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5. Discussion of the scientific achievement 

The main scientific achievement is the results of studies of hydrogeological parameters 

of rocks occurring in different geological units, hydrogeological conditions and geographical 

environments. 
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5.1. Introduction 

Hydrogeological parameters quantitatively define the behavior of the hydrogeological 

system, resulting from the system's water-bearing capacity, its permeability, mass and energy 

transport. They also result from the interaction between various substances dissolved in water 

and present in rock, and water and rock themselves, as well as the system’s ability to transfer 

enforcement of the environment and interference with it (Dowgiałło et al. eds. 2002). 

Knowledge of the values of hydrogeological parameters is necessary to perform calculations 

that allow quantitative analysis of the aforementioned issues. Occasionally, such calculations 

are performed using only general knowledge of parameter values contained in the literature. 

Such an approach is sometimes enforced by not having information on the values of 

parameters obtained from field or laboratory studies, specific to the analyzed area. This results 

in obtaining unreliable calculation results. This happens even in situations where the 

calculations are later the basis for important decisions about the use of groundwater resources, 

mine dewatering, designation of protection areas of groundwater intakes and reservoirs, etc. 

Even if we have data on the values of hydrogeological parameters, we still usually feel  

a certain insufficiency resulting from their insufficient quantity, uneven distribution in the 

study area, insufficient range necessary in the calculations, or from the fact that the data were 

obtained using inaccurate or even erroneous methodology. 

While solving various tasks in hydrogeology, I virtually always faced the scarcity of 

data on hydrogeological parameters or their questionable reliability. As a result, it became  

a necessity to conduct research to estimate their value to the extent necessary to solve  

a specific task. 

I did my first research to determine the permeability of rocks as part of my master's 

thesis. Based on field studies (using the Porschet method), I determined the values of the 

vertical hydraulic conductivity of the rocks of the unsaturation zone in the Sudetes Foreland 

between Świebodzice and Strzegom. I published the interpreted results of these studies, which 

were part of my master's thesis, in my first article [29]. Thereafter, I carried out research on 

hydrogeological parameters at every stage of my scientific work. Oftentimes, they were the 

main aim of the research, and sometimes they were only a part of it, necessary for the study of 

various hydrogeological issues. 

Over many years of research, I was engaged in determining the permeability, 

gravitational drainage capacity and conductivity of various types of rocks (sedimentary, 

magmatic and metamorphic rocks and their weatherings). The research included rocks 
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occurring both in the saturation zone [2, 5, 40, 47, 53, 56, 74], as well as in the unsaturation 

zone [6, 47, 48, 68]. A special type of research, relatively rarely carried out, was the study of 

riverbed sediments [33, 47, 48, 74]. In order to perform them, I constructed a permeability 

meter according to my own concept, allowing measurements in rivers down to 1.5 meters 

deep. 

I had the opportunity to carry out research in geologically and morphologically diverse 

areas and morphologically. In particular, they focused on the karst areas of the Sudetes and 

the Silesian-Cracow monocline [5, 37, 58-60] as well as crystalline rocks areas of the Sudetes 

[40, 48, 56, 58]. In terms of interesting location, between 2005-2009 I conducted work in 

Spitsbergen, during which I determined the permeability of rocks occuring in the active layer 

of the permafrost [6]. I carried out much of my research in areas of mining activity, both 

active (in the area of surface and underground mines) [5, 33, 47, 48, 74] and inactive [3]. 

In order to determine the values of hydrogeological parameters, I used field methods, 

laboratory methods, empirical formulas and numerical modeling. The choice of field methods 

depended on the availability of the studied rocks. I determined the values of hydrogeological 

parameters of the rocks of the saturation zone by performing interpretations of test pumping 

[2, 40], using methods based on observations of the rate of rising of the water table after 

short-term pumping and the rate of its lowering after flooding the borehole with water [5]. In 

the study of the rocks of the unsaturation zone, I used field methods. In order to assess their 

permeability, I applied mainly the method of Porschet, Kamieński and Giryński allowing 

measurements to be made in the subsurface zone to a depth of several tens of centimeters.  

I also used laboratory methods, mainly the Wiłun apparatus, Kamieński tube, laboratory 

permeability meter from Eijkelkamp and empirical formulas after performing granulometric 

analyses. I took rock samples for testing from subsurface and deeper layers using a hand-held 

drilling set. Performing tests with different methods, often with the same rock samples, made 

it possible to assess the reliability of the methods used [e.g., 3, 5, 48]. 

A separate research method I used was numerical modeling. Based on it, I established 

relationships between the lithology of the formations forming the unsaturation zone, their 

permeability and the amount of recharging infiltration [48]. Model research also proved to be 

a good method for evaluating the effectiveness of well decontamination works [63]. Using  

a numerical model made on a local scale (min. dimensions of a computational block of 

0.3x0.3 m) and the results of numerous simulations, I analyzed the degree of filter clogging 

by determining changes in its permeability and borehole zone, comparing them with well 

yields and depressions obtained before and after decontamination. 
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I presented some of the results of research performed up to 1999 in my doctoral 

dissertation, published in 2003. [48]. They mainly focused on the evaluation of the 

permeability of rocks in the unsaturation zone and their role in groundwater recharge. After 

receiving my doctoral degree, as the leading direction of my scientific activity, I continued 

research devoted to hydrogeological parameters of rocks. I am presenting several publications 

from that period as the scientific achievement. I have included a brief description of them 

below. 

 

5.2. Hydrogeological parameters of reservoir rocks of karst waters occurring  

within the Sudetes crystalline rocks [1] 

In the Sudetes, karst waters are associated with occurrences of carbonate rocks, usually 

in the form of lenses within metamorphic rocks. The karstic rocks form structures with 

specific hydrogeological conditions, manifested by their increased water-bearing capacity and 

water resources. This is determined by the hydrogeological properties of reservoir rocks that 

determine the accumulation and movement of groundwater. 

