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This article presents gravel plains as a natural, social and cultural feature, and in particular 

as an important part of the human environment in cities. The first part, which is more theoretical, 

presents the role and importance of gravel plains and shows the human impact as a factor in the 

way they change. This is followed by a detailed presentation of a specific case, the gravel plain 

along the Sava River in the northern part of Ljubljana. Due to continuing illegal human activities 

in this area, its fundamental function as a source of drinking water for the needs of Ljubljana is 

under threat. Decades ago people hauled away gravel from this protected water catchment area 

without any supervision or control, creating pits which were then filled with garbage, and in this 

way more than a hundred illegal dumping sites accumulated. None of the protective measures 

taken to date, neither legal regulations nor physical barriers and warnings on site, have had any 

effect, and the area has become a textbook example of a degraded riparian landscape. It could be a 

space having multiple coexisting functions of water catchment, nature conservation and outdoor 

recreation for the urban population, but this possibility has not found an appropriate place in the 

perceptions of the city residents. Thus the question arises as to whether any further cleanup will have 

any lasting effect in the absence of a radical improvement in people‟s attitude towards the environment.  

Keywords: Slovenia; Sava River; illegal waste dump; gravel pit; drinking water; priority cleanup. 

 

 

1. Introduction 

 

In Central Europe the development of cities throughout history has 

always been closely associated with gravel plains, since the majority of cities 

grew up around the major rivers or their tributaries responsible for creating 

these plains (Galluser and Schenker, 1992). Natural forces, which until more 

intensive settlement by humans were the only ones to shape the landscapes of 

these regions, acquired a rival in humans, who interfered with the natural course 

of events more intensively in some places, less intensively in others. Human 

activity was not limited to conversion of forests along river banks into 

farmland; it also focused on the reshaping of river courses, which caused major 
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changes in the appearance of the landscape, reduced biological diversity and 

affected the groundwater directly associated with the river (Urbanc and Breg, 2005). 

The results of natural and social processes were dependent on their 

duration and intensity. The impact of minor changes over a longer time period 

can fade, and a gradual return to the original state is possible. However, in the 

case of radical and lasting changes, older landscape systems have acquired new 

functions and content (Richling, 1999). Urbanization has a special role among 

human impacts, since it causes substantial changes in the environment and the 

way it functions.  

In the varied relief of Slovenia, gravel plains with their aquifers and 

intergranular porosity are on the one hand the most important source of drinking 

water, supplying the needs of more than 90% of the population, while on the 

other hand they are the economic, transportation, and settlement core of the 

country (Kladnik et al., 2002). Accordingly, the pressure on them is extremely great, 

with different activities constantly seeking a suitable place for development. 

Especially vulnerable are regions outside the city‟s territory but in its immediate 

vicinity. As a result of different views regarding natural resources, and especially 

because of the re-evaluation of the economy of their utilization, this space is 

continually overburdened, in which people‟s concept of the environment plays 

an important role. The latter shapes our attitude towards the landscape: 

“Societies interpret their environment according the way they manage it, and 

they manage it according to the way they interpret it” (Berque et al., 1994). 

Modern cities of economically developed countries, including Slovenia, 

diverge fundamentally from concepts of sustainable development, since they 

require vast amounts of land for their activities and for satisfying the material 

and energy needs of their populations and for the disposal of various emissions 

and wastes. In so doing they inevitably come up against the limits of the ecosystem. 

The capability of the ecosystem is limited by a three-dimensionally conceived 

space which includes an inventory of natural resources (non-renewable, conditionally 

renewable, and renewable) and the capacity to absorb wastes, pollution and 

environmental impacts (Plut, 2003). Degradation of the urban landscape is thus 

a consequence of the incompletion of materials cycles (for instance waste) and 

the excessive use of non-renewable natural resources (for example, gravel), 

which impacts the environment and causes changes in the landscape composition 

and the dynamics of the city and its surroundings (Breg and Urbanc, 2005). 

