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Abstract. Europe was once the most important mining region in the world and nearly every European country has remnants
of historic and even pre-historic mining sites. Though the importance of mining activities in most European countries
declines, the abandoned sites are still there and can cause environmental dangers as well as technological challenges. On the
basis of selected European countries and case studies, these dangers and challenges are described and potential solutions are

illustrated.
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Introduction

Ireland boasts a wealth of mining activity, possibly
dating back to the Bronze Age, when copper was
reputedly mined at Mount Gabriel near Schull,
County Cork (Gallagher and O’Connor 1999). Over
time, natural resources from Ireland such as silver,
gold, iron, lead, zinc, barite, coal, and peat have
supplied the materials processing and energy
industries, both at home and overseas. In recent years,
Ireland has played a major role in supplying lead and
zinc for world markets. These deposits are primarily
derived from mines located (Figure 27) at Tara
(County Meath), Lisheen and Mogul (County
Tipperary), and Galmoy (County Kilkenny). While
resource extraction is an important driver in the
national economy, mining industries cause significant
environmental disturbance. Before strict legislation
regarding resource extraction and associated waste
management came into force in Ireland in the 1970s,
many mining activities caused ecosystem devastation.
Some of these sites continue, unabated, to impact
neighbouring watersheds because of acid mine
drainage (AMD). One notable case is that of
abandoned copper mines at Avoca, County Wicklow,
where adits discharge AMD directly into the Avoca
River, which is classified as severely biologically
impaired (Gray 1998). Historically, silver mining at

Silvermines, County Tipperary, has resulted in acid
discharges to the Yellow River; approximately 60%
of the catchment is considered directly impacted
(Aslibekian et al. 1999). Abandoned lead-zinc mine
tailings at the monastic site of Glendalough, County
Wicklow has resulted in moderately-acidic metal-
laden runoff into the neighbouring lake. While some
of this mine drainage has inadvertently been “treated”
by the strategic position of a natural marsh (Beining
and Otte 1996), neighbouring stockpiles of tailings
remain unvegetated and thus are potential sources for
metal contamination. The purpose of this paper is to
present a synopsis of the major metal mining
activities in Ireland, both historical and current, that
have inherent mine water issues. Most of this
information has already been documented in some
form but has been previously disparate. It is hoped
that this synopsis will aid continued rehabilitation
strategies for treating abandoned mine discharges in
Ireland.

Mining History of Ireland

Historically, copper mining at sites in Cork and
Wicklow formed an important industry (Gallagher
and O’Connor 1999). Coal mining at Arigna, County
Roscommon, following initial mining for pyrite,
contributed a major energy resource along with peat
for Ireland and elsewhere. In later years, off shore gas
harvesting on the southwest coast replaced these
resources for fuel and energy supplies. More recently,
most mining exploration has focussed on the
carboniferous lead and zinc deposits in the Midlands
region, in addition to the deposits of the Tara Mines.
While current lead and zinc mining activities are
constrained to operate within strict EU (and national)
legislation, responsibility assumed for abandoned
mine impacts is unclear. In these instances, mine
water issues can be severe and their degree of
impact(s) and rehabilitation strategies have only been
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Figure 27. Map of Eire (Republic of Ireland) with counties; major mining activities are indicated

addressed relatively recently (Aslibekian et al. 1999;
Beining and Otte 1996; Gray 1998). Table 17
summarises publications that have addressed mine
wastewater in Ireland and provides accompanying
citations where they can be examined in more detail.

The local geology of the mines in Ireland influences

the associated mine wastewaters. For instance, the
calcite and dolomites of the Lower Carboniferous
period at Tara Mines buffer the spent water to
alkaline levels (O’Leary 1996). By contrast, acidic
waters emanating from the abandoned copper mines
in Avoca are a consequence of the volcanic (granitic)
rock formations (Bowell et al. 1999).

Table 17. Major reported wastewater issues resulting from metal mining activities in Ireland

Mine County Resource(s) Wastewater Issue Reference(s)
Avoca Wicklow Cu, Fe, S AMD impacts and Bowell et al. (1999)
rehabilitation Gray (1998)
Abandoned AMD impacts Gallagher and O’Connor (1999)
AMD Rehabilitation Herr and Gray (1997)
Metal contaminated soils
Silvermine Tipperary Ag Abandoned AMD sites Aslibekian et al. (1999)
Groundwater contamination Aslibekian and Moles (2001)
Mine rehabilitation Rees et al. (2004)
Tara Meath Pb, Zn Recycling of spent water O’Leary (1996)
Passive treatment technology ~ O’Sullivan et al. (1999)
Lisheen Tipperary Pb, Zn Lined tailings facility Dillon et al. (2004)
Passive treatment technology =~ Treacy and Timpson (1999)
Glendalough ~ Wicklow Pb, Zn Abandoned metal runoff Beining and Otte (1996)
Ballisodare Sligo Pb, Zn Colonisation of estuary after Tierney and Timpson (1999)
mine tailings discharge
Gortdrum Tipperary Cu, Hg Rehabilitation with topsoil Dallas et al. (1999)
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Future Developments

Most of the reported work addressing mine waters in
Ireland is from university research (National
University of Ireland at Dublin, Trinity College
Dublin, University of Limerick, Sligo Institute of
Technology and the University of Newcastle-Upon-
Tyne in the UK). Rehabilitation of abandoned mining
districts has been initiated with the assessment of
Avoca, Gortdrum, and Silvermines. Continued
funding is essential if sites such as these are to be
adequately rehabilitated.

The successful rehabilitation of ecosystems impacted
by abandoned mine drainage will also depend on
applying sustainable treatment technologies, which
can simulate natural processes to mitigate past
activities. Passive treatment options developed and
implemented overseas may serve as appropriate
technologies in Ireland and are being piloted at
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Introduction

Belgium has no operating metal or coal mines
anymore. The last coal mine was closed in 1992 and
the only mining operations left in Belgium are
extracting clay, sand, and gravel in Flanders, and
quarrying limestone, dolomite, slates, porphyries, and
marble in the Walloon area. Belgium is a world
leader in silica sand and flours, and Belgian marble
quarrying has a tradition of more than 2000 years.