In this paper, the Lower Cambrian limestones and crystalline dolomites occurring in the 

Kaczawskie Mountains (Kaczawskie Range) and Krowiarki (Orlicko-Snieżnicka Dome) were 

investigated (Karwacki, 1990; Lorenc, 1983). The main research objective was  

a hydrogeological study of these reservoirs, together with a quantitative and qualitative 

assessment of water resources and indication of ways of protection. The study described: 

hydrogeological parameters of reservoir rocks, water-bearing capacity of carbonate rocks, 

groundwater chemical composition, isotopic composition of karst waters, circulation of karst 

waters, water resources of fissure-karst reservoirs. 

Hydrogeological parameters of rocks were one of the main directions of research. In the 

course of field work, I determined the fissuring of crystalline limestones (Liszkowski, 

Stochlak, 1976), the permeability of subsurface formations using the Porschet method 

(Pleczyński, 1981). In the laboratory, I determined the pore permeability of crystalline 

limestones using a modified Rogoż permeability meter, the open porosity using a mercury 

porosimeter, and the gravitational drainage capacity of the rock matrix using the 

centrifugation method. 

The study shows that the values of the vertical hydraulic conductivity of subsurface 

formations developed in the form of weathered clayey debris average 1,27·10
-5

 m/s in the 

Kaczawskie Mountains and 4,74·10
-6

 m/s in the Krowiarki Mountains, which allows to 
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classify them as moderately, weakly and semi-permeable. The crystalline limestones in both 

areas are weakly fissured. The determined values of fissure hydraulic conductivity of these 

rocks in both massifs vary from 3,36·10
-7

 to 4,60·10
-4

 m/s, on average reaching about  

1·10
-6

 m/s. The average value of the fissure of fissure hydraulic conductivity is two orders of 

magnitude higher than that of the rock mass, whose value varies from 9,1·10
-9

 to 3,90·10
-8

 

m/s. This indicates the dominant role of fissures and cracks in groundwater flow, and solid 

uncracked rock blocks can be considered impermeable. 

A characteristic feature of the crystalline limestone of the Krowiarki and Wojcieszów 

areas is the low value of the open porosity coefficient: from 0.25 to 1.3% (average 0.74%) in 

Krowiarki and from 0.04 to 3.5% (average 1.06%) in the Wojcieszów area. They are also 

characterized by low gravitational drainage capacity of the rock matrix, indicating 

unfavorable collector properties. The determined values of the gravitational drainage capacity  

coefficient of crystalline limestones from the Kaczawskie Mountains range from 0.03 to 

0.186% (average value 0.13%) and from Krowiarki from 0.17 to 1.08% (average value 

0.35%). 

The quantitative evaluation of such parameters as fissuring, porosity of the rock matrix, 

the discharge of the zones drained by individual karst springs, hydraulic gradient and distance 

of the source from the recharge zone allowed for the quantitative assessment of the total 

volume of water in both karst water reservoirs, as well as the water capacity of the system. 

The total volume of water in the reservoir rocks drained by karst springs in the Wojcieszów 

and Krowiarki areas was estimated at 9,32·10
6
 m

3
 and 5,03·10

7
 m

3
, respectively, and the 

capacity of the system at 8,54·10
8
 m

3
 and 3,47·10

9
 m

3
. 

 

5.3. Water-bearing capacity of crystalline rocks of Kaczawa and Izera methamorphic 

complex [2] 

The article describes the water-bearing capacity of crystalline rocks occurring in two 

geological units: the greenschist of the Kaczawskie Range and the gneisses and leucogranites 

of the Izerski massif (Żelaźniewicz et al., 2011). In areas built of crystalline rocks, where they 

are the only source of groundwater recharge, recognition of their water-bearing capacity is 

crucial. In this paper, the water-bearing capacity of selected crystalline rocks was determined 

based on the interpretation of test pumping performed in wells. Verification calculations were 

carried out using observations of the water table elevation after the cessation of pumping. 

Based on these, the well discharge Q, the specific discharge of the well q and the values of the 
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unit discharge of the well Y, conductivity T and of fissure hydraulic conductivity k were 

determined (Dąbrowski, Przybyłek, 2005). 

Higher water-bearing capacity of greenschist than gneisses or leucogranites was found. 

Gneisses and leucogranites are characterised by k values from 9,3·10
-7

 to 1,5·10
-6

 m/s, T from 

1,3 to 21,4 m
2
/d, Y from 4,35 to 4,84 log10

6
q (q in dm

3
/s·m), whereas greenschist by k values 

from 1,2·10
-6

 to 1,2·10
-4

 m/s, T from 4,0 to 67,3 m
2
/d, Y from 4,86 to 5,84 log10

6
q. In the 

wells with greenschist, slightly higher values the specific discharge of the well q were found, 

from 0,26 to 2,47 m
3
/h·m compared to the wells with gneisses and leucogranites (q from 0,09 

to 0,25 m
3
/h·m). 

The studies carried out indicate that in the Sudetes in the regions of crystalline rocks, it is 

possible to build vertical groundwater intakes, but with low discharge. The condition for 

success is the construction of an intake in the region of discontinuous dislocations, often 

emphasized by the presence of vein formations, guaranteeing adequate discharge. 

 

5.4. Hydrogeological parameters of rocks drained by old mine workings in the area of 

Miedzianka and Ciechanowice (Western Sudetes) [3] 

There are dozens of deposits in the Sudetes, mostly polymetallic, which have been 

mined using underground methods for centuries (Dziekoński 1972; Fedak and Lindner 1966). 

Visible changes on the surface of the area (heaps, cave-ins, smelter slag) and sometimes very 

extensive, multi-level systems of adits and shafts. Less visible effects are changes in the 

structure and texture of the rocks located within the range of influence of the works carried 

out. They affect the values of hydrogeological parameters. 