The subject of our study is the area of the Jarški prod water pumping 

station, the part of the gravel plain along the Sava River that is intended to 

supply drinking water to the residents of the capital city, Ljubljana. Although 

the gravel plain along the Sava has had a variety of functions in history, its 

groundwater has been an important source of drinking water throughout the 

whole time. The Sava River, which feeds the groundwater, has also represented 

a constant threat to the city. In order to reduce its destructive power, since 
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centuries ago people began to regulate it using various measures. Consequently 

they changed (among other things) the natural dynamics of gravel deposition, a 

natural resource closely associated with the river that accumulated over long 

geological time periods. Since the renewability of alluvial gravel deposits is 

much lower than the self-cleaning capacity of water, we consider gravel a 

nonrenewable natural resource. Space as a basic precondition for the 

development of the city of Ljubljana is also nonrenewable.  

In the case of Jarški prod, we would like to show that the riparian space 

on this gravel plain, despite its crucial function, is unfortunately also frequently 

subjected to a number of illegal activities. Due to the risk of flooding, the 

unclear ownership structure, and the presence of the water supply station, Jarški 

prod is at present an unattractive location for the expansion of built areas. At the 

same time, due to the general abandonment of farming on less favorable land, 

the area is becoming overgrown by bushes and trees. However, the major reason 

for the severe degradation of the area is certainly the low level of awareness 

among the urban population. This riparian landscape has not found a suitable 

place in the local residents‟ system of values who see it as a simply natural 

resource, not just water, but also gravel, and last but not least as a convenient 

place to illegally dump their garbage. The excessive amount of gravel dug from 

pits that are too deep, the illegal dumping of waste, and especially the 

unregulated filling of gravel pits with this waste are all connected with the 

economic and social development of Ljubljana, especially in the second half of 

the 20
th
 century. The poor management of gravel pits and the space in general 

are primary reasons for the fragility of this protected water catchment area.  

Recognition of the urgent need to protect the quality of groundwater has 

found a place in new European and Slovenian legislation. The Water 

Framework Directive (WFD, 2000/60/EC) has prioritized the need to achieve 

good water quality in Europe by 2015. To this end it anticipates the 

establishment of an integrated water management system for the waters of 

individual river basins. The Slovenian Law on Water (Official Gazette of the 

Republic of Slovenia, 67/2002 and 110/2002) has designated two water 

management areas: the water catchment area of the Danube, which takes up 

81% of Slovenia‟s state territory, and the water catchment area of the Adriatic 

Sea, which accounts for the remaining 19%. Both surface and underground 

water bodies are designated in these regions as basic management units, and 

goals for the achievement of good water quality are also defined. Natural 

features as well as the human impact on a given region are taken into 

consideration in the treatment of individual water bodies.  

Based on these criteria, 21 groundwater bodies have been designated in 

Slovenia. For a water body to be considered as being in a good state, it must have 

sufficient quantity as well as meet certain standards based on chemical analysis 

(Directive on groundwater quality standards, Official Gazette of the RS 100/2005). 
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A 2006 analysis of the possibilities for the achievement of a good condition of 

groundwater bodies for the Sava River basin together with the Ljubljansko barje 

marsh found that environmental goals were not under threat. Locally the water 

body does suffer from some significant impacts, but the results of official 

monitoring show that the goals set can be achieved if the protective regulatory 

measures already in force are strictly observed and the degraded area cleaned up. 

However, in practice the ineffective enforcement of the law and the low 

level of awareness among local residents (Smrekar, 2006) lead to actions which 

destroy the natural balance and reduce the values of the space. Instead of an 

ecologically, economically and culturally valuable open space within the territory 

of the city, we are creating a degraded riparian landscape which on the long run 

will also inevitably undermine our own health. All the measures taken so far 

have shown that legal ordinances which only remain on paper are not enough. 

What is needed is raising the awareness of people and creating opportunities for 

the formation of invisible but deep and lasting ties which would cause the 

majority of the population to place the area in question on a mental map as a 

special and indispensable value. Only then can they be actively included in the 

management of water resources, for which they are provided with opportunities. 

