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Preface

Mining is one of the most ancient activities in the world. It has enriched many
nations. However, exploration of mineral resources has often been carried out
without due recognition of the effects on the environment, especially prior to the 20th
century. In the latter part of the 20th century, the environmental impacts of mining
became more apparent and regulators responded to this by enhancing legislation
and permitting requirements.
In Ireland, environmental effects were recognised primarily at Silvermines, Tynagh
and Avoca. Both the Environmental Protection Agency (EPA) and the Geological
Survey of Ireland (GSI) asked the question simultaneously ‘how many other sites
were impacted by previous mining activity?’. At the same time, the European
Commission, being aware of the potential of mining operations to impact on the
environment through incidents at active mines in Spain at Aznalcóllar and in Romania
at Bare Mare, introduced Directive 2006/21/EC on the management of waste from
the extractive industries. Article 20 of the Directive requires Member States to
produce an inventory of closed mine waste facilities. The combination of these
events created the impetus for this project, the Historic Mine Sites – Inventory and
Risk Classification.
The GSI, founded in 1845, has extensive data holdings on past mining activity in
Ireland, including reports, drawings, maps and diagrams of mining activity. The EPA,
established in 1993, has responsibility for environmental assessment, regulation and
enforcement.
In this joint study, the EPA contributed financial resources and Ms Jane Brogan
dedicated much of her time to the project. The GSI contributed its large databases,
Head of Minerals Section, Mr Gerry Stanley, its considerable expertise in digital map
compilation, its drilling unit and support staff. The EPA funding permitted the
recruitment of Dr Vincent Gallagher and Ms Fionnuala Ní Mhairtín to the geochemical
characterisation and investigations and Mr Phelim Lally to site safety investigations.
The GSI also contributed funding for the provision of expert advice from international
consultants Camp, Dresser and McKee (US) and Geoffrey Walton Practice (UK).
The work has resulted in the most comprehensive inventory of past mining activity in
Ireland. All of the major sites have been characterised geochemically and all major
chemical site hazards have been identified. Volume I of the report classifies the sites
that present the greatest threat to human and animal health and the environment.
Volume II will identify the physical hazards associated with the historic mine sites.
The two volumes should be read in conjunction with each other. The work provides
an important benchmark from which future investigations can be both directed and
assessed. An important recommendation from the work is that monitoring of the
various sites should be undertaken at varying intervals, depending on the nature of
contamination of the site.
The joint project demonstrates the benefits of collaboration between government
bodies and provides a template for future actions.

Dr Peadar McArdle
Director, GSI

Dr Mary Kelly
Director General, EPA
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HISTORIC MINE SITES – INVENTORY
AND RISK CLASSIFICATION
SUMMARY
Introduction

The objectives of the Historic Mine Sites – Inventory and Risk Classification (HMSIRC) project are to carry out site investigations at priority historic mine sites in
Ireland and to assess the potential risk posed by these sites to human and animal
health and to the wider environment and to consider issues related to safety at each
of the sites. The commodities worked at these sites included metals, for example
copper or lead, industrial minerals, for example slate or barite, and coal.
volume identifies the geochemical nature of the sites.

This

Volume II, which will be

published later in the year, will identify the physical hazards on the historic mine
sites. These two volumes should be read together.
One of the drivers for this project is the requirement of Article 20 of the extractive
industries waste directive issued in 2006. The full title of the directive is:

‘Directive 2006/21/EC of the European Parliament and of the Council on the
management of waste from extractive industries and amending Directive
2004/35/EC’
Article 20 requires that an inventory of closed sites be prepared. The text of the
Article is as follows:

‘Member States shall ensure that an inventory of closed waste facilities, including
abandoned waste facilities, located on their territory which cause serious
negative environmental impacts or have the potential of becoming in the medium
or short term a serious threat to human health or the environment is drawn up
and periodically updated. Such an inventory, to be made available to the public,
shall be carried out by 1 May 2012, taking into account the methodologies as
referred to in Article 21, if available.’
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Priority sites

The 27 sites or districts scored in this study are listed in Table 1. Five other sites
were assessed but not scored because of the lack of waste material and hence they
did not pose any threat to the environment. In addition some individual sites within
districts were not scored for the same reason.

No.
Mine/District
No. of Sites
1
Abbeytown
1
2
Allihies
6
3
Avoca
7
4
Ballycorus
1
5
Ballyhickey (Clare Pb)
1
6
Ballyvergin (Clare Pb)
1
7
Benbulben
1
8
Bunmahon
1
9
Caim
1
10
Clements (Connemara Pb)
3
11
Clontibret (Monaghan Pb)
1
12
Connacht Coalfield
7
13
Doolin (Clare Phosphate)
1
14
Glendalough–Glendasan
8
15
Glenmalure
2
16
Glentogher (Donegal Pb)
1
17
Gortdrum
1
18
Hollyford (Tipperary)
1
19
Hope (Monaghan Pb)
1
20
Keeldrum (Donegal Pb)
1
21
Kilbricken (Clare Pb)
1
22
Leinster Coalfield
7
23
Silvermines
6
24
Slieve Ardagh Coalfield
10
25
Tassan (Monaghan Pb)
1
26
Tynagh
4
27
West Cork Cu-Ba
8
Table 1 Site districts and individual sites scored in the HMS-IRC project.

Conceptual model and scoring system

In order to carry out the fieldwork in an efficient manner a systematic methodology
was needed, leading to the development of a Conceptual Model.

This model

provided a guide for data collection in the field but was not so rigid as to prevent the
recording of features unique to any one site.
The EU Directive on the management of waste from the extractive industries
requires that the inventory of closed and/or abandoned waste facilities be addressed
using risk assessment procedures. However, it is important to note that this is NOT
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a risk assessment of the sites. Rather the sites have been ranked on a risk basis so
as to determine a relative ranking for possible future actions.
The conceptual model uses the Source–Pathway–Receptor paradigm. This paradigm
requires that each of the parameters within the model is documented, estimated,
measured or recorded. The model identifies the source of any contamination, who
or what is affected (the receptor), and how the source may reach the receptor
(pathway).
The overall approach is to apply scores for the hazard (source), the likelihood of
release, and the receptors for each waste type along each pathway at each site.
The Hazard of a waste pile or mine water discharge is determined by:
The chemical composition of the waste pile or discharge;
The relative toxicities of the different constituent elements; and
The volume (or area) of the waste pile or discharge.
The Likelihood of release of a contaminant from a waste pile or discharge is an
assessment of whether or not there have been releases of contaminants to the
environment in the past and it takes account of whether the waste pile or discharge
is in any way contained in order to minimise or reduce release. In all cases any
contaminant must be attributable to the mine site.
The Receptors are the people, animals, ecosystems or protected areas that may be
affected by a release from the mine site.

Results

Mine districts and sites scored under the HMS-IRC scoring system are assigned to
one of five classes, I, II, III, IV or V.

Table 2 shows the final score for each

district/site investigated. Of the 27 individual districts/sites listed in Table 2, three
are classified in the highest class, Class I, one as Class II, two as Class III, five as
Class IV and the remaining 16 as Class V.

3

Table 2 HMS-IRC scores and classification.

Conclusions

1. Lead (Pb) is the single most important contaminant on Irish mine sites in
terms of its toxicity, the concentration in which it is found, the quantity of Pbenriched material, and its geographical dispersion on and around mine sites.
Mine districts and sites most severely contaminated by Pb include Caim, Clare
Pb Mines, Glendalough, Silvermines and Tynagh.

2. The sites of the former ore processing plants at Gortdrum, Silvermines and
Tynagh are significantly contaminated by heavy metals. In all three cases,
the sites are being utilised by new businesses. Contaminants include not only
the metals produced from the site, such as lead, zinc (Zn) and copper (Cu),
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but also minor constituents of the ore that have become concentrated during
processing. These minor constituents include arsenic (As) and mercury (Hg),
which have been found in concentrations exceeding 1,000 mg/kg.
3. Concentrations of Cu in stream sediment are very high downstream of some
sites, notably Allihies, Avoca and at Glandore and Ballycummisk in West Cork.
The potential for impact on the aquatic ecosystem may warrant further
investigation. The total Cu in surface waters downstream of mines indicates
some impact on water chemistry from mine discharges. However, numerous
upstream surface-water samples and even some groundwater samples also
contain copper in excess of regulatory levels, suggesting that mine waste is
just one of a number of sources of elevated Cu in surface water and
groundwater.
4. High concentrations of Zn in solid mine waste pose no threat to human
health.
5. High concentrations of Zn in stream sediments and/or downstream surface
waters at Avoca, Glendalough, Silvermines and Tynagh pose a risk to
livestock and the aquatic environment.
6. Nickel (Ni) is enriched in mine water, downstream surface water and stream
sediments at some sites in the three coalfields investigated. It is also found
in excess of the Draft EC Surface Water Regulations downstream of mines
such as Avoca and Tynagh.
7. Issues of concern have been identified at a number of sites that warrant
further investigation or action. These sites include: Abbeytown (Pb- and
As-rich leachate from the tailings pond); Avoca (measured Pb concentrations
>1% in solid waste); Ballycorus (measured Pb concentrations >1% in solid
waste); Caim (measured Pb concentrations >5% in solid waste); Clare
Lead District (measured Pb concentrations >20% in solid waste);
Glendalough (measured Pb >10% in solid waste); Gortdrum (measured
concentrations of Hg (>0.5%) and As (>1%) in solid waste); Silvermines
(measured concentrations of Pb (>2%) and As (>0.1%) were detected in
solid waste); and Tynagh (measured concentrations of Pb >2%, As >0.1%
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and Hg >0.1% in solid waste and a cadmium-rich discharge from a waste
heap.

Recommendations

1. The Local Authorities should be advised of all issues of environmental concern
falling within their functional area.

Other authorities such as the Health

Services Executive (HSE), the Health and Safety Authority (HSA) and Teagasc
may also need to be informed of specific relevant issues.
2. Sites assigned to Class I should have a full environmental risk assessment
carried out, if not already undertaken. Ongoing monitoring should be carried
out at these sites.
3. The site assigned to Class II should have general monitoring of most or all
waste piles, discharges or stream sediments carried out on an annual basis.
4. Sites assigned to Class III should have specific monitoring of particular waste
piles, discharges or stream sediments on a biennial basis.
5. Sites assigned to Class IV should have specific monitoring of particular waste
piles, discharges or stream sediments on a five-yearly basis.
6. Sites assigned to Class V do not require any specific monitoring.
7. A scientific-based monitoring scheme should be developed appropriate to
each of the site classes, incorporating relevant expertise from the
Environmental Protection Agency (EPA) and the Geological Survey of Ireland
(GSI). Funding needs to be allocated for this task. The GSI could carry out
such a monitoring programme.
8. An inventory of wastes from the quarry sector should be carried out to
comply fully with the Directive on the management of waste from the
extractive industries.
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CHAPTER 1
Introduction
1.1 Background
The Historic Mine Sites – Inventory and Risk Classification (HMS-IRC) project is a
joint project of the Environmental Protection Agency (EPA) and the Department of
Communications, Energy and Natural Resources (DCENR) (the Geological Survey of
Ireland (GSI) and the Exploration and Mining Division (EMD)). The project, which
commenced in February 2006, was managed by the GSI and the work was
completed in 2009.
This project identifies waste piles and other features, for example shafts and adits
(which are documented in Volume II), associated with closed/abandoned mines in
Ireland. It also identifies broader issues of health and safety and the environment
linked to closed mine sites. It provides a comprehensive understanding of each mine
site/district and scores 27 mine sites/districts (encompassing 82 individual sites)
relative to each other. The study assists Ireland to comply with Article 20 of the
European Directive 2006/21/EC for the management of waste from the extractive
industries. It does not address closed stone, sand and gravel quarries, which also
require management under the Directive. It can also be used by Local Authorities to
assist in their planning function.
In the past, it was normal practice that mining sites closed with little or no
remediation. This practice has left the local environment vulnerable to pollution and
site safety is also a common issue. Such historic mine sites may continue to cause
ongoing damage to the environment and potential risks to human and animal health
in the surrounding areas. There is also the potential that the risks posed by these
sites may increase with time as large abandoned tailings impoundments, rock waste
piles and underground workings gradually deteriorate. Often no consideration was
given to long-term maintenance and aftercare of closed mine sites.
In recent years, detailed investigations have been carried out at a number of the
larger abandoned/closed base-metal mine sites, namely Silvermines, Co. Tipperary,
Tynagh Mines, Co. Galway, and Avoca Mines, Co. Wicklow.

The DCENR with

Tipperary North Riding County Council (TNRCC) is currently carrying out large-scale
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remediation works at Silvermines.

A detailed feasibility study for the remediation

and long-term management at Avoca managed by the GSI has been completed
(Camp, Dresser and McKee (CDM), 2008) and the EPA carried out investigations at
Tynagh.
Modern mines operate under proper planning legislation and conditions. Integrated
Pollution Prevention Control (IPPC) licensing supports strict environmental standards.
Modern mines now implement and fund planned closure, monitored closely by
relevant bodies (e.g. EPA, Local Authority).

1.1.1 Definition of historic mine site
Many terms have been used to refer to historic mines including closed, abandoned,

derelict or orphan. There is no widely accepted single definition for historic mines.
They may be dormant, may or may not have an identifiable owner, and may or may
not have been reclaimed. A historic or closed mine site can be defined as one where

minerals are not being worked, the mine site is not in the process of rehabilitation
and is not under active management (addressing health and safety, and
environmental issues) by a competent person. A competent person is a person who
has the technical knowledge and experience to manage the site.
Some common characteristics of historic mine sites are:
•

Ownership of the site is difficult to establish, and can be further complicated by
the fact that ownership of minerals can be held separately from the land in which
they lie;

•

That regular maintenance of the site is not undertaken; and

•

Mining ceased without proper rehabilitation.

In this report, the term historic mine site will be used to refer to closed mine sites
that are not regulated by a current permit(s) under mining, environmental or
planning legislation and which encompass infrastructure related to a mine, including,
but not limited to, adits, shafts, pits, tailings facilities, waste rock dumps, buildings
and mineral processing areas.
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1.2 Project objectives and deliverables
1.2.1 Project objectives
The key objective of this study is to establish how many of the sites actually
constitute an environmental problem and/or a risk to human and animal health. The
specific objectives include:
1. To draw up a list of priority sites for investigation based on existing
information;
2. To review existing sampling protocols and to select or develop, as
appropriate, a sampling protocol that will be used at each site to ensure
reliability and replication at that site for a range of sampling media (e.g. soil,
water, sediment, mine wastes, vegetation, etc.);
3. To carry out site investigation and characterisation on the priority sites
identified, including an inventory of all extant surface and underground mine
workings and associated buildings;
4. To review and document the potential impacts of historic mine sites in Ireland
on the environment and human and animal health, and on human safety;
5. To develop a risk classification methodology based on best international
practice, i.e. to develop a methodology for risk-ranking historic mine sites
that would provide a robust scientific basis for making decisions about actions
that need to be taken to minimise or manage risks associated with such sites.
To classify the sites investigated according to the system developed; and
6. To present the findings of the work in a two-volume report. Volume I deals
with the geochemical and environmental aspects of the sites and Volume II
deals with the physical hazards of the site.

All information will be compiled

and analytical results obtained for each site during this project into a
Geographic Information System (GIS) database.
1.2.2 Project deliverables
The key project deliverables for Volume I are:
1. An inventory of historic mine sites in Ireland;
2. Protocols for conducting site investigations and characterisation for historic
mine sites;
3. A semi-quantitative risk assessment methodology developed and applied to
each site and utilising site-specific analytical and observational information;
4. Site-specific investigation, characterisation and assessment reports for all the
mine sites included in the inventory;

9

5. Identify site-specific issues which may require further action at each site to
minimise the actual and/or potential risk posed by each site to human and
animal health and the wider environment; and
6. Publication of a final report and the compilation of all relevant information on
each site into a GIS format for future use.

1.2.3 Project management
The project team established to undertake the work includes staff from the EPA, the
GSI and consultants employed full-time on the project, with the GSI as manager of
the project. International experts were employed by the project to provide expertise
in the areas of risk assessment and risk ranking and geostability.

A steering

committee comprising representatives from the GSI, the EPA and the EMD reviewed
the performance of the project in meeting its objectives. A consultative committee
comprising representatives from the Department of Environment, Heritage and Local
Government (DEHLG), the Department of Agriculture, Fisheries and Food, the HSE,
the Health and Safety Authority (HSA), Teagasc, the Central Fisheries Board, the
Shannon River Basin District and the County and City Managers Association, in
conjunction with the steering committee, provided advice and assistance in their
relevant areas of expertise.

1.3 Review of potential impacts of historic mine sites
The working of minerals at metal or coal or industrial mineral mines over the
centuries in Ireland has caused varying degrees of environmental damage locally,
often in remote and sometimes scenic rural areas. Mining, unlike renewable natural
resource land uses (e.g. fishing, farming, forestry), is a transient occupier of land
while the minerals of economic interest are being extracted.

It is important to note that mining sites by their nature are anomalous accumulations
of the constituents of the orebody, e.g. heavy metals, sulphides, etc. However, the
disturbance caused by mining and the generation of various waste streams may
result in an increased dispersion of these constituents into the wider environment,
causing, in some cases, environmental pollution.

The impacts of mining on the environment may be long term and, in some cases,
represent a risk to human health, animal health and the environment unless
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remediation and long-term management are undertaken.

The impact of historic

mine sites on the environment can be significant and may include:


Potential loss of alternative land uses, e.g. agriculture, forestry, conservation,
amenity, etc.;



Pollution of surface and groundwaters through, for example, acid mine
drainage (AMD) and/or metal leaching or sedimentation in watercourses;



Dust generation and heavy-metal deposition, resulting in contamination of
soils;



Rock waste storage and disposal;



Site safety, for example subsidence, slope instability, open shafts and adits;



Chemical residues from ore processing; and



Degradation of the visual environment.

The potential risk posed by the resulting contamination will be site specific and will
be determined by linkages or connectivity between the sources of contamination and
potential receptors – human, livestock and terrestrial and aquatic ecosystems.
1.3.1 Surface and groundwater contamination
Surface and groundwater contamination may occur through AMD, metal leaching and
precipitation and sedimentation.
Acid mine drainage and acid rock drainage (ARD) occur when minerals, e.g. pyrite
(FeS2), containing sulphide and iron are exposed to the weathering effects of air and
water. This reaction (oxidation) is catalysed and accelerated by sulphophilic bacteria
and results in the formation of sulphuric acid and the release of iron hydroxide. The
acid leaches metals from exposed underground workings (this is normally referred to
as AMD) or from waste rock piles or tailings on the surface (normally referred to as
ARD).

This process will continue for as long as the sulphide minerals remain

exposed to air and water and until the sulphides are completely oxidised.

The

environmental impact of AMD/ARD will depend on the sulphide minerals, the host
geology, the sensitivity of the receiving environment and the degree of
neutralisation, dilution and/or natural attenuation. These acidic waters make their
way into surface and groundwaters.
Enhanced metal leaching is associated with acidic drainage due to high metal
solubility and sulphide weathering rates under acidic conditions.

For many rock

types and environmental settings, metal leaching will only be significant where the
pH drops below 5.5. However, a neutral pH does not necessarily eliminate metal
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leaching. While the solubility of aluminium (Al), iron (Fe), and copper (Cu) is greatly
reduced in neutral pH drainage, elements such as antimony (Sb), arsenic (As),
cadmium (Cd), molybdenum (Mo), selenium (Se) and zinc (Zn) remain relatively
soluble and therefore can be found in significant concentrations in drainage water
(Price and Errington, 1998). These metal-bearing waters may precipitate their metal
load onto a river bed. This can also result in a ferricrete developing on the river bed
which destroys the nature of the river bed and impacts on the habitat for aquatic
macroinvertebrates.
Erosion occurs when bare rock, soils or processing wastes from mining activities are
eroded by wind or water. Subsequently, the eroded material may be deposited in
either watercourses or on land, causing contamination.

During the mining

operations, materials may have been deliberately discharged into watercourses.
Livestock accessing rivers may come into contact with such contaminated sediments
and this may be a cause for concern depending on the composition of the minegenerated sediment.
1.3.2 Dust generation and deposition
Wind erosion can occur when finer particles from mine waste dumps and tailings
become airborne under dry weather conditions.

They are subsequently deposited

onto other parts of the mine site or onto adjoining lands. This process can have
environmental impacts on soil through the deposition of elevated metal material.
1.3.3 Waste rock piles
Many waste piles have elevated metal levels (e.g. As, Pb), and in some cases the
level of metals may be toxic. Such waste piles are a concern in situations where
there is the possibility of direct contact by humans or animals.
1.3.4 Chemical residues
During mining operations, target minerals are separated from waste minerals using
mineral processing techniques that involve the use of chemical reagents. Over the
operational life of the mine there may have been accidental spillages of some of
these reagents.

Usually these would have been cleaned up at the time.

The

reagents commonly adhere to either the recovered minerals, which are transported
offsite, or to the waste minerals, which are deposited in the tailings impoundment.
Most of these reagents degrade naturally to harmless compounds.
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1.3.5 Site safety
Many mine sites have features such as open pits, high cliff walls, waterbodies,
shafts, adits, derelict buildings or steep slopes that may cause a safety hazard.
Ground instability is another issue that may occur. Unrestricted public access to such
sites is a safety issue. These physical hazards are documented in Volume II.

1.4 Legislation relating to historic mine sites
Legislation relating to mining relates to permission to mine (emanating from DCENR)
and to how mining is carried out (largely from the DEHLG) and includes the:
•

Minerals Development Acts, 1940 to 1999;

•

Environmental Protection Agency Acts, 1992 and 2003;

•

Waste Management Acts, 1996 to 2003;

•

Water Pollution Acts, 1977 to 1990; and the

•

Energy (Miscellaneous Provisions) Act 2006 Part 9 – Rehabilitation of
Mines.

Directives from the EU are also relevant and the principal ones related to mining are:
•

Directive 76/464/EEC on pollution caused by certain dangerous
substances discharged into the aquatic environment of the Community
(Dangerous Substances Directive);

•

Directive 2000/60/EC establishing a framework for the Community
action in the field of water policy (Water Framework Directive);

•

Directive 2006/21/EC on the management of waste from the
extractive industries (Mining Waste Directive);

•

Directive 2006/118/EC on the protection of groundwater against
pollution and deterioration (Groundwater Daughter Directive).

1.4.1 Legislation overview
The Minerals Development Acts, 1940 to 1999, under the aegis of the Minister for
Communications, Energy and Natural Resources, govern exploration for and
development of all minerals other than ordinary clay, stone, sand and gravel.
Minerals can be held either by the State or be privately owned.

Of the mineral

ownership that has been determined, 60% is in State ownership. All gold (Au) and
silver (Ag) are State owned.
Current mining, planning and environmental legislation ensures that mine operators
make provision for the funding and proper closure and remediation of sites. This is
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enforced by the Local Authority, the EPA and the DCENR. These arrangements were
not in place for historic mine sites.
The legal obligation to deal with environmental and health and safety issues at
historic mine sites rests in the first instance with the owner. It is the responsibility of
the Local Authority to enforce compliance with environmental legislation within its
functional area. Account must also be taken of other legislation that can be invoked,
such as the Derelict Sites Act, 1990, which gives bodies such as Local Authorities
powers and responsibilities in relation to historic mine sites.
Under current minerals legislation (Section 32 of the Minerals Development Act,
1940) the Minister for the Department of Communications, Energy and Natural
Resources has limited powers to enter lands and erect fencing around, for example,
shafts and openings where State minerals have been worked. The Minister has no
such powers in relation to sites where private minerals have been worked.
Provisions were included in the Energy (Miscellaneous Provisions) Act 2006 to give
the Minister powers to prepare and implement a mine rehabilitation plan in respect
of the site of a historic mine where such a plan is deemed necessary for the
purposes of human or animal health or safety, for the protection of the environment,
or is otherwise in the public interest.

Provision is made also in the Act for the

Minister to appoint a Local Authority as agent to prepare and implement such a plan.
Ireland is obliged under Article 20 of Directive 2006/21/EC on the management of
waste from the extractive industries to prepare an inventory of closed/abandoned
mine waste facilities that cause serious negative environmental impacts or have the
potential of becoming in the medium or short term a serious threat to human health
or the environment and to periodically update it.

The inventory is to be made

available to the public and be completed by 1 May 2012. As the historic mine sites
inventory and scoring system deals with those minerals covered by the Minerals
Development Acts, 1940 to 1999 (Scheduled Minerals), it only partially fulfils this
obligation. However, an inventory for closed stone, sand and gravel quarries is also
required under the Directive. There is no obligation under this Directive to take any
action at listed sites.
1.4.1.1 Water Framework Directive
The Water Framework Directive (2000/60/EEC) came into force on 22 December
2000 and establishes a strategic framework for managing the water environment of
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the European Community.
protecting

and

setting

The Directive establishes a common approach to

environmental

objectives

for

all

waters,

including

groundwaters, rivers, lakes, canals, reservoirs, estuaries and coastal waters. The
Directive aims at maintaining and improving water quality within the European
Community by setting objectives for all waterbodies requiring at least ‘good status’,
‘no deterioration’ and ‘restoration’ where necessary.