This paper presents the results of a study of selected hydrogeological parameters of 

crystalline rocks and their weathering occurring in the area of the old disused mine in 

Ciechanowice and Miedzianka (Fig. 1). The paper uses various research methods to 

determine: 

- values of recession coefficient  and potential of resources W - calculated from formulas 

(Castany, 1972) on the basis of 25 series of measurements of outflow discharge from 10 

adits; 

- values of fissuring coefficient df and fissure hydraulic conductivity kd  - calculated from 

formulas (Liszkowski, Stochlak, 1976) on the basis of field measurements of fissuring;  

- values of gravitational drainage capacity coefficient centrifugation method; 
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- the values of the active porosity coefficient according to the methodology given by 

Kleczkowski and Mularz (1964), which consists in drying the sample at 105°C, saturating it 

with purified kerosene and adequately weighing it; 

- the value of the vertical hydraulic conductivity according to the Porschet method 

(Pleczyński, 1981) and the Giryński method (Eijkelkamp, 2003). 

 

 

Ryc. 1. Distribution of values of selected hydrogeological parameters of the rocks drained by olg mine 

workings 

 

1– weathering cover, 2 – granitoids, 3 – phylonites, 4 – greenschist, 5 – amphibolites, 6 – hornfelses, 

7 – faults, 8 – direction of groundwater flow 

d – fissuring coefficient [–]; ne – active porosity coefficient [–]; k – hydraulic conductivity [m/d];  

kd – fissure hydraulic conductivity [m/d]; w – water-storage capacity [%];  – gravitational drainage 

capacity [–];  – linear density of cracks [quantity/m]; – recession coefficient [1/d]; W – potential of 

resources [m
3
]; Q – outflow discharge from adits [dm

3
/s]; t – water temperature [°C] 

 

 The results showed the low storage capacity of crystalline rocks. The better collector 

properties within them should be associated with dislocations and joint cracks. Higher water 

content of the rocks was found in the region of mining activities. The highest values of 

potential of resources were obtained for outflows whose recharge areas are cut by extended 

mine workings. The impact of drifts on the rock formation can be compared to the impact of 

karst systems, whose extent determines the storage capacity of the rocks. The influence of 

mine workings on the magnitudes of other rock parameters was not observed. The markings 

made in the vicinity and away from the workings depend more on the lithology, local 

tectonics and the degree of weathering of the rocks. Weathered rocks occurring at some 
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distance from the adit are sometimes characterized by higher values of the determined 

parameters compared to markings made inside the adit. 

 

5.5. Using isotopic studies of groundwater and hydrogeological parameters of rocks to 

determine groundwater circulation in the ditch of the upper Eastern Neiss  

River [4] 

Changes in isotopic compositions due to seasonal and altitude effects in the process of 

evaporation of precipitation waters make it possible to analyze groundwater flow conditions. 

Analysis of δ
18

O, δ
2
H and 

3
H values in groundwater collected from springs and wells makes it 

possible to identify different groundwater circulation systems, determine the altitude of 

recharge zones, hydrodynamic conditions of aquifers and the water flow time (Clark, Fritz, 

1997). 

This paper presents the results of the author’s own environmental isotopic tracer studies 

of ordinary groundwater drained by selected springs and wells. They were used to estimate 

the hydrogeological parameters of the aquifer system, the tritium age of the waters and the 

location of recharge zones. For the first time, an attempt was made to build a conceptual 

model of the circulation of ordinary groundwater in the Kłodzko Valley using 

hydrogeological and isotopic data. In earlier works, only the analysis of site morphology and 

geological structure with particular emphasis on tectonics was used in the hydrogeological 

interpretation of isotopic results. The novelty of this work is using other hydrogeological 

studies, including the results of test pumping and stationary observations in wells, to verify 

the systems of water circulation. 

The article presents the results of studies of the concentrations of δ
18

O, δ
2
H and 

3
H 

isotopes in ordinary waters of the Kłodzko Valley region. Using black box models, the tritium 

age of the waters and the altitudes of the recharge areas were calculated from the 

interpretation of δ
18

O and δ
2
H concentrations. The average flow time of the tritium tracer was 

used to calculate the volume of water-bearing rock Vr and the volume of water in aquifer 

systems Vw. Assuming the porosity values, the hydraulic conductivity coefficient was 

calculated from the Darcy formula, adapted to tracer flows through fissure rocks (Zuber, 

Ciężkowski, 1997), as well as the water flow rate in the aquifer system. The values obtained 

made it possible to locate recharge zones and measure them. 

Using the results of test pumping in the wells, the values of hydraulic conductivity and 

velocities of filtration were determined using hydrogeological methods. In addition, based on 
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observations of pressures in the wells, the average thickness of the water-bearing zones was 

calculated.  

Comparison of the values of hydraulic conductivity and water flow velocities obtained 

by the two methods made it possible to detail the dimensions of the recharge zones and verify 

the conceptual models of groundwater circulation (Table 1). 

 

Tab. 1. Parameters of the aquifer system of the Kłodzko Basin.  

Location Lithology np
a
 Vw

b
 Vr

b
 vt

b
 k

b
 v1

b
 v2

b
 L B h

c
 

  
[-] [m

3·10
3
] [m

3·10
3
] [m·d-1

] [m·d-1
] [m·d-1

] [m·d-1
] [km] [km] [m] 

1  

(Szczytna  - 

well) 

siltstones, 

sandstones 
0,10 10306 103060 0,334 2,339 0,0334 0,0419 10,5 0,43 22,7 

2  

(Szczytna  - 

spring) 

siltstones, 

sandstones 
0,10 20643 206430 0,040 0,0752 0,0040 -  1,25 1,65 100 

7  

(Młoty - 

spring) 

marbles, 

sandstones 
0,027 701 25965 0,211 0,0358 0,0057  - 1,0 1,50 17,3 

8  

(Poręba - 

well) 

 siltstones, 

sandstones 
0,054 736 13621 1,370 0,5439 0,0740 0,0893 2,1 0,70 9,2 

9 

(Długopole - 

well) 

sandstones, 

siltstones 

 

0,09 
 20046 

9164 

222728 

101819  

0,134 

0,134 

0,192        

0,0976 

0,01207 

0,01211 

0,00729 

0,0144 

12,0 

5,5 

0,28 

0,64 

66,1 

29,1 

10 

(Wilkanów - 

well) 

sandstones, 

siltstones 

 