The Walloon steel industry was already famous in the
16" century. Mining of calamine, a zinc silicate,
started in 1805, and formed the basis of new
developments in mineral processing (patents on
calamine extraction and zinc refining date back to
1809). Coal mining, which started later, delivered the
energy for steel production. In addition, due to the
rich Cu-Co deposits in its former colony Congo, the
country continued to be an important producer of

Lisheen and in the Silvermines district. Most of these
technologies have incorporated a reducing and/or
oxidising strategy in their design depending on the
waste being treated (Watzlaf et al. 2003). While
passive treatment systems can offer many ancillary
benefits, such as ecological niches, it is important to
recognise that they have limitations; their space
requirements may prove inhibitory. Before any
passive technology is proposed, the mine waste itself
must be reliably characterised and the chemistry (and
biology) behind the treatment strategy clearly
identified and understood.
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non-ferrous metals and materials. The refining and
processing of non-ferrous metals currently employs
some 8,900 people; in addition, the production of
steel (11.1 million t in 2003) and stainless steel
(900,000 t in 2003) also continues to be an important
component of Belgian industry (Franceschi 2004;
Newman 2000; Rombouts 1999).

Former metal and coal mines still cause
environmental problems and the environmental
impact of the old steel and non-ferrous industry is
also significant. Impacts are both source linked (e.g.
waste heaps, landfills), or non-point and diffuse
(including emissions to air and water, fugitive dust,
and dissolved metals from the use of slags to improve
road quality). The distribution of the metal mines and
the diffuse pollution by the old steel and non-ferrous
metals industry led to very large areas of impact.
Cleaning of these sites is technically and
economically unlikely so rehabilitative measures are
based on risk management, i.e., the source — path —
receptor approach.

Legislation

Environmental legislation depends on the three
regional environmental authorities of Wallonia,
Flanders, and Brussels. Generally, environmental
policy is the responsibility of the Federal Ministry of
the Environment of Brussels and its comparable
Flemish and Walloon ministries. Besides this, the
industrial ~ companies  are  responsible  for
environmental protection of the area influenced by



their activities. Consequently, these companies are
also involved in environmental investment
programmes (Newman 2000).

Besides the conventional legislation related to air and
water pollution, the cleaning up of contaminated sites
(including the soil and groundwater) in Flanders is
regulated by the Soil Remediation Decree (1995).
The operator or owner of the land is responsible for
the remediation of contaminated sites where the
pollution entered the soil, but only if the pollution
was caused by carelessness and negligence or was
committed knowingly and intentionally. In the case of
pollution that occurred before the Soil Remediation
Decree became operational, the operator or owner is
only responsible for the remediation if the
contamination represents a risk to the health of people
or the ecology, or has the potential to affect larger
areas. In Brussels, the recently enacted Ordonnance
sol a Bruxelles (RBC/05/2005) is based on risk
assessment. This risk assessment can lead to a
remediation plan based on control and risk
management of the pollution and in some cases
remediation measures. In Wallonia, the soil decree,
‘Décret relatif a 1’assainissement des sols pollués et
aux sites d’activités économiques a r¢habiliter (MB
07/06/2004),” will soon apply. It requires a
preliminary site evaluation, followed by a more
detailed assessment, if justified. This can finally lead
to a full remediation plan, if the source represents a
risk to the health of people or the ecology, or has the
potential to affect larger areas.

Metal and Coal Mining

Lead and zinc mining took place in south-eastern
Belgium. At the moment, we only know the location
of about 3000 of the estimated 8500 mine shafts.
Most of these mines were rather small, no large
problems have been identified, and risks are thought
to be generally limited. In most cases, the
groundwater flows through limestone aquifers, which
leads to immediate neutralisation and precipitation of
dissolved metals. However, waste rock has been used
to make road foundations and other applications,
leading, in many cases, to an uncontrolled dispersion
of metal contaminants. At some sites, these problems
have been recognized, and waste heaps have been
removed in a controlled way (e.g. some wastes of the
La Plombicére site were removed and landfilled).

However, coal mining was performed at rather large
scales. The risks related to these mines (e.g.
subsidence, movement of waste heaps, burning waste
heaps, contaminated drinking water) are significant.
Also, randomly located waste and large waste heaps
cause environmental problems due to the leaching of
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metal chloride and sulphate salts and organic
contaminants. Risk management measures are based
on removal of contaminated soil and abatement of
further leaching and erosion by isolating the waste
from contact with rainwater and by revegetation of
the heaps (pers. comm., B. Hendrickx). In the
Kempen area, the heaps have been remodelled
(shallowing of the steeper slopes) and superficially
compacted by heavy trucks, decreasing both the
amount of rainwater infiltration and runoff.

Non-ferrous Metals Industry

Two large regions are affected by the metal
processing industry, the Kempen area in Flanders and
the Li¢ge - Charleroi area in Wallonia. The dispersion
of pollutants has been caused by:

e cmissions by the old thermal processes (diffuse
soil contamination);

e landfill (e.g. containing goethite, slags, sludge)
leaching;

e use of lead and zinc slags to stabilise roads (even
to fill bomb craters);

e use of contaminated compost to improve the
organic content of garden and agricultural soil;

e irrigation with contaminated surface water; and
e contaminated sediment deposited on river banks

There has been widespread pollution of soil and some
infiltration of metals (especially Cd and Zn) into
groundwater. Landfill leakage has also led to
significant contamination of certain groundwater
aquifers. In Flanders, the aquifer is a very deep sandy
aquifer. Two famous epidemiological studies were
performed in Flanders for 1980 — 1990, on the impact
of cadmium on human health (Cadmibel and
Pheecard). Current efforts are focusing on exposure
routes and their relative contributions of Cd and Zn to
humans. It is anticipated that:

e Cultivation of food crops will be forbidden, or
limited to certain crops (with restricted metal
uptake characteristics). Soils can also be treated
by mixing with certain additives (e.g. based on
silicates,  organics, zeolites, iron  shots,
hydroxyapatite, lime) in order to immobilize the
toxic metals and to reduce plant uptake and
infiltration to the groundwater by rainwater. Large
agricultural areas will have to change from food
crops to industrial use.

e Use of contaminated groundwater will be
forbidden.

e Large, highly contaminated areas (so called zinc
deserts) are being cultivated with special Zn-
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resistant grasses and soil additives; the plant cover
should prevent the dispersion of metal-laden dust.

e Groundwater contamination will be reduced by
removal of slags from roads. The inventory of the
roads contaminated with metal slags has started.

e Contaminated sediments will need to be dredged
and removed to a controlled landfill.

