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THE ASSESSMENT OF SUSCEPTIBILITY ON DRAINAGE IN AN AQUIFER ON THE BASIS OF
PUMPING TESTS IN A LIGNITE MINE

OCENA PODATNOSCI OSRODKA WODONOSNEGO NA ODWODNIENIE NA PODSTAWIE
PROBNYCH POMPOWAN W KOPALNI WEGLA BRUNATNEGO

Drainage of the rock mass is a key component affecting the safety of mining operations and is as-
sociated with the removal of the overburden, dumping and excavation of useful minerals. The primary
method of drainage in lignite coal mines are bored wells. The efficiency of drainage of rock mass depends
on their accurate positioning and quality of workmanship.

The paper presents the current state of knowledge concerning the distribution of the components of
drawdown (1) in pumping well (Walton, 1955; Bruin & Hudson, 1961; Kruseman & de Ridder, 1991;
Avci, 1992; Atkinson, 1994; Helweg, 1994; Kawecki, 1995; Singh, 2002; Dufresne, 2011) and their
dependence on the hydrogeological parameters of the drained aquifer (Fig. 2).

The results of pumping tests conducted in drainage wells operating in lignite mines are also presented.
The subject of analysis was the geohydraulic resistance coefficient B, describing the resistance of the
aquifer under laminar flow. This coefficient also takes the hydrogeological parameters into account which
determines the dynamics and range of influence of drainage (12, 13). The value of the parameter and its
spatial variability can be used for planning, designing and evaluating the effectiveness of wells drainage

In view of the results of the pumping tests, classification of aquifer susceptibility to drainage was
proposed, which can be used to support decision-making in the scope of expansion of the drainage system,
the necessary timing and dynamics of pumping water. The classification is preliminary and is the starting
point for the development of methods to rationalize functioning costs of the drainage systems.

Keywords: drainage, bored wells, laminar flow, turbulent flow, hydraulic resistance, the aquifer, pore
structure, the fractured -karst structure

Zadaniem studni odwadniajacych jest obnizenie zwierciadta wody podziemnej mozliwie w jak
najkrotszym czasie. W zaleznosci od przeznaczenia studni oraz wymagan technicznych ich czas ,,zycia”
jest zréznicowany. Studnie zlokalizowane w obrgbie wyrobiska, tj. studnie nadktadowe i podtozowe
(pomocnicze), maja z zalozenia wzglednie krotki czas pracy, gdyz sa likwidowane wraz z postgpem
robot gorniczych odkrywkowych. Studnie w barierach zewngtrznych oraz wewngtrznych utrzymywane
sa niekiedy przez kilkadziesiat lat.
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Z uptywem czasu w pompowanych otworach obserwuje si¢ przyrost depresji roboczego zwierciadta
wody oraz spadek wydajnosci. Mniejsza wydajnos¢ studni spowodowana jest zmniejszona wydajnoscia war-
stwy wodonosnej wskutek stabnacej przewodnosci hydraulicznej, co wynika z obnizenia zwierciadta wody,
a takze w wyniku zmian w doptywie wody spowodowanych procesami starzenia otworow studziennych.

Zaniekorzystne zmiany parametrow eksploatacyjnych studni odpowiedzialne sa m.in. procesy fizyczne
i chemiczne zachodzace w bezposrednim sasiedztwie studni np. procesy korozji, powstawania powtok
zabezpieczeniowych oraz powlok §luzowych, ochry, wytracania si¢ osadéw zwiazkoéw chemicznych oraz
kolmatacji. Kolmatacja jest zjawiskiem ztozonym, wywolanym przez procesy mechaniczne, fizyczne,
chemiczne i biologiczne, ktory towarzyszy przeptywowi przez osrodki porowe i szczelinowe.