0,10 315 3154 0,578 0,6081 0,0578  - 5,06 0,01 6,23 

11  

(Różanka - 

spring) 

mica shales, 

erlates 
0,006 121 20217 0,262 0,0103 0,0016  - 1,5 0,75 18 

            
a
 known; 

b
 calculated; 

c
 matched to the observed L and B 

np – matrix porosity coefficient; Vw – volume of water; Vr – volume of the water-bearing rock;  

vt – water flow velocity; k – hydraulic conductivity, calculated according to the Darcy formula, 

adapted to the flow of tracers through fissure rocks; v1 – velocity of filtration, calculated according to 

v1=Q/BH formula; v2 - velocity of filtration, calculated according to the Darcy formula; recharge zone 

size: L - length, B – width, h - thickness 
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5.6. Permeability of Muschelkalk rocks (Middle Triassic) of the Krakow–Silesian 

Monocline in Tarnów Opolski area (South Poland) [5] 

Muschelkalk limestone rocks (Middle Triassic) are a resourceful, widely used 

groundwater reservoir. This is largely due to their high permeability. The values of the 

hydraulic conductivity of the rocks of the Muschelkalk horizon reported in the literature were 

usually determined for a fragment of the lithological profile of the Muschelkalk and taken in 

hydrogeological calculations as representative of the entire thickness of the horizon. Such an 

approach was usually caused by the lack of information on the permeability of the individual 

layers separated in the Muschelkalk profile, characterized by markedly different permeability. 

As a consequence, the results of calculations with this approach sometimes differed 

significantly from the actual state. 

This paper presents the results of permeability studies of Muschelkalk rocks carried out 

in 16 piezometers filtered in different layers of the Muschelkalk (Gogolin Beds, Górażdże 

Beds, Karchowice Beds and Diplopora Beds). In each borehole, short-term pumping, its 

flooding and observation of the water table elevation after the cessation of pumping were 

performed. To calculate the value of the hydraulic conductivity, the following were used: 

Dupuit's formula - steady-state conditions of inflow to the borehole (Wieczysty 1970); Theis' 

double-logarithmic method - transient conditions of inflow to the borehole (Dąbrowski and 

Przybyłek 2005); Wieczysty's formula (Wieczysty 1970) and Theis' formula (Kruseman, De 

Ridder 1994; Pazdro, Kozerski 1990) - water table elevation; Dobrzański's formula - 

observation of the rate of water table lowering after flooding the borehole (Wieczysty 1970). 

In the last stage of the work, the values of specific discharge were calculated. 

The determined values of hydraulic conductivity k vary from 8,56·10
-8

 to  

3,63·10
-3

 m/s, whereas the values of the specific discharge of the well q from 0,0075 to  

128 m
3
/h·1mS (Table 2). 

The performed research showed that the studied Muschelkalk layers clearly differ in 

permeability. The highest permeability (high, occasionally medium and low) is characterized 

by the Karchowice and Diplopore Beds, the lower permeability of the Górażdże Beds (weak, 

locally high and even very high) and the lowest permeability of the Gogolin Beds (low and 

weak) (Dowgiałło et al. eds., 2002). 
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Tab. 2. Results of the calculations 

Researched 

layer 

No of 

piezometer 

Value of hydraulic conductivity k [m/s] Specific 

discharge q     

[m
3
/h·1mS] 

Short-term pumping Water table elevation Flooding of the 

borehole 

Steady state 

conditions  

Dupuit 

formula 

Transient 

conditions  

Theis 

formulas 

Wieczysty 

formula 

Theis 

formula 

 Dobrzański 

formula 

Ta
k+j

 1 2,53·10
-4 - 4,44·10

-5
 2,22·10

-4
 1,06·10

-5
 51,4 

Ta
k+j

 2 3,96·10
-5

 4,79·10
-5

 8,62·10
-5

 3,87·10
-6

 - 3,53 

Ta
k+j

 3 4,74·10
-6

 5,67·10
-6

 1,39·10
-6

 1,36·10
-6

 1,50·10
-7

 0,54 

Ta
k+j

 4 3,77·10
-4

 - - - - 52,0 

Ta
k+j

 5 5,08·10
-4

 - - - - 31,0 

Ta
k+j

 6 2,45·10
-4

 - - - 2,89·10
-4

 15,2 

Ta
g
 7 5,56·10

-6
 5,91·10

-6
 1,74·10

-6
 1,82·10

-6
 1,62·10

-6
 0,50 

Ta
g
 8 6,23·10

-6
 7,18·10

-6
 2,89·10

-6
 1,39·10

-6
 - 0,55 

Ta
g
 9 3,70·10

-6
 5,09·10

-6
 2,00·10

-5
 8,29·10

-7
 1,93·10

-5
 0,21 

Ta
g
 10 3,47·10

-6
 4,17·10

-6
 1,62·10

-6
 7,96·10

-6
 5,32·10

-6
 0,14 

Ta
g
 11 3,64·10

-3
 - - - - 128,0 

Ta
g
 12 3,49·10

-4
 - - - 6,42·10

-4
 15,4 

Ta
go

 13 7,99·10
-6

 8,11·10
-6

 3,47·10
-6

 7,59·10
-6

 2,43·10
-6

 2,48 

Ta
go

 14 4,17·10
-8

 8,56·10
-8

 2,66·10
-7

 1,95·10
-7

 1,74·10
-8

 0,011 

Ta
go

 15 1,74·10
-8

 3,18·10
-7

 2,66·10
-7

 1,23·10
-7

 - 0,0075 

Ta
go

 16 1,10·10
-6

 1,30·10
-6

 2,55·10
-6

 1,41·10
-6

 3,36·10
-7

 0,20 

Marking of the included layers: Ta
k+j

 - Karchowice and Doplopora Beds; Ta
g
 – Górażdże Beds;  

Ta
go

 – Gogolin Beds.  

Values considered the most reliable and accepted for interpretation are bolded. 