As the problem affects both sides of the Belgium-
Holland border, the Flemish and the Dutch Ministries
of Environment are cooperating, within the
framework of an INTERREG III project, to make a
complete inventory of the problems, to assess the
related risks, and to come up with an integrated
management system to manage this large risk
management zone (a megasite of > 300 km?).

In Wallonia, the aquifer is sandy clay, limestone, and
gravel and most of the industries are located very near
to the Meuse River. The areas affected by diffuse
spreading of metals (Zn and Cd) in Wallonia
(originating from the non-ferrous industry) are
thought to be more restricted in area. Groundwater is
known to be affected near some non-ferrous
industries in the alluvial zones of the Meuse and
Vesdre Rivers due to the historical regular dumping
of Zn- and Cd-rich slags. Other areas may also be
contaminated, but the precise extent of the affected
zones has not been investigated yet; preliminary
studies are going on to identify the intensity of the
problem and related risks. In a general way, the
higher pH and loamy textures (compared to the
affected zones in the Kempen region in Flanders)
could prevent the contamination from infiltrating
deep into the soil (Scokart and Meeus-Verdinne
1985), but the possible effects of diffuse Cd and Zn
sources on groundwater quality is not known yet.

Groundwater contamination at the industrial sites will
be controlled by pump and treat technology; in some
cases, the effluent from this treatment will be used as
industrial process water. In addition, several tests are
underway on a new process of in sifu immobilization
of the metals in the groundwater aquifer, based on
injecting electron donors (e.g. molasses, lactate,
HRC®, MRC") via wells to induce sulphate reducing
bacteria (SRBs). Under appropriate conditions (pH

between 4 and 8 and Eh lower than —200 mV), the
SRBs will use the electron donors to oxidize the
organics, reduce the sulphates to form sulphide,
which will precipitate the metals as insoluble metal
sulphides. This method has been shown to work in
sand and clay aquifers and is now being tested on the
clay-sand-gravel aquifers of Wallonia. Special focus
is now on optimization of this method by selecting
the right electron donor, injection conditions, and
controlling the stability of the precipitates (Diels et al.
2002; Geets et al. 2003; Van Roy et al. 2004).

In addition, special attention is being paid to the
influence of contaminated soil on surface water
contamination (transport via groundwater), within the
framework of the European Project AQUATERRA
(505428). In this project, several groups are
examining the fate of heavy metal soil contamination
on surface water quality. Special attention is paid to
the natural processes of transport and immobilization
(retardation) of metals on their way to the surface
water by looking at the influence of plants,
groundwater, the interface between groundwater and
surface water, and sediments.

Conclusions

Belgium has no real metal or coal mining activities
anymore and the impact on the environment is rather
restricted. However, the steel and non-ferrous metals
industrial activities from the past still heavily affect
the environment. Several risk-based measures are
under study and implementation. It is anticipated that
natural processes, combined with some of the
remediation measures being undertaken, will lead to a
reduced future exposure of the receptor (e.g. humans
or surface water). All these measures are being taken
within the framework of the European Integrated
Management System in the framework of the
Welcome project (EVK1-CT-2001-00103).
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Historical Introduction

From the early Middle Ages, the Czech lands have
played an important role in the development of
mining sciences worldwide. Deposits of gold, silver,
copper, tin, tungsten, and other metals in localities
such as Kutna Hora, Pfibram, and Jachymov are
particularly known. In Jihlava, two of the world’s
first mining laws, Jura Seu Statuta Illaviae Civitatis
and fus Regale Montanorum, were issued in 1249 and
1250, respectively. The Saxonian author, Georgius
Agricola (1494-1555), wrote De Re Metallica Libri
XII in Jachymov. That is also where the uranium ore
samples used by Marie Sklodowka-Curie (1867—
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1934), in her research on radioactivity, originated. In
the year 1875, a depth of 1000 m (i.e. the greatest
depth worldwide at the time) was achieved in the
Vojtéch Mine. The Annenska Shaft (1455 m) was the
deepest ore mine in Europe in the year 1940; Jindfich
Shaft 11 (1453 m) at ZbySov u Brna was the deepest
coal shaft in Central Europe. In the 17" century, the
Czech lands became a significant producer of hard
and brown coal; after understanding the importance
of radioactive raw materials, they also became a
significant European mining locality for these ores.
Nowadays, all of the ore mines in the Czech Republic
are closed, and this year the last underground uranium
mine is to be shut down. Coal mining is also being
reduced; underground coal mining only proceeds in a
small part of the Upper Silesian Coal Basin and open
pit mining only continues in two brown coal basins in
the Podkru$nohoti area in West Bohemia. In addition
to these raw materials, non-metallic raw materials,
such as kaolin, perlite, raw materials for cement,
brick and glass making, and aggregate is still mined
in the Czech Republic.

There are hundreds of old underground metallic and
non-metallic mines in the Czech Republic that are
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Table 18. Legislative limits for mine water
discharges (Explanatory notes: PAH — polyaromatic
hydrocarbons, TDS — total dissolved solids, TPH —
total petroleum hydrocarbons, Undiss. solids -
undissolved solids).

Surface stream quality

Exploitation from Exception for ~ Limiting value

deposit mine water according to
discharges 61/2003 S.B.

Coal exploitation

pH 6-9 6-8

Undiss. solids 40 mg/L 25 mg/L

PAH 0.01 mg/L 0.0002 mg/L

Iron 3 mg/L 2.0 mg/L

Manganese 1 mg/L 0.5 mg/L
Uranium exploitation

pH 6-9 6-8

Undiss. solids 30 mg/L 25 mg/L
Ore deposits exploitation

pH 6-9 6-8

TDS 40 mg/L 25 mg/L

TPH 3 mg/L 0.1 mg/L

Iron 5 mg/L 2.0 mg/L

Zinc 3 mg/L 0.2 mg/L

Lead 0.05 mg/L 0.015 mg/L

Copper 1 mg/L 0.03 mg/L

Arsenic 0.5 mg/L 0.02 mg/L
Aggregate exploitation

Undiss. solids 40 mg/L 25 mg/L

sources of mine water. Oil and gas exploitation in
South Moravia is also associated with the production
of mine water.

Mine Water Legislation

Legislation dealing with mine water is not uniform in
the European states, which often results in non-
uniform economic procedures for mine water
disposal. In the Czech Republic, the Water Act No.
254/2001 Coll. classifies mine water as “special
water,” which is excluded from the direct effect of the
Act. According to Mining Act No. 44/1988 Coll.