Straty ci$nienia wynikajace z przeptywu wody w warstwie wodonos$nej, czyli ksztattowane przez
wlasnosci hydrogeologiczne warstwy wodonos$nej sa okre§lane mianem depresji rzeczywistej, ktora uwi-
dacznia si¢ pomigdzy poziomem piezometrycznym i depresja w strefie przyotworowej. Straty te oznaczane
sa jako BQ, gdzie: B oznacza oporno$¢ hydrauliczng osrodka wodonosnego przy przeptywie laminarnym.

Z kolei straty ci$nienia wywotane przeptywem wody przez filtr turbulencja przeptywu wody w strefie
otworowej i przyotworowej okreslane sa mianem zeskoku hydraulicznego CQ", gdzie C oznacza opornosc¢
hydrauliczna strefy przyotworowej, natomiast n — wyktadnik potggowy charakteryzujacy rodzaj przeptywu.

Okreslenie whasnosci filtracyjnych warstwy wodono$nej wyrazanych przez przewodno$¢ hydrau-
liczng T oraz wspdtczynnik zasobnosci sprezystej S, pozwala na wyznaczenie najbardziej korzystnych
warunkow eksploatacji studni. Wspomniane parametry hydrogeologiczne sa sktadowymi rownania opisu-
jacego hydrauliczna oporno$¢ osrodka wodonosnego (12). Uogoélniajac, parametr B, moze by¢ kryterium
wykorzystanym przy planowaniu i projektowaniu systemu odwodnienia studziennego, a takze biezacej
oceny skuteczno$ci wspotpracy systemu. Na rysunku 3. przedstawiono ideowo metodyke oznaczania tego
parametru, za pomoca testu probnego pompowania.

Dotychczas interpretacja wynikow probnych pompowan koncentrowata si¢ na ocenie technicznych
warunkow pracy otwordéw studziennych. W tym celu wykorzystywano wspotczynnik C wystgpujacy we
wzorze Jacoba, ktory stanowil kryterium odbioru studni od wykonawcy. Zdaniem autoréw niniejszej
pracy wyniki probnych pompowan nalezy interpretowa¢ w szerszym ujgciu, zwracajac uwagg na para-
metr B, opisujacy oporno$¢ hydrauliczna przy przeptywie laminarnym wody w o$rodku wodono$nym.
Analiza rozktadu przestrzennego zmian tego parametru pozwala na racjonalizacjg systemu odwodnienia
studziennego w tym oceng niezbgdnych wyprzedzen w zakresie wykonawstwa studni.

W praktyce, oceng geohydraulicznych warunkow prowadzonego odwodnienia przeprowadzono przy
wykorzystaniu zmodyfikowanej metody probnych pompowan wielostopniowych opracowanych przez
Klicha (1997). W pracy niniejszej przedstawiono wyniki probnych pompowan w 27 studniach pracujacych
w kopalni odkrywkowej wegla brunatnego.

Narysunkach 5-9 przedstawiono wyniki oceny parametru B dla podstawowych kompleksow wodono-
$nych, dla ktorych wykonano probne pompowania badawcze. Podziat wykresow wynika z przeznaczenia
studni, co odpowiada podziatowi przedstawionemu na rysunku 4.

Uzyskane wyniki pozwalaja na sformulowanie wstgpnych uogdlnien. W tabeli 1. zaproponowano
wstegpna klasyfikacje podatnosci osrodka wodonosnego na prowadzone odwodnienie. Klasyfikacja moze
by¢ wykorzystana do celoéw planowania, projektowania oraz biezacej oceny skuteczno$ci odwadniania
studziennego.

Wyniki oceny parametru B wskazujq na zmienne warunki hydrogeologiczne w badanych komplek-
sach wodonosnych. W utworach wodono$nych o strukturze porowej opornos¢ hydrauliczna B wykazuje
stosunkowo mata zmienno$¢ (Rys. 7 i 8). Natomiast duza zmienno$¢ wlasnosci wykazuja utwory szczelino-
wo-krasowego kompleksu mezozoicznego. Odwodnienie prowadzone przez system studzienny moze zatem
charakteryzowac sig zmienna efektywnoscia w poszczeg6lnych rejonach kopalni odkrywkowej (Rys. 516).