The River Basin District (RBD) will be the main unit for managing the water
environment and a single River Basin Management Plan (RBMP) must be produced
for each RBD. Identification and analysis of the pressures and impacts on the water
environment is required in the preparation of an RBMP, which will determine what
measures need to be taken in order to achieve ‘good status’. For surface waters,
‘good status’ includes good chemical and ecological status and, for groundwater,
includes good chemical and good quantitative status.
The waters in each area where mine sites are located will ultimately be managed by
the relevant competent authority under an RBMP, with the objective of achieving
good water status. However, waters in mining areas have generally been influenced
by both the natural geological conditions of the area and past mining activities. The
Water Framework Directive provides for this by stating In cases where a body of

water is so affected by human activity or its natural condition is such that it may be
unfeasible or unreasonably expensive to achieve good status, less stringent
environmental objectives may be set on the basis of appropriate, evident and
transparent criteria, and all practicable steps should be taken to prevent any further
deterioration of the status of waters.
1.4.1.2 Dangerous Substances Directive
Under the Dangerous Substances Directive (76/464/EEC), Member States are
required to take appropriate steps to eliminate pollution of waters by List I
substances listed in the Annex and to reduce pollution of waters by List II substances
also listed in the Annex.

List I includes Cd and its compounds.

metalloids and metals, such as Pb, Zn, As and Cu.

List II includes

The Dangerous Substances

Directive will remain in force until 22 December 2013, when it will be repealed by the
Water Framework Directive.
The Water Quality (Dangerous Substances) Regulations, 2001 (SI No. 12 of 2001),
were enacted on 1 July 2001. The Regulations transpose certain requirements of the
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Dangerous Substances Directive into national legislation.

They prescribe water

quality standards in relation to specified List II substances, including Pb, Zn and As,
in surface water, e.g. rivers, streams, etc. The Regulations require that the annual
mean concentration of certain substances is not exceeded and the standard specified
for fresh waters depends upon hardness of water measured in mg/l CaCO3. Where
the existing condition of a waterbody does not meet a specified standard in relation
to a substance there should be no disimprovement and compliance with the specified
standard should occur no later than 31 December 2010 or by 31 December 2015 for
specific cases.

However, in common with the Water Framework Directive, exemptions are provided
for in the Regulations. Article (9) (2) states that a specified standard shall not apply

in relation to a water body where the Agency [Environmental Protection Agency] is
satisfied that the water body is so permanently affected by naturally occurring
conditions or by past human activity that compliance with that standard is not
feasible or would be disproportionately expensive.
1.4.1.3 Groundwater Directive
The purpose of the Groundwater Directive (80/68/EEC) is to prevent the pollution of
groundwater by substances belonging to the families and groups of substances in
List I or List II in the Annex to the Directive and, where possible, to check or
eliminate the consequences of pollution that has already occurred. List I substances
include Cd and Hg, while Pb, Zn and As are included as List II substances. The
Directive requires that Member States prevent the introduction of List I substances
into groundwaters and to limit the introduction of List II substances.
However, in common with the Water Framework Directive, exemptions are provided
for in the Directive. Article 4 (2) states that should prior investigation reveal that the

groundwater into which the discharge of substances in List I is envisaged is
permanently unsuitable for other uses, especially domestic or agricultural, the
Member States may authorise the discharge of these substances provided their
presence does not impede exploitation of ground resources. These authorisations
may be granted only if all technical precautions have been taken to ensure that these
substances cannot reach other aquatic systems or harm other ecosystems.
It is likely that groundwaters in many of the mining areas have been influenced by
both the natural geological conditions of the area and past mining activities.
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Information on the status of groundwater in these areas is limited in this study.
Groundwater samples have been taken where this has been feasible.

1.5 Overview of the geology and mining history of Ireland

Figure 1.1 Geology map of Ireland.

Figure 1.1 is a simplified geological map of Ireland and shows the disposition of rock
largely from an age perspective. Ireland has a diverse geology for its area, with
rocks ranging in age from Precambrian (approximately 4.6 billion years to 540 million
years) to Quaternary (approximately 2.5 million years to present). However, most
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rocks are from the Palaeozoic era (approximately 540 to 250 million years ago). This
overview relates mineral deposits to the principal geological events in Ireland. Figure
1.2 is a schematic north–south geological section through the country, with typical
mineral deposits illustrated in their respective geological units.

Figure 1.2 Schematic north–south geological section of mineral deposits in
Ireland.

1.5.1 Precambrian
The oldest rocks in Ireland occur in the north-west (Galway, Mayo and Donegal) and
south-east (Rosslare), and originated on separate continents that were brought
together during the later Ordovician and Silurian Periods. Most Precambrian rocks
occur in the north-west where they are known as the Dalradian. They are composed
mainly of metamorphosed marine sedimentary rocks (quartzite) but include volcanic
and intrusive rocks, marbles, greywackes, slates, and metamorphosed glacio-marine
deposits.
Mineralisation in the Dalradian is relatively minor. It is comprised for the most part
of narrow veins of sulphide minerals (galena, chalcopyrite and sphalerite), skarns
deposits in Connemara, and rare stratiform sedimentary exhalative (SEDEX)
mineralisation in Co. Donegal. Only the veins were worked to any significant extent.
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1.5.2 Lower Palaeozoic (Cambrian, Ordovician and Silurian Periods)
The geological evolution of Ireland continued in the Lower Palaeozoic, with the
north-west and south-east separated by the Iapetus Ocean and consequently
separate geological formations were developed on the different sides of the Ocean.
To the north-west some Dalradian rocks may be of Cambrian age while Ordovician
rocks are comprised of slates, greywackes, and mafic and felsic volcanic lithologies in
Counties Mayo, Galway and Cavan. Silurian rocks occur in Counties Mayo, Galway,
Roscommon, Cavan, Louth and Monaghan and are mainly composed of slates,
greywackes and quartzites.
The rocks of the south-east occur primarily in Counties Wicklow, Wexford and
Waterford and parts of adjoining counties and are mainly slates, greywackes,
quartzites, and mafic and felsic volcanics.
The close of the Iapetus Ocean led to the collision of the two continents and resulted
in the Caledonian Orogeny (Grampian Phase), which resulted in mountain building,
deformation, metamorphism, and the intrusion of large volumes of granite magma.
The Leinster, Galway and Donegal Granites are the principal granitic intrusions and
were emplaced at this time.
Mineralisation comprises two main types.

One is volcanogenic massive sulphides

(VMSs), as at Avoca in Co. Wicklow, where both stratiform and stringer Cu and pyrite
mineralisation along with minor Pb and Zn sulphides are associated with felsic
volcanic rocks. The other principal style of mineralisation is vein type comprising, for
the most part, the sulphides of Cu, Pb and Zn.
Monaghan and Mayo are gold bearing.

Some of the veins in Counties

Veins occur in most rock types but are

especially common in greywackes (Co. Monaghan) and in granites (e.g. Glendalough,
Co. Wicklow).
1.5.3 Upper Palaeozoic (Devonian, Carboniferous and Permian Periods)
Following the Caledonian Orogeny, there occurred a long period when the rocks
forming the Caledonian Mountain Belt were subjected to erosion. The transported
sediments were deposited in a fluvial environment forming the Devonian Old Red
Sandstones. Devonian rocks crop out as far north as Co. Tyrone but occur mainly
across the south in Counties Cork and Kerry.
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Devonian rocks also occur in the

Midlands where they underlie the younger Carboniferous rocks of the Central Plain.
They comprise conglomerates, sandstones, siltstones and mudstones.
Mineral deposits in the Devonian are mainly confined to West Cork and consist of
vein-type deposits of Cu sulphides (e.g. Allihies) and barite vein deposits (e.g. Lady’s
Well). Following the Devonian, a marine transgression from the south led to the
development of Carboniferous limestones of various types. From a mineralisation
point of view, there are two important limestones, the Navan Beds and the
Waulsortian.

The Waulsortian Mudbank limestone is a thick mound-like body of

mud-sized calcium carbonate.

These mounds often coalesce to form thick

continuous layers. These Waulsortian rocks occur across the Central Plain from Cork
in the south as far northward as Co. Westmeath. The currently operating Navan
deposit in Co. Meath is hosted in the Navan Beds.
Carboniferous rocks underlie approximately half of the country. In terms of Irish
metal mining, the Lower Carboniferous is by far the most important unit for ore
deposits. From the 1950s, when the modern phase of mining commenced, up until
today, the Lower Carboniferous continues to provide the greatest amount of metal
and the greatest prospects for the future. Six major deposits have been worked
since the initial discovery, in 1961, at Tynagh in Co. Galway.

The subsequent

discoveries were Silvermines, Co. Tipperary (which also had historic production),
Gortdrum, also in Co. Tipperary, Navan in Co. Meath (the largest Zn–Pb orebody in
Europe and the sixth largest in the world), Galmoy, Co. Kilkenny, and Lisheen, Co.
Tipperary.

The latter three deposits continue working today and together make

Ireland the largest producer of Zn and Pb in Europe. The deposits are commonly
known as Irish Type, having features that are intermediate between Mississippi
Valley-type and SEDEX-type deposits. They are much sought after on account of
their high grades and clean metallurgy.

Major barite deposits also occur in this

interval with both stratabound (e.g. Silvermines) and vein-type (e.g. Benbulben)
deposits occurring.
Following the Lower Carboniferous, deltaic conditions prevailed over much of Ireland,
resulting in the deposition of sandstones and coal deposits. There are now three
major areas underlain by Middle and Upper Carboniferous rocks – in Leinster
(Counties Kilkenny, Laois and Carlow), Slieve Ardagh (Counties Kilkenny and
Tipperary) and Connacht (Counties, Leitrim, Roscommon, Sligo and Cavan). There
are also smaller deposits in Kanturk (Co. Cork) and at Cratloe (Co. Limerick). The
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principal deposits of these rocks are thin coal seams, which in Slieve Ardagh and
Leinster are anthracite grade and in Connacht are bituminous-grade coals.
Permian rocks occur at Kingscourt in Co. Cavan (and neighbouring parts of Counties
Monaghan and Meath). They comprise massive gypsum deposits formed in shallow
coastal lagoons subjected to evaporation (sabhkas).

At Kingscourt, two main

gypsum and anhydrite layers (totalling about 45 m in thickness) are interbedded with
red and purple mudstones of uppermost Permian age. In the past, gypsum has been
mined from both layers at Kingscourt in several underground operations and is
currently extracted from the upper layer in a major opencast pit at Knocknacran in
Co. Monaghan.
1.5.4 Post-Palaeozoic
There are very few post-Palaeozoic rocks in onshore Ireland, except for Northern
Ireland where there are Jurassic, Cretaceous and Tertiary rocks – the latter which
includes the famous Antrim basalts and the Giants Causeway. In the south, there
are a few instances where sinkholes in the Carboniferous limestones have preserved
younger rocks such as at Killarney where Cretaceous chalk is preserved. No mining
activity is known from these rocks although one such sinkhole has been investigated
as a potential ball clay source.

1.6 Mining in Ireland
Mining supported the economic welfare of local communities for a decade or more.
At some celebrated sites (e.g. Avoca, Silvermines) mining activity spanned hundreds
of years and employed thousands of workers and a rich industrial and cultural
heritage is now linked to these sites.
1.6.1 Overview
Ireland has a rich mining history dating back to the Bronze Age. Cowman and Morris
(2003) provide an overview of mining prior to 1700.

Many deposits and deposit

types have been worked over the years. The MinLocs database in the GSI has over
5,000 entries, which include both metallic and non-metallic commodities (almost 200
different commodities are recorded). Of these entries, almost 1,500 are for metallic
minerals, while some 3,300 are for non-metallic minerals, with the remainder
containing both metallic and non-metallic minerals. Of the total 5,000+ locations in
the database, just over 450 are described as mines, while some 1,300 are described
as quarries. The remainder are either borehole intersections or outcrops (natural or
man-made) of one form or another with the occurrence of a mineral or rock.
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Within the group of 450 mines, some 350 were worked for metallic commodities
while there were approximately equal numbers of non-metallic and coal operations,
49 and 57, respectively. Of the 450+ mines, some 220 had what could be described
as significant workings or production.
The former mines can also be classified according to time of working and commodity
produced. Using this as a basis the following groupings may be identified:
1.

Underground and surface mining operations for coal;

2.

Workings for industrial minerals prior to the 1920s;

3.

Modern workings for industrial minerals (latter half of the 20th century);

4.

Base-metal veins worked for the most part prior to the 20th century – but
some workings operated into the 1950s;

5. Modern (industrial) operations mainly from the latter half of the 20th
century.
1.6.2 Coal mines
Coal measure rocks, in Ireland, date from the Upper Carboniferous and occur in four
areas – the Leinster Coalfield, straddling Counties, Kilkenny, Laois and Carlow; the
Slieve Ardagh Coalfield on the border of Counties Kilkenny and Tipperary; the
Kanturk Coalfield in north-west Co. Cork; and the Connacht Coalfield, straddling
Counties Leitrim, Roscommon, Sligo and Cavan.

The type of coal worked varied

from anthracite in the southern coalfields to bituminous coal in the Connacht
Coalfield. Coal working methods varied over time also, with opencast, bell pits and
longwall mining being the principal types. Most coal mining operations in Ireland
date from the 18th century and the various coalfields were worked intermittently up
until the 1990s.
1.6.3 Vein operations
Up until the start of the 20th century, most mining operations in Ireland worked
metalliferous veins. Most of these were for Cu or Pb while a smaller number were
worked for either Fe or Zn. Silver was commonly recovered from the Pb veins.
The veins occurred in a number of settings:

1.

Pb (and Ag) veins associated with granites, e.g. Glendasan, Co. Wicklow;

2.

Cu veins within volcanic rocks with a VMS affinity, e.g. Bunmahon, Co.
Waterford;

3.

Cu veins within sandstone lithologies, e.g. Allihies, Co. Cork; and
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4.

Pb (and Ag) veins in limestone lithologies, e.g. East Co. Clare.

1.6.4 Modern mining
Modern mining operations in Ireland commenced in the 1960s with the development
of the Tynagh mine. This heralded a new era for mining in Ireland as it focused
attention on the prospectivity of the Irish Midlands for carbonate-hosted Zn–Pb
deposits. This attention was rewarded with the discovery and eventual development
of a further five deposits and the finding of ten other sub-economic deposits. The
historic mine at Avoca was intermittently active from about 1720 until 1982. The
early workings of this deposit were largely by primitive means (until the latter part of
the 19th century). However, in the late 1950s modern mechanised mining methods
were applied to this VMS deposit. There were, or are, also a number of modern
mining operations for industrial minerals, in particular for barite and gypsum. Figure
1.3 shows the mining sites and districts in Ireland that were investigated for the
HMS-IRC project. Not all of these sites contain mine waste and therefore only the
relevant ones have been scored and classified.

Figure 1.3 Mines and mining districts in Ireland investigated for the HMS-IRC
project.
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CHAPTER 2
Historic Mine Sites – Inventory and Risk Classification Scoring
System
2.1 Methodology overview
The purpose of this chapter is to provide an overview of the methodology used in the
project in relation to the following areas of work:
1. Preliminary screening and site selection for the historic mine sites included
in this investigation;
2. Conceptual model; and
3. Risk ranking and classification.
A more detailed description of these work areas is given in the Appendices to this
report, which are referenced at specific parts of the report.

2.2 Preliminary screening and site selection
Two-hundred and twenty mine sites were located across the country from which
there has been extraction of minerals using the GSI databases. Expert judgment
was then applied to the existing databases to extract a list of sites that should be
included in the risk ranking and classification work. Detailed knowledge on mining
history, mining methods, mineral processing, geology and mineralisation, coupled
with assessment criteria, such as scale, elements present (Pb, Zn, Cu, Ni, As, Cd,
Hg), ARD/AMD potential, principal sources of polluting materials present (tailing
impoundments, processing wastes, rock waste dumps, etc.) and environmental
setting, was used to carry out a preliminary screening of the sites.
A desk-top study carried out by Eamonn Grennan, Sligo Institute of Technology, in
1996 for the EPA which used a combination of expert judgement and assessment
criteria to derive a pollution index potential for 128 mine sites across the country was
used in the preliminary screening (Grennan, 1996). This work assigned a potential
Pollution Index Number (PIN) from 1 to 9 to the 128 sites. PIN 1 sites included all
recently closed large-scale base-metal mines (closed in the 1980s) and major
coalfields where significant volumes of waste are present and the ARD/AMD potential
is high.

Table 2.1 provides a summary of the PIN codes, the number of mines

included within a particular code and a general description of the mines included in
the code.
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Pollution
Index
No.
1
2

3

4
5
6
7
8
9

Number
of Sites

Main Assessment Criteria Used

10 Recently closed, large-scale metal mines and coalfields,
processing chemical(s) used, presence of tailing
impoundments, high ARD/AMD potential
14 Medium sized sites (>100,000 tpa production or 100
persons employed), usually worked prior to 1960 and/or
satellite deposits associated with larger mines. They may
also contain particularly toxic elements such as Cd and
As
16 Coalfields and smaller metal mines and industrial mines.
AMD thought to be significant. Smaller than PIN 2 sites.
Includes sites with a high S content. This is generally
the highest class for coalfield sites.
20 Non-toxic suspended solids presenting a major problem
to surface waters. Highest class for slate, associated
metal mines working, generally small scale.
14 Older, long-abandoned mines, insufficient information to
classify with any degree of certainty, further
investigations required.
21 Small working scattered over large areas, possible
groundwater issues
11 Industrial mineral workings that are old and small and
include very small metalliferous mines located inland.
15 Small coastal metalliferous mines
7 Very small and very old, no significant metals, located
along cliff edges.
Table 2.1 Assessment criteria and pollution index number for mine sites.

The preliminary screening and site selection process identified 110 individual mine
sites for investigation in the HMS-IRC project. Many of these sites can be grouped
into mining districts in which numerous sites share metallogenic and geochemical
features.

Additionally, sites within mining districts were typically exploited

simultaneously and may have shared processing facilities. Their proximity to one
another means that they are likely to have an impact on the same environmental
receptors, e.g. surface watercourses or groundwater aquifers.

Thus, where justified

by proximity and shared development history, sites have been grouped into districts
and the districts have been treated as individual entities for scoring purposes.
Where sites assigned to the same district are physically separate and do not share
potential receptors, they have been scored separately.

Stand-alone sites, e.g.

Tynagh, are considered to be a district in themselves for classification purposes.
The mine sites in the Glendalough–Glendasan–Glenmalure area provide an example
of this district classification process. Geologically and geochemically, all the sites in
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this area can be considered to be part of a single district — the Glendalough District
— and they are treated as such for descriptive purposes and in the overall
geochemical assessment. However, while the sites in Glendalough and Glendasan
were exploited by a single company, used shared processing facilities and are in
close proximity to one another, those in Glenmalure are physically separated from
the others and were exploited independently.

Potential receptors affected by

environmental contamination in Glendalough–Glendasan and Glenmalure are entirely
different.

Thus, instead of grouping all sites into just one district for scoring

purposes, the individual sites in both Glendalough–Glendasan and in Glenmalure are
grouped into two districts, according to the logic outlined above.

Similarly,

Ballyvergin, Ballyhickey and Kilbricken have been grouped into the Clare Lead District
but, because they are physically separate sites, they have been scored individually.
All sites in the country have been assigned to a mine district in a similar way. Table
2.2 lists those districts and sites that have been investigated for the HMS-IRC
project.

Not all districts or sites visited and investigated were subjected to

geochemical assessment and subsequent classification using the HMS-IRC scoring
system (geochemistry). Of the 32 districts or sites listed in Table 2.2, five were not
scored: Crohy Head, Kanturk, Killaloe, Redhills and Ross Island. The nine sites in the
Killaloe slate quarries district have large volumes of waste but analysis indicates that
it contained no elements of concern from an environmental perspective. Crohy Head
is a talc mine and, as such, had no waste of chemical concern. Kanturk and Redhills
both lacked significant exposed waste. Ross Island is now a managed heritage site
and contains only very minor amounts of solid waste. Both Killaloe and Kanturk have
significant geotechnical features and are included in the HMS-IRC geotechnical
assessment.

In addition to the above five, seven sites in the West Cork Copper–

Barium District (Ardagh, Ballydehob, Cappagh, Derreennamolane, Derryginagh,
Roaring Water and Scart), one site in the Clare Phosphate District (Noughaval), and
two in Connemara (Tiernakill and Doorus) were not scored because they lacked mine
waste.

The 27 districts or sites scored listed in Table 2.2 include a total of 82

individual mine sites that were geochemically assessed and scored using the HMSIRC scoring system.
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Name
Abbeytown
Allihies
Avoca
Ballycorus
Ballyhickey
Ballyvergin
Benbulben
Bunmahon
Caim
Connemara
Clontibret
Connacht Coalfield
Crohy Head
Clare Phosphate
Glendalough–
Glendasan
Glenmalure
Glentogher
Gortdrum
Hollyford
Hope (Cornalough)
Kanturk
Keeldrum
Kilbricken
Killaloe
Leinster Coalfield
Redhills
Ross Island
Silvermines
Slieve Ardagh Coalfield
Tassan
Tynagh
West Cork
Table 2.2 Summary

Mine District

No. of
Sites
1
6
7
1
1
1
1
1
1
3
1
7
1
2
8

Abbeytown
Allihies
Avoca
Ballycorus
Clare Pb
Clare Pb
Benbulben
Bunmahon
Caim
Connemara
Monaghan
Connacht Coalfield
Donegal Talc
Clare Phosphate

Sites
Classified
9
9
9
9
9
9
9
9
9
9
9
9
9
9

Commodity(ies)
Extracted
Pb, Zn
Cu
Cu, pyrite
Pb
Pb
Pb
Barite
Cu
Pb
Pb
Pb
Coal
Talc
Phosphate
Pb, Zn

Glendalough
9
Glendalough
2
Pb
9
Donegal Pb
1
Pb
9
Gortdrum
1
Cu, Hg
9
Tipperary Minor Cu
1
Pb
9
Monaghan
1
Pb
Munster Coalfield
6
Coal
9
Donegal Pb
1
Pb
9
Clare Pb
1
Pb
Killaloe Slate
9
Slate
9
Leinster Coalfield
7
Coal
Redhills
1
Fe
Ross Island
1
Cu
9
Silvermines
6
Cu, Zn, Pb, barite
9
Slieve Ardagh Coalfield
10
Coal
9
Monaghan
1
Pb
9
Tynagh
4
Zn, Pb, Cu, barite
9
West Cork
15
Cu, barite
of mines and mine districts included in the HMS-IRC project.

2.3 Conceptual model
2.3.1 Introduction
In order to address the project a careful review of the issues that may be associated
with historic mine sites was undertaken.

This review involved an examination of

mine records in the GSI, an examination of reported incidents from historic mine
sites in Ireland, a review of available literature on the topic and discussions with CDM
and Geoffrey Walton Practice (GWP) (UK) (consultants employed to provide advice
specifically on the task of preparing the inventory).
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It was quickly realised that in order to carry out the fieldwork that a systematic
method was needed and the optimum approach would be to develop a Conceptual
Model. This would therefore guide the data collection in the field but would not be
so rigid as to prevent the recording of features unique to any one site.
The HMS-IRC project addresses the requirement of the EU Directive on wastes from
the extractive industries for an inventory of waste facilities and the national need for
data on physical hazards at closed and/or abandoned mine sites. Both needs have
been addressed on a risk basis. However, it is important to note that this is NOT a
risk assessment of the sites. Rather the sites have been ranked on a risk basis so as
to determine a relative ranking for future actions.
As indicated in the previous paragraph, each site is assessed for waste facilities and
for physical hazards.

The former assessment looks primarily at hazards from a

chemical or geochemical point of view while the latter assesses the geotechnical and
site safety aspects of a site.
This section will briefly provide an overview of the conceptual model developed for
contaminant risks. The scoring system for the conceptual model is described in the
appendices to this report.
2.3.2 Contaminant conceptual model
Contaminant risks emanate from waste facilities on the site. In order to identify and
assess these, the Source–Pathway–Receptor Paradigm has been used.

The

paradigm requires that each of the parameters within the model are documented,
estimated, measured or recorded.
illustrated pictorially in Figure 2.1.

The conceptual model to describe this is
The model identifies the source of any

contamination, who or what is affected (the receptor), and how the source may
reach the receptor (pathway).

The conceptual model identifies all the sources,

pathways and receptors. The collection of field data, observations and estimates
confirms whether a linkage exists between the source and receptor and conclusions
are drawn about the potential risks caused by the source of contamination.
Conceptual models are used to inform and drive site investigations.
conceptual model may assist with the identification of remedial strategies.
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Later a

Figure 2.1 Conceptual model for a potential historic mine contaminating the
environment.

2.3.3 Sources of contaminants
Sources are the origin of contaminants that may issue from a historic mine site. The
cause or source of the contamination is identified as well as its location.
possible sources of contamination are listed below and illustrated in Figure 2.2:
Liquid (water)
Adit discharges
Seeps
Solids
Waste piles
Tailings impoundments
Stream sediments
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The

Sources

Waste piles
Adit discharges

Seeps

Stream sediments

Tailings impoundments

Figure 2.2 Possible sources of contamination at historic mine sites.

2.3.4 Pathways
The pathway is the route the source takes to reach the receptor. Evidence for the
movement of the potential contaminants is noted for each pathway at the site.
Pathways that are considered for the movement of contaminants at historic mine
sites are (numbers refer to elements shown in Figure 2.3):
Groundwater
Surface water
Air
Direct contact – solid waste piles
Direct contact – stream sediments
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Figure 2.3 Pathways by which potential contaminants may reach receptors.

2.3.5 Receptors
Receptors are those elements of the paradigm that are affected by the potential
contamination emanating from the various sources via the different pathways. If
contamination is to cause harm, it must reach a receptor. A receptor is any person,
animal, plant, ecosystem, protected site, or property. Receptors, in the context of
the HMS-IRC project include the following, which are illustrated in Figure 2.4:
People
Local inhabitants
Workers
Visitors to the site (legal or otherwise)
Farm animals
Livestock
Ecosystem/Aquatic
Rivers
Estuaries
Groundwater
Protected areas
National Parks
National Heritage Areas (NHAs)
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Special Protection Areas (SPAs)
Special Areas of Conservation (SACs)
Nature Reserves

Receptors
National parks, etc.

