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ABSTRACT:


In the results of geomechanical transformations associated with the activity of open- cast brown coal mining, some changes in air-water relations may occur on arable land adjecent to these regions usually referred to as hydrological alterations. However, they do not always need to result in soil degradation, i.e. in the deterioration of their production potentials. This will often depend on the distance of fields from the workings, value of the arable land (soil quality class), type of water management etc.


On the basis long-term studies carried out in the area of operation of two brown coal mines - KWB „Konin” and „Adamów” - on arable land and grasslands of over 60 villages on the total area of 30 thousand hectares it was possible to develop evaluation criteria for the  ex- tent of soil degradation and work out principles for compensation payments for farmers.


Three zones and appropriate sub-zones of soil susceptibility to drainage were termined and clear and simple criteria for the estimation of the extent of arable land and grassland degra- dation were worked out. Furthemore, the authors proposed simple and readable systems to calculate compensatory payments to be paid to farmers taking into account the state of soil degradation, value of agricultural land (price of 1 ha of land of appropriate class) and the area of damaged land. The degree of soil degradation, both of arable land and grasslands, ranged from 10 to 30%. In the case of grasslands, additionally, an appropriate sum of money was allocated to compensate for sward recultivation.
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INTRODUCTION


According to the World Soil Protection Organisation (FAO et al. 1979) and the European Society for Soil Conservation (ESSC 1988), soil degradation is described as a decline in the intensity and rate of soil quality changes with regard to plant productivity. This process is commonly associated either with the influence of industry or urbanisation processes. Industrial activities lead to direct and indirect changes in soil cover. In the case of brown coal opencast mining, changes, which occur in areas adjacent to opencast mines, are restricted to geomechanical and hydrological transformations. According to the soil degradation classification proposed by Lal (1998), these transformations fall under the type of physical degradation (deformations of water management) as well as under the type of chemical degradation (decrease in the content of organic carbon).

Geomechanical deformations involve hydrological transformations both within the confines of the opencast mine itself and in near-surface layers of the area adjacent to the opencast mine. The main cause of these changes is the necessity to drain the mineral before and during mining and changes in the hydrology of the neighbouring areas. Landscape deformations need not necessarily result in soil degradation, i.e. deterioration in their production potentials. This will depend on the distance from the opencast mine, hydrological conditions of deposits, their mineral or organic character, type of water management practices etc.

The objective of this study was to determine the extent of drainage degradation resulting from opencast mining and to put forward elaborated criteria useful for the assessment of the degree of drainage degradation of soils adjacent to brown coal opencast mines situated in central Poland and methods of calculating values of possible compensations.

MATERIAL AND METHODS

Investigations were carried out on the area of over 30 thousand hectares in two regions of opencast mining in central Poland situated approximately 50 km from each other and differing with regard to their geomorphological structure. The area of the “Konin” Brown Coal Mine is situated within the range of the ground moraine Würm glaciation. Seen in the stratigraphic system, roof horizons are made from sands, loamy sands and sandy loams that, at the depth of 4-5 m, are underlain with poorly permeable formations from the earlier Riss glaciation. On the other hand, the region of the “Adamów” Brown Cast Mine is situated mainly within alluvial sediments of the Warta river valley (Krygowski 1961).

The above-mentioned regions are characterised by considerable diversification of the soil cover. Approximately 70-80% of the area is taken up by mineral soils with primarily: Luvisols and Arenosols (FAO-UNESCO 1994). In local basins, among Luvisols, localised semi-hydrogenic sediments – Pheozems occur. Organic soils – Histosols developed in post-glacial channels of the moraine landscape, whereas in river valleys, both mineral (Fluvisols) as well as organic (Histosols) soils can be found.

The performed field works comprised 194 soil profiles and about 1000 soil drillings. Samples for analyses of physical and chemical properties were taken from representative soil profiles. Special attention was paid to such water properties as: variations in levels of ground water recorded by set up piezometers (Rz?sa et al. 1999); filtration coefficients for easily-permeable sediments were calculated using empirical formulas (Wieczysty 1982) and determined by means of the method of continuous pressure drop (Black 1965). Ranges of depression curves were calculated on the basis of the above mentioned filtration coefficients employing empirical formulas of Sichardt and Kusakin (Pazdro 1977).