Stowa kluczowe: odwadnianie, studnie wiercone, przeptyw laminarny, przeptyw turbulentny, opornos¢
hydrauliczna, o$rodek wodono$ny, struktura porowa, struktura szczelinowo-krasowa

1. Introduction

The task of drainage wells is to decreasing the water table in the shortest possible time.
Their “life” time is varied depending on the purpose of the well and its technical requirements.
Wells located in proximity of the excavation, i.e. overburden and substrate (secondary) wells are
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assumed to have relatively short operating time. Wells with fixed internal and external barriers
sometimes work for several dozen years.

Over time an increase has been noted in the drawdown of the working water table as well
as a decrease in performance of the pumped boreholes. The lower productivity of wells is caused
by the reduced capacity of the aquifer as a result of the decreasing of hydraulic conductivity due
to declining of the water table, as well as the result of changes in water supply due to the aging
process of wells . The appearance of hydraulic flow losses through the filter is directly linked to
areduction in the efficiency of the wells. Growth of inlet velocity occurs in the cone of depression
in situations whereby well productivity is not reduced together with the lowering of the water level.

Physical and chemical processes occurring in the immediate vicinity of the wells, e.g. cor-
rosion processes, the formation of protective and mucous coating, ocher, precipitation chemicals
and sludge clogging are all responsible for the unfavorable changes in operating parameters of
the wells. Clogging is a complex phenomenon caused by mechanical, physical, chemical and
biological processes, which accompanies flow through the porous and fractured medium. Loss of
aquifer particle concentration, and the increase of these particles in porous of gravel pack, leads
to a reduction of porous space, which in turn leads to a decrease in the productivity and reduces
the permeability of the well (Trzaska & Broda, 2000; Houben & Treskatis, 2003; Trzaska et al.,
2005). The work of Motyka and Wilk (1986) attempts to determine the turbulence zone within
a radius around the pump hole, which can accelerate clogging.

Clogging in the filter zone of well affects the increase of head loss. Head loss is a naturally
occurring phenomenon in each hydrogeological borehole. Reducing the permeability at the
filtration zone in time causes an increase in energy losses when pumping liquid and rise a water
flow velocity resulting in further acceleration of mechanical clogging. Research suggests that
the amount of clogging is a function of flow velocity (De Zwart et al., 2008).

In the case of drainage wells, whose task is to drain the water out of the rock mass, an
increase in head loss causes the required water level in the aquifer to be attained by forcing the
generation of so-called apparent drawdown in the well. Therefore apparent drawdown is the sum
of drawdown in the aquifer and head loss at the filter zone (1).

Clogging processes are more dynamic in mining wells due to the extreme conditions of
their work. It causes, that maintaining the actual drawdown in the aquifer reflects to increase the
apparent drawdown inside the well. Reducing the head loss can be done by stable work of wells
during whole time of operation, which allows for gradual and stable lowering of the water table
at the aquifer. Such conditions can only be achieved by maintaining adequate head loss on the
filter, i.e. during a laminar flow of water in the aquifer.

In order to prolong the “life” of the well while maintaining the best possible operational
effectiveness and to reduce the energy consumption of pumping, wells should not work under
turbulent flow conditions in the aquifer (13). This causes a movement of lifting the rock particles
and their deposition on the filter resulting in, as previously mentioned, reduced filter permeability.
However it must be recognized that such conditions are acceptable for wells:

» working within the structures of fractured-karst and tectonic zones,

* being in the last period of operation, whose time of “life” is relatively short (e.g. over-

burden wells).

Drainage wells are constructed most frequently in the cone of depression, where water table
is declining. It may cause deterioration of the well quality as any leaking drilling fluid during the
boring of wells will affect the clogging at the damage zone.
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The natural process is increased the resistance of damage zone expressed as parameter C in
consequence of wells ageing and declining of water table.