 

 

2. Description of the Study Area 

 

Jarški prod is a microlandscape on the left bank of the Sava River at the 

edge of the city of Ljubljana‟s territory. The bulk of the area is devoted to the 

protection of the territory of the Jarški prod water supply station, which is one 

of the most important sources of drinking water for the capital city of Ljubljana. 

Regarding the degree of protection, the area is divided into a narrow Zone 0, 

which is fenced off and has the strictest protection regime, and two surrounding 

ones, Zones I and IIA, with no restrictions on physical access. Due to the 

available reserves of the aquifer and the pollution of other existing sources of 

water, the quantity of water pumped from Jarški prod will likely increase.  

If we ignore the anthropogenic impacts on the natural landscape 

processes, Jarški prod is a gravel floodplain formed, like the whole of the 

Ljubljana basin, by the Sava River and its tributaries. A hundred years ago this 

was still an active gravel bed which accumulated alluvial deposits from the Sava 

during periods of flooding characterized by a reduced transport capacity of the 

river. During these episodes the course of the river could shift by up to 100 meters. 

In the 19
th
 century humans began to regulate the river‟s course and flow, which 

decreased flooding and consequently the deposit of gravel. Waterborne gravel 

conglomerate layers, which in Jarški prod are more than 70 meters thick, are of 

exceptional importance for Ljubljana‟s water supply. The groundwater during 
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periods of high water is only 4-8 meters deep, while during periods of low water 

it is 8-11 meters deep (Analiza..., 1995).  

Jarški prod has no settlement, and with the exception of access roads it is 

a completely non-urbanized area. The poorly developed shallow soils along the 

riverbank support the natural vegetation of trees and shrubs as well as grassland. 

On deeper soils, where a couple of decades ago there were still meadows and 

fields under agricultural cultivation, thorny shrubs are now taking over the land. 

To the south the area is bounded by the regulated river channel of the Sava, 

while to the north it approaches a suburbanized area at the outskirts of the city, 

consisting of housing and an industrial, business, and services area stretching 

from west to east. In the immediate vicinity of the pumping station there is a 

heavily traveled road, while the protected area itself is crisscrossed with gravel 

roads and tracks which a few years ago were still used for hauling away 

building material – gravel – from the river bank and now enable the illegal 

dumping of waste there. In the area between the pumping station and the Sava, 

where the excavation of gravel was most intense, many of the gravel pits are 

filled with various types of waste, while a few are also already overgrown. The 

gravel pits in Jarški prod are the most important element of the degraded 

landscape. Their poor management and of land in general is the main reason for 

the increasing impact and consequent vulnerability of the water protection areas 

of the Jarški prod pumping station. 

 

 

2.1. Creation of The Water Protection Area 

 

The methodology for designating water protection areas has a rich history 

both in Slovenia generally and in the Ljubljansko polje area more specifically. 

The size, shape, and division of the water protection area for the Ljubljansko polje 

aquifer has changed over the last fifty years with respect to the number of pumping 

stations and the development of various activities and their demands for water. 

Protected zones in Ljubljansko polje were first designated in 1955. In 

contrast to later divisions, at first only one (narrow) protected zone was created 

around each of three still active pumping stations (Kleče, Šentvid, Hrastje). 

Since building was prohibited in the vicinity of the pumping stations, these 

protected zones were crucial for preserving the quality of the water source 

(Breznik, 1988). After 1966, under pressure of urbanization, the construction of 

individual houses and new residential neighborhoods within the narrow 

protected area was permitted.  

The expansion of the city and its growing population increased the 

demand for drinking water and hence additional pumping stations. A 1977 

Ordinance on protected zones (Official Gazette of the Socialist Republic of 

Slovenia 18/1977) was the first to designate a protected zone for the Jarški prod 
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pumping station, which at that time was still in the research and planning phase. 

The ordinance designated an expanded (third) and an influential (fourth) 

protected zone which encompassed areas from which water percolated or 

flowed into the groundwater. Based on an analysis of accidents at home and 

abroad caused by deteriorating water quality, an immediate halt to building in 

the innermost protected zones was proposed. 