(Section 40), the term mine water is defined as: “... all
ground, surface and precipitated waters that
penetrated into underground and surface mine spaces,
until they are mixed with other permanent surface and
ground waters”. The Czech Mining Office draws the
conclusion that: “... if mining activity was
completed, the mining claim was cancelled, the
licence for the mining company to mine was
abolished ... worked-out spaces cannot be taken as
underground/surface mine spaces any longer, and
thus any water penetrating into these spaces cannot be
considered as mine water either.” Mine water in the
Czech Republic can be discharged into surface
watercourses by permission of the water management
authorities based on limited quality and quantity
parameters. However, in Decree No. 61/2003 Coll.,
the Government of the Czech Republic imposed
water quality requirements for watercourses; this
imposes limits on the quality of discharged mine
water by monitoring water quality in the river, after
mixing has occurred. However, mine water affected
streams are allowed more latitude than those affected
by other sources of contamination (Table 18). Mine
water cannot be legally discharged into groundwater
in the Czech Republic (Grmela and Rapantova 2004).

Mine Water Management

Hydrologically, the Czech Republic affects several of
Europe’s watersheds, so that mine water discharged
into surface watercourses affects the quality of
international streams; management of mine water
disposal can therefore be complicated. Mine water
production for the characteristic years 1975, 1998,
and 2004 is given in Table 19.

In Table 19, the effects of phasing out of mining is
evident, as is the effect of legislating the exclusion of
discharged groundwater from mines if the mining
claim of the old mine is cancelled administratively.

Mine water sources (in a broader sense than given by
the legislative definition presented above) are

Table 19. Production of mine water in the Czech Republic (in thousands of m* annually; Grmela 1999 updated).

. . Labe Odra Morava
Production of mine water watershed watershed watershed Total
Total Czech Republic 1975 122,000 31,000 5,000 158,000
Non-metallic deposits 5,652 953 6,390 12,995
- Radioactive materials 19,219 185 1,906 21,310
R Crude oil - - 83 83
— Ores 1,740 2,838 19 4,597
Coal-underground exploitation 20,739 16,849 1,932 39,520
Coal-open-pit exploitation 17,750 - - 17,750
Total Czech Republic 1998 65,100 20,825 10,330 96,255
Total Czech Republic 2004 45,024 8,891 8,379 62,294




illustrated by deposit type, yield and contamination in
the map of the Czech Republic in Figure 28.

Mine Water Issues in the Czech Republic

The greatest problems associated with water related
to mining in the Czech Republic are:

e The disposal of mine water from the hard coal
deposit of the Upper Silesian Coal Basin (Odra
watershed — pollutants: Na+, Cl-, SO4*) and the
brown coal deposits of West Bohemia (Labe
watershed — pollutants: SO4%).

e The disposal of acid solutions from chemical
uranium mining by leaching in North Bohemia
(Labe watershed — pollutants: U, Ra, SO,*, and a
low pH). In situ leach uranium mining was
operated from 1967-1990. Uranium was extracted
from Cenomanian sandstones at a depth of more
than 200 m via about 9300 surface boreholes in an
area of 6.3 km? at Strdz pod Ralskem. Leaching
agents were H2SO4 (used 3.7-10°t), H,NO;
(0.27-10°t), HCl (0.025-10°t t), and NH;
(0.1 -10°t t). Used acid leaching solutions is still
being pumped and discharged from these mines.

e The disposal of excess water from tailing ponds
and the disposal of water from water treatment
plants of former ore mines (Labe watershed —
pollutants: heavy metals, U, Ra, SO>).

e The remediation of environmental loads of old ore
mining. In the Labe watershed in the Czech
Republic, 3011 old environmental loads of ore
(including uranium) mining have been recorded,
of which in 230 cases (8%), the water outflows
from old mine workings to the surface.

e In 135 cases (59%), the water downstream of
these sites meets the appropriate water quality
standards; in the remaining 95 (cases, the water is
polluted by inorganic pollutants (Figure 29).

e The disposal of water accompanying oil reservoirs
in South Moravia (Danube watershed — pollutants:
total petroleum hydrocarbons).

Mine Water Issues Connected with Mine Closure

Recently, the underground uranium mines in the
Czech Republic have been intentionally flooded (the
last uranium mine in the deposit of Rozna will be
closed in this way; the commencement of closure
operations is expected in 2006). After underground
mining was completed, the mines were left to be
flooded naturally with controlled discharging of the
mine water that exceeds a prescribed water level in
the mine. This water level was determined for each
deposit based on surrounding terrain morphology to
avoid uncontrollable releases of polluted mine water.
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Figure 29. Discharges of gauged waters from
abandoned ore mines (including uranium) in the
Czech Republic — Labe watershed

Stratified mine water in the lowest levels can be a
potential source of uranium in the future.

Two methods of coal mine closure were applied in
the Czech Republic. Most abandoned coal mines
were simply flooded. Monitoring of mine water
discharges has shown growing problems associated
with contamination by iron (in addition to other
pollutants, such as sulphates). In the case of the
former J. Sverma Mine at Zacléf, closure was
performed by filling the mine workings with a self-
solidifying ash mixture with an admixture of
secondary raw materials in the quasi-closed
hydrogeological structure of the mine. Long-term
monitoring has proven that, in this case,
environmental load limits have not been exceeded
(Rapantova and Grmela 2002). In the Upper Silesian
Coal Basin, the closure of the Ostrava part of the
coalfield is complicated by continuing mining
operations in the Karvina Basin, which means that the
level of flooded mine workings must be kept below
the level of these mining operations (Grmela and
Rapantova 2002)

Conclusion

As mining activity in the Czech Republic has
diminished, mine water production will be decreasing
along with problems of their disposal. Furthermore,
mine water discharges (quantity and quality) will be
stabilised and a decreasing trend in environmental
load can be presumed. Even at present, it is evident
that the quality of surface streams leaving the
territory of the Czech Republic is much better than it
was 15 years ago. Nevertheless, mine water issues
remain one of the country’s primary environmental
concerns.