The assessment of the degree of degradation of individual soil units was performed on the basis of:

· Analysis of the geological structure of the examined area,

· Investigations of the morphological structure of soil pedons,

· Analyses of physical (primarily, water) and chemical (primarily, organic matter) soil properties,

· Determination of the type of soil water management,

· Determination of the susceptibility of the substrate and soils to mining drainage (filtration coefficient, range of depression),

· Yields of arable lands and grasslands.

RESULTS

The genesis, evolution and natural production potentials of soils - including soils adjacent to opencast mines - were affected primarily by the geological structure, climatic conditions, properties of soil-forming parent materials and substrate as well as by topographic features of the area. For years, this diversity of soil-forming factors created specific difficulties in solving the problem of drainage degradation of soil productivity, especially from a formal point of view. The encountered problems are very complex as there are many possible solutions and unpredictable exceptions to the rule which depend on the soil valuation class, texture composition of surface layers and the substrate, type of land use (arable lands, meadows and forests), location in relation to the opencast mine, drainage possibilities of a given area etc.

Before the beginning of brown coal mining, its deposits must be drained to prevent deep and inter-zonal waters flooding the opencast mine. The above-mentioned waters developed about 15-20 million years ago during the Tertiary period and saturate Miocene sands in which brown coal deposits occur. During consecutive periods of glaciation, those formations were covered by post-glacial materials of 40-50 m thickness. Brown coal, which occurs in the vicinity of water-saturated Miocene sands, is also soaked with water forming a semi-plastic or liquid mass. In order to make it minable, it must be drained. This is achieved by constructing a drainage barrier which consists of drilled piped holes reaching down to about 20 meters bellow the coal deposit floor. These types of deep wells, distributed approximately every 80 m, are equipped in appropriate drainage pumps which drive water up to the surface which is then conducted away from the mining area by means of pipes and canals. The mineral deposit is usually drained for about 2 years prior to the initiation of mining works. This allows to lower the water table underneath the coal bed and, by doing so, dry it down to the moisture content of about 40-50% making mining it possibly.

The lowering of the deep water level leads to the development of the so-called tertiary depression funnel. Boundaries of this funnel are determined on the basis of piezometric measurements and it can expand from a few to several kilometres from the drainage barrier. As a rule, this type of drainage has no effect on water conditions in the near surface zone that is isolated with a tight, non-permeable and well-consolidated bed of the Riss glaciation of 20-40 m thickness.

However, there are dangers of draining near-surface, quaternary formations during the process of the development of the exploitation hollow and, also later, during brown coal mining. Symptoms of this include lowering of the ground water table – especially, of the first level, disappearance of water in household wells or even – in close neighbourhood to the mine – disappearance of surface waters in watercourses and reservoirs. The range of the drainage area is determined by the so-called quaternary depression funnel.

On the basis of empirical formulas, it is possible to determine the range of the depression curve of the near-surface zone within the funnel. Filtration coefficients k10 calculated with the assistance of empirical formulas and determined in laboratory were adopted to calculate the range of the depression curve which could develop if the same type of soils occurred in the entire drained area, i.e. medium-  fine- and very fine-grained sands (Tab.1). Values of filtration coefficients and ranges of depression curves presented in the Table show considerable fluctuations depending on the adopted method of their determination. Generally speaking, filtration coefficients calculated on the basis of texture curves of individual types of rocks are higher than filtration coefficients determined using the method of continuous pressure drop. This, however, is of no significant importance for the calculated values of the range of depression curves. Sichardt’s and Kusakin’s formulas applied for calculations yield considerable variations in values of the range of the depression curve. Considerable differences in the range of these curves occur depending on the formula applied for calculations. According to literature (Pazdro 1977), Sichardt’s formula is used more often, therefore, from practical point of view, R values calculated with the assistance of this formula should be more reliable. In the adopted interval of height of a statistical ground water table, more extensive depression ranges were obtained when calculations were performed using the Sichardt’s formula. However, they decrease with the increase of height and already in the interval of 20-30 m, Sichardt’s and Kusakin’s formulas applied for calculations yield similar values of the range of the depression curve (Rz?sa et al. 1999).