Protected zones and conditions for supplying water were designated anew 

by the Ordinance on the protection of sources of drinking water in 1988 

(Official Gazette of the Socialist Republic of Yugoslavia 13/1988). This 

ordinance divided the water protection area into the first or innermost water 

protection zone, which was intended solely for the water supply facility, the 

second zone, with a strict protection regime, and the third or outer zone with a 

less strict protective regime.  

The 2004 Ordinance on water protection area for the water body of the 

Ljubljansko polje aquifer (Official Gazette of the Republic of Slovenia 

120/2004) currently in force introduced a new approach to the protection of the 

water source used to supply Ljubljana. It took into consideration all the 

complicated sides and the need for a certain reorganization of protective 

measures in the seriously threatened area of water resources. The previously 

uniform second water protection zone was divided into two areas, IIA in IIB, in 

order to ensure improved protection of water resources. The degree to which 

these most recent provisions will be effective and contribute to the protection of 

the Ljubljansko polje water resource will become evident only in a few years.  

 

 

3. Materials and Methods 

 

3.1. Data Collection  

 

We collected most of the data through field work, in the course of which 

we recorded the most important anthropogenic elements associated with the 

degradation of the water protection area and the groundwater. A field survey of 

a territory measuring 2.17 km
2 

was conducted in the winter of 2004. We 

concentrated on a census of visible objects on the surface. In four gravel pits 

which had been filled in and overgrown by vegetation, we took soil samples, 

after partially clearing away the waste, for chemical analysis. 

Due to the potential danger of groundwater pollution from seepage, the 

greatest attention was given to illegal dumping sites. A pile of waste of at least 

1 m³ in volume was recorded as a separate dumping site. We also recorded the 

location and current state of active and abandoned gravel pits since these are 

especially problematic due to the thinning of the protective layer above the 

aquifer and their attractiveness as waste dumps. In order to show the 
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ineffectiveness of legislative measures and the extent to which the illegal 

dumping of waste is still entrenched in the attitude and behavior of people, we 

also recorded the cautionary signs and barriers on the access paths.  

The location of the individual object was determined in the field with the 

help of a GPS (Global Positioning System) device, by a reading of the Gauss-Krüger 

coordinates of the centroids of the dumping sites and the circumferences of the 

gravel pits. Data on the ownership of the illegal dumping sites observed in the 

field (for example, the visibility, type of access, type of wastes, estimate of the 

quantity of waste and so on) were entered on specially prepared census sheets. 

After the field work was completed we combined the GPS measurements and 

attribute values from the census forms in a digital data base. We then added to 

the data base which we acquired directly or indirectly from existing data layers 

of relevant institutions (for example, water protection zones, numbers of 

cadastral communes and parcels, name of the owners of the parcels). 

 

 

3.2. Analysis of the Data 

 

The data base established is a suitable starting point for statistical and 

other analyses of the data, which cannot be carried out without the use of 

suitable programs, in our case ArcGIS 9.1. Further on we would also like to 

mention some of the more important analyses we appealed to. One of them was 

the usage of functions for calculating the distance of points from selected 

objects through which we determined the distance of illegal waste dumps from 

the water protection area 0, from the Sava River, and from the nearest nucleated 

part of the settlement. Another one was the raster interpolation which enabled 

the preparation of a raster digital elevation model and of a raster digital model 

of the groundwater level, with cell size of 5 x 5 meters. The differences in the 

values of the cells of the two models mentioned revealed the distance between 

the groundwater level and the waste dumps.  