Received March 23, 2005; revised manuscript
received May 10, 2005; accepted May 17, 2005.
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Introduction

There are about 200 small ore deposits in the Swiss
Alps and the Jura mountains (Figure 30, based on
data of Kiindig et al. 1998), most of which were
mined, mostly underground, from the middle ages to
1945 (end of World War II). The last two iron mines
(Gonzen and Herznach) closed around 1965 for
economic reasons. A few small brown coal mines
were situated in Tertiary Molasse or Quaternary
gravel beds and closed down as well in 1945.
Recently, the Swiss Geotechnical Commission,
financed by the Swiss Academy of Science, has
compiled a comprehensive data bank on Swiss ore
deposits and has started to publish condensed
versions on various regions (Kiindig et al. 1998,
Cavalli et al. 1998; Kiindig et al. 1990). Between
1956 and 1984, a comprehensive survey was carried
out for U, with the hope of finding enough raw
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material to secure Swiss needs (Gilliéron 1988). From
1980 to 1989, within the frame of a National
Research project, which had the aim of inventorying
natural resources, a large scale geochemical pros-
pecting campaign was carried out in the Wallis and
Graubiinden areas, looking especially for W and Au
(Della Valle 1991; Della Valle and Haldemann 1991;
Woodtli et al. 1985, 1987). During this project, about
6,000 river sediments and soil samples were analyzed
for Mo, Pb, Zn, W, Cu, Ni, Cr, Co, Ag, Th, Bi, U, As,
Sb, S, Ba, Sn, and Au, but no water samples.

Environmental Data on Tailings and Mine Waters
from Switzerland

The first environmental assessments of former Swiss
mining activities were made starting in 1992
(Bondietti et al. 1994; Pfeifer et al. 1994, 1997,
Pfeifer et al. 1999a,b). The discovery of elevated
concentrations of As in surface and ground waters
resulted in a new assessment of several former gold
mines and their contribution to arsenic contamination
(Greppin 1997; Héussermann 2000; Pfeifer et al.
2000, 2002, 2004).

The relevant environmental data is summarized in
Table 20. In most cases, contamination is restricted to
the immediate surroundings of the former mining site
(typically, no more than 200 m away) and usually
small waste rock
repositories. Whereas the
composition of the waste
material and adjacent soils
is relatively well known,
there is a paucity of data on
metal contents in waters
and plants. The mine
waters are rarely very acid
(the lowest pH wvalues
measured were 3.1
[Meisser 2003], but most
are between 5 and 6). In
the case of U and As, the
ore deposits are at the
origin of an important
natural dispersion
extending from the
headwater areas of the
watersheds down to the
Mediterranean, and are
responsible for elevated
metal concentrations in
some drinking waters. In
western Switzerland,
dissolved and particulate U
flows through the Rhone
catchment, with up to 15t
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Table 20. Overview of the available environmental studies of mining related contamination in Switzerland

Metal and locality

Environmental data available

References

U soil (dump zone): 10-2000 ppm (3 ppm)
vegetation: 51 ppm (6 ppm)

La Creusaz-Les Marécottes /VS [1]

Dominik et al. 1992;
Pfeifer et al. 1994, 2000

water: 21 ug/L (0.5pg/L)

As soil (dump zone): 0.2—10% (20-100 ppm)
vegetation (birch leaves): 2—10 ppm (< 0.1 ppm)

Astano-Costa/TT [2]

Bondietti et al. 1994;
Pfeifer et al. 2000

As
La Payanne-Bagnes /VS [3]
As

water: 5-200 pg/L (<1 pg/L)

soil (natural downhill creep): 20—1250 ppm (0 ppm)

water: 2—4 pg/L (<1 pg/L)
soil: 10-8,400 ppm (< 3 ppm)

Greppin 1997

Héaussermann 2000

Salanfe-Finhaut/VS [4]

water in mine: 750-4,000 pg/L

water in local ponds: 7-750 ng/IL

Ni soil: 2,000-25,000 ppm (30 ppm)

Juchler 1988; Pfeifer et al.

Davos [5]; Val d'Hérens [6], vegetation (birch leaves): 4.7 ppm (3,000 ppm) 2000; Scheder and Streiff
Baldissero/It [7] spring water: pH 8.5-10, 5-17ug/L (< 3 pg/L) 1997

Cr soil: 1,300-1,800 ppm (40 ppm) Juchler 1988; Pfeifer et al.
Davos [5]; Val d'Hérens [6], vegetation (birch leaves): 2.1 ppm (1.6 ppm) 2000; Scheder and Streiff
Baldissero/It [7] spring water: pH 8.5-10, 1.3—10 pg/L (< 2pg/L) 1997

Pb soil (dump zone): 0.1-1.7% (20 ppm) Bondietti et al. 1994;

Astano-Costa/TI [2]

vegetation (birch leaves): 1-1.6 % (0.6%)

Pfeifer et al. 2000

water: 0.2-9 pg/L (0.1 pg/L)

Pb soil (dump zone) : no data
soil naturally enriched: 200-5,000 ppm (50 ppm)

Goppenstein/VS [8]
vegetation: no data
water: no data

Pb soil (dump zone): 0.05-12%
soil naturally enriched: 1,000-9,000 ppm (50 ppm)

Alesse/VS [9]

Woodtli et al. 1985

Kuftrin 2001

vegetation: 52 ppm (Taraxum off’)
water: 11-22 ng/L (0.1 ng/L)

Zn soil (dump zone): 200-4,000 ppm (70 ppm)
vegetation (birch leaves): 10-16 ppm (6 ppm)

Astano-Costa/TT [2]

Bondietti et al. 1994;
Pfeifer et al. 2000

water: 20—170 pg/L (8 pg/L)

Zn soil (dump zone): no data
soil naturally enriched: 800-2,100 ppm (300 ppm)

Goppenstein/VS [8]
vegetation: no data
water: no data

Cu soil naturally enriched: 75-4,000 ppm (30 ppm)

Baicolliou-Tsirouc-Biolec-
Anniers/VS [10]

vegetation: no data
water: no data

Woodtli et al. 1985

Woodtli et al. 1985

Locality number [column 1] refers to Figure 30. Legend for the cited concentrations in parentheses: 1 (...ppm): uncon-
taminated local reference value, 2 (...ug/L ): local uncontaminated water.

of U entering Geneva lake every year (Dominik et
al.1992; Pfeifer et al. 1994, 2000). In southern
Switzerland and adjacent areas in northern Italy, the
presence of till and river sediments stemming from
the well known Permian sulfide veins in the basement
of the Southern Alps is at the origin of elevated As-
concentrations in surface and ground waters, which in
many cases exceed legal thresholds for drinking water
(Camusso et al. 2002; Pfeifer and Rey 1998, Pfeifer et
al. 2000, 2002, 2004).