 

 

5.7. Permeability of active layer sediments of permafrost in SW part of Spitsbergen [6] 

In Spitsbergen, multidisciplinary studies have been conducted for years, aimed at 

understanding the processes that occur in polar areas where glacier disappearance, the 

development of young morphological forms and vegetation succession are observed. 

Groundwater runoff issues were usually addressed when discussing the water balance, in 

which it is the least recognized component or is ignored. This is due to the lack of data on 

rock permeability, which determines the amount of underground outflow. Groundwater runoff 

on Spitsbergen is possible within the melted, subsurface permafrost layer, only during 

summer. The hydraulic conductivity values reported in numerous scientific papers were not 

determined, but adopted from the literature. Field studies of rock permeability are carried out 

rarely and to a very limited extent. The results presented in the article add to this body of 

knowledge. 
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This article presents a description of the permeability of the rocks forming the melted 

permafrost layer (Table 3) and the morphological forms (Table 4) found in the Brattegga (S 

Spitsbergen) catchment. Using the results of our own research, the amount of underground 

runoff from the studied catchment was also calculated.  

The scope of work performed included field study aimed at the determination of the 

hydraulic conductivity k by two methods: the Porschet method and the double-ring 

infiltrometer (Giryński method). In addition, granulometric analyses of collected rock samples 

were performed to describe the studied sediments. 

Tab. 3. Permeability of the rocks 

Lithology 

Number 

of 

markings 

Value of hydraulic conductivity k (m·s
-1

) Permeability class 

(Dowgiałło et al.,eds., 

2002) min max 
weighted 

average 

standard 

deviation 

Loam 8 6.37·10
-9

 8.99·10
-7

 3.22·10
-7

 3.08·10
-7

 very low-low 

Sandy loam 3 2.60·10
-7

 5.24·10
-6

 2.91·10
-6

 2.51·10
-6

 low-weak 

Sand with 

debris 
8 7.04·10

-7
 7.57·10

-5
 1.76·10

-5
 2.52·10

-5
 low-medium 

Multi-grained 

sand 
2 1.45·10

-5
 2.22·10

-4
 1.18·10

-4
 1.47·10

-4
 medium-high 

Pebbly debris 12 1.75·10
-4

 4.00·10
-3

 1.69·10
-3

 1.46·10
-3

 high-very high 

Sandy-gravel 

debris 
14 3.14·10

-5
 1.00·10

-3
 3.64·10

-4
 3.18·10

-4
 medium-high 

Loamy debris 17 6.09·10
-6

 3.12·10
-4

 8.20·10
-5

 9.19·10
-5

 weak-high 

 

 Sedimentary rocks of the active permafrost layer are characterized by a very high 

variability of permeability. The determined values of k, ranging from 6,37*10
-9

 to  

4,0*10
-3

 m/s, indicate the permeability of sediments from very low for loams to very high for 

pebbly-gravel debris. Boulder-pebbly covers and rock debris have the highest permeability, 

and patterned ground have the lowest.  

 The calculated total of 130 dm
3
/s of specific underground runoff from the Brattegga 

River catchment represents between 15% and 47% of the average surface runoff and only 2% 

of the maximum flow rate in the Brattegga River.  

 

 

 

 

 

 

 

 

 



17 
 

Tab. 4. Permeability of the morphological forms 

Geomorpholo-

gical forms 

No of 

markings 

Hydraulic conductivity k (m·s
-1

) Permeability class 

Dowgiałło et al., 

eds., 2002) 

Lithological 

types min max 
weighted 

average 

standard 

deviation 

Rocky initial 

soils 
3 2.15·10

-5
 1.75·10

-4
 3.68·10

-5
 8.55·10

-5
 medium-high 

debris, loamy 

debris 

Sorted 

patterned 

ground  

(middle part) 

12 6.37·10
-9

 5.09·10
-6

 5.89·10
-8

 1.40·10
-6

 very low-weak 

loam, sandy 

loam, loam 

with debris 

Sorted 

patterned 

ground  

(outer part) 

6 5.24·10
-6

 7.69·10
-4

 1.28·10
-5

 3.16·10
-4

 weak-high 

debris, loamy 

debris, loam 

with debris, 

sandy loam 

Pebbly alluvial 

sediments 13 6.09·10
-6

 6.52·10
-4

 2.89·10
-5

 2.10·10
-4

 weak-high 

debris, loamy 

debris, multi-

grained sand 

Boulder 

blankets 
4 4.76·10

-4
 1.54·10

-3
 5.74·10

-4
 5.55·10

-4
 high-very high debris 

Solifluction 

stripes 
9 6.68·10

-6
 7.14·10

-4
 3.72·10

-5
 2.20·10

-4
 weak-high 

debris, loamy 

debris, loam 

with debris 

Talus 9 1.43·10
-4

 4.00·10
-3

 7.35·10
-4

 1.55·10
-3

 high-very high debris 

Nonsorted 

patterned 

ground 
8 3.24·10

-6
 1.13·10

-4
 1.52·10

-5
 3.76·10

-5
 weak-medium 

loamy debris, 

loam with 

debris, sandy 

loam 

 

 

5.8. Summary 

I consider the most important scientific postdoctoral achievements of the presented 

work to be the following: 

- determination of the values of the hydraulic conductivity of different types of rocks 

occurring in the unsaturation and saturation zones, in different tectonic units, including areas 

where they had not yet been determined; 

- the use of numerous field and laboratory methods to determine the value of the hydraulic 

conductivity, which made it possible to assess their reliability under different hydrogeological 

conditions and the study of different rock types; 

- creating description of crystalline rocks, which in some areas of the Sudetes are the only 

usable collector of groundwater, by determining the values of a number of hydrogeological 

parameters; 
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- recognition of hydrogeological parameters of rocks in the areas of occurrence of karst 

waters, drained by the unique in the scale of the Sudetes karst springs, largely developed; 

- using the determined parameter values in analyzing various hydrogeological issues, e.g., 

groundwater runoff in the Brattegg River catchment in Spitsbergen, the impact of mining 

activities on changing the values of hydrogeological parameters of rocks; 

- pioneering attempt to use studies of hydrogeological parameters of rocks and isotopic 

groundwater to verify water circulation systems, and locate and detail the dimensions of 

intake recharge zones. 
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6. Other scientific and research achievements 

6.1. Scientific achievements before PhD 

I continued my initial scientific research begun while still completing my master's thesis 

on rock parameters over the following years. They were summarized in a doctoral dissertation 

entitled "Infiltration capacity of subsurface formations and groundwater recharge," published 

in 2003 [48]. 