The data base organized in this way also enabled the preparation of a 

large number of thematic maps, which unfortunately indicate an alarming 

situation in the Jarški prod area. Due to the large number of illegal waste dumps 

and the considerable expected cost of cleaning them up, in the short term a 

complete cleanup is not feasible. For this reason we decided to prepare a list of 

priority sites to be cleaned up. To this end we paid particular attention to the 

values of nine indicators which were assigned a certain number of points 

depending on the state of each dump (Breg et al., 2005) – table 1. 
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Table 1 

Scoring illegal waste dump factors for cleanup purposes 

 

 

 
 

The sum of the points assigned for all nine indicators provided a 

quantitative assessment of illegal waste dumps with regard to their impact on 

the water resource and other negative environmental impacts. The dumps were 

classified into five categories for priority cleanup (Breg et al., 2006):  

Class 1: from 71 to 90 points (12 dumps); 

Class 2: from 61 to 70 points (25 dumps); 

Class 3: from 51 to 60 points (37 dumps); 

Class 4: from 41 to 50 points (50 dumps); 

Class 5: from 30 to 40 points (27 dumps). 
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Since a larger number of points means a greater impact on the 

environment, and especially on the water resource, we concluded that the 

dumps in the first two classes are in need of urgent cleanup.  

We gave particular attention to the analysis of a series of orthophotos 

taken at roughly five-year intervals from 1959 to 2004. By comparing photos of 

the same area during different time periods we wanted to determine as precisely 

as possible the chronology of the creation, expansion and abandonment or 

cleanup of the gravel pit.  

 

 

4. Results 

 

4.1. Gravel Pits 

 

We recorded 22 gravel pits by means of a census in the field and 

determined their state in the orthophotos. These varied widely in size and depth. 

Their areas measured from 25 m² to 65 000 m², and volumes from 50 m³ to 

30000 m³. In the deepest places the gravel pits are usually about 6 meters in 

depth. One of them for instance measured even more than 10 meters. The 

average gravel pit thus measures about 8550 m² in area, with a volume of 22 

042 m³ (Urbanc and Breg, 2005).  

The development of gravel pits over time was determined from orthopohotos 

taken in 1959, 1964, 1970, 1975, 1979, 1985, 1989, 1995, 1999 and 2004 (fig. 1). 

Before 1959 there were no gravel pits. During this time the gravel beds were 

intensively overgrown by vegetation. The first smaller gravel pits appeared in 

1959 and were in use up until 1975. Their average area was 5000 m². In the 

1970s the hauling away of gravel expanded to such an extent that individual 

gravel pits were merged into one extensive excavated area measuring 75000 m². 

The newly created gravel pit was active up until 1985, when they began to 

deliberately fill it in. Its central area has now become overgrown.  

Building materials are the dominant type of waste dumped into the gravel 

pits. Construction companies as well as individuals who excavated gravel and 

sand from these sites during the construction phase more often than normal then 

illegally dumped excess building materials and other waste back into the pits 

when the construction was finished. Since these unsupervised dumps continue 

to accumulate waste, in various forms and unknown quantities, it is impossible 

to accurately determine their impact on groundwater quality. Building materials 

consists also of hazardous waste such as asphalt, various plastics, leftover paint 

and varnish, and asbestos slabs.  
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Fig. 1. The development of gravel pits over time 

 

Due to the stripping away of topsoil and vegetation and the resultant 

lowering of the ground level, the danger of sudden contamination of 

groundwater is increased. For this reason researchers at the National Institute of 

Chemistry took eleven samples for chemical analysis. The analyses showed that 

the content of heavy metals, chlorides, sulfates, polycyclic aromatic 

hydrocarbons, volatile aromatic hydrocarbons and polychlorinated biphenols 

does not exceed maximum permissible values, which is also confirmed by 

regular testing of groundwater quality (Urbanc and Breg 2005). 

 

 

 

4.2. Illegal Waste Dumps  

 

We discovered and studied 151 illegal waste dumps in the 2.17 km
2
 large 

area of Jarški prod. The average distance from the groundwater was 6.3 m; at 

five dumps it was less than 3 meters. 40 dumps were fully active, 44 were 

partially active, and 67 were abandoned. We estimate that 54 waste dumps are 

less than a year old, which indicates that dumping of material is still ongoing.  