Table 1.   Range of depression curve in deposits of different permeability depending

                on the height of static ground water level - H

	Rocks according to their filtration properties
	H

(m)
	k10

(m  s-1)

a
	Range of depression curve (m)
	k10

(m  s-1)

b
	Range of

depression

curve (m)

	
	
	
	A*
	B**
	
	A*
	B**

	Medium-grain sands
	1
	4,27  10-4
	62
	12
	3,16  10-4
	53
	10

	
	3
	
	186
	62
	
	160
	53

	
	5
	
	310
	133
	
	267
	114

	
	10
	
	620
	376
	
	533
	323

	Fine-grain sands
	1
	1,86  10-4
	41
	9
	1,24  10-4
	33
	6

	
	3
	
	123
	41
	
	100
	33

	
	5
	
	205
	88
	
	167
	76

	
	10
	
	409
	248
	
	334
	202

	Very fine-grain sands
	1
	0,78  10-4
	26
	5
	0,42  10-4
	19
	4

	
	3
	
	79
	26
	
	58
	19

	
	5
	
	132
	57
	
	97
	42

	
	10
	
	265
	161
	
	194
	118



H(m) – Height of static ground water level.


a – Calculated filtration coefficient (m  s-1 ) according to formulas; Krüger, Hazen, Selheim


b – Filtration coefficient determined of constant pressure drop method (constant head) for selected soil samples: 


A*  - Range of depression curve according to Sichardt’s formula (R = 3000 s  k, s=H).


B** - Range of depression curve according to Kusakin’s formula (R = 575 s  k  H , s=H).

However, precise prognostication of the development of the depression funnel should be based on measurements of the ground water table before, during and after the termination of coal mining in a network of piezometers set up especially for this purpose. On the examined area, 432 such piezometers were established, particularly in areas with prognosticated high susceptibility to mining drainage. Direct measurements of the level of ground water tables in medium- and fine-texture formations, especially in sandy post-glacial channels, showed considerable variations in the development of depression curves. Generally speaking, the range of mining drainage in these formations was contained in the interval from 200 to 800 m from the excavation site at varying depth of the deposition of the poorly permeable substrate. This variation in the range of drainage was also confirmed by supplementary measurements carried out periodically in household wells. Results obtained from these measurements are similar to values calculated using Sichardt’s formula.

Long-term investigations and observations carried out in different soil taxonomical units allowed to identify appropriate soil zones and sub-zones which differ considerably with regard to the type of water management and susceptibility and possibility of their drainage, including drainage resulting from activities of opencast mining (Mocek et al. 2000). Characterisation of these zones, of necessity in an abbreviated form, is presented below.


ZONE I - includes soils which did not and do not have ground water within the reach of soil profile. They cannot be drained and, therefore, undegro drainage soil productivity degradation. The yield in this zone depends on the evaluation class, agrotechnical operations and the course of climatic conditions.


ZONE II - includes soils which did not and do not have within the reach of soil profile the level of proper ground water but may exhibit periodical, usually early spring, easy to filter free water found over or between loam layers or a zone of local saturation with water in loamy sands formed on loam and in sand veins between loams. These soils are referred to as soils with rain water regime. The yield of these soils depends mainly on the evaluation class, agrotechnical treatments, climatic conditions and draining.


ZONE III - includes soils which have or had, during tha last several years, ground water level within the reach of soil profile or this level was significantly lowered. The basic condition - existence of ground water - is fulfilled in these soils. Therefore, two cases were considered on which physical possibilities of soil drainage depend: appropriate contact and hydraulic gradient. Assuming this criterion, the following sub-zones were distinguished in the examined region: III-A, III-B, III-C and III-D.


Sub-zone III-A - includes soils which are characterised by the level of ground water but, because of the lack of contact or hydraulic gradient, drainage connected with mining activities or lowering of the level of ground water is impossible. These include primarily soils and agricultural wastes (marshes, overgrowing water reservoirs) occurring in glacial troughs found more than 1 km from opencast pits or deep mining canals as well as woils occurring in interior depressions surrounded by loamy moraine heights. In these areas ground water has re-mained unchanged for many years exhibiting seasonal annual or periodical variations depen-ding, primarily, on atmospheric precipitations in the catchment area. So there is ground water, there is no drainage associate with mining activities, there is no soil production degradation cennected with drainage.