In the first years of my scientific work, I began, continuing after my doctorate, research 

on the recognition of the circulation and quality of karst waters in the crystalline limestones of 

the Kaczawskie and Krowiarki Mountains [32, 37, 46]. In course of the research, I charted 

and included in periodic measurements several unknown (forgotten in the postwar period) 

karst springs. 

Since the beginning of my scientific activity, I have been involved in numerical 

modeling. In the early 1990s, I worked in a team that imported the MODFLOW program for 

groundwater flow modeling to Poland. This program, which filled four floppy disks, was far 

from the current heavily advanced versions, primarily graphically. The first works with the 

use of this program consisted in making a numerical model of the Oława River catchment  

[30, 31] and slightly later, numerical models of the Ścinawka [53], Lusatian Neisse, Dziwna, 

Kryniczanka, Rudna, Bystrzyca and Eastern Neisse rivers and, on their basis, developing  
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a groundwater balance and estimating renewable and disposable groundwater resources. As 

part of the team, I actively participated in all stages of modeling, and in the interpretation and 

development of the obtained results. I also made the numerical models of the catchment areas 

of the Lusatian Neisse and Rudna rivers independently. 

In 1994-1998, I participated in the implementation of the State Committee for Scientific 

Research (KBN) grant "Are the water resources of the Major Groundwater Basins (MGBs) 

No. 314 (Głogów) and No. 316 (Lubin) threatened by the impact of mining dewatering and 

how to protect them" headed by Prof. dr hab. inż. Tatiana Bocheńska. Comprehensive 

hydrogeological studies performed made it possible to confirm the resources of MGB No. 314 

and negate the importance of MGB No. 316. The negative impact of mining excavations 

(drainage), especially on the usable Neogene levels of MGB No. 316, was unequivocally 

demonstrated. The results of the study were included in a monograph I co-authored [47]. 

One of the topics I dealt with in 1995-1998 was the interpretation of changes in the 

chemical composition of mineral waters exploited in selected spas: Ciechocinek, Kamień 

Pomorski, Wysowa-Zdrój, Szczawnica, Krynica-Zdrój, Szczawno-Zdrój, Żegiestów-Zdrój, 

Jedlina-Zdrój. In some cases, it was possible to correlate the chemical composition changes 

found with the external factors which caused them, including human-induced ones [13, 35, 

65].  

In 1997-2000, I participated in the implementation of the International Oder River Basin 

Research Program (IOP) carried out by 11 scientific research institutions from Poland and 

Germany. The main aim of the IOP program was to describe the state, dynamics of the trends 

and metabolic pathways of all types of pollutants in the Oder River Basin. The scope of the 

research included analytics of water, suspended solids and bottom sediment samples collected 

during 8 campaigns. I participated in all field campaigns and interpretation of bottom 

sediment results [68]. 

In 1998, I received a scholarship from the Foundation for Polish Science, directed to 

young scientists under 30 years of age. 

 

6.2. Scientific achievements after PhD 

After the doctoral studies, the topics of my scientific interests revolved around issues 

related to hydrogeological parameters. I have included the results of research performed in 

this area in a number of publications, including those summarized in Section 4.2  
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as a scientific achievement. Independently, I can distinguish several issues to which I have 

paid special attention in my scientific activity. 

In 1999-2001, I participated as the main contractor in research under the KBN grant 

entitled "Resources of local groundwater reservoirs in karst areas of the Sudetes crystalline 

rocks," headed by Prof. dr hab. inż. Tatiana Bocheńska. The aim of the project was to develop 

measures to protect karst reservoirs in the area of the Kaczawskie and Krowiarki Mountains, 

drained by karst springs, used for bottling, drinking, social purposes. The results of the 

research were published in the monograph "Groundwater reservoirs in karst areas of the 

Sudetes crystalline rocks" [1]. In subsequent years, I conducted research in karst areas, aimed 

mainly at recognizing karst water circulation systems [59, 60, 71]. They allowed, among other 

things, to define the areas of recharge of individual karst springs, to indicate the zones of 

surface waters infiltration into karst systems, as well as locate, hitherto unknown, a large karst 

(riverbed) spring outflowing in the riverbed of Piotrówka River in the area of the 

Romanowsie karst springs in Krowiarki. 

One of the main subjects of my research was old inactive mines in the Sudetes. The 

studies were aimed at presenting the mines’ impact on groundwater dynamics and quality. In 

2003-2005, I headed a KBN grant called "Dynamics and chemistry of groundwater in selected 

areas of old mining exploitation in the Sudetes." Interpreting the results, I found that 

numerous objects affecting surface waters and groundwater remained after mining operations. 

Underground excavations have significantly altered the course of groundwater flow and are 

currently the artificial base level of these groundwaters drainage. The groundwater watersheds 

have shifted. Rivers flowing through these areas have changed their character into infiltration. 

Hydrochemical anomalies of groundwater occur in these areas. The outflows from the adits 

significantly alter the chemical composition of surface water and the numerous heaps affect 

the quality of water migrating through them [3, 7, 9, 54, 70, 73]. The results obtained are 

utilitarian in nature due to the current and planned use of water drained by the adits for 

consumption and industry, among others. 