Their total area is 26 273 m
2
, which means that 1.2% of the area studied is 

covered in waste, making Jarški prod one of Slovenia‟s areas most heavily 
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burdened by waste. The average illegal waste dump measures 178 m
2
. Small 

dumps predominate as only 30 are greater than 100 m
2
. Among them there are 

also four with an area of
 
more than 1000 m

2
, but these take up almost six tenths 

of the total area covered in waste. The total volume of waste is estimated at 

42,464 m
3
. Eighty, or more than half of the waste dumps, do not exceed 10 m

3
.
 

On the other hand more than three-fourths of the illegally dumped waste is 

found in the sixth largest dumps with a volume of more than 1000 m
3
 (table 2). 

 
Table 2 

Main characteristics of illegal waste dumps at the Jarški prod area 

 

 
 

 
 

Fig. 2. Recent gravel pit condition 
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The locations of illegal waste dumps are usually hidden. In terms of 

quantity, more than 95% of waste material is deposited in sparse woods. Favored 

places for dumping waste are also in shrubbery at the edge of woodland. As 

already pointed out, gravel pits (fig. 2) are tempting places to dump large 

quantities of waste: although they comprise only 38, or one-fourth, of the total 

number of dumps, 31,732 m
3
 or almost three-fourths of all the waste identified 

was found within them.  

78 waste dumps are exposed, 64 are partly covered, and only 9 (very 

small ones) are completely covered. Partially covered dumps tend to be larger 

ones, while as a rule those that are completely covered are smaller dumps. In the 

case of 52 dumps (34.4%) there are grounds for suspecting that an additional 

amount of waste is hidden below the material we examined.  

Only a small portion (26.3%) of waste is dumped on land which is 

privately owned, while the majority of land where waste is dumped is public or 

owned by legal entities. A relatively larger amount of waste is found on the 

latter, which reveals the lack of interest and monitoring on the part of the public 

sector over what takes place on public lands.  

Various types of access roads lead to illegal dump sites. Most common 

are gravel roads (84.1% with respect to volume and 76.2% with respect to area 

of waste), followed by farm tracks (11.6% and 14.8%, respectively), paths 

(2.8% and 6.3%, respectively) and finally paved roads (1.1% and 1.8%, 

respectively). Most common are waste dumps that can be accessed by car or 

truck, but almost as many have such poor access roads that they can only be 

reached by tractor. There are also a few which can be reached only by car, while 

eleven smaller dumps cannot be reached at all by motor vehicle but only on foot.  

Almost three-fourths of the waste comes from construction, followed by 

household waste. A visual inspection of the waste and detailed analyses of 

samples taken showed that there is not a lot of hazardous waste. Estimated 

calculations showed that among all the waste roughly a fifth is hazardous. 

Almost nine-tenths of the hazardous waste consists of construction waste such 

as asbestos cement roofing sheets, asphalt, fiberglass insulation, steel wool, tar 

for insulation, and similar materials. Hazardous waste also comprises abandoned 

cars, parts from machinery and other apparatus, industrial glues, containers for 

paint, solvents and agrochemical preparations, plastic bottles filled with dye or 

paint, motor oil and various metal barrels with unknown contents. 

 

 

4.3. Warning Signs and Barriers 

 

There are ten signs along the access roads which warn that dumping of 

waste in the water protection area is prohibited. Judging by the freshly dumped 

waste we can conclude that many people deliberately ignore them. 
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The main obstacles to the dumping of waste are supposed to be various 

barriers, but it is obvious that simply erecting them is not enough, given the low 

level of awareness among potential polluters. Altogether we counted 15 

barriers; many of them unfortunately can be easily got round. Seven were set up 

along gravel roads and farm tracks, and one along a path. Three barriers can be 

bypassed by vehicles, and five can be bypassed on foot. Seven are effective 

enough that it is not possible to continue along the route to a relatively distant 

waste dump. Some barriers close off access to two routes at once since they are 

erected in the immediate vicinity of an intersection.  