Recreational users

Farming

Flora and other
vegetation

Groundwater

Fish, rivers and
aquatic life

Figure 2.4 Possible receptors that may be exposed to contamination originating
from historic mine sites.

2.4 Overview of scoring system
2.4.1 Overall philosophy
The scoring system for the historic mine sites was developed from the Abandoned
and Inactive Mines Scoring System (AIMSS), which itself was devised to produce a
ranking of abandoned mine sites in the State of Montana (USA) and is itself a
development of the US EPA Hazard Ranking System.

This is a summary of the

system developed by the Project Team to score the Irish historic mine sites with
assistance from international consultants CDM (USA) and Land Quality Management
(LQM) Limited (UK) to take account of particular issues specific to Ireland.
The overall approach to the scoring is illustrated in Figure 2.5.

The system

comprises five steps. This section of the report provides a summary of Steps 4 and 5
of this process.
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1. Identify sites to be studied

2. On each mine site identify
the individual source

3. Conduct field measurements on
the individual source

4. Carry out scoring for each source
seperately

5. Amalgamate the individual waste scores to
score the site overall

Figure 2.5 The five steps to scoring a historic mine site for contamination hazards.

As indicated above, each waste pile or discharge is assessed and scored separately.
Five pathways are evaluated:
Groundwater pathway
Surface water pathway
Air pathway
Direct contact pathway (waste piles)
Direct contact pathway (stream sediments)
Each pathway may have a greater or lesser influence on the overall score depending
upon the individual circumstances at each site.
The overall approach to scoring for each pathway is to assess and score the
following three factors: hazard; likelihood of release; and receptors.
The Hazard of a waste pile or discharge is determined by:
The chemical composition of the waste pile or discharge;
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The relative toxicities of the different constituent elements; and
The volume (or area) of the waste pile or discharge.
The Likelihood of release of a contaminant from a waste pile or discharge is an
assessment of whether there have been releases of contaminants to the environment
in the past and it addresses whether the waste pile or discharge is in any way
contained.

The former determines whether there have been releases of the

contaminants from the mine site in the past while the latter addresses the possibility
of releases from the source in the future. In all cases any contaminant must be
attributable to the mine site.
The Receptors are the people, animals, ecosystems or protected areas that may be
affected by a release from the mine site.
Each waste pile or discharge is mapped, measurements taken and other data
collected on each mine site. The individual waste facilities are characterised so that
the Hazard associated with each is known. The factors for Likelihood of release
and the Receptors are recorded for each pathway at every waste pile or discharge.
The scoring process is automated with the use of an Excel workbook. There are
eight worksheets in the workbook:
1.

Waste hazard

2.

Groundwater

3.

Surface water

4.

Air pathway

5.

Direct contact (waste piles)

6.

Direct contact (stream sediments)

7.

Score

8.

Lookup tables

The first worksheet scores individual waste sources that have been identified,
measured, sampled and examined during this study.

The next five worksheets

(numbers 2 to 6 inclusive) score the named pathway. The seventh worksheet gives
the overall score for the particular waste pile.

The final worksheet contains the

lookup tables servicing the input to the other tables. The remainder of this section
outlines the criteria used in scoring the different factors for each pathway.
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2.4.2 Hazard scoring
Within the scoring system there are three potential types of contamination hazard
from one or other of the following:
1. Waste piles
2. Discharges
3. Stream sediments
As mentioned above the Hazard score is determined from the amount of
contaminants, the relative toxicity of these contaminants and the volume (or area)
within each source.
2.4.2.1 Waste piles
For waste piles the following elemental data are entered:
Sb (median value in mg/kg)
As (median value in mg/kg)
Ba (median value in mg/kg)
Cd (median value in mg/kg)
Cr (median value in mg/kg)
Cu (median value in mg/kg)
Fe (median value in mg/kg)
Pb (median value in mg/kg)
Mn (median value in mg/kg)
Hg (median value in mg/kg)
Ni (median value in mg/kg)
Se (median value in mg/kg)
Ag (median value in mg/kg)
Th (median value in mg/kg)
U

(median value in mg/kg)

V

(median value in mg/kg)

Zn (median value in mg/kg)
For each pile there may be up to 50 separate analyses. The median value has been
chosen as the measure of ‘central tendency’ as it eliminates, to some degree, the
influence of extreme outliers in the data.
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The volume of the waste pile is required for the groundwater and surface water
pathways while the area of the waste pile is required for the air and direct contact
(waste piles) pathways. So the following are required:
1. Volume of solid waste pile (value in m3)
2. Area of solid waste pile (value in m2)
Not all elements pose the same threat to humans or animals. For example, Pb and
Cd are known to pose a greater threat to humans than, say, Cu or Fe. Also, there
are different threats to different animal or human receptors. However, there are no
universally accepted values of absolute toxicities for the different elements and how
they affect different receptors. There is some, but not total, agreement on the basis
of relative toxicities. Table 2.3 presents the relative toxicities used in this study for
human and livestock receptors. It was generated from the US EPA relative toxicity
table and updated with expert advice for additional elements and receptors from
CDM, LQM and the Department of Agriculture, Fisheries and Food (DAFF), Ireland.
The table essentially represents, on a relative basis, the threat of the indicated
element to either humans or livestock if ingested or inhaled from either soil or
sediment.
Soil and Sediment
Element
Human Ingestion &
Livestock
Inhalation
Sb
10.00
0.10
As
10.00
0.10
Ba
0.01
0.01
Cd
10.00
10.00
Cr
10.00
0.10
Cu
0.00
0.10
Fe
0.001
0.01
Pb
10.00
1.00
Mn
0.10
0.001
Hg
10.00
1.00
Ni
10.00
0.10
Se
0.10
1.00
Ag
0.10
0.01
Th
10.00
0.01
U
10.00
0.01
V
0.10
0.10
Zn
0.01
0.01
Table 2.3 Relative toxicities for the elements indicated as used in this study if taken
up from soil or sediment.
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In addition to the expert input of those listed above, expert advice was also received
late in the project from the Chemical Hazards and Poisons Division of the UK Health
Protection Agency (UKHPA). The UKHPA agreed with 13 of the designations arrived
at by our expert advisors. However, it made alternative suggestions for the following
elements (Table 2.4).
Element

CDM and LQM

UKHPA

Mn

0.10

1.00

Se

0.01

1.00

Tl

0.00

1.00

Fe

0.001

0.01

Cu

0.00

0.01

Al

0.00

0.01

Co

0.00

0.01

Table 2.4 Comparison between CDM/LQM and UKHPA designations.
For thallium field-portable X-ray florescence (FP XRF) analysis is unreliable and was
therefore not used in the scoring system. For Co and Se the amounts of elements
were generally low and close to the detection limit (DL) and would not make any
difference to the calculations. In the case of aluminium, the FP XRF does not allow
for its detection (atomic number too low) and therefore Al would not contribute to
the score in any case.
In order to assess the suggested changes to the relative toxicity numbers of the
other elements (Cu, Fe and Mn) a number of test re-scorings were carried out.
There was no material difference in the final scores.
Therefore it was decided not to use the relative toxicity numbers as suggested by the
UKHPA as there was no effect on the conclusions reached in this test.
This additional expert input supported the relative toxicity numbers that had already
been determined.
2.4.2.2 Discharges
Chemical analysis of water was undertaken during the summer and winter months at
each of the measured discharges. The value entered was the one that gave the
maximum load (that is, the maximum value of flow times analysis of either the
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summer flow or the winter flow). For discharges the following elemental data are
entered:
Al

(maximum measured value, µg/l)

Sb (maximum measured value, µg/l)
As (maximum measured value, µg/l)
Ba (maximum measured value, µg/l)
Cd (maximum measured value, µg/l)
Cr (maximum measured value, µg/l)
Cu (maximum measured value, µg/l)
Fe (maximum measured value, µg/l)
Pb (maximum measured value, µg/l)
Mn (maximum measured value, µg/l)
Hg (maximum measured value, µg/l)
Ni (maximum measured value, µg/l)
Se (maximum measured value, µg/l)
U

(maximum measured value, µg/l)

V

(maximum measured value, µg/l)

Zn (maximum measured value, µg/l)
The volume of the discharge is measured and entered into the spreadsheet:
1. Volume of liquid waste discharge ('Observed but not measurable' OR a
value in l/day).
Not all elements pose the same threat to humans, animals or different ecosystems.
For example, Pb and Cd are known to pose a greater threat to humans than, say, Cu
or Fe.

Also, there are different threats to different animal or human receptors.

However, there are no universally accepted values of absolute toxicities for different
elements and how they affect different receptors.

There is some, but not total,

agreement on the basis of relative toxicities. Table 2.5 presents the relative toxicities
used in this study for human and livestock receptors. It was generated from the US
EPA relative toxicity table and updated with expert advice for additional elements
and receptors from CDM, LQM and DAFF. The table essentially shows, on a relative
basis, the threat of the indicated element to humans, livestock and to two different
ecosystems – a freshwater aquatic system and a marine water ecosystem – if taken
up from either surface or groundwater.

See also discussion on input from the

UKHPA on relative toxicities for humans in Section 2.4.2.1.
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Surface Water and Groundwater
Element
Human
Eco Aquatic
Eco Salt –
Livestock
Ingestion
Aquatic
Al
0.00
0.10
0.10
0.001
Sb
10.00
0.10
0.10
0.10
As
10.00
0.01
0.10
0.10
Ba
0.01
0.001
0.001
0.01
Cd
10.00
10.00
1.00
10.00
Cr
10.00
0.10
0.10
0.10
Cu
0.00
1.00
1.00
0.10
Fe
0.001
0.01
0.01
0.01
Pb
10.00
1.00
1.00
1.00
Mn
0.10
0.00
0.00
0.001
Hg
10.00
10.00
10.00
1.00
Ni
10.00
0.10
1.00
0.10
Se
0.10
1.00
0.10
1.00
U
10.00
0.01
0.01
0.01
V
0.10
0.00
0.00
0.10
Zn
0.01
0.01
0.10
0.01
Table 2.5 Relative toxicities for the elements indicated as used in this study if taken
up from surface or groundwater.
2.4.2.3 Stream sediments
For stream sediments the following elemental data are entered:
Sb (maximum value in mg/kg)
As (maximum value in mg/kg)
Ba (maximum value in mg/kg)
Cd (maximum value in mg/kg)
Cr (maximum value in mg/kg)
Cu (maximum value in mg/kg)
Fe (maximum value in mg/kg)
Pb (maximum value in mg/kg)
Mn (maximum value in mg/kg)
Hg (maximum value in mg/kg)
Ni (maximum value in mg/kg)
Se (maximum value in mg/kg)
Ag (maximum value in mg/kg)
Th (maximum value in mg/kg)
U

(maximum value in mg/kg)

V

(maximum value in mg/kg)

Zn (maximum value in mg/kg)
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The length of stream or river contaminated is recorded and entered into the
spreadsheet. ‘Contaminated’ is defined as values of mine-related elements greater
than three times the upstream value for that element.
2.4.2.4 Contaminated stream sediments (value in metres)
As in the other hazard sources not all elements pose the same threat to livestock in
stream sediments. However, there are no universally accepted values of absolute
toxicities for different elements and how they affect livestock if ingested from stream
sediments.

There is some, but not total, agreement on the basis of relative

toxicities. Table 2.6 shows the relative toxicities used in this study for human and
livestock receptors. It was generated from the US EPA relative toxicity table and
updated with expert advice for additional elements and receptors from CDM, LQM
and DAFF. The table essentially represents, on a relative basis, the threat of the
indicated element to livestock if taken up from stream sediments.
Soil and Sediment
Element
Livestock
Sb
0.10
As
0.10
Ba
0.01
Cd
10.00
Cr
0.10
Cu
0.10
Fe
0.01
Pb
1.00
Mn
0.001
Hg
1.00
Ni
0.10
Se
1.00
Ag
0.01
Th
0.01
U
0.01
V
0.10
Zn
0.01
Table 2.6 Relative toxicities for the elements indicated as used in this study if taken
up from stream sediments by livestock.
Having entered all relevant data, a Hazard score is generated for each pathway
within the spreadsheet and used in the overall calculation of the score for that
pathway (for further detail see Appendix 1).
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2.4.3 Likelihood of release score
The following inputs were used for each of the pathways.
2.4.3.1 Groundwater pathway
Criterion
Observed release
Exceedances of water standards
Potential to release
Containment at site (select from list)

Options
YES or NO
YES or NO
1.
2.

No containment
Presence of ONE of the following:
berm, liner, run-on diversions or
vegetated cover
3. Presence of TWO of the following:
berm, liner, run-on diversions or
vegetated cover
4. Presence of THREE of the
following: berm, liner, run-on
diversions or vegetated cover
5. Completely contained – presence
of ALL FOUR of the following:
berm, liner, run-on diversions or
vegetated cover
Enter value in metres

Depth to water table

2.4.3.2 Surface water pathway
Criterion
Observed release
Exceedances of water standards
Potential to release
Containment at site (select from list)

Options
YES or NO
YES or NO

1. No containment
2. Presence of ONE of the following:
dams, diversions, pit lakes and
sediment basins or traps
3. Presence of TWO of the following:
dams, diversions, pit lakes and
sediment basins or traps
4. Presence of all THREE of the
following: dams, diversions, pit lakes
and sediment basins or traps
Distance from waste pile or discharge 1. <10 m
to nearest surface water drainage 2. 10–30 m
(select from list)
3. >30 m
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2.4.3.3 Air pathway
Criterion
Observed release (select from list)

1.

2.
Potential to release – containment at the 1.
site (select from list)
2.
3.
4.

Options
Yes
(dust
blow
observed,
evidence of waste blown from a
pile, reliable eyewitness accounts)
No
High dust potential (<50% cover
or screening)
Moderate dust potential (50–75%
cover or screening)
Low dust potential (75–95%
cover or screening)
No dust potential (>95% cover or
screening)

2.4.3.4 Direct contact pathway (waste piles)
Criterion
Options
Observed exposure
Residence within 250 m of the waste YES or NO
pile
Recreational activities taking place at YES or NO
the site (direct observation or
evidence)
Potential to release
Site accessibility (select from list)
1. Easily accessible (no fences, gates
or signs)
2. Moderately accessible (barbed wire
fences, road gated, signage)
3. Difficult access (chain link fence,
road gated and locked)
4. Not accessible (site completely
fenced, access road gated and
locked, on-site security within 250
m of the waste piles)
Condition of restrictions (select from 1. Well maintained, no breaches
list)
2. Small animals can access with
ease, humans and animals can
access with difficulty.
Vehicles
cannot gain entry. Less than three
breaches.
3. Small
animals,
human
and
livestock can access with ease.
Vehicles can enter. Less than five
breaches.
4. Small
animals,
human
and
livestock can access with ease.
Vehicles can enter or more than
five breaches
Distance to nearest residence
Enter value in metres
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2.4.3.5 Direct contact pathway (stream sediments)
Criterion
Observed exposure
Farm within 250 m of the waste pile
YES or NO

Options

Having entered all relevant data, a Likelihood of release score is generated within
the spreadsheet and used in the overall calculation of the score for that pathway.
2.4.4 Receptor score
The following is input for each of the pathways.
2.4.4.1 Groundwater pathway
Criterion
Aquifer category (select from 1.
list). The aquifer classification 2.
has been developed by the 3.
GSI/EPA and the GSI has maps 4.
for the country indicating the 5.
type
of
aquifer.
This 6.
information was used for the 7.
groundwater pathway.
8.
9.
10.

Options*
Rk – Karstified
Rkc – Karstified, dominated by conduit flow
Rg – Extensive sand/gravel
Rkd – Karstified, dominated by diffuse flow
Rf – Fissured bedrock
Lm – Generally moderately productive
Ll – Moderately productive only in local
zones
Lk – Locally important karstified aquifer
Lg – Local sand/gravel
Pl – Generally unproductive except for local
zones
11. Pu – Generally unproductive
Number of wells within 1 km
Number of wells from CSO statistics adjusted for
area from a GIS.
Vulnerability of groundwater 1. Extreme (rock near surface or karst)
adjustment (select from list as 2. Extreme
determined from groundwater 3. High
vulnerability map (GSI))
4. High to low
5. Moderate
6. Low
7. No data
*Note R = Regional and L = Local.

2.4.4.2 Surface water pathway
Criterion
Options
Total number of persons using surface water Enter number from CSO statistics
for drinking from all abstractions within a 10km radius
Is there a local stream/drainage within 100 YES or NO
m?
Other users
Fishery class (select from list)
1. Salmonid
2. No classification
Recreational use (select from list)
1. Observed (fishing or boating or
swimming, etc.)
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2. Not observed
1. Yes (National Park, SAC, SPA,
NHA)
2. No designation
1. Yes
2. Unknown

Protected area status (select from list)
Livestock watering (select from list)

2.4.4.3 Air pathway
Criterion
Options
Population within 1 km of the waste
Enter value from CSO statistics
Distance to the nearest residence
Enter value in metres
Protected areas (NHAs, SPAs, SACs, Nature YES or NO
Reserves or National Parks)
2.4.4.4 Direct contact pathway (waste piles)
Criterion
Options
Population within 2 km of the site Enter number from CSO statistics
Distance to the nearest residence Enter value in metres
On-site workers (select from list)
1. Predominantly working outside
2. Farmers
3. Predominantly working inside
4. No workers
Attractiveness of the site for 1. Highly attractive
recreational use (select from list)
2. Moderately attractive
3. Low attractiveness
4. Not attractive
2.4.4.5 Direct contact pathway (stream sediments)
Criterion
Options
Livestock accessing the stream 1.
Livestock observed in stream or other
(select from list)
signs, e.g. hoof marks
2.
Unknown
Having entered all relevant data a Receptor score is generated within the
spreadsheet and used in the overall calculation of the score for that pathway.
2.4.5 Total site score for human and animal health
The total score has been set up in the spreadsheet to be automatically generated for
an individual waste pile or discharge or stream sediment section by first multiplying
the Hazard score by the Likelihood to release score by the Receptor score and
then summing the relevant pathways.

For a waste pile or discharge source, the

groundwater, surface water, air and direct contact pathways are summed. For the
stream sediment source just the stream sediment pathway is used.
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2.4.6 Total mine site score
For an individual mine site all the individual scores for waste piles, discharges and
stream sediments are summed. This is the final score for the site.

2.5 Classification Once the final score for the mine site is obtained it is assigned
to one of the following classes:

Class
I

Score
>2,000

II

1,000 – 2,000

III

300 – 1,000

IV

100 – 300

V

<100

Description
Relates to large complex sites that
have a number of issues, the sites
contain large volumes of metal-rich
waste that potentially pose risks to
human and animal health and safety as
well as to the environment.
A district consisting of several sites,
containing numerous small spoil piles
with high concentrations of metals and
are visited regularly by the public.
Accordingly these sites potentially pose
risks to human and animal health and
safety as well as to the environment.
Sites containing fewer and smaller spoil
piles that have high concentrations of
metals. The sites are used by the
public and potentially pose risks to
human and animal health and safety as
well as to the environment.
Sites that generally have large volumes
of waste with low concentrations of
those metals that potentially pose risks
to human and animal health and safety
as well as to the environment. Any
high metal spoil piles are very small in
volume.
These sites pose little threat to
humans, animals or the environment,
although there may be minor sitespecific issues which need to be
addressed
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Response
These sites should
have a full risk
assessment carried
out. These sites
should be monitored
on an ongoing basis.
These sites require
general monitoring of
most or all waste
piles, discharges or
stream sediments on
an annual basis.
These sites require
general monitoring of
most or all waste
piles, discharges or
stream sediments on
a biennial basis.
These sites require
specific monitoring of
particular waste piles,
discharges or stream
sediments on a fiveyearly basis.
These sites generally
do not require
monitoring except
where there are minor
specific issues.

CHAPTER 3
Geochemical Methodology
3.1 Aims and scope of geochemical site investigations
The aims of the geochemical site investigations undertaken for the HMS-IRC project
were:
(1) To provide a basic chemical characterisation of each site, with the added aim
of identifying issues of concern for human and animal health and the
environment, and
(2) To provide sufficient data to allow scoring of each site using the HMS-IRC
scoring system.
Initially, the scope of the site investigations included solid waste, surface water,
groundwater, stream sediments and soil.

Later, leachate testing was

incorporated into the geochemical programme while soil was excluded.

A

geochemical soil survey around each of the sites would be a substantial undertaking
and would require significant resources and would be time consuming.

For this

reason, the soil geochemical survey is more appropriate to site-specific investigations
of individual sites rather than to a national survey of the kind conducted under the
HMS-IRC project.

3.2 Solid waste analyses
3.2.1 Types of solid mine waste
For the purpose of the HMS-IRC project, solid waste means any solid matter on mine
sites that is a by-product of mining or of the processing of mined material. This
includes spoil, whether in deliberately created spoil heaps or in casually dumped
material, tailings, processing waste and stripping waste. It also includes a thin layer
of fines or dust that is dispersed at most mine sites as a consequence of action on
partially or fully processed material. This dispersal may occur as a result of human
or mechanical activity, wind or rain. This is largely confined to former processing
areas and a short distance from them. On some of the older sites, revegetation has
taken place leaving a thin layer of soil on top of mine waste. This soil is generally a
mixture of organic material, mine waste and introduced soil.

It can be heavily

contaminated by heavy metals and it constitutes a particular type of soil in the
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context of Irish mine sites, not to be confused with soil on land surrounding but
never a part of a mine site.
Spoil sensu stricto is mined ore that has become diluted in the course of mining by
its largely unmineralised host rock or gangue. In consequence, its concentration of
ore material is diluted to the point of making it uneconomic to process further. In
Ireland, extensive spoil heaps are characteristic of 18th and 19th century mine sites,
e.g. Avoca and Glendasan. Before the large-scale, mechanised mining of the 20th
century and the efficient extraction techniques that accompanied it, miners focused
on high-grade zones within relatively narrow ore zones or lodes. Blasting of such
zones caused dilution by the host rock. The mined material was usually tipped close
to the entrance to shafts or adits and picked over by hand to extract the best ore.
This inefficient winnowing process has created many spoil heaps with significant
metal contents.
In contrast to the relatively inefficient mining of high-grade ore in the 19th century,
mining in the 20th and 21st centuries has involved mechanical mining of large
volumes of ore material and relatively efficient extraction of the ore material using
sophisticated techniques in purpose-built processing plants. Ore is generally crushed
in the mine itself and then passed to the processing plant for grinding, typically to
sand- or silt-sized particles. Froth flotation has been employed in most modern Irish
metal mines to separate the ore minerals from the gangue material and it is
particularly useful because it can be used to process polymetallic ores. Surfactants
are added to the slurry that binds preferentially to specific metals to make them
hydrophobic. When air is passed through, a froth forms to which the hydrophobic
metals bind. This froth or scum is removed from the surface of the slurry. The
waste slurry left after completion of this process is called tailings.

The tailings

material is commonly disposed of in purpose-built lagoons called tailings ponds.
Tailings are also placed underground as backfill providing storage for the tailings and
support for the underground workings.

Backfilling of underground workings is

commonplace in modern operating underground mines in Ireland but was not
extensively employed as a disposal method in the closed mines studied in the HMSIRC project, with the exception of Avoca.
The four abandoned large-scale 20th century mines in Ireland (Tynagh, Gortdrum,
Silvermines and Avoca) are, therefore, characterised by large tailings ponds.
Smaller-scale deposits of similar material are found on 19th century sites also but
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these tailings are generally by-products of gravity separation methods. In addition to
tailings ponds, the large 20th century mines studied also have waste heaps created
from low-grade material stripped from the surface during excavation of open pits.
These waste heaps, not spoil heaps in the narrow meaning of the term, are generally
very large-scale accumulations that typically contain a high proportion of very coarse
blocks.
Siltation ponds are used on mine sites to separate material from process water.
Solid siltation wastes are found, for example, at Gortdrum and Tynagh in the remains
of dried-out ponds. Other waste found on the sites of processing plants is generally
a product of a specific process.
On 19th century sites such processes including cobbing or hand-dressing of ore with
hammers, coarse crushing, stamping, i.e. fine crushing and gravity separation into
buddles.
In the case of 20th century sites, the processing equipment and buildings have, in
general, been dismantled and removed after mine closure. Remains of processed or
concentrated ore are therefore not widespread or voluminous. Nevertheless, most of
the sites have some examples of processing waste.

Such waste, because of its

nature, can contain very high levels of metals or other elements.
3.2.2 General overview of solid waste analyses
Solid waste analyses were carried out using an FP-XRF analyser.

The analyser

allowed semi-quantitative in-situ analysis of mine waste and quantitative laboratorybased analysis of prepared samples.
Appendix 2.

The field analytical method is outlined in

Approximately 10% of sites analysed in the field were sampled for

follow-up analysis by XRF in the GSI laboratory. Most of these samples were also
sent to a certified commercial laboratory where they were analysed by inductively
coupled plasma – atomic emission spectrometry (ICP-AES) after multi-acid digestion.
Comparison of these samples with those analysed by XRF has allowed a detailed
assessment of the XRF analyser’s performance to be carried out (Appendix 4). The
FP-XRF has proved to be an extremely useful tool that has enabled completion of
many more analyses than would have been possible using traditional laboratorybased methods. As described in Appendix 4, the analyser’s performance, both in situ
and in the laboratory, has more than met the project’s requirements.
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Table 3.1 provides a breakdown of the numbers of solid waste analyses completed
for the HMS-IRC project, excluding check samples sent to the external laboratory.
The 1,432 in-situ analyses form the basis for the scores assigned to waste heaps in
the HMS-IRC scoring system and comprise over 87% of all solid waste analyses. The
bulk of these analyses were on spoil. Of the 208 samples analysed by XRF in the
GSI laboratory, 37 were not previously analysed in the field. These were mostly
siltation pond samples from Gortdrum that were too wet for in-situ analysis. The
remaining 171 samples were from the 1,432 sites analysed in the field and, of these,
165 were sent to OMAC Laboratories for comparative analysis by ICP-AES. These
165 samples constitute 11.5% of the 1,432 in-situ analyses.
Waste Type

Field

Lab

Totals

Spoil

906

94

1,000

Tailings

341

55

396

Processing Waste

148

49

197

Soil

25

3

28

Other

12

7

19

1,432

208

1,640

Totals

Table 3.1 Numbers of solid analyses carried out during the HMS-IRC project.
3.2.3 XRF analysis
X-ray fluorescence (XRF) analysis is a longestablished

and

well-understood

analytical

technique. The analyser used for the HMS-IRC
project (right) uses a battery-powered cathode
tube to generate a beam of X-rays. This beam
is focused through a 20-mm diameter aperture
onto the sample. The X-rays then collide with atoms of elements within the sample.
The excitation of, or transfer of energy to, an atom results in the emission of X-rays
by that atom. The emitted X-rays each have an energy that is characteristic of the
atom that emits it. Thus, iron emits two principal X-rays, called Kα and Kβ, with
characteristic energies of 6.40 and 7.06 KeV, respectively (Fig. 3.1).