After my PhD, I continued my research using numerical modeling. In addition to the 

determination of groundwater resources, I used it to solve various hydrogeological problems, 

including: assessing the effectiveness of the hydraulic barrier in the foreground of the Żelazny 

Most flotation tailings landfill [45]; designing a protective barrier in the foreground of the 

chemical plant's industrial waste landfill in Brzeg Dolny [16]; assessing the impact of test 

drilling and boring on groundwater [15]; designing groundwater inflows to mine shafts [64]; 

assessing the impact of the rehabilitation of the Lazy Obra (Leniwa Obra) valley on the water 
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environment [17]; design of the location of water intakes with induced infiltration wells [19] 

and optimization of their operation [14]; evaluation of the effectiveness of well treatment 

performed [63]; recognition of groundwater circulation altered by the operation of barrages 

(dams) [38]; recognition of groundwater circulation in mining areas of active underground 

mines [20]. 

In 1999-2001, I participated as the main contractor in the implementation of the KBN 

grant "Assessment of the conditions of migration of contaminants in the unsaturation zone of 

pore-fissure water reservoirs on the example of granite of the Giant Mountains", headed by  

dr hab. Prof. UWr. Henryk Marszałek. At the beginning of the 21st century, traces of the 

environmental disaster caused by the impact of the "black triangle" were still visible in the 

Giant Mountains. The hydrogeological parameters and tracer studies I carried out within the 

weathering and granites of the Giant Mountains were aimed at assessing their insulation and 

help to develop a concept for the protection of this unique region.  

For the past 20 years, I have also been involved in the issues of exploration and 

documentation of thermal waters in Poland. I participated in the design of 19 thermal water 

intakes and in the implementation of two of them (Enclosure 3, Section 3.13). Using the 

acquired experience, I was engaged in the verification of existing research methods, with the 

aim of identifying the best under the given conditions, allowing to indicate the optimal 

location of a geothermal borehole [41]. I developed recommendations for investors taking into 

account potential problems during the implementation of works related to the construction of 

a thermal water intake [67]. I participated in the development of a description of thermal 

waters found in the Sudetes [10, 55]. Currently, I am working as one of the main authors in 

creating the "Geothermal Atlas of the Sudetes and Their Forelands". As part of the 

Hydrogeological Documentation Committee, I have provided opinions on 80 applications for 

funding submitted to the National Fund for Environmental Protection and Water 

Management. I also participated in the development of the evaluation criteria for the above 

applications. 

In 2006-2007, I was a contractor for Project W6/I-11 No. 316345, funded by the 

Ministry of the Environment, called "Study of the Possibility of Recognizing New 

Occurrences of Mineralized, Specific and Thermal Waters in the Fore-Sudetic Block Area", 

headed by Prof. dr hab. Tadeusz Przylibski. Within the framework of the project, I analyzed 

available data with regard to the possibility of recognizing new occurrences of mineralized 

specific and thermal waters at the scale of the entire geological unit - the fore-Sudetic block.  

I also created the description of several designated prospective areas. 
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In 2007-2009, I participated in the project titled "Lithogenesis and geochemistry of 

sediments of the bottom and coastal zone of the Szczecin Lagoon", headed by Prof. dr hab. 

Andrzej Witkowski. This interdisciplinary research project was carried out by a consortium of 

6 institutions for the Ministry of Environment (contract no. 83/2007/Wn-16/FG-go-tx/D1). As 

part of the project, I conducted hydrogeological and hydrological research aimed at compiling 

the water balance of the Szczecin Lagoon catchment area. 

In my work, I have been involved in research related to the intake of ordinary 

groundwater. Among other things, their results were published in several scientific 

publications [14, 18, 19, 28, 40, 63]. Their scope entailed an analysis of the feasibility of 

intakes in areas formed by crystalline rocks [18, 28, 40], but also more specific issues. Using 

a variety of research methods: I recognized the circulation of groundwater in order to 

optimize the exploitation of intakes; I identified the best location of potential wells, taking 

into account the exploitation possibilities and the impact on the environment; I analyzed the 

effectiveness of well treatment carried out. 

In 2005-2009, I spent a total of 6 months in the SW Spitsbergen region carrying out 

research in the Greenland Sea coastal zone during summer periods. In this area, 

multidisciplinary research has been carried out for years, aimed at understanding the 

processes occurring in polar areas, where the disappearance of glaciers, the development of 

young morphological forms and vegetation succession are observed. My research included: 

determining the values of hydrogeological parameters of rocks; the formation of surface and 

underground runoff and its variability; estimating the values of the components of the water 

balance; characterizing the chemical composition of waters occurring in the permafrost active 

zone. The results of these studies have been published in several scientific articles [6, 8, 12, 

22, 23, 62, 66]. 

 

7. Educational activity 

I have been teaching since I was hired in 1992 at the Faculty of Natural Sciences of the 

University of Wrocław, at that time still on a technical post. I continued it working as an 

assistant and now as an adjunct at the Faculty of Earth Sciences and Environmental 

Management of the same university. During my 30 years of work, I have given classes and 

lectures for students of geology and geological engineering, but also geography and 

environmental protection in the following courses: groundwater dynamics, mining and 

drilling, hydraulics, mining hydrogeology, general hydrogeology, hydrology, 
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hydromechanics, methodology of pumping test, excavation dewatering, hydrogeological 

practicum, conditions of foundation of building structures, drilling, groundwater resources, 

selected methods of reclamation of anthropogenically transformed areas, field classes - 

methodology of hydrogeological studies, field classes - regional geology, field classes - 

drilling. I have developed curriculum scopes for classes and lectures for most of the above 

courses. 

As part of my teaching activities, I organized and headed trips abroad for field classes in 

regional geology to the Czech Republic, Russia, Georgia, Turkiye, Bulgaria, Romania and 

Ukraine. 

In 2006, I was secretary of the Faculty Recruitment Committee for full-time and part-

time bachelor's degree programs in the 2006/2007 academic year in Geology, and in 2011  

I was a member of the examination committee for the bachelor's exam in the Interdisciplinary 

Department of Environmental Protection. 

I have been the supervisor of 66 master's, bachelor's and engineering theses (geology 

students with specialization in hydrogeology; geological engineering; environmental 

protection) (Enclosure 3, Section 3.10). 