Mine Water Related Initiatives

The Mine-Water Interdisciplinary Network Europe
(M-WINE) was initiated by a European workshop (70

participants) in May 2002 at the University of
Lausanne to bring together European scientists to
improve the knowledge and exchange experiences on
mining related contamination. The second one (60
participants) was organized in June—July 2003 in
Lisbon by the Geological Survey of Portugal (IGM).
The 3" meeting took place in August 20" 2004 in
Florence (Italy) during the 32" International
Geological Congress (IGC). The network groups
currently include about 250 European researchers.

Received May 18, 2004; revised manuscript received
May 15, 2005; accepted May 17, 2005.



68

Bosnia and Herzegovina

Sanda Midzi¢ and Irem Silajdzi¢

Hydro-Engineering Institute Sarajevo, Stjepana Tomica 1,

BIH-33000 Sarajevo, e-mail:

smidzic@utic.net.ba

corresponding author’s

This section is based on the European Union’s R&D
ERMITE project (Kupusovic¢ et al. 2001).
Historical Background

In 1844, an expedition of French geologists visited
Bosnia and Herzegovina, which at that time was a
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European component of the Ottoman Empire. With
their work and geological maps, they located various
mineral deposits. The area is richly endowed with
natural resources, including extensive and varied
mineralization, some of which can generate acid rock
drainage (ARD), causing contamination of nearby
vegetation, soil and water.

There are 110 sites where coal is deposited in the
territory of Bosnia and Herzegovina. Bauxite mines
are located at four different locations: in the
Herzegovina region, in the North-Bosanska Krajina
region, in the Central-Jajce-Banja Luka region, and in
eastern Bosnia-Mili¢i-Zvornik. In northeast Bosnia,
from Srebrenica to Maglaj, Zavidovici, and Teslic,
there are breakthroughs of tertiary igneous rocks that
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Figure 31. Areas of natural or industrial contamination in Bosnia and Herzegovina (after Kubat 1987)



are associated with occurrences of Zn, Pb, Sb, Ag Bi,
As, Fe, and other minerals. This area, rich with iron
ore, zinc, sulphide minerals, and non-metal minerals
has attracted geologists for many years. Iron ore
production was concentrated in Jablanica and Vares,
while production of manganese ore took place in
Bosanska Krupa. The Vares iron ore mine in central
Bosnia is one of the oldest mines in Bosnia and
Herzegovina, and dates back to at least 1692. Among
the non-metal mines, the largest and most important
for the Bosnia and Herzegovina economy are salt
deposits, which are located in the Tuzla region.

Although most of the mining areas are associated
with sulphide minerals that have the potential to
generate ARD, little attention has been given to
contaminated or acidic mine water in Bosnia and
Herzegovina. The environmental aspects of mine
water have been neglected relative to the attention
paid to mine safety.

Overview of Currently Working Mines

A poor post-war economy and the complex political
situation in the Balkan region have affected the
mining industry in Bosnia and Herzegovina, causing
it to operate at minimal capacity. Mines in Bosnia and
Herzegovina cannot expect to be competitive on the
foreign markets due to outdated technology and an
inadequate transportation infrastructure. At present,
and for the near future, ore utilization will be
dependent on the domestic market.

Generation of electrical energy in thermal power
plants consumes about 80% of the coal produced and
thus drives the industry. Mining is needed to support
the state energy system, and therefore the state itself,
but the state invests little in the development of the
mining sector.

Nearly all metal mines (e.g. iron, copper, lead, zinc,
silver) have been closed, but the majority of
industrial-mineral mines (e.g. sand, gravel, stone,
calcium carbonate, slate, clays, gypsum, salt, barite,
shale) are still active. Only the Srebrenica lead and
zinc mine and Posu$je and Mili¢i bauxite mines
remain in production, and they are being operated at
approximately 10% of their capacities. None of the
closed sites have been rehabilitated. Some of the
abandoned bauxite sites are now used as uncontrolled
landfill sites for disposal of communal wastes. A
naturally formed lake at the Vares abandoned open
pit iron mine is now used for fish farming and
recreational purposes. It is the same with the
abandoned bauxite mine at Mrkonjic.
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Figure 32. The Srebrenica Spring, Veliki Guber, and
the Kisjelica River (Midzi¢ 2002)

Mine Water Management and Problems

Environmental problems related to active and
abandoned mines and their mine waters are serious
threats to the aquatic environment and require special
attention. Figure 31 indicates areas of natural (acid
rock drainage) and industrial (e.g. heavy metal
factories, thermal-power plants, mineral processing)
contamination in Bosnia and Herzegovina
contaminated with lead, mercury, arsenic, antimony,
barium, aluminium, and compounds such as sulphuric
acid.

The following areas of sulphide mineralization are
associated with ARD:

e Mrkonji¢ Grad — Jajce-Prozor — Konjic: Fe, Mn,
Ba, Cu, As, Hg

e V. Kladusa — Sanski Most: Mn-Pb, Ba

e Borovica-Vare§ — Cevljanoviéi — Srednje: Pb, Zn,
Ba, Cu, Au, Ag, Hg
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e Olovo — Kaljina — Podromanija: Pb, Mn

e Jugoisticna Bosna (Foca-Praca): Sb, Cu, Pb, Zn,
Ba, Mn

o Sekovi¢i — Drinjaca — Kravica: Fe, Mn, Cu, Pb

e Srebrenica: Pb, Zn, Cu, Ag, Au, Sn, V, Bi, In, Hg,
Sb, Mn

One of the most interesting is the Srebrenica lead and
zinc mine, which is located in permeable porous
media; part of the deposit lies above and part below
the piezometric ground water level. In an area of
100 km?, there are 120 mineral springs, of which 50
are highly mineralised (Fig. 32). Most of these
springs are near old mine shafts. The high
precipitation, high porosity of the watershed, and
number of old mine shafts that accumulate
precipitation constantly recharge the capacity of these
mineral springs.

Unfortunately, few studies have been done to assess
the impact of the mining industry on water resources
in Bosnia and Herzegovina. Due to this lack of
systematic monitoring of mine water quality and
quantity, the exact type and degree of mine water
pollution is unknown. There has been very little
research on the effect of mine drainage on the
environment or potential pollution abatement
measures.