The X-rays

emitted from the sample are in turn detected by the XRF analyser. The relative
concentration of any element in a sample is proportional to the number of its
characteristic X-rays emitted.
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The XRF analyser is equipped with two filters, one for detection of elements of
atomic number ≥23 (vanadium) and one for elements with atomic number between
15 (phosphorus) and 22 (titanium). Each filter allows better detection and resolution
of elements within the ranges specified.

Figure 3.1 Typical X-ray spectrum for portable XRF analyser.

As the analysis is carried out, the X-ray count data are processed by the analyser
using an in-built programme that utilises standard correction factors and calibration
data for each element. The analyser is calibrated at the factory prior to delivery.
Different calibrations can be used depending on the nature of the material to be
analysed. In the case of the HMS-IRC instrument, an ‘environmental’ calibration was
selected as most appropriate as it allowed for a wide range of sample types. The
calibration was carried out using well-characterised soil and sediment standards
containing variable amounts of metals and other elements of interest.

Further

details are contained in Appendix 4.
The analyser is calibrated to analyse 30 elements (Table 3.2).

Inter-element

interference and peak overlap can make accurate calibration of some element
combinations difficult. The elements were selected for calibration on the basis of
what were considered to be the most useful in the context of Irish mine sites.
The detection limits listed in Table 3.2 are those supplied by the manufacturer of the
analyser, NITON, for prepared samples analysed under optimum conditions.
Detection limits have not been determined for all elements, especially relatively rare
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elements such as (Bi) and (Tl). The standards used in determining the detection
limits were soils and sediments.
Where sample preparation and analytical conditions are consistent, variation in
detection limit for any given element will depend primarily on sample matrix
composition. For example, in a sample with a high concentration of heavy elements
such as iron and lead, X-rays emitted by various elements in the sample, and
especially the lighter elements, will not easily escape the sample matrix owing to
interference by atoms of the heavy elements.

Thus the detection limit for any

element will be higher than in a sample with a low or lower concentration of heavy
elements.
Trials conducted by the US EPA on the NITON portable XRF analyser (US EPA 2006)
gave detection limits of 1 to 20 mg/kg for As, Pb, Hg, Se and V, 20 to 50 mg/kg for
Cu, Ag and Zn, 50 to 100 mg/kg for Cr and Ni and >100 mg/kg for Sb and Cd. The
detection limits for Sb and Cd may have been biased toward high values as a
consequence of high concentrations of other metals in the matrices of the standards
analysed. Otherwise, the US EPA tests are in good agreement with the detection
limits reported by NITON.
Accuracy in XRF analyses depends upon the correction programme used and,
principally, the calibration. Correction programmes take account of the physics of Xray excitation and emission and are relatively standard. Calibration is the greatest
influence on accuracy.

The greater the difference in composition between the

sample being analysed and the standards used in the calibration the greater the
potential inaccuracy in the results. The HMS-IRC analyser was calibrated using soil
and sediment standards. The matrix in such standards comprises mainly silicates.
The matrix in mine waste samples will have, in addition to silicates, high
concentrations of metal sulphides, oxides and hydroxides that will influence X-ray
behaviour during analysis. Such influences will not necessarily be accounted for by
the correction programme and the result can be a significant departure from
accuracy.

Comparison of the certified composition of the National Institute of

Standards and Technology (NIST) mine waste standard (NIST 2780) with the results
of analyses by the HMS-IRC analyser (Appendix 4) show a consistent bias towards
lower measured element concentrations than those certified by NIST.
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NIST Standard Reference Material (Soil matrix)
Element

60 s
P

2.5%

S

1.5%

K

500

Ca

400

Sc

200

Ti

200

V

175

Cr

60

120 s

Ag

50

As

15

Ba

1,000

Cd

65

Co

150

Cu

60

Fe

175

Hg

12

Mn

175

Ni

90

Pb

20

Rb

15

Sb

175

Se

150

Sn

150

Sr

30

Zn

40

Table 3.2 Elements calibrated for XRF analysis with detection limits (mg/kg).
The analysis time is controlled by the user. For HMS-IRC analyses, analysis time was
90 s for in-situ analyses and 180 s for laboratory analyses. In each case, two-thirds
of the analysis time (60 and 120 s, respectively) were apportioned to the heavyelement filter and one-third (30 and 60 s, respectively) to the light-element filter. All
HMS-IRC samples analysed in the laboratory were run at least twice and the average
of the two results was taken as the final result.
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Quality control (QC)/quality assurance (QA) procedures for XRF analysis included:
1. Routine calibration of the X-ray beam at 1- to 2-h intervals;
2. Regular analyses of a range of standard material during laboratory-based
analyses of prepared samples;
3. Re-analysis of prepared samples by a certified external laboratory using ICPAES and other standard analytical techniques.
Appendix 4 contains a detailed account of the performance of the XRF analyser,
based on analysis of standards and comparison of results for samples analysed both
by XRF and ICP-AES in an external laboratory.
3.2.4 Spoil analyses
Most solid waste analysed in the course of the project was spoil.

The analysis

method followed the sampling protocol in Appendix 2. In general, the aim of the in-

situ analyses was to provide an estimate of minimum, maximum and median
concentrations in any given spoil heap and on mine sites. The median value has
been adopted in the HMS-IRC scoring system.

Typically, five-, six- or nine-point

grids with 5- to 10-m spacings were employed. However, modifications to this ideal
approach were made depending on heap shape, size and chemical variability.
Chemical variability can be implied by visible colour or mineralogical variation. The
real-time analysis afforded by the portable XRF analyser also allowed judgements to
be made in the field regarding changes to sampling plans.

Such modifications

included reducing the number of analyses where low levels of elements of interest
were detected and increasing the number where ‘hot spots’, i.e. zones with unusually
high concentrations of elements of interest, were detected. While the inclusion of
hot-spot analyses may serve to bias the median value towards higher concentrations,
recognition and analysis of such zones are important aspects of the characterisation
of mine sites and the determination of issues
of concern.
The general approach to in-situ analysis is to
mark out a 20 x 20 cm area in which the top
5 cm approximately of spoil are raked over
and larger clasts removed. The spoil is then
compressed and smoothed to form a suitable flat, compacted surface with minimal
pore space, thus reducing the influence of air on the analysis (right). Three separate
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spots within the 20 x 20 cm area were covered within the 90 s of XRF analysis in
order to counteract the effects of the chemical variability inherent in many samples
of mine spoil.

High moisture contents also posed some difficulties for in-situ

analyses at some sites. Moisture is a potential problem because, like air, it dilutes
the proportion of solid material in any given sample and it also interferes with and
attenuates the X-rays. The result is a lower apparent concentration of elements of
interest in a sample.

However, analyses of fine or compacted material, such as

tailings or siltation deposits, are more likely to be affected by moisture than those of
spoil which is typically relatively coarse-grained and less retentive of water than fine
waste.
3.2.5 Tailings analyses
The 20th century mines studied for the HMS-IRC project all have large tailings
impoundments that store the waste material following mineral processing.

Some

19th century mines also have tailings deposits, though they are much smaller in scale
and typically less well impounded.
The general approach to tailings analysis was similar to that adopted for spoil
analysis. The aim was to obtain an estimate of the minimum, maximum and median
concentrations of elements of interest in the tailings. A grid was defined for each
deposit.

Because of the typically much greater surface area, grids on tailings

deposits tended to be much larger than those on individual spoil heaps, with the
number of individual sites exceeding 30 in some cases.

In addition to the

composition at the surface of the deposit, vertical compositional variation was also
assessed. At Avoca and Gortdrum, a trailer-mounted mechanical drill was used to
retrieve samples up to 6 m below the surface of the tailings pond. At other sites
(Tynagh, Abbeytown, Glendalough), a combination of manual digging and augering
was used to analyse samples at depths of up to 1.5 m below the surface.
Tailings analysed for the HMS-IRC project are
typically sand to silt grade. On the surface of
deposits they are relatively dry and easily
analysed in situ by portable XRF.

At depth,

however, owing to the effects of retained water
and the pressure of overlying tailings, they
become increasingly plastic and less viscous
(right).

Below approximately 1 m at Gortdrum and Avoca, the tailings have the
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consistency of wet mud. This material was placed in plastic bags prior to analysis
through the bag.
3.2.6 Processing waste
On 19th century mine sites scored for HMS-IRC, processing waste includes waste
from crushers, stamps batteries, gravity-separation equipment, such as buddles, and
furnaces. Processing waste observed on 20th century mine sites included siltation
pond sediment, furnace residue and thickener waste. Apart from waste derived from
specific processes, a thin layer of waste typically covers the sites of former
processing plants. This is material that has been spread around the vicinity of the
processing plant by human and mechanical activity, as well as by wind and rain and
it is relatively thin.
With the exception of siltation pond residue and the thin coating referred to above,
processing waste tends to occur in very localised areas on the sites of former
processing plants, e.g. in and around particular buildings and structures. Analysis of
such waste for the HMS-IRC project was typically opportunistic and directed towards
ascertaining the range of elements and their concentrations present in the waste. It
followed no preconceived pattern of analysis, e.g. a grid.
3.2.7 Soil and other waste
Soil in this context refers to soil overlying mine sites, particularly 19th century sites
that have undergone revegetation over a long period of time. On such sites the
establishment of a soil cover appears to follow from a gradual colonisation of the
mine surface by invading species from the immediate surrounding land and the
establishment of an organic substrate on top of the residual mine waste. On some
sites, grassland has been established, presumably through intensive amelioration
efforts by landowners.

Where grass is established, the base of the root zone is

typically at or just above the buried mine waste. The soil is inevitably mixed to some
degree with residual mine waste from the surface of the mine site. Analysis of this
soil was generally accomplished by turning over the sod and analysing the soil at the
base of the root zone, with a grid-based approach similar to that adopted for spoil.
Other waste analysed included granite blocks and mortar in a smelter chimney in
Ballycorus and mortar in the remains of an engine house in Ballyhickey. Aggregate
derived from waste piles at Gortdrum was also analysed.
opportunistic analyses and followed no specified pattern.
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Again, these were

3.3 Water analyses
Surface water analyses were carried out on and around mine sites to assess the
potential for downstream contamination of local watercourses by mine water
discharges via adits or shafts, by leachate generated within solid waste heaps or by
surface run-off from the site.

In general, water from rivers and streams was

sampled upstream and downstream of the mine site. Mine discharges and leachate
were also sampled. Active surface run-off was sampled in only one instance but
ponding of run-off is common on mine sites and this water can give an indication of
the chemistry of run-off.
Groundwater was sampled from field wells and springs where available. Wells bored
for water supply to private homes were not sampled because the time required to
locate wells, secure permission and sample them was considered excessive.

In

addition, many such wells are equipped with treatment cells that inevitably alter the
chemistry of the water.
Water was sampled in both summer and winter in order to determine the effect on
water chemistry as a result of the variation in flow rates of water in rivers, streams
and mine discharges.

Winter sampling took place between November 2006 and

early March 2007, summer sampling between June and September 2007. Not all
sites were sampled in both periods – smaller sites with only minor or even no mine
water discharges were sampled only once.
portable cut-throat flume.

Flow rates were measured using a

This was suitable for small-channelled discharges less

than 1 m wide, i.e. adit discharges and small streams. Some flows too large to be
measured with the flume were estimated by measuring the depth of water at
intervals across the stream and measuring the speed of flow with a float. Table 3.3
provides a summary of the number and type of samples collected for the project.
A description of the sampling methodology is contained in Appendix 2.

Samples

were analysed by Alcontrol Ltd. Table 3.4 lists the parameters analysed and the
analytical method employed. Some parameters analysed in the first period, winter
2006–2007, were not analysed in summer 2007. These included biological oxygen
demand (BOD) and chemical oxygen demand (COD).

The exclusion of these

parameters reflected the fact that they are largely indicative of contamination of
water by organic sources and not mine waste. Moreover, the requirement that BOD
and COD analyses be carried out within 48 h of sampling placed significant
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constraints on the sampling programme, particularly in remote areas where it was
not always possible to arrange rapid delivery of samples to the laboratory.

Sample Type

Winter

Summer

2006–2007

2007

Upstream of Mine Site

33

28

Downstream of Mine Site

86

80

Adit/Shaft Discharge

54

38

Ponding/Surface Run-off/Seepage

53

26

9

10

15

12

250

194

Open Pit Lake
Spring/Well
Total

Table 3.3 Water samples by source and season, HMS-IRC project.
Analysis
Total Metals

Method

Elements

ICP MS

Al, As, Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo,
Ni, Pb, Sb, Se, Sn, U, V, Zn
(Detection limits: <1–2 μg/l)

Dissolved Metals

ICP MS

Al, As, Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo,
Ni, Pb, Sb, Se, Sn, U, V, Zn
(Detection limits: 1–2 μg/l)

Total Mercury (Hg)

ICP IRIS

Hg (Detection limit: 50 μg/l)

Dissolved Mercury (Hg)

CV AA

Hg (Detection limit: 0.05 μg/l)

Major Cations (Total)

ICP-MS

Ca (Detection limit: 120 μg/l)
Mg (Detection limit: 100 μg/l)

Major Cations (Total)

Flame Photo

Na, K (Detection limit: 200 μg/l)

Anions

KONE

PO4 (Detection limit: 30 μg/l)
SO4 (Detection limit: 3,000 μg/l)

Oxygen Demand

5-day ATU

BOD (Detection limit: 2,000 μg/l)

Oxygen Demand

Photometry

COD (Detection limit: 15,000 μg/l)

Solids

Meter

TDS (Detection limit: 5,000 μg/l)

Solids

Gravimetric

TSS (Detection limit: 10,000 μg/l)

Table 3.4 HMS-IRC water analyses: parameters and methods.

3.4 Stream sediment analysis
Stream sediments upstream and downstream of mine sites were sampled to assess
the degree of contamination, if any, arising from mine water discharges and
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transport of solid waste into watercourses. Elements in mine water discharges are
either in the dissolved state or in solid matter in suspension.

Precipitation of

dissolved chemical elements from mine discharges onto the stream bed occurs when
the solubility of these elements decreases as the mine water mixes with stream
water. Elements in suspension can be deposited on the stream bed in response to
changes in flow velocity or other physical parameters.
A total of 107 samples were collected at 16 mine sites. At each site, sediment was
collected from a number of sub-sites over a stream length of 5–10 m where feasible.
Not all mine sites are in proximity to streams and not all streams near mine sites
contained sufficient sediment for sampling. Each sample was passed through a 2mm and then a 150-μm polypropylene mesh sieve in the field and the fine fraction
was stored in a sealed bucket. After drying in the GSI laboratory, the samples were
analysed by XRF. Analysis procedure was the same as that for laboratory-analysed
solid waste samples: 120 s for the heavy-element filter, 60 s for the light-element
filter, each sample analysed at least twice with the average concentrations taken as
the result. Appendix 2 contains a full description of the sampling methodology and
analytical procedure employed.
Sampling of the 150-μm fraction as opposed to, say, the total sediment fraction has
a number of advantages. Metals tend to partition into the finer fraction in stream
sediments and as a consequence detection of metal contamination of stream
sediments is more likely using the 150-μm fraction than a coarser or total fraction.
Aquatic organisms that feed on the river or stream bed may more readily ingest the
finer than the coarser sediment fraction so that the former is a more relevant
measure of environmental impact.

Finally, analysis of the fine fraction allows

comparison of HMS-IRC data with those of the GSI’s Regional Geochemistry
Programme and the use of the latter to augment the data for selected areas.
3.5 Leachate analyses
Leachate analyses were carried out on solid waste samples to provide a proxy
analysis for contaminated groundwater in the vicinity of waste heaps. The HMS-IRC
scoring system requires an indication of the potential of any waste heap to
contaminate groundwater. In the absence of specific groundwater data around sites,
the leachate analysis was used to model the extreme case where groundwater is
contaminated to the extent that its composition is essentially that of leachate.
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Leachate testing is described in detail in Appendix 2. Analyses of dissolved elements
were carried out by Alcontrol Ltd. using ICP-MS, as outlined for water analyses
(Section 3.3). Samples were selected as far as possible from among those already
collected as part of the solid waste analysis programme.
covering 23 mine districts or sites, were analysed.

A total of 64 samples,

For most sites, composite

samples were created from several individual samples in an attempt to make the
leachate sample as ‘representative’ as possible and the results were applied to all
waste heaps in that site.
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CHAPTER 4
Geochemical Assessment
4.1 Introduction
A detailed review of the geochemistry of each mine site studied for the HMS-IRC
project is contained in each site report. This section summarises the findings of the
detailed geochemical assessment contained in Appendix 3. It summarises the main
findings in respect of measured parameters and considers those findings in the
context of human, animal or environmental impacts that may arise as a consequence
of exposure to these parameters.
Table 4.1 provides a full listing of all parameters measured for the project, according
to sample type.

Not all parameters measured are discussed in this assessment,

which focuses on those that are included in the HMS-IRC scoring system.

4.2 Standards
In assessing the environmental impact of mine waste, reference is made to national
and European standards or guidelines where appropriate. In addition reference was
also made to standards from the following countries, Canada, Holland, the UK and
the USA.

Standards define maximum permitted levels of various parameters in

specified media. Guidelines on the other hand provide maximum levels above which
adverse affects may be expected.

Where there are no national or European

standards then guidelines or standards from the most relevant international sources
were used.
4.2.1 Soils
As yet there are no uniform European standards for soil. Various guidelines have
been developed over the years including the Dutch Intervention values for ‘standard’
soil (Table 4.2) and the UK’s Inter-Departmental Committee on the Redevelopment
of Contaminated Land (ICRCL) threshold values. The latter were superseded in the
1990s by the soil guideline values (SGVs) produced by the UK’s Department of
Environment, Food and Rural Affairs (DEFRA). These in turn have been withdrawn
pending new values that reflect an updated methodology. The SGVs are based on
modelled exposure of humans in occupational and non-occupational settings to the
relevant element. They can be viewed as trigger values above which there may be
cause for concern for human health that warrants further assessment. Because they
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are exposure or dose related, the SGVs differ for different soil categories or land
uses. SGVs are similar in concept to the comparison values (CVs) defined by the US
Agency for Toxic Substances and Disease Registry (ATSDR).

These are also

reproduced in Table 4.2.
Parameter

Solid Waste/Stream
Sediment Analyses

Temperature
pH
EC
DO
Alkalinity/Acidity
BOD/COD
TDS/TSS
Al
As
Ba
Bi*
Ca*
Cd
Co**
Cr
Cu
Fe
Hg
K*
Mg
Mn
Mo
Na*
Ni
P/PO4*
Pb
Rb*
S/SO4
Sb
Se
Sn*
Sr*
Th
Tl**
U
V
W*
Zn

9
9
9
9
9
9
9
9
9
9
9
9

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

Water
Analyses
9
9
9
9
9
9
9
9
9
9

Leachate
Analyses
9
9
9

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

9
9
9
9
9
9
9
9
9
9
9
9
9

9

9
9
9

9

9
9
9
9

9
9
9

9
9

9
9

9

9

*

No relative toxicity value, not included in HMS-IRC scoring system.

**

XRF analysis unreliable, not included in HMS-IRC scoring system.
Table 4.1 Parameters analysed for the HMS-IRC project, various media.

4.2.2 Water
Water standards are available for drinking water (European Communities Drinking
Water Standards, SI 278, 2007) and surface water (Draft European Communities
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Environmental Objectives (Surface Waters) Regulations, 2008).

Neither of these

standards includes all parameters of interest but in combination they cover the main
ones. Table 4.3 summarises the standard data used in the HMS-IRC scoring system.
In the HMS-IRC project, water standards are used to determine if any parameter in
groundwater or surface water downstream of a mine waste source exceeds the
standard. This information is incorporated into the HMS-IRC scoring system and it is
also used in the context of individual site descriptions to identify watercourses at risk
of mine-related contamination.

Parameter
mg/kg
As
Ba
Cd
Cr VI
Cr
Cu
Hg
Mn
Mo
Ni
Pb
Sb
Se
U (soluble)
V
Zn

Target
Value
29
200
0.8

Dutch
Intervention
Value
55
625
12

100
36
0.3

380
190
10

10
35
85

200
210
530

140

SGV
Residential Industrial
/Allotments
20
500

720

1–8
130

1,400
5,000

8

480

50
450

5,000
750

35

8,000

ATSDR
Child
Adult
20
4,000
10
200

200
50,000
100
2,000

2,000

20,000

3,000
300
1,000

40,000
4,000
10,000

20
300
100
200
20,000

300
4,000
1,000
2,000
200,000

Table 4.2 Soil reference values (Dutch Intervention, DEFRA SGV and pre-2004
ATSDR CV). All values in mg/kg.

62

Parameter
Unit
Standard
Source
pH
≥ 6.5–≤ 9.5 SI 278 (2007)
EC
mS/cm
≤ 2.5 SI 278 (2007)
Al
μg/l
200 SI 278 (2007)
As*
μg/l
25 Draft EC (2008)
Ba
μg/l
2,000 US EPA
Cd
μg/l
0.25 Draft EC (2008)
Cr
μg/l
50 SI 278 (2007)
Cr III*
μg/l
4.7 Draft EC (2008)
Cr IV
μg/l
3.4 Draft EC (2008)
Cu* [hardness < 100 mg/l CaCO3]
μg/l
5 Draft EC (2008)
Cu* [hardness > 100 mg/l CaCO3]
μg/l
30 Draft EC (2008)
Hg
μg/l
0.05 Draft EC (2008)
Fe
μg/l
200 SI 278 (2007)
Mn
μg/l
50 SI 278 (2007)
Na
μg/l
200,000 SI 278 (2007)
Ni
μg/l
20 Draft EC (2008)
Pb
μg/l
7.2 Draft EC (2008)
Sb
μg/l
5 SI 278 (2007)
Se
μg/l
10 SI 278 (2007)
SO4
μg/l
250,000 SI 278 (2007)
Zn* [hardness < 10 mg/l CaCO3]
μg/l
8 Draft EC (2008)
Zn* [hardness 10–100 mg/l CaCO3]
μg/l
50 Draft EC (2008)
Zn* [hardness > 100 mg/l CaCO3]
μg/l
100 Draft EC (2008)
*Note: values for As, CrIII, Cu and Zn are to be added to background values.

Table 4.3 Water standards used for the HMS-IRC project.
4.2.3 Stream sediments
Stream sediment data are included in the scoring system since contaminated stream
sediments are a potential hazard to livestock that use streams as a source of drinking
water. Reference values (Table 4.4) have been provided by the Central Veterinary
Research Laboratory (CVRL) (Ireland), compiled from published sources, in the form
of an estimated dry matter ingestion limit. These limits relate to the total stream
sediment size fraction.

Stream sediments analysed for the HMS-IRC project are

typically from the <150-μm fraction. Metals tend to be concentrated in the finer
fractions in stream sediments so that the 150-μm fraction generally has higher metal
concentrations than the total fraction.

An example of this is provided by stream

sediments from Caim, Co. Wexford, where both the <150-μm and the much coarser
<2-mm fractions were analysed. Lead concentrations in the <150-μm fraction in
three samples were 557, 894 and 2,583 mg/kg, respectively, while in the <2-mm
fraction in the same samples the concentrations were less than half as much, i.e.
234, 350 and 926 mg/kg, respectively. Although most stream sediment data for the
HMS-IRC project are for the <150-μm fraction, nevertheless the standards in
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Table 4.4 provide a useful indication of potential hazards to livestock arising from
stream sediment contamination around mine sites.
Parameter
Ag
As
Ba
Cd
Cr III
Cu
Fe
Hg
Mn
Ni
Pb
Sb
Se
Sn
V
Zn

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

Unit
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)
(dry matter)

Guideline Value
1,000
300
1,000
100
1,000
100
10,000
5
5,000
1,000
1,000
1,000
12
1,000
500
5,000

Source
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL
CVRL

Note: values assume sediment is 10% of diet with no consumable herbage growth and that
metals are bioavailable.

Table 4.4 Stream sediment guidelines used for the HMS-IRC project.

4.3 Summary of findings for measured parameters
4.3.1 Acidity, alkalinity and pH
Low pH and high acidity are features of mine water in the three Irish coalfields as
well as in the Avoca mine. Some low-volume seepages draining coal waste can have
very high acidity but only at Avoca are there high-volume discharges of mine water
that are also highly acidic. Low pH and high acidity are of particular concern for
aquatic ecosystems.
4.3.2 Aluminium – Al
Some mine waters have very high concentrations of both total and dissolved Al.
There is an inverse relationship between pH and Al concentration, with those mine
districts with low-pH water, such as Avoca and the three coalfields, having the
highest concentrations of Al in mine water and downstream surface waters. There is
no clear evidence that Al is toxic to humans but excess Al can have a significant
impact on aquatic ecosystems.