Since 2016, I have been a member of the Committee for the Observation of Teaching 

Activities at the Faculty where I am employed. The purpose of the committee's activities is to 

strive to maintain the high quality of teaching and to activate academic teachers to 

continuously improve their teaching skills. 

Since 2017, I have participated in the work of the Team for the Review of Study 

Programs for Geology and Geological Engineering, as well as the Committee for the 

Educational Program for Geological Engineering. In the course of my work, I have been 

involved in the development of the curriculum for the second degree program in Geological 

Engineering; the revision of the curricula for the first and second degree programs in Geology 

and Geological Engineering; the preparation of syllabuses for subjects, the matrix of major-

related learning objectives, and tables of compatibility of major-related learning objectives 

with general learning outcomes. 

I conducted popular science lectures for high school students in Wroclaw as part of the 

Lower Silesian Science Festival and for children under the care of the "To the Rescue of 

Children with Cancer" Foundation. 

I received two Rector’s awards for educational achievements in 2017 i 2018. 
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8. Organisational and popularising achievements 

To date, I have actively participated in 56 conferences, including 11 of international 

scope (Enclosure 3, Section 3.2), at which I presented 30 papers (Enclosure 3, Section 2.10).  

I have participated in organizing 8 international and national scientific conferences: 1 time  

I was secretary of the organizing committee; 3 times I was a member of the organizing 

committee; 1 time I was secretary of the scientific committee; 3 times I was a member of the 

scientific and scientific-technical committee. 

Since 2008, I have been a member of the Polar Club of the Polish Geographical Society. 

I took part in organizing scientific trips to Spitsbergen, in which I participated in 2005, 2007, 

2008 and 2009. 

I held the following positions at the university where I work: in 2005-2006 Deputy 

Director for General Affairs of the Institute of Geological Sciences, in 2006-2008 Deputy 

Director for Scientific Affairs of the Institute of Geological Sciences. In 2002-2005 I was  

a member of the Faculty Scholarship Committee. I actively participated in several university 

elections: in 2007-2009 I was chairman of the Institute Election Committee and  

a representative of the Faculty Election Committee. In 2012, I was an elector in the election of 

the Rector of the University of Wrocław. 

I received 6 awards from the Rector of the University of Wroclaw for organizational 

achievements for my activities in 2001, 2004, 2005, 2009, 2017, 2018. 

I have been and continue to be active in several expert committees functioning outside 

my alma mater: 

- since 2011, I have been actively involved in the work of the Hydrogeological 

Documentation Commission, a subsidiary body in the Ministry of Climate and Environment, 

which deals with the consideration and preparation of opinions of hydrogeological projects 

and documentation before their approval by the Minister. Since 2016, I have been deputy 

chairman of this commission. In 22 years, I have performed 27 reviews and 34 opinions of 

hydrogeological documentation, geological works projects and other studies; 80 reviews of 

applications for funding of projects aimed at searching and exploration of thermal water 

deposits. I participated in the development of evaluation criteria for some of the above-

mentioned studies; 

- since 2007, I have been a member of the Commission for Geological Studies (formerly the 

Commission for Cartographic Studies) created by the Director of the Polish Geological 

Institute-National Research Institute. The task of the Commission is to consider and evaluate 
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the geological mapping works carried out by the Polish Geological Institute-National 

Research Institute. During the 16 years of my work in the Commission, I have made 37 

reviews and dozens of opinions on maps (primarily Hydrogeological Maps of Poland in the 

scale of 1:50,000) and atlases; 

- in 2015-2016 I was a member of the Scientific Council of the Polish Geological Institute-

National Research Institute; 

- in 2015-2016 I was a member of the Geological Council to the Minister of Environment; 

- since 2016, I have been the chairman of the examination committee for awarding 

qualifications in geology (categories IV and V), operating at the Ministry of Climate and 

Environment; 

- since 2022, I have been a member of KGHM Water Hazard Team. The task of the team is 

the substantive analysis of hydrogeological problems arising in the course of the company's 

operations, including the preparation of reviews, expert reports and opinions. 

 

9. Summary of scientific and research achievement – Table 1 

Scientific and research achievement 
Before 

PhD 
After PhD Total 

Total numer of publications 15 60 75 

Publications in journals from the JCR list - 10 10 

Publications in journals from the Web of Science and/or 

Scopus databases 
1 15 16 

Publications in journals other than from Web of Science and 

Scopus databases 
7 11 18 

Monographs 2 4 6 

Chapters in monographs 3 11 14 

National conference materials 1 2 3 

International conference materials 1 5 6 

Other published scientific papers - 2 2 

Monographs’ editor - 2 2 

Summative Impact Factor - 17,905 17,905 

Summative publication score according to MNiSW 74 1118 1192 

Summative publication score for authorship or co-authorship 

of publications according to MNiSW (accounting for 

authors’ percentage share) 

24,38 456,21 480,59 

Number of citations of publications according to Web of 

Science (28.07.2023),  
- 76 76 
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including without self-citations - 73 73 

Number of citations of publications according to Scopus 

(28.07.2023),  

including without self-citations 

1 

1 

90 

82 

91 

83 

Number of citations of publications according to Google 

Scholar (28.07.2023) 1 202 203 

Hirsch Index according to Web of Science (28.07.2023) - 3 3 

Hirsch Index according to Scopus (28.07.2023) - 4 4 

Hirsch Index according to Google Scholar (28.07.2023) 1 8 8 

Participation in international and national research projects 2 5 7 

Participation in international conferences 4 6 10 

Participation in national conferences 8 40 48 

Papers presented at international conferences - 3 3 

Papers presented at national conferences 1 29 30 

Participation in organisational and scientific committees of 

scientific conferences 
1 7 8 

Articles’ reviews in national journals - 5 5 

Opinions and Reviews of hydrogeological documentation, 

projects, maps, atlases and other works 
- 181 181 

Collective papers, documentation of research work - 14 14 

Expert opinions or other commissioned work 13 70 83 

Thesis supervisor - 66 66 
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