The most common types of barriers are felled trees and embankments: 

there are five instances of each. In two places there is a ditch, but field workers 

discovered that this type of barrier can be filled in and dumping continued. In 

two places there were concrete pyramids placed on the access routes. The 

barrier gate on the access road placed at the southern end of a large gardening 

colony is only partially effective. Barriers are most effective in wooded areas 

where it is impossible to bypass them.  

 

 

5. Discussion 

 

The census and analysis of the state of the Jarški prod area have shown 

that in order to preserve the current level of groundwater quality it would be 

necessary to clean up all the illegal waste dumps. Due to the large amount of 

waste and the associated costs, a complete cleanup over the short term is not 

feasible. For this reason we foresee a gradual cleanup, to be implemented in 

stages. To this end we established nine indicators which were given number 

values based on the properties of individual dumps and their corresponding 

attributive values. The point system was based on the landscape ecological 

features of the area and on the properties of the waste dumps which are most 

significant from the standpoint of their threat to the water resource and other 

negative environmental impacts. In order to preserve groundwater quality, it 

would make sense to clean up the 12 dumps in Class 1 of the point-based 

classification system immediately, and another 25 in Class 2 as soon as 

possible. The illegal dumps in the remaining three priority classes are disturbing 

more from an aesthetic point of view than due to their potential for pollution, 

and can be cleaned up gradually (fig. 3).  

The dumps in the immediate vicinity of the water supply station are 

classified in the most “critical” category. Some of them are even downstream 

from the water supply station, since as a result of pumping of the groundwater a 

funnel depression has appeared and they are still within its contributing territory. 
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Fig. 3. Priority cleanup of illegal waste dumps 

 

Ten of a total of twelve illegal dumps in the highest category are in 

former gravel pits, and the waste is separated from the groundwater by only a 

thin layer of earth. Seven of these dumps are southeast of the water supply 

station, in the area of a large former gravel pit which has been almost 

completely filled with waste. Illegal dumps in the second most problematical 

category are concentrated within the narrowest water protection zone and in 

abandoned gravel pits now filled in with waste.  

Given the favorable results of the chemical analyses done on soil samples 

below the waste in Jarški prod gravel pits, individual pits could be cleaned up 

simply by leveling the material and seeding grass. As for the waste from smaller 

illegal dumps in the shrubbery, it would make sense to haul it to the municipal landfill.  

We anticipate that in the course of carrying out this work in Jarški prod 

there will be additional circumstances arising which will make the cleanup of 

selected sites more difficult or even impossible. We have in mind primarily 

access problems, since not all the illegal dumps are located along access roads, 

and it will be necessary to get the permission of landowners. For this reason in 

our model of priority cleanup sites we have also included a data layer from the 

land cadastre and prepared a representation of the network of paths, farm tracks, 

gravel roads, and paved roads in the area under study.  
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Using analysis in the field we obtained an unambiguous answer to the 

question of which part of the area under study has the most pressing problem of 

illegal dumping. For this reason, in the framework of the cleanup measures 

proposed, we foresaw restrictions on access to places with a large number of 

active dumping sites. Among the different barriers used, gate barriers have 

proven to be the most effective; thus we propose that four new gate barriers be 

placed on access roads leading to the most critical areas. Unfortunately violators 

do not respect the signs posted along the access routes which prohibit the 

dumping of waste. For this reason, in future it will also be necessary to step up 

monitoring and enforcement by inspectors and police.  

The balanced development of riparian landscapes is connected not only to 

environmental, but also to cultural or social sustainability (Décamps, 2001). For 

this reason we will achieve a long-term and balanced solution to the problem 

only if we work systematically at both levels. It is of course first necessary to 

achieve environmental sustainability, which given sufficient political strength 

will on the part of city authorities not be a major problem. More challenging 

will be the realization of intentions to transform the landscape of Jarški prod 

into a place to enjoy oneself instead of a place to dump garbage. It is needed 

only to change the nature of the transformations which occurred in the second 

half of the 20
th
 century and the beginning of the 21

st
 century. Independent 

changes – here we have in mind the range of individual and unconnected 

activities which have characterized the development up to date – will need to be 

built on as planned changes carried out on the basis of administrative measures. 