In a system of drainage, wells operate in groups. Inflow to the individual wells is subject
to conditions of wells interacting with each other. Interference of wells causes, that confined
conditions change into unconfined. Consequence of this processes is declining the aeration zone.
With the increase of drawdown there is a resultant change of hydrogeological parameters which
usually increases hydraulic friction and reduces unit outflow g.

Pressure losses resulting from the water flow in the aquifer, shaped by the hydrogeological
characteristics of the aquifer, are called real drawdown, which emerges between the piezometric
level and drawdown at the filter zone. These losses are referred as BQ, whereby B is the hydraulic
resistance of the aquifer under laminar flow.

In turn, the pressure losses caused by the flow of water through the filter is referred as head
loss CQ", whereby C represents the hydraulic resistance at the filter zone, and the n — exponent
characterizing the type of flow.

2. Components of depression

The value of total drawdown in the well (Fig. 1) after time ¢ of pumping covers drawdown
in the aquifer as well as the drawdown caused by the flow of water through the gravel pack and
well filter, that is head loss. Assuming that the aquifer is homogeneous, isotropic and confined
in an infinite range, the flow of water through the layer is determined and the pumping rate Q is
constant, lowering the water table in the well s(f) can be described by the equation (Atkinson,
1994; Helweg, 1994; Avci, 1992; Kawecki, 1995; Williams, 1985):

s(t)=s1+5,+5; (1)
where:
s(f) — total drawdown measured in the well [L],
s; — laminar loss in the aquifer [L],
s, — laminar loss in the damage zone [L],
s3 — turbulent loss in the filter zone and well losses [L],

t — pumping time [T].

Equation (1) s, expresses the drawdown in the aquifer caused by a laminar water flow,
s, expresses drawdown at the damage zone, in which the flow is generally in the laminar system,
and s; represents the drawdown caused by the turbulent flow by the filter zone.

In accordance with Jacob’s assumption, flow in the near filtration zone is turbulent regardless
of pumping efficiency, that is why the exponents in formula (2) takes the value n = 2. However,
according to Rorobaugh’s assumptions, this zone has a variable size expanding centrally with
the increase of outflow. Larger outflow conditioning the turbulent flow zone causes proportional
resistance to the power of outflow n > 2.

In detailing the equation entry (1) according to Jacob’s assumptions to form (2) it shows
that the size of the drawdown in the aquifer comprises a drawdown caused by the laminar flow
through the aquifer and the damage zone as well as drawdown caused by turbulent flow by the
filter zone and the well screen (Kruseman & de Ridder, 1991; Kawecki, 1995; Dufresne, 2011):
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Fig. 1. Various head losses in pumped well (Kruseman & de Ridder, 1991)
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s(t)=B(r,,.t)0+CQ’ 2
whereby:
B(r,,.t)= By, o+ B 3)
By,,» — linear aquifer-loss coefficient [TL7],
B, — linear well-loss coefficient [TL™2],
C — non-linear well-loss coefficient [T?L "],
r.,, — effective radius of the well — the distance at which the theoretical drawdown equals

the

drawdown just outside the well screen [L],

r, — radius of the well [L].

On the basis of the pumping test, determining the 7,

value is not possible because the

storativity value of the aquifer can only be determined by observing the result of pumping tests

in a piezometer. According to Matthews and Russell (1967) the r,,,

the formula:

v, = rwef(BZXZ;ZT)

value can be expressed by

4)
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For unsteady flow conditions, the total drawdown in the well after pumping time ¢ can be
expressed by the equation (Singh, 2002; Walton, 1955):

s(1)=s4(1)+5,(7) )
where the s, value can be expressed by the Theis formula (1935) as:
S, (t) = QalW(u) (6)
and:
o= 7
' 4nT
u=22 (®)
t
2
S
ay = FZLT )
© e_u
Wu)= d 10
(0)=[ - (10)

while the head loss s,, can be described by the formula:

se(t)=as[0(1)]". ey=C (11)