Concentrations of total Al measured in most

downstream surface water samples at Irish mine sites are typically in excess of both
drinking water standards and Canadian guidelines for the protection of the aquatic
environment.
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4.3.3 Antimony – Sb
Antimony is a significant component of solid waste on some Irish mine sites, notably
Gortdrum, Glendalough, Silvermines, Tynagh and the minor Pb deposits in east
Clare. Sb is probably chemically associated in sulphides with As. Gortdrum is the
only mine with a reported Sb enrichment and this is reflected in the composition of
mine water sampled on the site. With the exception of Gortdrum, Sb did not exceed
11 μg/l in water analysed for the HMS-IRC project. However, samples of seepage
from tailings and spoil at Gortdrum had Sb concentrations in excess of 240 μg/l. In
stream sediments, Sb was not detected at most sites investigated. Where it was
detected, it was well below animal health guidelines.
4.3.4 Arsenic – As
Arsenic is a significant component of solid mine waste on some mine sites in Ireland,
notably Avoca, Tynagh, Gortdrum, Silvermines and some small sites in east Clare.
Typically, concentrations are less than 1,000 mg/kg but higher concentrations do
occur, especially on the sites of former processing plants. Concentrations of As in
stream sediments are generally below 100 mg/kg although a few samples on some
sites exceed this.

Among water samples, only mine waters, including adit/shaft

discharges and waste seepages, have arsenic concentrations exceeding the standard
of 25 μg/l for surface water (Draft European Communities Environmental Objectives
(Surface Waters) Regulations, 2008).

The total As concentrations measured in

stream water samples, including those taken downstream of mine sites, are all ≤25
μg/l. In the context of Irish mine sites, arsenic is thus likely to be a concern where
humans come in contact with solid waste containing high As concentrations or are
likely to inhale As-bearing dust.
4.3.5 Barium – Ba
High concentrations of Ba have been found in solid waste on mine sites where barite
is known to have been a significant component of the mineralisation. Concentrations
exceed the ATSDR CVs in some cases, notably at Tynagh, Silvermines and
Ballycorus, but are generally lower. Ba can be toxic to humans when present in
drinking water in concentrations above 2,000 μg/l, the US EPA maximum
concentration limit (MCL) for drinking water. All of the water samples collected for
HMS-IRC project had barium concentrations well below this limit.

However, Ba

exceeded the guidelines for animal health in stream sediments at Silvermines.
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4.3.6 Cadmium – Cd
Cadmium concentrations in excess of standard limits have been detected in solid
waste and stream sediments in the Glendalough District, Silvermines and Tynagh.
Solid waste at Kilbricken in east Clare also has high Cd concentrations.
Concentrations in some solid waste, in particular, are significantly above the ATSDR
adult CV of 100 mg/kg.

A few adit discharges, waste seeps and surface run-off

samples at Avoca, Glendalough and Caim were found to have total Cd concentrations
in excess of 10 or even 100 μg/l.

These have potential implications for aquatic

ecosystems where they discharge to streams.
4.3.7 Chromium – Cr
The analytical data available for Cr in both solid waste and stream sediments at Irish
mine sites are somewhat limited in terms of quality. Moreover, they refer to total Cr
and do not distinguish between different species. However, there is little evidence to
suggest that Cr is a significant component of solid waste or stream sediments on
Irish mine sites. The same is true for Cr concentrations in water discharging from
and downstream of mine sites. The exception appears to be the Leinster Coalfield
where elevated Cr concentrations were detected in seepages and run-off from coalrich solid waste. The volumes of these discharges are very low, however, and are
unlikely to represent a significant environmental risk.
4.3.8 Copper – Cu
Copper is a common component of ore deposits in Ireland and is present in
significant concentrations in solid mine waste even on mine sites where it was not
produced as a commodity. Sites with particularly high Cu in solid waste (median
>1,000 mg/kg) include Allihies, Bunmahon, Gortdrum, the West Cork Cu–Ba District,
Caim and Tynagh. However, standards or guideline limits for Cu are relatively high
for solid matter and only those sites with concentrated processing waste, in which
copper may be present at levels exceeding 20%, i.e. Gortdrum and Tynagh, can be
considered a significant concern. Concentrations of Cu in stream sediment are very
high downstream of some sites, notably Allihies, Avoca and, in West Cork, Glandore
and Ballycummisk, and the potential impact of this on the aquatic ecosystem at these
sites may warrant further investigation. The total Cu concentration in surface waters
downstream of mines indicates some impact on water chemistry from mine
discharges. However, numerous upstream surface water samples and even some
groundwater samples also had Cu in excess of standard limits, suggesting that mine

66

waste is just one of a number of sources of elevated Cu in surface water and
groundwater around the mine sites.
4.3.9 Iron – Fe
Mine sites in Ireland are associated with high concentrations of Fe in solid waste,
water and stream sediments. The main risk associated with high Fe is the potential
impact on the aquatic environment. Discharge of Fe-rich mine water to streams and
rivers causes Fe to come out of solution as hydroxide minerals. These form colloids
or flocs that then blanket the stream bed, having a severe impact on biota. Such
discharges have been noted in particular at Avoca and in the Leinster, Slieve Ardagh
and Connacht Coalfields.
4.3.10 Lead – Pb
Out of 27 mine districts examined for the HMS-IRC project, 13 have high
concentrations of Pb in solid waste (median >1,000 mg/kg or 0.1%), namely Avoca,
Ballycorus, Caim, the Clare Pb mines (3), Clements in Connemara, Glendalough–
Glendasan, Glenmalure, Keeldrum in Donegal, Tassan in Monaghan, Silvermines and
Tynagh. The UK guideline limit for soils (SGV) on industrial sites is 750 mg/kg Pb
(Table 4.2).

Concentrations of Pb in stream sediment exceed the 1,000 mg/kg

guideline limit for livestock downstream of most of these sites, though only at
Glendalough–Glendasan and Silvermines are such high concentrations known to be
sustained over a significant length of stream bed. The Pb concentration in surface
waters downstream of mines indicates a significant impact on water chemistry from
mine discharges at three sites, Avoca, Glendalough and Silvermines, where
significant volumes of mine water with high Pb concentrations discharge into local
rivers and streams.
4.3.11 Manganese – Mn
High concentrations of Mn occur in solid waste on some sites but only a small
proportion of samples (5%) exceeds the relatively modest child CV (Table 4.2) of
3,000 mg/kg.

Mine water with low pH tends to have relatively high Mn

concentrations and sites such as Avoca and the coalfields can exhibit high
concentrations of manganese (>1,000 μg/l). However, most water analysed around
mine sites has a Mn concentration below the Irish Drinking Water standard of 50
μg/l.

There are examples of localised extreme Mn concentrations in stream

sediments downstream of some mines but, in general, Mn concentrations in stream
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sediments in Irish mine districts are consistent with those measured in regional
surveys at sites unaffected by mining.
4.3.12 Mercury – Hg
High Hg concentrations measured by XRF in solid waste from the processing areas at
Gortdrum and Tynagh have been confirmed by analysis in an external laboratory.
Both of these sites are work places where there is potential for human exposure to
the waste. Some samples of solid waste in the Glendalough District may also contain
significant Hg concentrations, although this has not been confirmed by external
analysis. Other sites investigated for the HMS-IRC project do not appear to contain
concentrations of Hg in solid waste that are detectable by XRF. Hg was detected in
mine water and downstream surface water at a number of sites, principally Avoca,
where the concentration of dissolved mercury ranged up to 0.38 μg/l, well above the
Draft EC value (0.05 μg/l).
4.3.13 Nickel – Ni
Nickel was below the detection limit in most solid mine waste samples analysed for
HMS-IRC. Exceptions were samples at Tynagh mine, where Ni–Cd-rich zones were
known to occur in the ore, slag waste at Ballycorus and Allihies and phosphatic
shales in Clare.

Both water and stream sediment samples reveal an association

between Ni and coalfields – samples from all three Irish coalfields have elevated Ni in
one or both of these media. Other than in mine water, Ni does not generally exceed
reference values in surface waters with the exception of some waters downstream of
coalfield sites and the sulphide mines, such as Avoca and Tynagh.
4.3.14 Selenium – Se
Selenium has been detected at very low concentrations in solid waste and stream
sediments in several mine districts, notably Allihies and Doolin (Clare Phosphate).
Water samples generally have Se concentrations below the detection limit or at least
below the Drinking Water standard. Although there appears to be no indication of
Se toxicity on farms in the north Clare area, nevertheless care is needed when
interpreting the solid waste data, particularly with reference to the Clare Phosphate
District.

Phosphate mines, in particular, are associated with downstream Se

contamination as a result of leaching of relatively small concentrations of Se from
solid waste.

The concentration selenium

measured in solid waste in the Clare

Phosphate District (18–30 mg/kg) are similar to the median concentration of Se in
phosphate rock and waste rock in phosphate mines in the US that have been
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associated with excess Se in downstream environments. Se concentrations in soils in
north-west Clare, where the phosphate deposits are located, are in the upper 25th
percentile of the range for soils in Ireland (Fay et al., 2007).
4.3.15 Silver – Ag
Silver was detected in solid waste at most mines investigated for the HMS-IRC
project, usually in concentrations well below 100 mg/kg.

Several Pb mines had

relatively high concentrations of Ag, especially in solid waste on former processing
areas or in processing waste itself. Most stream sediments samples analysed had
silver concentrations below the detection limit, estimated to be 10–20 mg/kg. Ag
has a very low toxicity to humans and is generally not included under regulations
that set statutory limits for water or other media.
4.3.16 Thorium – Th
Thorium was detected in a small number of samples of solid waste and stream
sediments at a limited number of mine districts investigated for the HMS-IRC project,
usually in concentrations below 50 mg/kg. It is not known if Th is directly associated
with ore minerals in sulphide mines in Ireland – at Avoca, at least, it is known to
occur in relatively high concentrations in host volcanic rocks. In the Clare Phosphate
deposits, it is probably associated with U in apatite, the main ore of phosphate. The
lack of any reference values make it difficult to assess any potential risks associated
with the occurrence of Th on Irish mine sites.

However, comparison of

concentrations measured for this study with the range of concentrations in Irish rock
types suggest that, for the most part, Th is not enriched in mine sites relative to
normal background levels.
4.3.17 Uranium – U
Uranium was detected in a small number of samples of solid waste, mainly at Avoca,
Doolin, Gortdrum and the Leinster Coalfield.

Very few samples had a U

concentration exceeding any published standards. At least some of the U in solid
waste is in soluble form and, as a consequence, has been remobilised into mine
water which, on some sites, has relatively high concentrations of total U. However,
only one of the samples analysed (from Avoca) had in excess of 30µg/l U, the US
EPA MCL for drinking water. Levels of U in stream sediments are typically very low.
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4.3.18 Vanadium – V
Vanadium was detected in only a limited number of solid mine waste samples in the
mine districts investigated for HMS-IRC, to a large extent as a consequence of the
unfavourable detection limit for V in the XRF analyser used for in-situ analyses. The
Clare Phosphate deposit at Doolin had the highest concentrations of V. V was also
detected in the Leinster and Slieve Ardagh coalfields. The presence of V in these
mine districts may reflect the occurrence of shales with a high content of organic
carbon. The concentration of V in water analysed for HMS-IRC did not exceed 5
μg/l. In the absence of standards for V in water, it is difficult to assess the potential
relevance of these results. Stream sediments in Doolin and the Connacht Coalfield
had high V contents both upstream and downstream of the mines, suggesting that V
is enriched in the country rock in both districts.
4.3.19 Zinc – Zn
Solid mine waste at Caim, Glendalough, Tassan mine in Monaghan, Silvermines and
Tynagh is significantly enriched in Zn.

Published reference values for soil vary

significantly but Zn concentrations measured in mine waste on Irish mine sites do
not appear to pose a risk to human health.

Concentrations of Zn exceed 5,000

mg/kg in stream sediments downstream of Glendalough, Silvermines and Tynagh
and may represent a risk to livestock. High concentrations of Zn in stream sediments
also pose a potential threat to aquatic organisms. The Zn concentration in surface
waters downstream of mines indicates a significant impact on water chemistry from
mine discharges at Avoca, Glendalough, Silvermines and Tynagh.

4.4 Geochemical assessment: overview
4.4.1 Lead
Lead is the most important single contaminant on Irish mine sites in terms of the
quantity of Pb-enriched material, the concentration in which it is found, its toxicity
and its geographical dispersion on and around mine sites.

It is present in high

concentrations in 11 out of 23 districts investigated, not only in solid waste but also
in mine waters and in surface waters and stream sediments downstream of mines.
Mine districts and sites most severely contaminated by lead include Caim, Clare Pb
Mines, Glendalough, Silvermines and Tynagh.
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4.4.2 Acid mine drainage
Acid mine drainage is characterised by low pH and high acidity, and when generated
in metal or coal mines is typically rich in metals such as Fe, Mn, Al, Cu, Pb, Ni and
Zn, and therefore potentially toxic to aquatic organisms. At Avoca mine, AMD has
had a major impact on the Avoca River. Low pH and high acidity are also found in
some mine waters at the Slieve Ardagh, Leinster and Connacht Coalfields. However,
only in the Connacht Coalfield are there volumetrically significant discharges of AMD.
Relatively high concentrations of Al, Ba, Cd, Fe, Mn and Ni are present in water in
these mine districts.
4.4.3 Former processing plant sites
The sites of the former ore processing plants at Gortdrum, Silvermines and Tynagh
are significantly contaminated by heavy metals.
being utilised by new businesses.

In all three cases, the sites are

Contaminants include not only the metals

produced from the site, such as Pb, Zn and Cu, but also minor constituents of the
ore that have become concentrated during processing.

These minor constituents

include As and Hg, which have been found in concentrations exceeding 1,000 mg/kg.
Arsenic is also present in high concentrations in solid waste outside of processing
areas at both Avoca and the Clare Pb Mines.

Despite its occurrence at high

concentrations in solid waste, As has not been detected in surface waters
downstream of mine sites at concentrations in excess of the Draft EC Surface Water
Regulations.
4.4.4 Aquatic ecosystems
Draft EC Surface Water Regulations (Table 4.3) set low limits for some metals that
occur in significant concentrations in surface water downstream of Irish mine sites.
These metals include Cd, Cu, Pb and Zn. They pose risks to aquatic ecosystems
even at low concentrations and may require inclusion in surface water monitoring
programmes.
4.4.5 Copper
Concentrations of Cu in stream sediment are very high downstream of some sites,
notably Allihies, Avoca and, in West Cork Glandore and Ballycummisk. The potential
impact on the aquatic ecosystem may warrant further investigation. The total Cu
concentration in surface waters downstream of mines indicates some impact on
water chemistry from mine discharges. However, numerous upstream surface water
samples and even some groundwater samples also have Cu in excess of regulatory
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levels, suggesting that mine waste is just one of a number of sources of elevated Cu
in surface water and groundwater in Ireland.
4.4.6 Zinc
High concentrations of Zn in solid mine waste pose no threat to human health.
However, high concentrations of Zn in stream sediments and/or downstream surface
waters at Avoca, Glendalough, Silvermines and Tynagh pose a risk to livestock and
the aquatic environment.
4.4.7 Selenium
Selenium is a common component of phosphate rock and the shales that typically
host it. Leaching of Se from solid waste heaps at phosphate mines in the USA has
led to significant downstream Se contamination of aquatic organisms, mammals,
birdlife and grazing animals. The concentration of Se in solid waste from the Clare
Phosphate deposits (18–30 mg/kg) falls within the range of concentrations reported
for US phosphate mine waste. While there is no evidence for leaching of Se into the
aquatic environment, a large part of the former mine site is now grazing land and
may pose a risk of Se toxicity to grazing animals.
4.4.8 Aluminium
Some mine waters have very high concentrations of both total and dissolved Al.
There is an inverse relationship between pH and Al concentration, with those mine
districts with low-pH water, such as Avoca and the three coalfields, having the
highest concentrations of Al in mine water and downstream surface waters.
Concentrations of total Al measured in surface water downstream of these sites are
typically in excess of both Irish drinking water standards and the Canadian guidelines
for the protection of the aquatic environment.
4.4.9 Nickel
Nickel is enriched in mine water, downstream surface water and stream sediments at
some sites in the Irish coalfields. It is also found in excess of the Draft EC Surface
Water Regulations downstream of mines such as Avoca and Tynagh.
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4.5 Geochemical assessment: site-specific issues identified in the
HMS-IRC investigation
4.5.1 Abbeytown
Pb- and As-rich leachate from the tailings pond enters the estuary at Ballysadare
Bay.
4.5.2 Avoca
Measured Pb concentrations exceed 1% in solid waste at Connary, a site where
sheep graze.
4.5.3 Ballycorus
Measured Pb concentrations exceed 1% in solid waste at Ballycorus in an area
popular with walkers and horse riders.
4.5.4 Caim
Measured Pb concentrations exceed 5% in a solid waste heap at Caim, used by quad
bikers and others.
4.5.5 Clare Pb District – Ballyvergin
Pb concentrations in excess of 20% were measured in fine-grained mine waste in an
area used by cattle for feeding at Ballyvergin.
4.5.6 Glendalough–Glendasan
Measured Pb concentrations exceed 10% in solid waste at the Hero Processing site,
at the head of the Glendasan Valley. The site is very popular with tourists. High
concentrations of Pb and Zn are present in stream sediments in Glendasan River
downstream of the mines.
4.5.7 Glenmalure
Measured Pb concentrations exceed 10% in solid waste at Ballinafunshoge,
Glenmalure, a site popular with quad bikers.
4.5.8 Gortdrum
Very high concentrations of Hg and As (both >1%) were measured in solid waste at
the site of the former processing plant, now the site of an active business.
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4.5.9 Silvermines
Very high concentrations of Pb (>2%) and As (>0.1%) were measured in solid waste
at the site of the former processing plant in Garryard, now the site of an active
business.
4.5.10 Tynagh
Very high concentrations of Pb (>2%) and As (>0.1%) were measured in solid waste
at the site of the former processing plant, now the site of an active business. A Cdrich discharge from a waste heap crosses grazing land and seeps underground,
potentially affecting groundwater.
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CHAPTER 5
HMS-IRC Summary Site Descriptions
The following one-page summaries review the principal geochemical findings at each
of the sites studied. The headings used for the summaries are the same for each
and a brief description of each is presented below.
Mine District:

This is the name of the mine district or the area within
which the individual mine occurs.

Mine Name:

This is the name of the individual mine.

Minerals Worked:

These are the commodities worked or recovered at the
mine. For metal mines the elemental signature is given
while for industrial minerals the mineral name is
provided.

County:
Townland:

The county name is given here.
The name(s) of the townland(s) within which the mine
is situated.
The easting is given first followed by the northing.

Grid Reference:

This is the score for each site or district.
This is the Site Class – for the site in the case of single
sites or the district in the case of sites that are part of a
district.

Site Score:
Site Class:

Class

Score

Description

I

>2,000

II

1,000–2,000

III

300–1,000

IV

100–300

V

<100

Sites that should have a full risk assessment carried out.
Ongoing monitoring should be carried out.
Sites requiring general monitoring of most or all waste
piles, discharges or stream sediments on an annual basis.
Sites requiring general monitoring of most or all waste
piles, discharges or stream sediments on a biennial basis.
Sites requiring specific monitoring on particular waste
piles, discharges or stream sediments on a five-yearly
basis.
Site not requiring any specific monitoring.

Elements of Interest:
Media of Concern:
Geochemical Overview:

These are the elements at the site that may be of
concern from a contamination point of view.
This provides a list of the media that are contaminated
at the site.
This section provides a brief summary of the main
issues at the site from a geochemical standpoint.

In addition, there is a map of the site using the Ordnance Survey orthophotographs
as a backdrop.
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5.1 Abbeytown Mine
Mine District:

Abbeytown

Mine Name:
Minerals Worked:

Abbeytown
Pb, Zn, Ag

County:
Townland:
Grid Reference:

Sligo
Abbeytown
E165991, N329711

Site Score:
Site Class:

74
V

Elements of Interest:
Media of Concern:

Pb, Zn, Ag, Cu, As, Ni, Hg
Solid waste, mine water discharge

Geochemical Overview
Abbeytown mine is now an active quarry and most mine features have been
subsumed by surface excavations in the years since closure. However, the tailings
pond remains intact although lined concrete settling ponds have now been built in
shallow excavations on its surface. A previous tailings spill, apparently during the
1950s’ mining period, has caused significant contamination of the foreshore by Pb,
Zn and Cu in an area 300 m wide, with measured concentrations of Pb up to 1,800
mg/kg. The action of tides has increased the dispersion of the contamination further
west along the shore. Discharge from several seepages at the base of the tailings
pond contains high levels of Pb (≤24,210 µg/l), Zn (≤4,580 µg/l), Ni (≤208 µg/l) and
As (≤106 µg/l). These seepages drain directly into the waters of the bay. The
tailings spill on the foreshore and the discharge of seepage from the tailings pond
into Ballysadare Bay represent specific environmental threats to the estuary.

76

5.2 Allihies District
Mine District:

Allihies

Mine Name:
Minerals Worked:

Various
Cu

County:
Townland:
Grid Reference:

Cork
Various
E59000, N45000

Site Score:
Site Class:

76
V

Elements of Interest:
Media of Concern:

Cu
Solid waste, surface water, stream sediments

Geochemical Overview
Mine discharge and run-off in the Allihies District has a near-neutral pH and poses no
risk of AMD. Concentrations of metals in water samples reflect the relatively simple
mineralogy of the ore in that only Cu is consistently measured at elevated
concentrations in both mine water (45–465 µg/l, median 245 µg/l) and stream
waters (31–132 µg/l, median 52 µg/l). Leachate extracted from a number of solid
waste samples contained high concentrations of Cu, indicating the potential for
contamination of groundwater in the vicinity of mine sites in the district. Stream
sediments downstream of mine sites generally contained elevated Cu concentrations.
The highest copper concentrations (>1%) were found directly downstream of
Mountain Mine in a drain that carries most of the mine water discharge from the site.
Sediments in streams draining other mines in the district generally have significantly
lower if still elevated Cu. In solid waste, the only element that is consistently
measured at high concentrations is Cu (median 2,888 mg/kg; range: <DL–75,520
mg/kg).
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5.2.1 Caminches
Mine District:

Allihies

Mine Name:
Minerals Worked:

Caminches
Cu

County:
Townland:
Grid Reference:

Cork
Caminches
E59360, N45497

Site Score:
Site Class:

4
V (Allihies District)

Elements of Interest:
Media of Concern:

Cu
Solid waste, stream sediments

Geochemical Overview
The Caminches site has relatively low volumes of solid mine waste, most of which
has moderately elevated Cu concentrations, with a median of 5,973 mg/kg Cu. Very
small volumes of fine processing waste have in excess of 1% Cu. Stream sediments
immediately downstream of the site are enriched in Cu. The stope discharge on the
site does not have the characteristics of a mine water discharge in that metal
concentrations are low. These low waste volumes and metal concentrations give rise
to a very low site score. Direct drainage of Cu-rich leachate to local streams appears
to represent the most significant potential environmental risk on the site.
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5.2.2 Caminches Stamps
Mine District:

Allihies

Mine Name:
Minerals Worked:

Caminches
Cu

County:
Townland:
Grid Reference:

Cork
Caminches
E59485, N44880

Site Score:
Site Class:

10
V (Allihies District)

Elements of Interest:
Media of Concern:

Cu
Solid waste, stream sediments

Geochemical Overview
The Caminches Stamps site contains two solid waste heaps with some of the highest
measured Cu concentrations in the Allihies District, ranging from 2,289 to 75,520
mg/kg, i.e. up to 7.5% Cu. Only Cu is significantly enriched. Stream sediments
downstream of the site have elevated Cu concentrations, apparently as a
consequence of the stamps operations. However, surface water in the Ballydonegan
River appears to be unaffected by the waste lying along the river bank. Despite the
high measured Cu concentrations in some of the stamps waste, the low volume of
the waste and the absence of high concentrations of elements of high relative
toxicity give rise to a relatively low site score. Direct drainage of Cu-rich leachate to
local streams appears to represent the most significant potential environmental risk
on the site.
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5.2.3 Coom
Mine District:

Allihies

Mine Name:
Minerals Worked:

Coom
Cu

County:
Townland:
Grid Reference:

Cork
Coom
E59780, N45512

Site Score:
Site Class:

4
V (Allihies District)

Elements of Interest:
Media of Concern:

Cu, Sb
Solid waste

Geochemical Overview
Solid mine waste at Coom has lower median concentrations of Cu than waste on
most sites elsewhere in the Allihies District. Moreover, the volume of waste on this
small mine site is relatively low. The concentration of Cu in stream sediment downgradient of the site is also relatively low, suggesting limited movement off-site of
solid waste over the years. Only the leachate sample (673 μg/l) suggests any
potential for contamination but the very modest Cu concentration in the adit
discharge (44 μg/l) suggests that, at present, the mine is unlikely to contaminate
either surface or groundwater directly. Again, as elsewhere in the district, the low
volume of the waste and the absence of high concentrations of elements of high
relative toxicity give rise to a low site score. Direct drainage of Cu-rich leachate to
groundwater appears to represent the most significant potential environmental risk
on the site.
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5.2.4 Dooneen
Mine District:

Allihies

Mine Name:
Minerals Worked:

Dooneen
Cu

County:
Townland:
Grid Reference:

Cork
Allihies
E57776, N45942

Site Score:
Site Class:

1
V (Allihies District)

Elements of Interest:
Media of Concern:

