given point from the ocentre of the well (r). The condition of the
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described flow is isotropio, horizontal water—bearing stratum.

The solution of the equation (14) by e. g. apmalytic=conform me-
thod leads, under ocertain assumptions, to the equation simula-

ting sn independently pumped well in an unlimited water-bearing
stratum with oconstant consumption (Q) in the time (t).

= —— '
U r 3" w(x) (1%)
for 2
- (16)
hat

where ¥W(x) is the integral-exponential funotion —Ei(-x).

Using the principle of superposition of partial effects from the
individual wells, it is possible to simulate

a; cooperation of individual wells in the soreen

b) respecting the line border oonditiona by means of the method

of a oconform transformation {refleotion of wells)

c) & volume of the consumption of underground water from the in-
dividual wells of the scoreen in the given time at presoribed
reductions in the wells and that even in the case that pumping
does not start in the whole scoreen simultaneously, but in the
arbitrary wells ip the arbitrary time.

d) a reduction of the underground water level in an arbitrary point

of the mine or construction work and its surroundings with an

arbitrary consumption (constant in time) from the individual
wells in the scoreen and that even in the omse of interrupted
pumping in an arbitrary well.

These possibilities of deterministic simulation epmable, when re-
specting the proposed nmatural underground water level and on the
other hand a safety reduotion, to maintain fully the aspects of
the optimization of the project and operation of hydraulic soreen
(BAnsky, 19763 Eazda, 1976; Loupaneo, 1978).

3.3 PROPOSAL OF NATURAL UNDERGROUND WATER LEVEL FOR DIMENSIONING
THE SCREEN

Par. 3.1 determines, by means of the stochaatio simulation, the

maximum and minimum patural underground water level and thus also

the amplitude of its variation., Its long~time prognosis is known,

as well as the course during individual hydrological years and

also characteristio periods (wet, dry).
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If the amplitude of the underground water level variation is
small, the screen is dimensed for long~time maximum level which
can be proportionally decreased if it is possible to flood a
part of the mine or oonstyruotion work.

On the ocontrary, if the amplitude of underground water level vari-
ations is high, heavy~duty pumps being dimensed for maximum natural
level would pump only small quantities during the time when the
level is low and therefore they would work non-effeotively. The
optimum solution of the screen operation in this situation ocalls
for the oconsideration of three variants:

1. If the conditions allow, first of all the number of the soreen
wells and their mutuml position, the safety reduction and also
the range of the depression, the soreen is dimensed for natural
level, reduced as compared to the maximum level by the same
amount which it 1is possible to reduce the level under the bottom
of the mine or oonstruotion work by. Using this variant, the
amount pumped from the screen is approximately constant even
during the period of low natural level, when the level is redu-
ced under the level required by mining or constructiooal acti-
vity. An eventual increase of natural level above the proposed
one is then safely retained in the retention space under the mi-
ne or oconstruotion work. This variant of the optimization of
the soreen operation is advantageous in the ocase of frequent,
intenasive variation of matural level of underground water. It
is possible to use a stochastic prognosis of this variation and
to control pumping in the screen in advance so that the retent-
ion space under the mine or construoction work is maintained in
the required sizZe only during the necessary time.

2. If the dislocation of wells allows, it is possible to interrupt
pumping in some wella during the period of low natural level.
The remaining wells may be pumped at constant ocapacity. This
variant of the optimization of the soreen operation assumes
lower permeability of the dreined horizon, in which depressions
with higher ourvature are realized.

3. If the conditions do not allow to apply the first or the
second variant, it is necessary to install except for heavy-duty
pumps for pumping during the periods with high natural levels,
also the small-capmaoity pumps for low levels, With the low suo~-
tion heights of the used pumps and considerable reductions, it
will be in most omases an installation of the pumps in the wells
which must be proposed as wide=~profile wells,

3.4 SAFETY REDUCTION OF THE LEVEL IN PUMPED SCREEN WELLS

During no variant of the optimum operation stated in par. 3.3 the
reduction in the soreen wells may reach critiocal reduction during
whioh negative hydraulic sffects begin to appear on the skin of
the well. A real intake rate is evaluated first of all
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v a Q (17)
8 Zfr-h-pf-a

for capacity (Q), well radius (r), effeotive length of a filter
(h), relative number (pf) and safety coeffiocient (a) which depends
first of all on the age of the well. The relative number desoribes
the flow profile at a correct seleoction of perforation and strew-
round, this number will be identiocal with the effective porosity

of the water-bearing stratum (#). In this case the skin effeot will
be the smallest. The real intake rate must not exceed the oritical
rate during whioh suffosion takes place.

Iy, A HARDWARE AND SOFTWARE FOR MATHEMATICAL SIMULATION OF THE
HYDRAULIC SCREEN

The mathematioal simulation of the optimum project and operation

of the hydraulic socreen calls not only for a powerfull computer,

but also for an effectively arranged programme system.

The hardware input must at least digitize the analog registered da~-
ta on hydrological observations and pumping tests. More advantage-
ous is direot storing of these automatically scanned informations
in the input medium of the computer, either decentralized oxr remote
transfer into registering centre, In the ocase of the 3rd generation
computer we can assume a satisfactory operation speed, a capaocity
of the internal memory of approx. 500 KB, a mobile external memory,
a strong operation system allowing the multiprogremming or even the
time sharing. The real time data processing can be used only in the
oase of peak solution of drainage optimization, when pumping in the
hydraulio soreen is controlled automatically by the computer through
servomotors of the pump valves. In any ocase it is necessary to pro=-
vide the computer with a graphical output, the best one would be a
plotter or a digigraph in off=l1line regime,.

A part of the software should be a data base of the time series,
which must snable storage of practically arbitrary number of se=~
ries, their precise identification and a direot access during the
manipulation, actualization and effeoctive ocheoking of the series.

The system of programmes for the aoctual mathematioal simulation
must solve all the tasks described in the chapter No j. It will
take still a certain time untill this system will operate automa-
tically with minimum intervention of an operator. Today we find
suffiocient when the individual phases of the model are processed
by independent subsystems (main programme + sub-routines, common
for the whole system). A unit-built system is advantageous during
the actualization, expansion or mutual interconnection of the sub-
systems, Jt is desirable that the programme systems enable, except
for the tabular output, also a grephioal output - drawing sohemes,
maps or block schemes (Loupaneo, 1978).
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CONCLUSION :

In the conclusion of the paper on mathematioal simulation of the
optimum projeot and operation of the hydraulio screen for drainage
of mine or oconstruotion work it is necessary to point out the ne-
cessity of the optimization. The optimization oan save considerably
high investment costs and first of all the long~time operation
costs. The problem of no less importance is also a preventive asolu-
tion of underground water proteotion with regard to the mine or ocon~
struction work, The mathematical simulation using the computers
presents an effeotive means of this optimization. On the other hand
it is necessary to realize that the process of optimisation starts
from the natural conditions, the intricaoy and variability of whioch
is sometimes very difficult to be sochematized mathematioally at the
required level. It will be thersfore necessary to correct, in some
oases, the mathematiocal model empirioally. The endeavour is, with
the development of hydrogeoclogioal investigation, the technology of
drilling and pumping and with future development of measuring teoch-
niques, ocomputer hardware and software, together with gradual pre-~
oisioning of the mathematical simulation, to reduce those empirioc
interventions and on the contrary to inorease the number of drainage
systems controlled by the computer in the real time.
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