In accordance with the above, the value of factor B can be expressed by the equation (Avci,
1992):

1 2.25T
B(1)=——m =20 (12)
4xT rewa
whereby:
T — transmissivity [L°T ]
§ — storage capacity

According to Bruin and Hudson (1961) the theoretical drawdown in the water well after
predetermined pumping time ¢ taking into account all the parameters affecting the size can be
expressed by the formula (Fig. 2):

2
s(1) =§-§m%+%(%—%)+wz (13)
whereby:
B=Kig (14)
a=D% (15)
§ = 2amP (16)

y=K,D2g (17)
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; — effective distance from center of well to point of zero drawdown in aquifer [L],

— distance from center of well to the point where transition from laminar to turbulent
flow takes place [L],

— laminar flow coefficient of aquifer [LT '],

— turbulent flow coefficient [LT '],

— gravitational acceleration [LT 2],

— viscosity of the fluid [L?T"!],

representative length dimension of the porous medium [L],

— fluid density [ML™],

— aquifer thickness [L],

— a coefficient of the aquifer effective permeability [LT ],

— acoefficient to account for the entrance losses into the well and the turbulent flow

of water within the well [T?L7],

pumping yield [L*T].
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Fig. 2. Cross-section of a well showing the types of flow involved in well hydraulics
(Bruin & Hudson, 1961)

The values for most parameters in the equation (13) are not known, and they cannot be
empirically determined because the form of the equation transcript (13) in practice is not used.
However, these hydrodynamic parameters illustrate their impact on the declining dimension of
the water level in the pumped well.
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According to equation (2) and (13), and assuming (14)-(17) coefficient B depends on:
g R
B="—In—
ad R, (18)
whereas C:
c=-"1 LN (19)
ad“\r R,

Values B and C in equation (2) are fixed parameters, wherein the simplifying assumption
is that, as is apparent from equation (13) the size of R is determined by the pumping discharge
rate Q. Therefore, to compensate for the variation of parameter R;, Rorabaugh proposed input
to equation (2) exponent n, greater than 2. In practice, the value of parameter B becomes steady
after a sufficient pumping period with performance Q.

3. Coefficient B

Determining the filtration properties of aquifer expressed by the transmissivity 7" and hy-
draulic properties i.e. coefficient of permeability K and storativity S allows for the determination
of the most favourable conditions for the operation of the wells, since parameter B expresses,
among other, the degree of interaction of the well, and its value is greater, the higher the interfer-
ence between the wells.

The low value of the parameter means that the well works in the aquifer with significant
hydraulic conductivity 7, and cone of depression is not deep and has a large range horizontally.
Such wells are characterized by a significant inflow, and for the purpose of inducing the water
table declining, the time factor is important. In the case of small increments of drawdown of the
water table vertically, it is necessary to increase overall efficiency, which may mean the neces-
sity to bore further wells.

In the case of small increases the drawdown of the water table (verified in piezometers),
the high value of parameter B represents a small range of well influence. The lack of progress
in drainage requires density of well nets.

From the above considerations it appears that parameter B, which expresses the hydraulic
resistance of the aquifer, can be the criterion used in planning and designing a drainage system,
as well as ongoing assessment of the effectiveness of system interaction.

3.1. Measurement Method

The evaluation of geo-hydraulic conditions of drainage was performed using a modified
test method of multi-stage pumping developed by Klich (1997).

Multistage pumping is conducted in unsteady flow conditions, when there is no possibility
of measuring the observation holes. Such pumping is brief which shortens the period of study
to about a few hours. Multistage pumping is carried out from a minimum to maximum capac-
ity of a pump motor built-in the well. Efficiency should be differentiated by leaps and bounds
as the number of degrees of trial pumping affect the significance of the results of calculations.
Interpretation of the results of multistage pumping using the Klich method does not allow for
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the assessment of hydrogeological parameters, but determines the value of hydrogeological
parameter B and hydraulic parameter C.