Sub-zone III-B - includes marshy soils developed in the result od drainage of marshy wastes associated with minig activities. They occupy very small areas and do not have practical significance. However, these wastes are important as, the so called, ecological land which con-stitutes refuge and sanctuary for propagation of reptiles, amphibians, insects as well asspecial kinds of plants increasing in this way biodiversity of agricultural areas. Therefore, it should be mentioned here, their liquidation in the result of drainage was considered a negative environ-mental event, although no compention can be paid in the light of the existing regulations


Sub-zone III-C - includes muck and mucky soils, mainly derived from meadows of V and VI evaluation classes, damaged in various degrees, either in the result of natural (Marcinek 1978) and open cast mining drainage, as well as by changes of water conditions connected with various canals, ditches etc. The above mentioned soils are characterised by a conspicuously lowered level of ground waters causing aerobiotic processes in the mucky level and irreversible lossesof biogenic constituents, primarily nitrogen, deterioration of air-water conditions, etc. This type od degradation progresses gradually and usually takes a few to several years - depending on drainage intensity, agrotechnical treatments, etc. (Mocek 1978, Rz?sa 1971). Mean annual yield loss does not usually exceed 0.05 t/ha, therefore, it is impossible to notice in a short period of time, e.g. 1-2 years. Ultimately, the level of degradation  reaches 1.5% of organic matter and it remains relatively stable for  sandy  soils (Rz?sa 1971, Rz?sa et al. 1999).


Sub-zone III-D - includes soils under permanent grasslands, i.e. under meadows and pastures where the lowering of the ground waters level under the influence of natural and open cast mining drainage causes degradation of soil productivity as well as losses in sward. Degradation of soil productivity is similar to that resorded in arable lands of sub-zone III-C. However, in the examined region, such degradation comprises also soils of class IV and may occur also in soil characterised by a higher concentration of organic matter (peat, muck) than in arable land, but usually it does not reach the final stage since soils with far advanced natural degradation are commonly taken over by farmers as arable land. Most often, the extent of degradation of soil productivity does not exceed one evaluation class, it may, however, exceed one evalution class in grasslands.


The calculation of compensation for permanet productivity degradation Qtdp of arable lands - sub-zone III C and grasslands - sub-zone III D can be presented as a product of the following factors: 

             a  b  c

Qtdp = --------------

              100

where:

a - current price of 1 ha of land of a given evaluation class in a specific commune,

b - % soil degradation given on the map of land registration (Table 2),

c - surface of the area in ha,

100 – coefficient


In grasslands - apart from permanent degradation of soil productivity - usually a very distinct, sometimes contrasting, degradation of meadow sward can occur as grasses respond very rapidly and quickly to even relatively small drops in ground water levels because they take place in sand soils. This results from the absence of adaptation to the existing species  compo-sition of the meadow sward to changing water conditions. When drainage of a given area caused by mining activities overlays with natural drainage, changes in water conditions occur relatively quickly, whereas natural regeneration of the species composition takes a very long time, usually several dozens years. In such conditions, cultivated grass species and appopriate leguminous plants should be introduced artificially, applying sub-sowing and suitable agronomical operations.


There is no doubt that the responsibility for drainage of permanent grasslands resulting in significant changes in water conditions and degradation of meadow sward associated with it can be put on the open cast mining. Therefore, appropriate mines should pay for the costs of sward regeneration, or generally speaking, all costs connected with land reclamation projects. The most optimal variant for the application to be recommended on the examined objects is the renovation of grasslands by means of undersowing supported by appropriate chemical weed control. The cost of such operations are estimated at the level of approximately 800 zl/ha (Rz?sa et al. 1999). Therefore, in the case of permanent grasslands the full compensation should consist of two parts: one part, for permanent degradation of soil and the second - for the reclamation of meadow sward.


Detailed criteria for the identification of the degradation of arable land together with the list of percentage degree of degradation for areas affected by activities of the Konin Brown Coal Mining Centre are given in Table 2. The Table, together with the accompanying expla-nations concerning the applied symbols and abbreviations, presents in a simple and lucid way the most important conditions and the extent of soil productivity affected by drainage.