Cu, Sb
Solid waste

Geochemical Overview
Limited field-XRF analysis suggests that the solid waste has lower metal
concentrations at Dooneen than elsewhere in the Allihies District, with the exception
of Sb. Only Cu is present in solid waste in significant concentrations but the levels
are well below those recorded at Mountain Mine. In contrast, Sb concentrations,
though not especially high in the context of Irish mine sites examined for the HMSIRC project, do appear to exceed those found elsewhere in the Allihies District.
Again, as elsewhere in the district, the absence of high concentrations of elements of
high relative toxicity is the main reason for the very low site score. The location of
the site on a cliff edge, where its potential influence on the wider environment is
limited, also contributes to this.
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5.2.5 Keeloge
Mine District:

Allihies

Mine Name:
Minerals Worked:

Keeloge
Cu

County:
Townland:
Grid Reference:

Cork
Cahermeeleboe
E58648, N43822

Site Score:
Site Class:

6
V (Allihies District)

Elements of Interest:
Media of Concern:

Cu
Solid waste, stream sediments

Geochemical Overview
Solid mine waste on the Keeloge site contains some very high concentrations of Cu
(up to 6.7%) but median concentrations are lower than those for the Allihies District
as a whole. Other elements are present in relatively low concentrations. The
considerable quantities of material, including soil and builders’ rubble, imported onto
the site subsequent to mining have obscured much of the original waste and possibly
diluted its chemistry.
The Cu concentration of water in the Keeloge River
immediately downstream of the site exceeds the Draft EC Surface Water Regulation
limit. Cu is significantly elevated in stream sediments for at least 650 m downstream
of the site. The total site score for Keeloge is just 6, a relatively low score for a
former processing site. The main reason for the low score is the absence of high
concentrations of elements of high relative toxicity, such as lead or arsenic. Direct
drainage of Cu-rich leachate to local streams appears to represent the most
significant potential environmental risk on the site.
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5.2.6 Mountain Mine
Mine District:

Allihies

Mine Name:
Minerals Worked:

Mountain Mine
Cu, Mo

County:
Townland:
Grid Reference:

Cork
Cloan
E58987, N45774

Site Score:
Site Class:

29
V (Allihies District)

Elements of Interest:
Media of Concern:

Cu, Sb
Solid waste, surface water, stream sediments

Geochemical Overview
Mountain Mine is the largest mine site and has the most significant environmental
impact in the Allihies District. High concentrations of Cu in solid waste and in mine
water discharging from Mountain Mine have given rise to significantly elevated Cu
concentrations in stream sediment and stream water downstream of the site.
Concentrations of Cu above 100 μg/l, well in excess of the limit for Cu in the Draft EC
(Surface Water) Regulations, have been measured in some stream water samples.
Combined with stream sediment concentrations exceeding 1,000 mg/kg, these Cu
concentrations could potentially have a significant impact on the freshwater
ecosystem and freshwater aquatic species. Mountain Mine contributes 38% of the
total HMS-IRC score of 76 for the Allihies District, a reflection of the relatively high
concentrations of Cu measured in mine waste on the site and in mine water draining
from the site. Direct drainage of Cu-rich leachate to local streams appears to
represent the most significant potential environmental risk on the site.
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5.3 Avoca District
Mine District:

Avoca

Mine:
Minerals Worked:

Various
Cu, S, Ag

County:
Townland:
Grid Reference:

Wicklow
Various
E319800, N182000

Site Score:
Site Class:

2,439
I

Elements of Interest:
Media of Concern:

Pb, As, Sb, Cu, Zn, Cd, Cr, Ni
Solid waste, surface water, stream sediments

Geochemical Overview
Avoca has a history of mining extending back over 250 years. A large volume of
AMD continues to drain from underground mine workings, causing extensive ongoing
pollution of the Avoca River. High metal
concentrations are apparent at adit
discharges on the mine site and can be
observed in the river adjacent to the
mine.
A gradual decline in metal
concentrations in river water is apparent
with increasing distance from the mine
site. Groundwater in the immediate
vicinity of the mine is also contaminated
as a consequence of interaction with
solid mine waste. Large volumes of this
waste remain on the site and the waste
can contain in excess of 1% Pb, Cu or
Zn. Concentrations of As are also high.
Though not major components of the
ore, Pb and As are the main elements of
concern in solid waste. The median Pb
concentration for spoil in the district is
2,846 mg/kg.
Stream sediments
downstream of the site have high
concentrations of Cu, Pb and Zn and
contamination is apparent up to 10 km
from the site, where 177 mg/kg copper
was recorded.
Summary reports for the individual sites in the Avoca District follow below.
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5.3.1 Ballygahan
Mine District:

Avoca

Mine Name:
Minerals Worked:

Ballygahan
Cu, S

County:
Townland:
Grid Reference:

Wicklow
Ballygahan
E319719, N181573

Site Score:
Site Class:

399
I (Avoca District)

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn, Cd, Ni
Solid waste, surface water, stream sediments

Geochemical Overview
The Road Adit in Ballygahan has very high concentrations of Cu, Pb, Zn and high Ni,
Cd and Cr, as well as low pH and high acidity. Metal discharge rates ranged up to
0.75 kg/day Pb, 21.04 kg/day Zn, 0.74 kg/day Cu, 232 kg/day Fe and 0.02 kg/day
Cd, indicating an ongoing and significant input of metals to the Avoca River
ecosystem. As a consequence, the Road Adit is by far the most important
contributor (360) to the total Ballygahan score in the HMS-IRC scoring system.
Although there has been extensive rehabilitation of parts of the site, involving
vegetation of imported topsoil, large heaps of bare waste remain. Groundwater from
several monitoring wells on the site have very high measured concentrations of Cu,
Zn, Pb and Ni, emphasising the potential for extreme groundwater contamination in
the areas around the site.
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5.3.2 Ballymurtagh
Mine District:

Avoca

Mine Name:
Minerals Worked:

Ballymurtagh
Cu, S

County:
Townland:
Grid Reference:

Wicklow
Ballymurtagh
E319276, N181526

Site Score:
Site Class:

47
I (Avoca District)

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn
Solid waste

Geochemical Overview
Concentrations of elements of interest are relatively low in spoil at Ballymurtagh
compared to spoil in East Avoca. Median concentrations of Pb (1,056 mg/kg), Cu
(342 mg/kg) and Zn (< DL) are considerably lower than those for other spoil heaps
in the district. The one exception is As (median 987 mg/kg) which is relatively
enriched in the Ballymurtagh spoil, possibly reflecting a changed mineralogy relative
to spoil from other parts of the Avoca site. A leachate test on a composite sample of
spoil suggests the potential to contaminate groundwater in the vicinity of the site.
Water from a monitoring well downhill and east of the site had high measured
concentrations of Cu and Zn.
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5.3.3 Connary
Mine District:

Avoca

Mine Name:
Minerals Worked:

Connary
Cu, S

County:
Townland:
Grid Reference:

Wicklow
Connary Upper; Sroughmore
E321110, N183830

Site Score:
Site Class:

174
I (Avoca District)

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn
Solid waste

Geochemical Overview
The solid mine waste at Connary has relatively high levels of Pb (median 10,432
mg/kg), As (589 mg/kg), Cu (741 mg/kg) and Zn (173 mg/kg). Largely intact, if
breached, fencing on the site limits the possibility for direct contact while extensive
natural vegetation and the coarse grain size of spoil have reduced the scope for dust
blows. Use of spoil by local people as an aggregate for concrete mixes is apparently
continuing, despite its high sulphide content. A seasonal adit discharge has
significant metal concentrations and low pH but minimal acidity and very low flow
rates. A stream fed by this adit discharge has high metal concentrations at least 1
km downstream of the site.
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5.3.4 Cronebane
Mine District:

Avoca

Mine Name:
Minerals Worked:

Cronebane
Cu, S

County:
Townland:
Grid Reference:

Wicklow
Cronebane
E320735, N183142

Site Score:
Site Class:

410
I (Avoca District)

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn
Solid waste, stream sediments

Geochemical Overview
The solid mine waste at Cronebane has concentrations of Pb (median 2,707 mg/kg),
As (377 mg/kg), Cu (290 mg/kg) and Zn (125 mg/kg) that are typical of or
somewhat lower than those measured elsewhere in Avoca. There is no evidence of
any processing waste on-site. There are numerous breaches in the fencing on this
site, which has become popular with quad bikers. In consequence there is potential
for direct contact with and/or inhalation of mine waste. Although their metal
concentrations and acidity can be extremely high, the largely seasonal spoil seepages
have very low flow rates and seep into the ground around the site. Evidence from
stream sediment collected from the Sulphur Brook suggests that Madam Butler’s Adit
was a significant source of metal-rich mine water in the past. However, no trace of
this discharge has been found on the farmland south of the original discharge point.
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5.3.5 Tigroney East
Mine District:

Avoca

Mine Name:
Minerals Worked:

Tigroney East
Cu, S

County:
Townland:
Grid Reference:

Wicklow
Tigroney West; Cronebane
E320165, N182625

Site Score:
Site Class:

366
I (Avoca District)

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn
Solid waste, surface water

Geochemical Overview
Concentrations of Pb (median 2,384 mg/kg), As (441 mg/kg) and Zn (73 mg/kg) in
solid waste at Tigroney East are similar or a little lower than those elsewhere on the
Avoca site while copper concentrations (median 739 mg/kg) are higher. The latter
reflects a cluster of high Cu values in the vicinity of Baronet’s engine house where
ore was raised in the 19th century. One part of one heap (SP16) is enriched in lead
(>10%). Tigroney East is a significant source of ARD that is generated by run-off of
rainwater during periods of heavy rain. This run-off eventually meets the discharge
from the Deep Adit before entering the Avoca River. The discharge from the
Cronebane Shallow Adit is very acidic and very metal-rich. However, the flow is
small and drains back into the ground in the area of caving. A much larger flow
within the open pit has created a low-pH, metal-rich pond in the base of the open
pit.
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5.3.6 Tigroney West
Mine District:

Avoca

Mine Name:
Minerals Worked:

Tigroney West
Cu, S

County:
Townland:
Grid Reference:

Wicklow
Tigroney West
E319899, N182135

Site Score:
Site Class:

935
I (Avoca District)

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn, Cd
Solid waste, surface water, stream sediments

Geochemical Overview
Concentrations of Pb (median 8,240 mg/kg), As (835 mg/kg), Cu (826 mg/kg) and
Zn (214 mg/kg) in solid waste are significantly higher in Tigroney West than
elsewhere on the Avoca site. Most of the waste is benched on sloping ground and
run-off from it drains to the Avoca River. The Tigroney Deep Adit drains much of the
underground workings in East Avoca; the mine water it discharges has very high
concentrations of Cu, Pb, Zn and elevated Cd and Cr, as well as low pH and high
acidity. Dilution by the Avoca River is rapid when water levels are high; at times of
low river flow, river water can contain concentrations of Cu, Pb and Zn in excess of
Surface Water Regulatory limits. Metal discharge rates measured during the course
of the HMS-IRC project ranged up to 3.1 kg/day Pb, 79 kg/day Zn, 2.9 kg/day Cu
and 0.3 kg/day Cd, indicating an ongoing and significant input of metals to the Avoca
River ecosystem. Stream sediments in the Avoca River have high concentrations of
Cu, Pb and Zn adjacent to and downstream of the Tigroney West site.
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5.3.7 Shelton Abbey
Mine District:

Avoca

Mine Name:
Minerals Worked:

Tailings Pond

County:
Townland:
Grid Reference:

Wicklow
Shelton Abbey
E321289, N175686

Site Score:
Site Class:

64
I (Avoca District)

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn
Solid waste, surface water, stream sediments

Geochemical Overview
Concentrations of elements of interest, including Pb (median, 175 mg/kg), As (75
mg/kg), Cu (197 mg/kg) and Zn (87 mg/kg), are relatively low in the tailings pond at
Shelton Abbey compared to the composition of solid waste elsewhere on the Avoca
mine site. However, a leachate test, data from well monitoring and analysis of
surface water that is apparently contaminated by seepage suggest that the tailings
have the potential for significant groundwater contamination. Analysis of surface
water, both the Avoca River and drainage from the surface of the tailings pond,
suggests a very limited impact from the tailings pond, chiefly from seepages. The
site scores for Shelton Abbey reflect these results with the groundwater pathway
contributing over 50% of the total site score.
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5.4 Ballycorus
Mine District:

Ballycorus

Mine Name:
Minerals Worked:

Ballycorus
Pb, Ag

County:
Townland:
Grid Reference:

Dublin
Ballycorus
E322283, N221384

Site Score:
Site Class:

244
IV

Elements of Interest:
Media of Concern:

Pb, Zn, Ag
Solid waste, stream sediments

Geochemical Overview
Solid waste at Ballycorus has high concentrations of Pb, with median values
exceeding 1.5% in both spoil and slag waste. The spoil is well exposed in an area
popular with walkers and horse riders. These concentrations are in excess of
guideline values for soil. The inner walls of the flue chimney are partly covered with
Pb-rich coatings.
Surface water analyses indicate a modest impact by the
smelter/mine site on the chemistry of the Loughlinstown River, with elevated
downstream concentrations of Pb and Ni, both in excess of current Draft EC
Regulations for Surface Water. Stream sediment analyses also indicate a significant
downstream impact on the aquatic ecosystem, with concentrations of Pb in the fine
fraction of stream sediments ranging up to 2,024 mg/kg. The site score of 244 is
relatively high for a site with only limited quantities of solid waste and no discharge
of mine water.

92

5.5 Benbulben
Mine District:

Benbulben

Mine Name:
Minerals Worked:

Benbulben
Barite

County:
Townland:
Grid Reference:

Sligo
Glencarbury
E173217, N345263

Site Score:
Site Class:

5
V

Elements of Interest:
Media of Concern:

Ba, Cu
Solid waste

Geochemical Overview
The Benbulben mine is chiefly remarkable for the number of extant mine features on
the site, including some deep openings that could present a risk to the unwary.
Despite production of up to 50,000 tons per year in the 1970s, the volume of solid
waste remaining on the site is relatively small. The waste contains percentage levels
of Ba but concentrations of other elements such as Pb, As and Cu are typically low,
less than a few hundred milligrams per kilogram. There are no discharges of mine
water from the underground workings. The lack of a significant chemical hazard as
well as the remoteness of the site combine to give a very low HMS-IRC score of just
5, placing it in Class V with the second lowest site score of all mines investigated.
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5.6 Bunmahon District
Mine District:

Bunmahon

Mine Name:
Minerals Worked:

Bunmahon
Cu, Ag

County:
Townland:
Grid Reference:

Waterford
Knockmahon
E243962, N98996

Site Score:
Site Class:

14
V

Elements of Interest:
Media of Concern:

Cu
Solid waste

Geochemical Overview
Bunmahon was a highly productive and profitable mine district in the 19th century.
Only limited mine waste remains on the three sites investigated for the HMS-IRC
project, with most found on the old processing area at Knockmahon. High
concentrations of Cu, in excess of guideline values for soil, were measured in both
processing waste (109–4,737 mg/kg, median 1,943 mg/kg) and in stream sediment
(4,909 mg/kg) downstream of the mine. Among other elements measured, only As
is present in significant concentrations.
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5.7 Caim
Mine District:

Caim

Mine Name:
Minerals Worked:

Caim
Pb, Cu

County:
Townland:
Grid Reference:

Wexford
Ballyhighland
E288549, N140967

Site Score:
Site Class:

559
III

Elements of Interest:
Media of Concern:

Pb, Zn, Cu, S, Sb, Mn
Solid waste, surface water, stream sediments

Geochemical Overview
Solid mine waste at Caim has very high concentrations of Pb (5,674–85,213 mg/kg;
median 56,028 mg/kg) as well as high concentrations of Zn, Cu, S and Mn. The fine
processing waste that forms the waste heap on the southern part of the site is
uncovered and potentially a source of airborne contamination and direct-contact
contamination. Evidence on-site suggests that quad biking has taken place,
increasing the potential for dust release. The high Pb concentrations measured in
run-off and seepage from the solid waste heaps do not appear to persist for any
significant length downstream of the site once the surface water has been diluted by
stream water. However, stream sediments are contaminated for at least 1 km
downstream of the site where the measured Pb concentration was 2,582 mg/kg.
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5.8 Clare Lead Mines – Ballyhickey
Mine District:

Clare Lead Mines

Mine Name:
Minerals Worked:

Ballyhickey
Pb, Ag

County:
Townland:
Grid Reference:

Clare
Ballyhickey
E141735, N176868

Site Score:
Site Class:

19
V

Elements of Interest:
Media of Concern:

Pb, Zn, Cu, Sb, As, Ag, S
Solid waste

Geochemical Overview
The solid waste at Ballyhickey is covered by grass and soil in a field that has been in
use, at least in the past, for pasture. Both the waste and the soil that covers it have
very high measured concentrations of Pb (up to 26%) and high concentrations of Zn,
Cu and As. Small amounts of solid waste around the remains of the engine house
are also enriched in Pb and other elements of interest. The lack of nearby surface
watercourses limits the potential impact of the site on the surrounding environment
and gives it a relatively low HMS-IRC score of 19. The clearest potential risk is to
livestock that might use the site for grazing. The composition of water in the open
pit is unknown. Ballyhickey is underlain by Waulsortian limestone that is known to
be karstified in the vicinity of the mine site. There is therefore the potential for
contamination of groundwater from contact with water in the open pit lake.

96

5.9 Clare Lead Mines – Ballyvergin
Mine District:

Clare Lead Mines

Mine Name:
Minerals Worked:

Ballyvergin
Pb, Ag, Cu

County:
Townland:
Grid Reference:

Clare
Ballyvergin
E142143, N181731

Site Score:
Site Class:

39
V

Elements of Interest:
Media of Concern:

Pb, Cu, Ag, S, Z
Solid waste

Geochemical Overview
Solid waste at Ballyvergin has very high levels of Pb and elevated levels of Cu, As, Zn
and S. Pb levels are of particular concern as the site appears to be used for grazing
cattle. Up to 14% Pb was recorded by in-situ XRF analysis (31% lead by laboratory
assay) in an unvegetated area of fine-grained mine waste that was heavily marked
by cattle hooves at the time of site visits in 2007 and 2008. There is, therefore,
potential for ingestion of metal-rich waste by feeding cattle or other grazing animals.
Surface water analyses suggest that the mine may have a small impact on stream
water quality but further analyses are required to assess this properly.
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5.10 Clare Lead Mines – Kilbricken
Mine District:

Clare Pb Mines

Mine Name:
Minerals Worked:

Kilbricken
Pb, Ag

County:
Townland:
Grid Reference:

Clare
Monanoe
E141735, N176868

Site Score:
Site Class:

89
V

Elements of Interest:
Media of Concern:

Pb, As, Cu, Zn, Sb
Solid waste

Geochemical Overview
Kilbricken has some of the highest concentrations of Pb and Zn recorded in solid
waste on Irish mine sites. Measured concentrations of Pb and Zn in the dressing
floor waste reached almost 4% and 5%, respectively. Most of the solid waste is
grassed over. A leachate test indicates that there is potential for groundwater
contamination in the vicinity of this waste. Surface water draining the site had low
concentrations of Pb, Zn and As, with the Pb concentration marginally in excess of
surface water regulatory limits. The concentrations of Pb and Zn in stream sediment
downstream of the mine were well below guideline limits for the protection of
livestock.
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5.11 Clare Phosphate – Doolin
Mine District:

Clare Phosphate

Mine Name:
Minerals Worked:

Doolin
Phosphate

County:
Townland:
Grid Reference:

Clare
Teergonean; Toormullin
E108345, N196999

Site Score:
Site Class:

15
V

Elements of Interest:
Media of Concern:

U, Ni, V, Se
Solid waste, surface water, stream sediments

Geochemical Overview
Solid waste at Doolin contains elevated concentrations of U, Ni, V and Se, and both U
and Ni are slightly elevated in the No. 1 Adit discharge that flows into the Aille River.
However, the volume of the waste and the absolute concentrations of the elements
are too low to cause contamination of either river water or stream sediments and the
site has a relatively low HMS-IRC score of 15. Se occurs in low concentrations in the
phosphate waste but similarly low concentrations of Se have been associated with Se
toxicity in livestock and aquatic ecosystems downstream of phosphate mines in the
USA.
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5.12 Clements
Mine District:

Connemara

Mine Name:
Minerals Worked:

Clements
Pb, Ag

County:
Townland:
Grid Reference:

Galway
Carrowgarrif
E99410, N251843

Site Score:
Site Class:

97
V

Elements of Interest:
Media of Concern:

Pb, Zn, Ag, As, Ni
Solid waste, stream sediments

Geochemical Overview
Solid waste heaps at Clements comprise both oxidised, metal-rich waste and
relatively fresh waste with a high concentration of unmineralised material. All waste
has relatively high concentrations of Pb, with the maximum concentration (5.4%)
recorded in crushing waste. The median Pb value of all the solid waste analysed was
5,621 mg/kg (0.56%). A surface water sample taken downstream of the mine had
161 μg/l Zn and 13 μg/l Pb (total metal), in excess of the Draft EC Surface Water
Regulation standard (100 μg/l and 7.2 μg/l, respectively). Upstream concentrations
were 41 and 8 μg/l, respectively. These values suggest some impact from the mine
waste. However, caution is required as dissolved metal concentrations show no
similar pattern. One stream sediment sample downstream of the mine had high
concentrations of Pb (1,971 mg/kg), Zn (1,755 mg/kg), As (245 mg/kg) and Ni (557
mg/kg).

100

5.13 Connacht Coalfield
Mine District:

Connacht Coalfield

Mine Name:
Minerals Worked:

Various
Coal (Bituminous)

County:
Townland:

Leitrim, Roscommon, Sligo
Various

Grid Reference:

E193000, N314000

Site Score:
Site Class:

91
V

Elements of Interest:
Media of Concern:

Ni, Zn, sulphate, acidity
Solid waste, surface water

Geochemical Overview
Large waste heaps, open pit lakes and active drainage adits remain and are the main
potential sources of environmental impacts in the Connacht Coalfield District. Water
draining from mine adits in the district has relatively high concentrations of elements
such as Al, Ni, Zn and SO4 as well as low pH and high EC and acidity. Stream water
downstream of such discharges also displays elevated concentrations of some of
these elements, notably Ni and SO4. Concentrations of Zn, Ni and SO4 in mine water
and in surface water immediately downstream of mines are generally above standard
limits. Most surface water samples from the Connacht Coalfield exceed the standard
(drinking water) concentration for aluminium of 200 μg/l. Samples of stream water
taken further downstream of mine sites and adit discharges show only very limited
and localised chemical impact from mining. Solid waste analysis at one site revealed
no significantly elevated metal concentrations. Metal concentrations in stream
sediments were below guideline limits for the protection of livestock.
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5.14 Donegal Lead Mines – Glentogher
Mine District:

Donegal Pb

Mine Name:
Minerals Worked:

Glentogher
Pb, Ag

County:
Townland:
Grid Reference:

Donegal
Stranagappoge Demesne
E247847, N437881

Site Score:
Site Class:

5
V

Elements of Interest:
Media of Concern:

Pb, Zn, As, Sb
Stream sediments

Geochemical Overview
Glentogher mine was a small mine that produced a limited quantity of lead ore.
There is no clear evidence that it has had or continues to have any major impact on
its surroundings. Water analyses do not indicate contamination of the downstream
surface water by the adit discharge, which has low metal concentrations. Pb and Zn
concentrations in stream sediments in the Glentogher area are higher than those
found in Inishowen as a whole and Pb concentrations downstream of the mine are
higher than those upstream. This suggests some downstream impact from mining.
Median concentrations of other metals, such as Cu and As, in stream sediments
downstream of the mine are not readily distinguishable from those recorded for the
rest of Glentogher as a whole.
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5.15 Donegal Lead Mines – Keeldrum
Mine District:

Donegal Pb

Mine Name:
Minerals Worked:

Keeldrum
Pb, Ag

County:
Townland:
Grid Reference:

Donegal
Keeldrum
E190346, N426239

Site Score:
Site Class:

17
V

Elements of Interest:
Media of Concern:

Pb, Zn, Cu
Solid waste

Geochemical Overview
Keeldrum operated as a lead mine for a total of around 10 years in the 19th century,
producing less than 2,000 tons of ore. The site is largely grassed over but small
amounts of solid waste remain on the site. There are no mine water discharges or
evidence of downstream contamination of surface water. Solid waste contains high
concentrations of Pb (median 7,146 mg/kg) with the highest concentrations (up to
13.5%) found in processing waste. A leachate test on the solid waste yielded an
extremely high concentration of Pb (19,860 μg/l) and suggests the potential for
groundwater contamination in the vicinity of the site.
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5.16 Glenmalure District
5.16.1 Ballinafunshoge
Mine District:

Glenmalure

Mine Name:
Minerals Worked:

Ballinafunshoge
Pb

County:
Townland:
Grid Reference:

Wicklow
Ballinafunshoge
E308265, N192695

Site Score:
Site Class:

305
III (Glenmalure District)

Elements of Interest:
Media of Concern:

Pb, Zn, Cu, Cd
Solid waste, surface water, stream sediments

Geochemical Overview
The Ballinafunshoge site is notable for an adit discharge with very high Pb (≤6,512
μg/l) and Zn (≤15,860 μg/l) concentrations as well as an extensive area of
processing waste with some very high measured concentrations of Pb (>19%). The
adit discharge drains directly to the Avonbeg River and, combined with run-off from
the solid waste heaps, has significant potential to contaminate the aquatic
ecosystem. However, the acidity of the mine water is very low and there is no risk of
AMD at the site. As is the case for most sites in the district, Cd is generally present
in significant concentrations in both solid (≤238 mg/kg) and liquid (≤70 μg/l) waste.
There is significant contamination of stream sediments, with high Pb (1,226 mg/kg)
and Zn (475 mg/kg) concentrations recorded 200 m downstream of the mine site.
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5.16.2 Barravore–Ballinagoneen
Mine District:

Glenmalure

Mine Name:
Minerals Worked:

Barravore–Ballinagoneen
Pb

County:
Townland:
Grid Reference:

Wicklow
Barravore; Ballinagoneen
E306180, N194231;
E306041, N194835

Site Score:
Site Class:

6
III (Glenmalure District)

Elements of Interest:
Media of Concern:

Pb, Zn, Cu, Cd
Solid waste, stream sediments

Geochemical Overview
Stream sediment analyses indicate a significant impact on the Avonbeg River by
mining activities, with the Pb concentration immediately downstream of the site in
excess of 1,000 mg/kg, the guideline limit for the protection of livestock. Very
limited volumes of solid waste remain on the site. One adit (Adit 6) discharges a low
flow of mine water with elevated Pb (65 μg/l) and Zn (446 μg/l) but these
concentrations are not particularly high. Thus, the existing waste sources on the site
appear to pose only limited risk to the environment.
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5.17 Glendalough–Glendasan District
Mine District:

Glendalough

Mine Name:
Minerals Worked:

Various
Pb

County:
Townland:
Grid Reference:

Wicklow
Various
E308265, N192695

Site Score:
Site Class:

1,457
III (Glenmalure District)
II (Glendasan–Glendalough)
Pb, Zn, Cu, Cd
Solid waste, surface water, stream sediments

Elements of Interest:
Media of Concern:

Geochemical Overview
The Glendalough District has an extensive history of 19th-century lead and silver
mining that has left a striking physical legacy in the three valleys that comprise it:
Glendasan, Glendalough and Glenmalure. In addition to numerous ruined mine
buildings, white quartz-rich solid waste heaps are a feature of the district. All of
these contain significant measured
concentrations of Pb and Zn and
some, notably those on old ore
processing sites, have very high
concentrations, with maximum
recorded values of Pb of almost
20%.
Several significant adit
discharges drain to the Glendasan,
Glenealo and Avonbeg Rivers.
These
discharges
contain
significant
concentrations
of
contaminants, chiefly Pb and Zn,
but including Cu and Cd, and have
a measurable impact on the water
quality in the rivers downstream
of the mine sites, albeit over short
distances. Stream sediments, in
contrast, are contaminated over
very extensive lengths of the
rivers downstream of the mines.
The worst affected is the
Glendasan
River,
with
concentrations of up to 7.2% Pb
measured in stream sediments
downstream
of
the
mines.
Contamination
of
stream
sediments has been measured at least 4 km downstream of the Glendasan sites.
The total HMS-IRC score for the Glendalough District is 1,457 but this has been split
into two sub-groups for the purpose of national ranking of the sites: the Glendasan–
Glendalough Valley group has a HMS-IRC score of 1,122, while the Glenmalure sites
have a total score of 335.
Reports for the individual mine sites in the district follow below.
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5.17.1 Foxrock
Mine District:

Glendalough–Glendasan

Mine Name:
Minerals Worked:

Foxrock
Pb

County:
Townland:
Grid Reference:

Wicklow
Brockagh
E310367, N198209

Site Score:
Site Class:

197
II (District)

Elements of Interest:
Media of Concern:

Pb, Cu, Zn, Cd
Solid waste, surface water

Geochemical Overview
The Foxrock site contains two adits that discharge a significant quantity of mine
water to the Glendasan River. Part of the discharge flows through the largest waste
heap on the site, contributing to potential undermining of the heap. The 2nd and 3rd
Adits have near-neutral pH, low acidity, and metal concentrations are of the order of
700–1,800 μg/l Pb and 1,800–2,800 μg/l Zn. The solid waste chemistry is typical of
the quartz-rich mine waste found in the district, with Pb concentrations typically of
the order of 500–4,000 mg/kg with a maximum in excess of 1%. Zn is also present
in high concentrations but apart from Cd, which is typically present in concentrations
below 50 mg/kg, other elements of interest are not present in significant
concentrations.
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5.17.2 Glendalough Valley
Mine District:

Glendalough–Glendasan

Mine Name:
Minerals Worked:

Glendalough Valley
Pb

County:
Townland:
Grid Reference:

Wicklow
Camaderry; Lugduff
E308964, N196346
E307695, N196116

Site Score:
Site Class:

331
II (District)

Elements of Interest:
Media of Concern:

Pb, Cu, Zn, Cd
Solid waste, surface water, stream sediments

Geochemical Overview
The Glendalough Valley site contains a large volume of solid waste. Most of the solid
waste chemistry is typical of quartz-rich mine waste found in the district, with Pb
concentrations typically of the order of 5,000 mg/kg. However, Pb concentrations in
processing waste can exceed 4%. Water seeping from the largest solid waste heap
has high Pb (812 μg/l) and Zn (5,037 μg/l) concentrations. Discharge of this water
to the Glenealo River contributes directly to contamination of the river water,
although it recovers quickly downstream through dilution. Stream sediments in the
river are seriously contaminated, however, with concentrations of Pb in excess of
6,000 mg/kg at the point of discharge to the Upper Lake.
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5.17.3 Hero
Mine District:

Glendalough–Glendasan

Mine Name:
Minerals Worked:

Hero
Pb

County:
Townland:
Grid Reference:

Wicklow
Camaderry
E309848, N198158

Site Score:
Site Class:

183
II (District)

Elements of Interest:
Media of Concern:

Pb, Cu, Zn, Cd
Solid waste, surface water, stream sediments

Geochemical Overview
This site includes the Old Hero and North Hero sites. Solid waste at the Old Hero
processing site includes significant volumes of fine material with exceptionally high
concentrations of Pb (≤14.5%) and Zn (≤19.3%). Cd has also been measured in
relatively high concentrations (≤658 mg/kg). The site is a common stop-off point for
visitors in the area. There are potential risks to humans as a result of direct contact
with metal-rich waste and, additionally, to animals as a result of ingestion of same.
The presence of fine waste such as slimes and the prevalence of westerly winds
blowing through the Wicklow Gap raise the possibility that wind-blown metal-rich
dust might be an inhalation issue in dry periods. The site is on the side of the valley
and during wet weather run-off drains directly into the Glendasan River. Leachate
testing indicates that the dissolved metal content of run-off is likely to be high.
Stream sediment samples downstream of the site have very high concentrations of
Pb and Zn, though other sites in Glendasan have also contributed to this.
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5.17.4 Luganure – Hawkrock
Mine District:

Glendalough–Glendasan

Mine Name:
Minerals Worked:

Luganure – Hawkrock
Pb

County:
Townland:
Grid Reference:

Wicklow
Camaderry
E309055, N198177
(Luganure)
E309195, N198887
(Hawkrock)

Site Score:
Site Class:

48
II (District)

Elements of Interest:
Media of Concern:

Pb, Cu, Zn, Cd
Solid waste, surface water, stream sediments

Geochemical Overview
High concentrations of Pb, Zn
and Cd were measured in the
Hawkrock Adit discharge, and
stream water downstream of
the mine site had relatively
high concentrations of Pb (32
μg/l) and Zn (414 μg/l), at
least in winter. As is the case
for all mine water discharges
in the Glendasan area, pH is
close to neutral in the
Hawkrock Adit discharge.
The Luganure–Hawkrock site
contains several solid waste
heaps scattered along the line
of the Luganure lode. The
largest are found on the main
Luganure mine site, in front
of the Luganure Adit. These
have the highest HMS-IRC
scores of any waste in
Luganure–Hawkrock.
Nevertheless, the total score
for Luganure–Hawkrock (48)
is among the lowest recorded
in the district.
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5.17.5 Ruplagh
Mine District:

Glendalough–Glendasan

Mine Name:
Minerals Worked:

Ruplagh
Pb

County:
Townland:
Grid Reference:

Wicklow
Brockagh
E309295, N199494

Site Score:
Site Class:

45
II (District)

Elements of Interest:
Media of Concern:

Pb, Cu, Zn, Cd
Solid waste, surface water, stream sediments

Geochemical Overview
Two discharges from flooded shafts at Ruplagh have elevated concentrations of Pb
(≤72 μg/l) and Zn (≤994 μg/l). The maximum downstream concentration of Pb was
11 μg/l and of Zn 166 μg/l, lower than those measured in the Glendasan River
downstream of the sites in Lower Glendasan (Hero, Foxrock and St. Kevin’s), but still
above the limits set by EC Surface Water Regulations. A stream sediment sample
taken immediately downstream of the site had 6,874 mg/kg Pb and 4,876 mg/kg Zn,
indicating significant contamination of stream sediments as a result of mining at
Ruplagh. Concentrations of Pb and Zn in solid waste exceed 1% in some samples
but median concentrations (3,301 and 5,433 mg/kg, respectively) are similar to
those found in quartz- and granite-rich solid waste elsewhere in the district.
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5.17.6 St. Kevin’s
Mine District:

Glendalough–Glendasan

Mine Name:
Minerals Worked:

St. Kevin’s
Pb

County:
Townland:
Grid Reference:

Wicklow
Camaderry; Sevenchurches
E310646, N197839

Site Score:
Site Class:

129
II (District)

Elements of Interest:
Media of Concern:

Pb, Cu, Zn, Cd
Solid waste, surface water, stream sediments

Geochemical Overview
The St. Kevin’s site contains one of the largest spoil heaps in the district as well as its
only significant accumulation of tailings. The spoil chemistry is typical of quartz-rich
mine waste found in the district, with Pb concentrations typically of the order of 500–
4,000 mg/kg with a maximum in excess of 2%. The tailings material generally has
higher concentrations of Pb; Cd was recorded at levels of 102–660 mg/kg. The
Foxrock 4th Adit discharges constantly into the Glendasan River; metal concentrations
are of the order of 200–300 μg/l Pb and 1,500–2,000 μg/l Zn. In wet weather, the
tailings is a source of metal-rich run-off to the river. The Glendasan River has
consistently elevated Pb and Zn concentrations downstream of the site, although the
4th Adit is unlikely to be the sole source of this contamination given that other adits
in Foxrock drain into the river nearby. Stream sediments immediately downstream of
the tailings deposit have extremely high concentrations of Pb (7.2%), Zn (5.1%) and
Cd (179 mg/kg).
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5.18 Gortdrum
Mine District:

Gortdrum

Mine Name:
Minerals Worked:

Gortdrum
Cu, Hg, Ag

County:
Townland:
Grid Reference:

Tipperary
Gortdrum; Ballyryan East;
Kyleagarry
E187111, N141012

Site Score:
Site Class:

157
IV

Elements of Interest:
Media of Concern:

Cu, Sb, As, Hg, Ag
Solid waste, surface water

Geochemical Overview
Gortdrum mine is one of the most extensive abandoned mine sites in the country
with very large volumes of solid waste remaining on the site. The ground cover in
the old processing area has high concentrations of Cu, As and Hg. The tailings
management facility (TMF) has been successfully revegetated and is in general use
as a cattle pasture. Cu and As concentrations in the tailings are low and Hg is
typically below detection limit. The former Hg plant siltation pond is now a wetland;
metal concentrations are low. The stockpile/waste heaps north of the open pit are
now part of an aggregate extraction operation but significant levels of metals,
including As and Hg, are contained in the aggregate. Very little water appears to
flow off the site, instead draining into the flooded open pit lake. Leachate draining
from waste heaps on the north-western end of the site has high concentrations of
Cu, Sb, As and Hg, as does the open pit lake water. There is potential for some
impact on groundwater downgradient of the site but stream sediments appear to be
unaffected by mining.
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5.19 Hollyford
Mine District:

Tipperary

Mine Name:
Minerals Worked:

Hollyford
Cu

County:
Townland:

Tipperary
Reafadda; Lackenacree

Grid Reference:

E193361, N154077

Site Score:
Site Class:

4
V

Elements of Interest:
Media of Concern:

Cu
Solid waste

Geochemical Overview
Hollyford mine was a small operation that produced several thousand tons of Cu ore
over a period of 20 years in the mid-19th century. It had a correspondingly limited
impact on its surroundings and today only minor amounts of solid waste remain.
This waste has, by comparison with solid mine waste elsewhere in the country,
relatively low levels of Cu, Pb and As. The low site score reflects the small volume of
waste remaining and the low measured concentrations of metals within it. It also
reflects the absence of observed mine water discharge and, perhaps, the lack of
stream sediment analyses.
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5.20 Leinster Coalfield
Mine District:

Leinster Coalfield

Mine Name:
Minerals Worked:

Various
Coal (Anthracite)

County:
Townland:

Carlow, Kilkenny, Laois
Various

Grid Reference:

E257000, N179000

Site Score:
Site Class:

133
IV

Elements of Interest:
Media of Concern:

As, Cu, Ni, Pb, Zn, SO4, acidity
Solid waste, surface water, stream sediments

Geochemical Overview
Many of the numerous individual collieries in the Leinster Coalfield have been partly
or fully rehabilitated since closure but large waste heaps, open pit lakes and active
drainage adits remain. Stream water has low concentrations of most parameters
measured and shows only very limited and localised chemical impact from mining.
Adit discharges in general have similar compositions to stream water. In contrast,
surface run-off from solid waste has relatively high concentrations of elements such
as Al, Cd, Cu, Ni, Zn and SO4 as well as low pH and high EC. Some solid waste in
the Leinster Coalfield has elevated metal concentrations, with As, Zn, Cu and Pb
exceeding regional background levels for soil but the absolute concentrations
measured were low. Stream sediments show some impact from mining but
measured metal concentrations were below the guideline limits for the protection of
livestock.
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5.21 Monaghan Lead Mines – Clontibret
Mine District:

Monaghan

Mine Name:
Minerals Worked:

Clontibret
Sb

County:
Townland:

Monaghan
Lisglassan; Tullybuck

Grid Reference:

E275550, N330110

Site Score:
Site Class:

12
V

Elements of Interest:
Media of Concern:

Sb, As, Au, Pb, Zn
Stream sediments

Geochemical Overview
Mining at Clontibret was short-lived and there is now little physical trace of any
former activity on the site. There are no discharges of mine water on-site and
surface water samples show no evidence of any mine-related impact. Stream
sediments have very elevated concentrations of Sb, As and Au that can be attributed
to the mineralisation at the site. It can be assumed that mining has contributed
directly to the observed stream sediment concentrations although natural erosion of
mineralised veins cropping out in the Clontibret stream may have contributed also.
The stream sediment contamination accounts for the entire Clontibret site score of
12.
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5.22 Monaghan Lead Mines – Hope (Cornalough)
Mine District:

Monaghan

Mine Name:
Minerals Worked:

Hope (Cornalough)
Pb, Ag

County:
Townland:

Monaghan
Cornalough

Grid Reference:

E283126, N316125

Site Score:
Site Class:

13
V

Elements of Interest:
Media of Concern:

Pb, Zn, Ag
Solid waste

Geochemical Overview
Hope mine was a small mine that produced a limited quantity of Pb ore over the
course of a decade. It had a correspondingly limited impact on its surroundings and
today only minor amounts of solid waste remain. This waste has, by comparison
with solid mine waste elsewhere in the country, relatively low levels of Pb (2,833–
3,818 mg/kg) and Zn (77–1,019 mg/kg) and very minor As levels. The low site score
reflects the small volume of waste remaining and the low measured concentrations
of elements.
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5.23 Monaghan Lead Mines – Tassan
Mine District:

Monaghan

Mine Name:
Minerals Worked:

Tassan
Pb, Ag

County:
Townland:

Monaghan
Tassan

Grid Reference:

E279228, N326112

Site Score:
Site Class:

44
V

Elements of Interest:
Media of Concern:

Pb, Zn, As
Solid waste, stream sediments

Geochemical Overview
Tassan mine was the largest and most productive of the Monaghan District mines.
Concentrations of Pb and Zn in the sediments of streams draining the site are much
higher than regional medians and suggest a direct input from mining. However,
sediments elsewhere in the area, in streams not directly draining the mine site, also
have Pb and Zn concentrations well above regional median values, though they are
considerably lower than those downstream of the mine.
Very high (2.5%)
concentrations of Pb have been measured in solid waste on the surface of the site as
well as in soil on top of the former dressing floor. Concentrations of other elements
are generally moderate, except perhaps for As, which has been measured at
concentrations exceeding 300 mg/kg. A leachate test on the spoil at Tassan
suggests very limited potential for groundwater contamination.
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5.24 Silvermines
Mine District:

Silvermines

Mine Name:
Minerals Worked:

Various
Pb, Zn, Cu, Ba, Ag

County:
Townland:

Tipperary
Various

Grid Reference:

E182343, N171560

Site Score:
Site Class:

2,545
I

Elements of Interest:
Media of Concern:

Pb, Zn, Cu, Ag, Ba
Solid waste, surface water, stream sediments

Geochemical Overview
The Silvermines District is a very extensive Pb–Zn–Ag–Ba mining area located on the
northern flank of Silvermines Mountain. Six individual mine sites (Ballygown,
Magcobar, Garryard, Gorteenadiha, Shallee and Gortmore) have been defined, most
of them abandoned in the 20th century, although some were also worked in the 19th
century or even earlier. The sites are drained by a network of streams flowing north
to the valley of the Kilmastulla River.

In general, surface water sampled downstream of mine sites in Silvermines contain
elevated concentrations of mine-related metals such as Pb, Zn, and Cd. The median
values for Pb, Zn and Cd in surface water downstream of mine sites all exceed the
Draft EC Regulations for surface water. The highest concentrations of metals were
found in water standing on solid waste, such as at the tailings lagoon in Garryard.
The high concentrations of metals in surface water immediately downstream of solid
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waste heaps at Garryard, Gorteenadiha and Shallee suggest that surface run-off and
seepage have a significant impact on surface water quality in the district. Water
samples taken from the Yellow River and its tributaries that drain the mine sites at
Garryard, Gorteenadiha and Shallee typically had elevated Pb and Zn concentrations:
upstream of its confluence with the Kilmastulla River, the measured concentrations in
the Yellow River were 307 µg/l Pb and 1,298 µg/l Zn. Metal concentrations in the
Kilmastulla River were generally much lower than those in the Yellow River and were
only significantly elevated downstream of the tailings pond at Gortmore and
downstream of the confluence with the Yellow River.
Stream sediments taken downstream of mine sites in the district typically have high
concentrations of Pb and Zn. The data tend to mirror those for surface water with
sediment from the Yellow River showing the highest metal concentrations (3,271–
12,332 mg/kg Pb, 743–208,233 mg/kg Zn, 61–468 mg/kg As, 421–733 mg/kg Cu
and 0.35–218 mg/kg Cd). The highest concentrations were measured in the sample
taken immediately downstream of the Garryard tailings lagoon discharge.
Solid waste in the district is notable for its typically high concentration of Pb and Zn,
with percentage levels of both common across most sites. In addition to Pb and Zn,
some individual waste heaps have very high concentrations of elements of concern
such as As and Cd. In combination with high volumes of material on some sites,
these high metal concentrations are largely responsible for the high total HMS-IRC
score of 2,545 recorded for the Silvermines District.
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5.25 Slieve Ardagh Coalfield
Mine District:

Slieve Ardagh

Mine Name:
Minerals Worked:

Various
Coal (Anthracite)

County:
Townland:

Tipperary
Various

Grid Reference:

E228000, N150000

Site Score:
Site Class:

118
IV

Elements of Interest:
Media of Concern:

As, Cu, Ni, Pb, Zn, acidity
Solid waste, surface water, stream sediments

Geochemical Overview
The Slieve Ardagh District is a very extensive area with numerous abandoned mine
operations. Large waste heaps, open pit lakes and active drainage adits are the
main potential sources of environmental impacts in the district. Stream water
generally has low concentrations of most parameters measured. Adit discharges in
general have similar compositions to stream water. In contrast, surface run-off from
solid waste has relatively high concentrations of elements such as Al, Cu, Ni, Zn and
SO4 as well as low pH and high EC. Surface water samples taken immediately
downstream of such run-off, in open pit lakes and streams, can show raised element
concentrations and reduced pH. Some coal waste in Slieve Ardagh has measured
concentrations of As, Zn, Cu, Ni and Pb exceeding regional background soil levels.
Stream sediments gave somewhat similar results.
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5.26 Tynagh Mine
Mine District:

Tynagh

Mine Name:
Minerals Worked:

Tynagh
Pb, Zn, Ag, Ba

County:
Townland:

Galway
Derryfrench;
Garraunnameetagh

Grid Reference:

E174935, N213024

Site Score:
Site Class:

2,712
I

Elements of Interest:
Media of Concern:

Pb, Zn, Cu, As, Hg, Ni, Cd, Sb, Ba
Solid waste, surface water, stream sediments

Geochemical Overview
Tynagh Mine contains large volumes of solid mine waste with high concentrations of
Pb and other heavy metals. Part of the site is occupied by two companies and, in
the case of one of these, part of the work site is heavily contaminated by Pb, Zn, As,
Hg and Cd. Several seepages from spoil and tailings introduce Zn, Cd and Ni to local
streams and groundwater although the volume of these discharges is generally low.
None of these discharges poses a threat of AMD on or around the site. Leachate
testing indicates that the waste at Tynagh has the potential to contaminate
groundwater; analysis of water in one well east of the site revealed a high
concentration of As. Stream sediments are severely contaminated by Pb and other
metals close to the site, mainly in the Barnacullia stream on the northern boundary
of the tailings pond. High concentrations of mine-related metals have been detected
almost 3 km downstream of the site.
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5.26.1 Tynagh – Processing Area
Mine District:

Tynagh

Mine Name:
Minerals Worked:

Processing area
Pb, Zn, Ag, Ba

County:
Townland:

Galway
Derryfrench

Grid Reference:

E174262, N213016

Site Score:
Site Class:

40
I (District)

Elements of Interest:
Media of Concern:

Pb, As, Hg, Cd, Cu, Sb, Zn, Ba
Solid waste

Geochemical Overview
Very high concentrations of
Pb (>10%), Zn, Cu, As
(>3%), Hg (287 mg/kg), Cd
(573 mg/kg) and Sb have
been measured in process
waste on the site of the
former processing plant at
Tynagh. The thin cover of
sand–clay-grade material on
the surface of the ground
around
the
remaining
structures is also metal rich.
Some of the process waste is
relatively inert, e.g. the Pbrich coatings on concrete
walls, but most is in the form
of
loose
sand–silt-grade
material that is either lying
on the ground around the
thickener or packed in open
barrels. This is an active
work site: fabricated iron
structures are stored here
prior
to
and
after
galvanising. The hardcore
layer has not made any
obvious difference to the chemistry of the surface material, at least around the
thickener. The very high concentrations of Pb, As, Cd and Hg represent a potential
health risk to workers in this area, although access is restricted to the area around
the thickeners where the highest metal concentrations were measured. The
settlement ponds, outside the area used by the galvanising company, also have high
Pb, Zn, Cu, As, Hg, Cd and Sb, albeit in lower concentrations than found around the
thickener. There is some risk of dust blow from this material during dry weather.
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5.26.2 Tynagh – Tailings Pond
Mine District:

Tynagh

Mine Name:
Minerals Worked:

Tailings Pond
Pb, Zn, Ag, Ba

County:
Townland:

Galway
Derryfrench;
Garraunnameetagh

Grid Reference:

E175142, N213129

Site Score:
Site Class:

1,246
I (District)

Elements of Interest:
Media of Concern:

Zn, Pb, Cu, As, Ni, Cd, Ba
Solid waste, surface water, stream sediments

Geochemical Overview
The TMF at Tynagh has an estimated volume of more than 2.2 million m3. Three
discharges from the TMF enter local streams and, in one case, the groundwater
system via a sinkhole. The discharges have high concentrations of Zn, Ni and SO4
and elevated Cd and As levels. As expected for a limestone-hosted ore deposit, the
pH of the discharges is high and there is no risk of AMD at Tynagh. Leachate
analyses of tailings samples confirm the potential for groundwater contamination
below the unlined tailings pond. The tailings in the western cell have very high
concentrations of Pb (≤5.3%), Zn, Cu, As, Ni, Cd, Sb and Ba. Those in the
revegetated eastern cell have much lower measured metal concentrations. The high
site score reflects these high metal concentrations and the very large volume of the
TMF.
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5.26.3 Tynagh – Open Pit Area
Mine District:

Tynagh

Mine Name:
Minerals Worked:

Open Pit area
Pb, Zn, Ag, Ba

County:
Townland:

Galway
Derryfrench;
Garraunnameetagh

Grid Reference:

E174807, N212730

Site Score:
Site Class:

1,292
I (District)

Elements of Interest:
Media of Concern:

Pb, As, Cd, Cu, Zn, Sb
Solid waste, surface water

Geochemical Overview
The high concentrations of Cd, Ni and Zn in the seepage at the south-eastern end of
SP05, first noted by the EPA, were confirmed in this study. This seepage drains into
a nearby field where it seeps into the ground. The solid waste heap from which the
seepage discharges (SP05) has significant Cd content (≤366 mg/kg), as well as
consistently high measured concentrations of Pb (≤3.8%, median 1.4%) and Zn
(≤8.5%, median 2.5%). The other waste heap on the site, SP04, on the northern
side of the open pit, is a low-grade deposit, with concentrations recorded in situ by
XRF much lower than elsewhere on the site. Nevertheless, a lab analysis of one
sample yielded a Pb concentration in excess of 1%. The water in the open pit lake
was not analysed – it is used by the power plant for cooling purposes.
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5.26.4 Tynagh – SP06
Mine District:

Tynagh

Mine Name:
Minerals Worked:

SP06
Pb, Zn, Ag, Ba

County:
Townland:

Galway
Derryfrench

Grid Reference:

E174442, N213227

Site Score:
Site Class:

97
I (District)

Elements of Interest:
Media of Concern:

Pb, As, Ni, Cd, Cu, Cr, Zn
Solid waste

Geochemical Overview
SP06 is a waste heap that evidently contains some low-grade ore, with
concentrations of almost 6% Zn and 2% Pb measured at one location. Overall,
however, concentrations of elements of interest are typically lower in the samples
analysed than in other sub-sites at Tynagh mine. The heap may contribute or may
have contributed in the past to metal contents of surface water or stream sediments
in the Barnacullia stream.
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5.27 West Cork Copper–Barium Mines
5.27.1 West Cork Cu-Ba Mines – Ballycummisk
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Ballycummisk
Cu