The nation’s legal framework mainly addresses
wastewaters generated during ore beneficiation,
including leachate from tailings (Midzi¢ 2001). There
are no laws, strategies, or activities addressing the
environmental problems of abandoned mine sites. In
very few cases, legal obligations related to land
recultivation are being implemented. There are no
other legal obligations on the mining companies
concerning mine water pollution control or
decontamination of closed mine sites, and no

Portugal
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Overview of Mining in Portugal

In Portugal, there is evidence of mining from pre-
Roman times, especially for Cu-Au-Ag and Fe-Cu-

institution  responsible  for control of the
environmental impact of abandoned mines. The
dispersion of responsibilities in the field of water and
environment in different ministries and sectors is an
additional problem when attempting to address issues
of mine waters and their impact on the environment.

Remediation

Future Treatment or

Activities

Mining,

Current market conditions only favour coal extraction
for thermal power plants. Since private investors have
not shown interest in metal mining, it is evident that
the state, as the owner of the abandoned mines,
should take care of mine water pollution control and
treatment.

Scientists and experts in Bosnia and Herzegovina
have been developing an increased environmental
awareness and a regulatory framework. Research has
primarily been focused on treatment of mineral
processing waste waters. There is a significant lack of
expertise on prevention and minimization of mine
water impacts and therefore, the scientific
community, government, and civil society must be
trained. There is a need to establish a regional
scientific network to intensify R&D activities,
including organization of regional conferences,
workshops and training, and publishing activities.
There is also a need for transfer of expertise through
joint environmental projects. Finally, in order to
address these needs over the long term, new
environmentally-oriented curricula must be taught in
the high schools and universities. Bosnia and
Herzegovina cannot do this on its own; the support of
worldwide education institutions will be needed.

Received April 4, 2004; revised manuscript received
Feb 9, 2005; accepted Feb 27, 2005.

Sn. The Roman epoch exploited mainly Au in the
north of the country, and Cu, Au, and Ag in the
Iberian sulphide province. But most mining occured
in the 20" century, exploiting deposits of Fe and Mn,
Sn and W, radioactive ores for Ra and U, as well as
deposits of Ag and Au (Nero 2004a). In addition, in
the Iberian sulphide province, deposits of Cu and Sn,
Cu, Zn and Pb, and pyrite for S were mined.
Nowadays, only two metal ore mines are active:
Neves-Corvo (Cu, Sn) and Panasqueira (W, Sn). Both
have been developed following the enactment of
environmental regulation, and are subject to
environmental controls, monitoring requirements,
closure procedures, and remediation requirements



(Rodrigues 1998; Sa 1994). Neves Corvo anticipates
activity till 2029, with exploitation of Zn beginning in
2006 as its Sn reserve has diminished.

Abandoned/Inactive Mines and their Environ-
mental Impact

Despite the fact that Portugal is a country with a
remarkable mining history, not until the previous
decade did the Portuguese become aware that the
exercise of this activity has brought about significant
environmental consequences. In the past, the
concerns about the impacts focused on those which
affected productivity, such as the stability of the
excavations and of the waste dump, and only on the
mine’s life time.

Portugal has about 175 old abandoned mine sites,
some of which are seriously degraded and
contaminated (Figure 33), and large volumes of old
mining residues (Table 21), some of which have
significant environmental impact. Of 85 abandoned
mines (not including the uranium mines nor the most
problematic ones), studied by Oliveira et al. (2002),
14% were found to generate acid mine drainage
(AMD) and/or to pose a high degree of environmental
risk.

Tailings and waste dumps can have a chemical and
radiological impact on a local or regional scale. The
fact that much of Portugal’s mineralization is
associated with sulphide minerals, along with in situ
acid leaching of uranium, provides great potential for
the production of AMD. Examples include
polymetallic sulphides mines in the Iberian sulphide
province (e.g. S. Domingos, Aljustrel, Caveira,
Lousal), uranium mines (e.g. Urgeirica, Cunha Baixa,
Quinta Bispo, Vale de Abrutiga), W and/or Sn mines
(e.g. Covas, Montesinho, Vale das Gatas, Tuela,
Murgos, etc), Au and/or Ag mines (e.g. Castromil,
Jales, Penedono, Freixedo, Terramonte), and Cu
mines (e.g. Miguel Vacas). The drainage of waste
piles and fine grained tailings can be particularly
problematic (e.g. Montesinho, Jales, Argoselo, Vale
das Gatas, Terramonte, Adoria, Lousal, Caveira).

The main geochemical signatures with environmental
importance are: W ores: As-Cu-Mo-Pb; Sn ores:
As-Be-(Cu); W-Sn ores: As-Zn-Cd; Au-Ag ores: Pb-
As-Zn-Cd-(Ag); Pb-Zn ores: Pb-Zn-Cd-(As)-(Ag); Fe
ores: Fe-(P)-(V)-(Mn); coal: (As)-(Fe); sulphide ores:
Cu-Pb-Zn-Fe-As-Sb; Mn ores: Mn-Ba-Fe; and U
ores: U, ?°Ra, CI, F, SO,*, Ca, Mn, Fe (Oliveira et al.
1999).

In terms of environmental risk, the mines are ordered
as follows: uranium, massive sulphides (Iberian
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sulphide province), tin and/or wolfram and/or gold
(often accompanied by non-dominant sulphides), and
coal (Costa and Leite 2000). Mines that had used
chemical methods for ore treatment were more likely
to have extensive (in terms of impact or duration)
pollution problems (Oliveira et al. 1999; Costa and
Leite 2000).