Pumping test time is dependent on the condition of the well and its depth. For new and shallow
wells the test duration is over several dozen minutes, whereas for deep wells and clogged wells
even several dozen hours. The duration of a single pumping stage is dependent on the recovery
of static water from the area of the borehole. The reaction of the aquifer on pressure drop in the
well results in starting the dynamic resources of the aquifer The end result is the stabilization of
the water table on the subsequent steps of pumping in the well.

Figure 3 shows the ideological methodology for evaluating parameters B and C based on
results of multistage pumping test.

sA

>
Q

Fig. 3. Interpretation of the results of the course of trial tests of multistage pumping,
s — total drawdown, Q — pumping rate

Pumping tests were carried out in an open-cast lignite mine. The extensive well drainage

system consists of several types of drainage wells. These include:

* external barriers of well Z— whose purpose is to cut off the water supply from the borders
of the depression cone,

+ fixed internal barriers of well W — whose purpose is to reduce the pressure of groundwater
within the mining pit slopes; These wells, if necessary, are cut at the elevation of mining
work and rebuilt at the back of the mine,

» overburden wells N — whose purpose is to drain the overburden; These are wells which
are deepened to the lignite seam roof. They are made on the foreland of mining work and
disposed of at the lowest levels of overburden. Their working time is relatively short and
amounts to a few years,

* drainage system of secondary wells P —these wells take the water substrate, their purpose
being to reduce the pressure in the aquifer layer bed complex.

Figure 4 shows the ideological model of well drainage of the open pit.
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Fig. 4. Model of drainage system of the open pit of the well legend: Z — external barriers of well, #/ — internal
fixed barriers of well, N — overburden wells, P — secondary wells (substrate)

3.2. Results of trial pumping tests

Trial pumping tests were conducted for 27 selected mining wells. Figures 5-9 show the
results of calculations of parameter B for wells examined. The chart breakdown results from the
type of well corresponding to the sections illustrated in figure 4.

The test results indicate favorable hydrogeological conditions prevailing in the external bar-
riers. In most of the wells examined, the geohydraulic parameter B value is less than 1000 s/m>.
The rock mass shows considerable geohydraulic resistance in the scope of the work of well Z68
and Z55. However, there is very high geohydraulic resistance stated in the scope of the work of
well ZS16.

The results also indicate favorable hydrogeological conditions prevailing within the fixed
internal barriers. In most of the wells examined, the value of geohydraulic parameter B is less
than 1000 s/m?. The rock mass shows extremely high geohydraulic resistance in the scope of the
work of well W62. In contrast, the results of wells W59 and W66-1 indicate the performance of
wells in the rock mass area of impaired filtration properties.

The fixed external and internal barriers of wells substantially drain the Mesozoic substrate,
which is built of limestone, characterized by very variable hydrogeological parameters. Pumping
test results confirm the high variability of filtration parameters of the fractured — karst structure.

Differing results were obtained for wells made up of internal barriers, overburden and sub-
strate shaped in the form of permeable formations of the pore matrix. In both aquifer complexes
geohydraulic parameter B is relatively stable. The complex of overburden resistance of the ag-
uifer, for the examined wells, varies in the range of 680-1360 s/m”. However, in the underlying
lignite complex the value varies is in the range of 900-1540 s/m?, indicating a slightly worse
performance of filtration.
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The results obtained allow us to formulate preliminary generalizations. Therefore, Table 1
proposes a preliminary classification of susceptibility of the aquifer on drainage carried out. The
classification can be used for the purpose of planning, design and ongoing assessment of the
effectiveness of well drainage.

TABLE 1

Proposed classification of hydrogeological parameter B [s/m?]