CONLUSIONS

Areas under investigation, similarly to the majority of regions on the Central Polish Lowland, are characterised by a considerable diversification of soil cover resulting from the post-glacial origin of parent materials. This trait determines, among others, many water properties, including their retention capabilities and water movement in soil.

The problem of the range of the mining drainage of near-surface quaternary formations is very complex. Apart from theoretical calculations of its range using empirical formulas, it is necessary to verify the obtained results by direct examinations of the dynamics of variations in the level of ground waters in areas adjacent to exploitation hollows.

Susceptibility (allocation to a definite degradation zone) – apart from general soil properties – depends mainly on the type of water management, which determines the depth of ground water table within the soil profile.

Table 2.   Detailed principles of compensation establishment

	Zones of soil degradation
	Land capability unit
	Types and sub-types of soils
	Texture
	Zone in relation to open cast pit
	State of soil degradation



	I
	6,7
	Bw

A
	ps . pl 

ps : pl 

pl
	irrespective
	without drainage

	II
	2,3,4
	B

A
	pgl ./: gl 

pgm ./: gl
	of pit
	degradation

	III A
	Different arable soils and grasslands far away from the pit – water conditions not changed by mining activities
	without drainage 

degradation

	III B   (R)
	8

9 
	D (Dz)

Dz 
	pgm . gl 

pgl : gl 
	over 300 (500) m

from pit
	amelioration drainage

	III B   (?,Ps)
	2z

3z
	Dz
	pgm : gl 

pgl : gl
	
	amelioration drainage,

sward degradation 

(compensation value - 800 z?/ha)

	III C   (R)
	6,7 

6 

5
	Bw

Dz

Dz
	ps . pl 

ps . pl 

pgl : gl
	in neighbourhood of grasslands

(in depresions)
	 o - g - w -->  o - w      

10 % degradation

	
	4,5,6 

8 

(6) 
	Dz 

Dz 

(Bw)
	pgl/pgm . gl 

pgl/pgm . gl 

(ps : pl) 
	up to 300 (500) m

 from pit or at

 pit boundary 
	10 % degradacji



	
	9

6
	Dz 

M
	pgl : gl 

pgl . pl(: gl) 

ps ./: pl
	in neighbourhood of grasslands

(in depresions)
	o - g - w --> o - w      

20 % degradation

	III D   (?,Ps)
	2z
	Dz
	pgm/pgl . gl
	
	10 % degradation

 + 800 z?/ha

	
	3z
	Dz
	pgl : gl 

pgl . pl
	in glacial troughs
	20 % degradation

 + 800 z?/ha

	
	2z , 3z

2z 
	M i T

Dz
	---------

pgl . pl 
	
	30 % degradation 

+ 800 z?/ha

	N,WN
	
	M,T,

Etm
	---------
	irrespective of pit


	--------------


	a/ Land use 
	D
	- proper black earths (Pheozems)

	R
	- arable lands
	Dz
	- degraded black earths

	?
	- meadows
	M
	- mucky soils (Histosols, Gleysols)

	Ps
	- pasture
	T
	- peat and peat-muck soils (Histosols)

	N
	- barren land
	Etm
	- peat-muck soils (Histosols)

	WN
	- mashes and wetlands
	d/ Texture 

	b/ Land capability units 
	pl,ps
	- sand

	4
	- very good rye
	pgl,pgm
	- loamy sand

	5
	- good rye
	gl
	- loam

	6
	- weak rye
	e/ Change of texture 

	7
	- very weak rye
	
	. – down to depth 50 cm

	8
	- cereal-fodder strong
	
	: - from 50-100 cm

	9
	- cereal-fodder weak
	f/ Types of water management 

	2z
	- medium grasslands
	                                      o - g – w  - rain-ground water regime 

	3z
	- weak grasslands
	                                      o - w       - rain water regime 

	c/ Types and sub-types of soils 
	

	A
	- arenosols or lessives soils (Arenosols 

   and Luvisols)
	

	B
	- brown soils (Cambisols)
	

	Bw
	- rusty soils (Arenosols)
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