Both groups of measures influence each other in the transformation of the 

landscape (Antrop, 2000).  

One possible long-term solution would be to give the area of Jarški prod, 

whose main function will remain the pumping of drinking water, additional 

functions. The present-day degraded area could be cleaned up and turned into a 

green space for the relaxation, recreation and even education, through a 

discovery trail, of the city‟s residents. Various formal measures can become 

more effective only when Ljubljana residents recognize this space as having 

value to them and accordingly give it a special place in their consciousness as a 

public space. People could conceive it as a “an outdoor room”, as Ward 

Thompson expressed it (Ward Thompson, 2002), where they could relax and 

enjoy themselves doing various activities. Of course all these activities must be 

compatible with its most important function, pumping good quality water for 

supplying the city‟s needs.  

Without a doubt, education has an extremely important role to play in 

changing attitudes towards the landscape. However, the awareness of the 

importance of having a healthy source of drinking water and of the role of the 

Jarški prod pumping station in supplying it will be incomplete unless we 

systematically construct an appropriate system of values among city residents. 
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We need to go beyond the separation of the pumping station itself and its 

immediate vicinity from the water that comes from there. Once people 

understand the area of the pumping station and the water they drink as a unified, 

inseparable system which is one of the fundamental preconditions for their 

health and quality of life as individuals and as a whole community, there will no 

longer be obstacles in the way of developing a feeling of belonging. People will 

become aware of their place in the landscape, which means that the landscape 

will become part of their lives and they themselves will become part of the 

landscape. This will fulfill an essential condition for a creative and responsible 

attitude towards the landscape (Palang et al., 2006).  

 

 

6. Conclusions 

 

In this article we have presented the gravel plain of Jarški prod as a 

natural, social, and cultural feature and an important part of the environment of 

Slovenia‟s capital city. In the introduction we outlined the characteristics of 

gravel plains and the role of humans in the way they have changed over time. 

The selected test area was the part of the gravel plain along the Sava River in 

Ljubljana where unlawful encroachments have threatened the area‟s 

fundamental function as a place from which to pump drinking water. As a result 

of extensive field research we produced an inventory of gravel pits which have 

become illegal waste dumps over the last few decades and of the barriers which 

have been put in place in an effort to stop this activity. These barriers have had 

only limited effect: in spite of their presence, 22 gravel pits and 151 illegal 

waste dumps have arisen on an area measuring 2.17 km
2
. The fundamental 

problem of the degraded riparian landscape is that due to prohibited activities 

over the last few decades it has become a “time bomb” in which there is a large 

quantity of dumped waste with only a thin layer separating this waste from the 

groundwater. The quality of the water pumped from the area is currently 

adequate, but the question is what it will be like in the future.  

The desired level of groundwater quality can be preserved only if the 

waste around the pumping area is cleaned up. Studies by the Urban Municipality 

of Ljubljana have unfortunately shown that the situation is very alarming in some 

water protection areas. Due to the large number of illegal waste dumps, the 

amount of waste deposited there, and the limited technical and financial means 

for cleaning them up, the problem in Jarški prod will not be able to be solved in 

the near future. Based on field research, an estimation of the vulnerability of the 

area and a determination of the state of individual dumping sites, and the use of 

GIS programs, we prepared a list of sites ranked in the order of their priority for 

cleanup. The carefully planned cleanup of smaller dumps which represent point 
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sources of groundwater pollution and of larger dumps which pollute over a 

wider surface, such as for instance gravel pits, is recommended. 

The cleanup of illegal waste dumps will not solve the entire problem. In 

future it will be necessary to pay more attention to preventive measures. New 

waste will continue to be dumped unless there are investments in the erection of 

additional barriers and implementing stricter monitoring and enforcement 

policies in the near term. Greater attention should be paid to territorial planning 

in water protection areas. But none of these measures will be effective unless 

there is also a concurrent and concerted effort to inform, educate, and enlighten 

different groups of residents.  
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