Portugal was particularly rich in uranium mines
(Table 21). The U-mineralization was generally
associated with sulphide minerals. Up to 2000,
approximately 4370 t of U;Og were produced, in
addition to the production of radium salts, resulting in
about 13 - 10° t of mining residues (Nero et al. 2003).
At many old mining sites, low grade ores, waste rock,
tailings dams, leaching pads, and sludge from effluent
treatment still exist. In the Vale de Abrutiga U-mine,
located close to the Aguieira dam reservoir, a lake
was formed in the open pit. Acid water from the low
grade ore, waste rock, and pit lake flows directly to
the reservoir. Surface waters draining the mine site
have a pH = 2.6, high conductivity (up to
6000 uS cm™), high concentrations of U, SO,*, Zn,
Fe, Mn, Ra, Cu, Th, and Pb; the contaminant
concentrations are higher in winter than in summer
(Pinto et al. 2004). The surface water from the
reservoir, close to the confluence of the contaminated
streams, and the groundwater cannot be used for
human consumption or irrigation. Stream sediments
have high geoacumulation indices for U, Fe, Ag, Zn,
Cr, Co, and Pb (Pinto et al. 2004). The Urgeiriga U-
mine was mined by in situ acid leaching to recover U
from the low grade ore. This greatly increased the
level of U and Ra contamination, especially of
groundwater (Pereira et al. 2004). Surface and ground
water have Ra contents above maximum permitted
values, according to Portuguese law. Mine drainage
water has high levels of U, **Ra, SO4>, Al, Mn, Ni,
Zn, Be, Co, Cu, and Cr. The soils and stream
sediments from the main watercourse show high
average radionuclide activity (Pereira et al. 2004).
However, the uranium mining complex of Urgeirica
does not greatly affect radon concentrations (Neves et
al. 2003). In the Cunha Baixa U-mine, acid leaching
was also used. Surface water has high levels of U,
Mn, Zn, Al, and Sr. Elevated levels of U were found
in alluvium and stream sediments up to 10 km
downstream (Oliveira et al. 2002).

The Caveira and Lousal mines are located in the
Iberian sulphide province. The mineralization
consists of pyrite, chalcopyrite, galena, sphalerite,
and other sulphides, with Au as one of the secondary
minerals. In the Caveira mine, the tailings, waste
dump, and an acid lake continue to pollute an area
extending 15 km downstream from the mine site.
Surface water has high concentrations of Cu, Pb, Zn,



72

Sn,We Culy

Figure 33. Major abandoned mines in Portugal
(adapted from Oliveira et al. 2002). *: uranium
mines.

As, Mo, Se, Cd, and Fe; stream sediments show
anomalies of Pb, As, Sb, Hg, Cu, and Zn; soils are
contaminated with Mo, Pb, Ag, As, Hg, Cd, Sb, Bi,
and S (Silva et al. 2003a). The S. Domingos pyrite
mine, inactive since 1966, exploited Cu, Pb, Zn, S,
Fe, Ag, and Au. The open pit is flooded with acidic
water (pH = 1.7). The interaction of meteoric water
with the tailings and permeable slag material also
generates AMD (Quental 2001). Water, sediments,
and soils samples from this mine site should be
considered as hazardous materials (Macalady 2003).

Table 21. Portugal’s abandoned mines: numbers (No)
and notable examples of each type and volume of
resultant residues (extracted from Nero 2004a with
some modifications)

Type Ne of More important Wastes
mines examples (1- 10° m?)
Radioactive 61  Urgeirica, Quinta 8.52
Ore Bispo, Cunha Baixa,
Vale de Abrutiga,

Castelejo, Bica

Sado Domingos, Aljus- 6.57
trel, Lousal, Caveira

Argozelo, Covas, 1.44
Montesinho

Terramonte, Coval da 0.99
Mo, Miguel Vacas

Polymetallic 10
Sn and W 40

Basic metals 28

Fe and Mn 16  Orada, Cercal/ 0.61
Rosalgar, Ferragudo

Coal 3 S0 Pedro da Cova, 2.2
Pejao

Au 12 Jales, Castromil, 1.27
Penedono, Freixeda

Other 5 Gouveia de Baixo, 0.67
Cortes Pereira

Totals 175 ~22

Castromil is an abandoned gold mine in NW Portugal
that left a large amount of tailings and sulphide-
containing (mainly pyrite and arsenopyrite) wastes.
The soils have high Pb and As content (Reis et al.
2003; Silva et al 2003b), and a pH of about 4 was
found in a well in the vicinity of the mine (Pinto
2001). The Penedono Au-mine occurs in a similar
situation to that of Castromil. The waste rock, ~ 1
million tons (Matias et al. 2003), has high levels of
As, Pb, Zn, Cu, Mn, and Bi; the mine waters are acid;
the surface waters have high contents of As, Cu, Zn,
Cd, Mn, Al, and sulphate, but the groundwater is not
polluted (Matias et al. 2003).

Argoselo was mined for Sn-W in the north of
Portugal. The mine tailings (= 1 million tons) have
significant levels of As, Cu, Zn, W, Fe, and Cd, and
primary sulphides (arsenopyrite, pyrite, chalcopyrite,
sphalerite), and supergenic minerals (arsenates,
sulphates, and oxides; Oliveira and Avila 2003). The
mine waters are acidic (pH = 3.7) and rich in Mn, Al,
Cu, Pb, Zn, Cd, Ni, Co, and Be. Stream sediments
and soils near the old mine site are contaminated with
As, Cu, and Zn (Oliveira and Avila 2003). At the
Segura mining area (44 small mines), Sn, W, Ba, and
Pb were exploited until 1953. No significant AMD
was associated with the old mine workings, but the
waters associated with mineralized veins have high
levels of As, Fe, and Mn and should not be used for
human consumption or agriculture activities. Soils



must not be used for agriculture or residences due to
their Sn, B, As, and Ba concentrations, while stream
sediments show Sn, W, B, As, Cu, Ba, Pb, and Zn
anomalies (Antunes et al. 2002).

The Pejdo mine site is a recently abandoned coal
mine, with many waste dumps dispersed nearby.
Mine water and waste drainage is acidic, with higher
levels of water contamination in winter than in
summer. However, the contamination is not strong
and is localized, because the wastes are poor in heavy
metals and coarse-grained, which prevents the acid
leaching of metals. Only Fe occurs at truly anomalous
levels (Oliveira et al. 1999).

Remediation Legislation and Activities

Decree-Law  198-A/2001 establishes the most
important principles and objectives concerning the
remediation and monitoring of old degraded mine
sites. Its fundamental purpose is the environmental
rehabilitation of mining areas and its specific
objectives are the following:

e To eliminate the risk factors that constitute a
threat to public health and safety, and which result
from water pollution, soil contamination and
possible existence of unstable waste dumps or
unprotected cavities;

e To rehabilitate the landscape environment and the
natural development conditions of the local fauna
and flora, with reference to the respective habitats
previous to the explorations;

e Identify the patrimony abandoned by the old
explorations, whenever this represents a
significant economic relevance or a testimony of
industrial archaeology;

e To create conditions for the economic valuation of
the recovered areas based on their specific
potential in each particular case, namely for
agricultural and forestal use, promotion of tourism
and culture, besides other kinds of uses found
adequate and convenient;

e To ensure a good application of the financial
resources to use in the Programme, through the
maximization of the  binomial  social
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