Parameter
value Interpretation of result Drainage function Remarks
B [s/m?}

karst drainage systems considerable range impact of well | increased timing, very

to 10 with large static and / or horizontally; interaction of wells | large capacity of wells
dynamic resources is doubtful
extremely favorable hy- small vertical drawdown, flat normal timing, high per-
draulic parameters, high shape of the drawdown curve, formance

10-100 . ; L .
conductivity and filtering | minimum interference of well
of the aquifer
favourable hydraulic pa- significant interference normal timing, average

100-1 000 .

rameters of aquifer performance
unfavourable hydraulic steep drawdown slope, a relative- |low performance, normal

1 000- parameters of aquifer ly small range of the depression | timing, the lack of prog-

10 000 cone, interaction of wells and ac- | ress of drainage in the

cidental production of depression | overburden necessity to
cone at density of openings densify the well hole mesh

extremely unfavourable major drawdown in the water very low productivity, low

above . . . .

10 000 hydraulic parameters of table vertically, a very small range | efficiency of drainage
aquifer, of depression cone horizontally

4. Summary and conclusions

Increased progress in mining drainage depends on the hydrogeological parameters of the
aquifer, which mainly include the conductivity of the aquifer and the factor of storativity. The
effectiveness of drainage is also affected by the degree of interference of the well. Taking into
account the fact that the hydrogeological conditions within the lignite deposits are variable, the den-
sity of the mesh wells should be adapted to the spatial variability of hydrogeological parameters.

The distance between the wells, depending on the value of the resistance factor of aquifer B
should be varied and adapted to hydrogeological conditions. Commencing from the Sichardt
formula on the impact range R of a single well, to the conditions set:

R =3000s/K (20)
whereby: K — coefficient of permeability, expressed in m/s

and taking into account the Jacob’s formula (1) and assuming that the distance x between the
drainage wells should not be greater than 0,05R equation (20) takes the form:

x=150(3Q+CQ2)JE @l
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Assuming the above assumption is right and taking into account the results of pumping tests,
the distances determined for each group of wells amounted to:

+ external barriers — 150 m

* fixed internal barriers — 100 m

» overburden barriers — 100 m

+ secondary substrate wells — 200 m.

Up to now, the interpretation of results of pumping tests focused on assessing the technical
working conditions of wells. For this purpose, factor C was used occurring in Jacob’s formula,
which was the criterion for accepting the wells from the contractor. According to the authors
of this paper pumping test results should be interpreted in a broader sense, paying attention to
parameter B, describing the hydraulic resistance of the laminar flow of water in the aquifer.
This parameter takes into account the hydrogeological parameters of aquifer. Analysis of spatial
distribution of changes in this parameter allows for rationalization of the well drainage system
including an assessment of the necessary timing in the construction of the well.

The present work presents the results of pumping tests in 27 wells working in an open pit
lignite mine. Evaluation results of parameter B indicate variable hydrological conditions in vari-
ous aquifer complexes. In the aquifer formation with pore structure B, hydraulic resistance shows
arelatively small variation. The results show that stable hydrogeological conditions within underly-
ing and overlying lignite complexes give empowerment to execute the well in regular grid boring.

The results indicate significant Mesozoic aquifer formation. However, there are local distur-
bance conditions which manifest themselves in cases of an increase in the value of parameter B.
Thus, the rock mass in the scope of operation of some wells has significant hydraulic resistance.
It can be concluded therefore that the work of these wells is not justified from the point of view
of the effectiveness of drainage. It seems that their possible exclusion does not increase the
security risks of mining.

Given the results, it is clear that performance assessment of wells within the Mesozoic
should be preceded by a detailed understanding of the hydrogeological conditions, in particular
through the use of pilot drilling.

Given the test results from 27 wells, a classification of rock mass susceptibility to drainage
was proposed. This classification is preliminary and should be further elaborated in terms of
identifying the conditions on the basis of trial test results of multistage pumping.
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