County:
Townland:

Cork
Ballycummisk

Grid Reference:

E97657, N32197

Site Score:
Site Class:

4
V (District)

Elements of Interest:
Media of Concern:

Cu, Ba, Pb, Zn, As, Sb
Solid waste, stream sediments

Geochemical Overview
Solid waste at Ballycummisk has relatively high concentrations of Cu (≤1.06%) and
Ba (≤4,608 mg/kg) and above-background concentrations of As, Sb, Pb and Zn. A
leachate sample derived from the waste reflected this composition, containing
modest if nonetheless elevated concentrations of Ba, Cu and Sb. The most
significant impact of the mine site on the environment was observed in stream
sediments in which high concentrations of Cu and Ba were recorded downstream of
the mine. The HMS-IRC score is 4, placing Ballycummisk at the lower end of the
Class V sites.
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5.27.2 West Cork Cu-Ba Mines – Brow Head
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Brow Head
Cu

County:
Townland:

Cork
Mallavoge

Grid Reference:

E77247, N23592

Site Score:
Site Class:

1
V (District)

Elements of Interest:
Media of Concern:

Cu
Solid waste

Geochemical Overview
Brow Head mine was exploited for a short period in the mid-19th century and again in
the early 20th century. Although the underground workings are reputedly extensive,
production was low and this is reflected in the modest amounts of solid waste
remaining on the site. Only Cu is found in significant concentrations in the solid
waste (≤2,580 mg/kg). The absence of high relative toxicity elements in the waste
and the remoteness of the site, in a location where little impact on human health can
be expected, give rise to a very low HMS-IRC score.
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5.27.3 West Cork Cu-Ba Mines – Coosheen
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Coosheen
Cu

County:
Townland:

Cork
Coosheen

Grid Reference:

E94118, N31226

Site Score:
Site Class:

1
V (District)

Elements of Interest:
Media of Concern:

Cu
Surface water

Geochemical Overview
Much of the site of Coosheen mine is now a landscaped area surrounding residences
and holiday homes on the shore of Schull Harbour. There is little mine waste on the
site except for mineralised beach pebbles on the shore, at the site of what was the
lower dressing floor. Only the shallow adit discharge was sampled and it has only
modestly elevated concentrations of Cu (323 µg/l) and Al (459 µg/l).
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5.27.4 West Cork Cu-Ba Mines – Crookhaven
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Crookhaven
Cu

County:
Townland:

Cork
Crookhaven

Grid Reference:

E81094, N25454

Site Score:
Site Class:

1
V (District)

Elements of Interest:
Media of Concern:

Cu
Solid waste

Geochemical Overview
The Crookhaven mine produced very little ore over almost a decade of endeavour
when most of the extensive underground workings were excavated in search of
mineralisation rather than in extracting it. Some small volumes of solid waste lie
about the site and concentrations of Cu as high as 1.4% have been measured.
However, their generally low metal content, and in particular the absence of high
relative toxicity elements, combined with a paucity of potential receptors give rise to
a very low HMS-IRC score for this site.
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5.27.5 West Cork Cu-Ba Mines – Glandore
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Glandore
Cu

County:
Townland:

Cork
Aghatubrid Beg

Grid Reference:

E122216, N36243

Site Score:
Site Class:

6
V (District)

Elements of Interest:
Media of Concern:

Mn, Cu
Surface water, stream sediments

Geochemical Overview
Glandore was a significant producer of Mn in the 19th century and also produced a
limited amount of Cu. The workings were mainly carried on by opencast mining but
exploratory underground workings were undertaken and the mine is now drained by
a deep (‘Low’) level. The opencast is densely overgrown and no solid waste was
identified on the site. The adit discharges around 1 l/s of mine water with elevated
Cu concentration (215 µg/l). Stream sediments in the adjacent river have high
concentrations of both Mn and Cu, in excess of guideline limits for the protection of
livestock, which are most likely a consequence of mining.
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5.27.6 West Cork Cu-Ba Mines – Lady’s Well
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Lady’s Well
Ba

County:
Townland:

Cork
Dunmore

Grid Reference:

E139626, N37092

Site Score:
Site Class:

1
V (District)

Elements of Interest:
Media of Concern:

Ba
Solid waste

Geochemical Overview
Lady’s Well barite mine contains a significant concentration of Ba-rich waste but
concentrations of elements of concern within it are low. A previous history of
subsidence and evidence of collapse of waste represent more immediate issues of
concern than the geochemistry of the waste.
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5.27.7 West Cork Cu-Ba Mines – Letter
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Letter
Ba, Cu

County:
Townland:

Cork
Letter

Grid Reference:

E94723, N35338

Site Score:
Site Class:

1
V (District)

Elements of Interest:
Media of Concern:

Ba, Cu
Solid waste

Geochemical Overview
Letter mine was a very minor producer of copper and barite in the 19th century. A
small volume of solid waste around the processing floor of the copper mine had
modest measured concentrations of Cu (6,821 mg/kg) and Ba (7,147 mg/kg). A
leachate test on the waste yielded concentrations of dissolved Cu (183 µg/l) and Ba
(168 µg/l) that were elevated but below limits set by the drinking water standards.
The HMS-IRC score for Letter (1) is very low, reflecting the absence of major
volumes of waste on-site as well as the low concentrations of high relative toxicity
elements.
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5.27.8 West Cork Cu-Ba Mines – Mizen Head
Mine District:

West Cork Cu-Ba

Mine Name:
Minerals Worked:

Mizen Head
Cu

County:
Townland:

Cork
Cloghane

Grid Reference:

E74636, N23620

Site Score:
Site Class:

2
V (District)

Elements of Interest:
Media of Concern:

Ba, Cu
Solid waste

Geochemical Overview
The very small amount of solid waste exposed at Mizen Head has low concentrations
of most elements except for Cu (≤1,979 mg/kg). None appear to represent any
significant risk to human or animal health. The proximity of the site to a stream
indicates the possibility of some contamination of the aquatic ecosystem. However,
the site is close to the cliff edge where the stream terminates so the scope for
contamination is limited.
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CHAPTER 6
Site Scores
6.1 Classification system
The classification system devised from the HMS-IRC scoring system is based on an
analysis of the scores of all the sites. Natural breaks analysis was performed within
ArcGIS on the total site score for all 27 sites and districts. The number of classes
chosen was five. The actual numbers chosen for the break points between classes
was adjusted to the nearest 100. This did not change the classification of any site.
The natural breaks out of the values are 100, 300, 1,000 and 2,000 resulting in five
classes, as follows:
<100
100–300
300–1,000
1,000–2,000
>2,000
Descriptions of the various classes are given in Table 6.1.
Class

Score

Description

I

>2,000

Sites that should have a full risk assessment carried
out. These sites should be monitored on an ongoing
basis.

II

1,000–2,000

Sites requiring general monitoring of most or all
waste piles, discharges or stream sediments on an
annual basis.

III

300–1,000

Sites requiring general monitoring of most or all
waste piles, discharges or stream sediments on a
biennial basis.

IV

100–300

Sites requiring specific monitoring on particular
waste piles, discharges or stream sediments on a
five-yearly basis.

V

<100

Sites generally not requiring any specific monitoring.

Table 6.1 HMS-IRC scoring system – site score classes.
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6.2 Classification of sites
Table 6.2 shows the classification of the sites scored in the HMS-IRC project. Of the
27 sites scored, three are assigned to Class I (11%), one to Class II (4%), two to
Class III (7%), four to Class IV (15%) and 17 to Class V (63%). Figure 6.1 shows
the distribution of the classified sites.
6.2.1 Class I sites
The three sites assigned to Class I are Tynagh, Silvermines and Avoca. The final
scores for each of the three sites are similar (Tynagh – 2,712; Silvermines – 2,545;
and Avoca – 2,439). All three mines operated as mechanised mines in the latter part
of the 20th century, although both Silvermines and Avoca have a long history of
production. All three mines have large tailings impoundments and significant waste
rock piles.

Both Tynagh and Silvermines produced Zn and Pb sulphides from

Carboniferous limestones while Cu and pyrite was produced from the Avoca deposit,
which was hosted primarily in volcanic rocks.
6.2.2 Class II sites
Glendalough–Glendasan is the single site assigned to Class II. The score for the site
is 1,122 – significantly different than the scores in Class I sites – less than half their
scores – and Class III sites – approximately double the top scoring site in Class III.
Glendalough–Glendasan was primarily worked in the 19th century but operations did
continue intermittently into the 20th century when the mine finally closed in 1957.
The mine mainly worked Pb sulphide and tailings were generated in the 20th century
operation and deposited in a non-engineering pile beside the Glendasan River.
6.2.3 Class III sites
The two sites assigned to Class III are Caim and Glenmalure. The score for Caim is
559 while that for Glenmalure is 335. Both were Pb veins, with the Glenmalure site
similar to the Class II Glendalough–Glendasan site. At Glenmalure, Pb was worked
from a Pb vein associated with the Leinster Granite. There are significant waste piles
at each site which do not support vegetation and which contain elevated levels of
lead. At Caim there is a large unvegetated waste pile with elevated Pb levels.
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Table 6.2 Site score for Historic Mine Sites in Ireland.
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Figure 6.1 Map showing sites colour coded by historic mine site scoring system class.

6.2.4 Class IV sites
Four sites are assigned to Class IV – Ballycorus with a score of 244, Gortdrum 157,
the Leinster Coalfield with an aggregate score of 133 and the Slieve Ardagh Coalfield
with an aggregate score of 118.

The two lower scores are for coalfields, while

Ballycorus is a site similar to Glendalough–Glendasan and Glenmalure – it is a Pb
vein associated with the Leinster Granite. The Ballycorus vein however was much
smaller than the others but a significant feature of the Ballycorus is that a smelter
operated at the site which acted as a smelter for almost all of the Pb concentrate
produced in Ireland in the 19th century. A specially constructed flue was built to take
the fumes from the smelting process up to a chimney on an adjacent hill. This flue
may be accessed at several points and deposits of Pb-rich material occur along its
interior.
In the 1960s and 1970s, the Gortdrum deposit worked Cu from the basal part of the
Carboniferous succession. Although there are significant waste rock piles and a large
tailings impoundment (which has been rehabilitated), the absence of high relatively
toxic elements results in the site receiving a low score. Nevertheless there are some
site-specific issues that need to be addressed on the site.
Two of the three coalfields scored in this exercise are assigned to Class IV. The third
coalfield (Connacht) scored 91 and is close to the cut-off point between Class IV and
Class V sites. Although the sites contain large amounts of waste they are relatively
benign and hence have low scores.
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6.2.5 Class V sites
The remaining 17 sites are assigned to Class V. Their scores range from a high of 97
(Clements (Pb), Connemara) to a low of 4 (Hollyford (Cu), Tipperary).

The

commodities produced at these sites were as follows:
Deposit Type

No.

Site Names

Pb Veins in Precambrian Rocks

3

Clements, Glentogher, Keeldrum

Pb Veins in Carboniferous Rocks

3

Ballyhickey, Ballyvergin, Kilbricken

Pb Veins in Lower Palaeozoic Rocks

3

Clontibret, Hope, Tassan

Copper (Ba) Veins in Devonian

3

Allihies, Hollyford, West Cork

Coalfield

1

Connacht

Industrial Minerals

2

Benbulben (Ba), Doolin (phosphate)

Rocks

With the exception of the Connacht Coalfield and to a lesser extent the Abbeytown
Pb–Zn deposit, the deposits worked in this class were all small. Nevertheless, there
are some features at some of the sites that require further investigation or action.

6.3 Discussion
6.3.1 Hazard score
The hazard score for each site is the threat to the environment from solid waste and
mine discharges. These have been added together to give an accumulated total for
each site and they are shown in Table 6.2.

The hazard is a combination of the

volume of waste, the amount of a particular contaminant and the relative toxicity of
the contaminant to different human and environmental receptors.
The highest hazard score is 9,772 and occurs at Tynagh followed by Silvermines
(6,565) and Avoca (5,009). These three sites maintain this order when the full HMSIRC score is developed for each although the three final scores are much closer
together, indicating that there are mitigating factors at work, particularly at Tynagh.
If the final score is represented as a percentage of the hazard score we get an
indication of how well the hazard at each site has been remediated or managed –
lower percentages indicate better management or natural regeneration while higher
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percentages indicate poorer management or natural regeneration (Table 6.3). We
refer to this as the Regeneration Index (RI).

The original colour coding for

classes has been retained in Table 6.3.
The range of values for RI is from 11 (West Cork Cu–Ba District) to 66 (Ballycorus)
with an overall average of 31.

Within Class I sites, Avoca ranks as the least

regenerated site with an RI of 49, followed by Silvermines at 39 and Tynagh at 28.
With the exception of Tynagh both the other Class I sites are well above the RI
average. Overall sites in Table 6.3 with an RI less than or equal to the average
number 17 (from the West Cork Cu–Ba District to Allihies) possibly indicate a level of
regeneration that is acceptable. The sites with RI values greater than the average
are:
Clements (Connemara Pb)
Leinster Coalfield
Hollyford (Tipperary Minor Cu)
Ballyvergin (Clare Pb)
Silvermines
Abbeytown
Caim
Avoca
Kilbricken (Clare Pb)
Ballycorus
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Table 6.3 Regeneration index for sites scored in the HMS-IRC project.
It should be remembered that these are aggregate values for the site as a whole and
there could still be issues with individual waste piles, contamination or mine
discharges.
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The RI could be used in conjunction with the Class designation to assist in prioritising
sites for further study or action. Table 6.4 presents a possible prioritisation. On this
basis within the Class I sites, Avoca is prioritised followed by Silvermines and
Tynagh. Within Class II sites there is only Glendalough–Glendasan. Within Class III
sites, the order is the same as the initial ranking – Caim followed by Glenmalure. For
Class IV sites, Ballycorus remains on top but Gortdrum drops to the last place in this
class with the two included coalfields jumping above Gortdrum and staying in the
same order (Gortdrum is classed lower as there rounding without decimal places has
been carried out). Within Class V sites the priority sites are Kilbricken, Abbeytown,
Ballyvergin, Hollyford and Clements.

Table 6.4 Possible prioritisation for further study or action at the HMS-IRC sites.
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6.3.2 Pathways
Each pathway contributes differently for each site depending on the individual
conditions at the site. The highest individual score for the groundwater pathway is
at Tynagh (1,239), for the surface water pathway Tynagh (1,293), for the air
pathway Silvermines (64), for the direct contact, waste piles pathway Silvermines
(351) and for the direct contact, stream sediments pathway Glendalough–Glendasan
(345).
At each site the relative proportion varies.

The percentage contribution of each

pathway to the final site score is presented in Figure 6.2.

The predominant

contribution comes from either the groundwater or surface water pathways. Table
6.5 provides a summary of the dominant pathway for each of the sites scored.
No. of Sites
where the
Pathway

Given

Sites

Pathway is
Dominant
Groundwater

6

Ballycorus, Abbeytown, Ballyhickey,
West Cork Cu-Ba, Hope, Benbulben

Surface Water

18

Tynagh, Silvermines, Avoca,
Glendalough–Glendasan, Caim,
Glenmalure, Gortdrum, Leinster
Coalfield, Slieve Ardagh Coalfield,
Clements, Connacht Coalfield,
Kilbricken, Allihies, Ballyvergin,
Keeldrum, Clare Phosphate (Doolin),
Bunmahon, Hollyford

Air

0

Direct Contact (waste

0

piles)
Direct Contact (stream

3

Tassan, Clontibret, Glentogher

sediments)
Table 6.5 List of sites with their relevant dominant pathway.
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Figure 6.2 Relative contributions by pathway to the final score at each site. 1. Tynagh, 2. Silvermines, 3. Avoca, 4. Glendalough–Glendasan, 5.
Caim, 6. Glenmalure, 7. Ballycorus, 8. Gortdrum, 9. Leinster Coalfield, 10. Slieve Ardagh Coalfield, 11. Clements (Connemara Pb), 12. Connacht
Coalfield, 13. Kilbricken (Clare Pb), 14. Allihies, 15. Abbeytown, 16. Tassan (Monaghan Pb), 17. Ballyvergin (Clare Pb), 18. Ballyhickey (Clare
Pb), 19. Keeldrum (Donegal Pb), 20. West Cork Cu-Ba, 21. Clare Phosphate (Doolin), 22. Bunmahon, 23. Hope (Monaghan Pb), 24. Clontibret
(Monaghan Pb), 25. Glentogher (Donegal Pb), 26. Benbulben, 27. Hollyford (Tipperary Minor Cu).

%

The dominant pathway for all Class I, II and III sites is the surface water pathway. In
addition, the surface water pathway is the dominant pathway for 18 (67%) of the sites.
The groundwater pathway is the next most dominant being the principal contributor to six
sites (22%) and direct contact (stream sediments) is the dominant contributor in three sites
(11%). Neither the air pathway nor the direct contact (waste piles) pathway is a dominant
contributor to scores.

Overall the air pathway contributes little to the scores while the

direct contact (waste piles) is a significant contributor to only two sites – Ballycorus and
Ballyhickey.
Table 6.6 provides a list of the percentage contribution of the groundwater pathway to the
overall site score for each of the sites scored. At Hope all of the final score is contributed

Table 6.6 Percentage contribution of the groundwater pathway to the overall site score.
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by the groundwater pathway while this pathway also contributes significantly (>40%) to
the final scores for Benbulben, Ballyhickey (Clare Pb), Abbeytown, Tynagh, Avoca, the
Leinster Coalfield, Clare Phosphate (Doolin), Ballyvergin (Clare Pb), and the West Cork Cu–
Ba District.

At the opposite end of the spectrum the groundwater pathway does not

contribute to the final score for either Clontibret or Glentogher.
Table 6.7 provides a list of the percentage contribution of the surface water pathway to the
overall site score for each of the sites scored. Hollyford is at the top of the list with an
overall contribution of 80% from the surface water pathway. Other sites to which the

Table 6.7 Percentage contribution of the surface water pathway to the overall site score.
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surface water pathway is a significant (>40%) contributor to the final score are: the
Connacht Coalfield, Clements, Keeldrum, Glenmalure, Bunmahon, Clare Phosphate (Doolin),
Ballyvergin,

Caim,

Kilbricken,

the

Leinster Coalfield,

Tynagh,

Avoca,

Abbeytown,

Silvermines, Gortdrum, Glendalough–Glendasan, and Allihies. The surface water pathway
does not contribute significantly to the total score for Benbulben, Tassan, Ballyhickey, Hope,
and Clontibret.
Table 6.8 provides a list of the percentage contribution of the air pathway to the overall site
score for each of the sites scored. The air pathway is the least significant pathway and

Table 6.8 Percentage contribution of the air pathway to the overall site score.
does not contribute significantly to any site score. For most sites the contribution is nil.
Only nine sites registered a score (within the bounds of rounding errors), namely,
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Gortdrum, Silvermines, Tynagh, Ballycorus, Ballyhickey (Clare Pb), Glendalough–Glendasan,
Abbeytown, Glenmalure and Avoca.
Table 6.9 provides a list of the percentage contribution of the direct contact (waste piles)
pathway to the overall site score for each of the sites scored.

The site that had the

greatest contribution from the direct contact pathway is Ballycorus, with 33%. Only two
other sites had a significant contribution from this pathway – Ballyhickey and Gortdrum.

Table 6.9 Percentage contribution of the direct contact (waste piles) pathway to the overall
site score.
Table 6.10 provides a list of the percentage contribution of the direct contact (stream
sediments) pathway to the overall site score for each of the sites scored. Three sites have
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a percentage contribution greater than 50% – Clontibret, Glentogher and Tassan. All three
sites are small.

Other sites with a significant contribution include the Slieve Ardagh

Coalfield, Glendalough–Glendasan, Allihies and the West Cork Cu–Ba District.

For most

sites, this is not a significant pathway. The principal impact from direct contact (stream
sediments) is for watering livestock and wildlife.

Table 6.10 Percentage contribution of the direct contact (stream sediments) pathway to the
overall site score.
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6.3.3 Specific risks
The HMS-IRC scoring system provides an effective ranking of mine sites investigated in
terms of their potential to affect human or animal health or to have a negative impact on
the environment. One effect of the ranking system, however, is that, by focusing attention
on a few Class I, II or III sites, it can draw attention away from specific problems on
smaller, low-ranking sites. Ranking is a relative concept and a low ranking does not mean
that any given site is free of significant health or environmental risks that may need to be
addressed. For example at Ballyvergin, a Class V site, Pb concentrations in excess of 20%
were measured in fine-grained mine waste in an area used by cattle for feeding. These and
other instances are detailed in the individual site reports.

151

CHAPTER 7
Conclusions
7.1 Environmental conclusions
The conclusions in this section incorporate the work that was carried out to examine the
chemical characteristics of each of the mine sites and their impact on human and animal
health and the environment.

Conclusion 1
Ireland possesses an abundance of historic mine sites dating from the Bronze Age to the
late 20th century.

Conclusion 2
The HMS-IRC scoring system provides an effective ranking of mine sites in terms of their
potential to affect human or animal health or to have an impact on the environment. Based
on their scores, sites are assigned to one of five classes ranging from I (high priority) to V
(low priority).

Conclusion 3
The three Class I sites are Silvermines, Tynagh and Avoca.

Conclusion 4
The Class II site is Glendalough–Glendasan.

Conclusion 5
The two Class III sites are Caim and Glenmalure.

Conclusion 6
The four Class IV sites are Ballycorus, Gortdrum, the Leinster Coalfield and the Slieve
Ardagh Coalfield.

Conclusion 7
The seventeen Class V sites are Clements, the Connacht Coalfield, Kilbricken, Allihies,
Abbeytown, Tassan, Ballyvergin, Ballyhickey, Keeldrum, West Cork Copper–Barium District,

152

Clare Phosphate (Doolin), Bunmahon, Hope, Clontibret, Glentogher, Benbulben and
Hollyford.

Conclusion 8
Lead is the single most important contaminant on Irish mine sites in terms of its toxicity,
the concentration in which it is found, the quantity of Pb-enriched material, and its
geographical dispersion on and around mine sites. It is present in high concentrations in 13
out of 27 districts investigated, not only in solid waste but also in mine waters and in
surface waters and stream sediments downstream of mines. Mine districts and sites most
severely contaminated by Pb include Caim, Clare Lead Mines, Glendalough, Silvermines and
Tynagh.

Conclusion 9
The routes that have the dominant effect on the final scores are the surface water and
groundwater pathways.

Conclusion 10
Acid mine drainage is characterised by low pH and high acidity, and when generated in
metal or coal mines is typically rich in metals such as Fe, Mn, Al, Cu, Pb, Ni and Zn, and
therefore potentially toxic to aquatic organisms. At Avoca mine, AMD has had a major
impact on the Avoca River. Low pH and high acidity are also found in some mine waters at
the Slieve Ardagh, Leinster and Connacht Coalfields.

However, only in the Connacht

Coalfield is there volumetrically significant discharges of AMD.

Relatively high

concentrations of Al, Ba, Cd, Fe, Mn and Ni are present in water in these mine districts.

Conclusion 11
The sites of the former ore processing plants at Gortdrum, Silvermines and Tynagh are
significantly contaminated by heavy metals. In all three cases, the sites are being utilised
by new businesses. Contaminants include not only the metals produced from the site, such
as Pb, Zn and Cu, but also minor constituents of the ore that have become concentrated
during processing. These minor constituents include As and Hg, which have been found in
concentrations exceeding 1,000 mg/kg. Arsenic is also present in high concentrations in
solid waste outside of processing areas at both Avoca and the Clare Pb Mines. Despite its
occurrence at high concentrations in solid waste, As has not been detected in surface
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waters downstream of mine sites at concentrations in excess of the Draft EC Surface Water
Regulations.

Conclusion 12
Draft EC Surface Water Regulations set low limits for some metals that occur in significant
concentrations in surface water downstream of Irish mine sites. These metals include Cd,
Cu, Pb and Zn. They pose risks to aquatic ecosystems even at low concentrations and may
require inclusion in surface water monitoring programmes.

Conclusion 13
Concentrations of Cu in stream sediment are very high downstream of some sites, notably
Allihies, Avoca and, in West Cork, at Glandore and Ballycummisk. The potential for impact
on the aquatic ecosystem may warrant further investigation. The total Cu concentration in
surface waters downstream of mines indicates significant impact on water chemistry from
mine discharges at some sites. However, numerous upstream surface water samples and
even some groundwater samples also contain Cu in excess of regulatory levels, indicating
that mine waste is one of a number of sources of elevated Cu in surface water and
groundwater.

Conclusion 14
High concentrations of Zn in solid mine waste pose no threat to human health. However,
high concentrations of Zn in stream sediments and/or downstream surface waters at Avoca,
Glendalough, Silvermines and Tynagh pose a risk to livestock and the aquatic environment.

Conclusion 15
Selenium is a common component of phosphate rock and the shales that typically host it.
Leaching of Se from solid waste heaps at phosphate mines in the USA has led to significant
downstream Se contamination of aquatic organisms, mammals, birdlife and grazing animals.
The concentration of Se in solid waste from the Clare Phosphate deposits (18–30 mg/kg)
falls within the range of concentrations reported for US phosphate mine waste. While there
is no evidence for leaching of Se into the aquatic environment, a large part of the former
mine site is now used as grazing land and may pose a risk of Se toxicity to grazing animals.
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Conclusion 16
Some mine waters have very high concentrations of both total and dissolved Al. There is an
inverse relationship between pH and Al concentration, with those mine districts with low-pH
water, such as Avoca and the three coalfields, having the highest concentrations of Al in
mine water and downstream surface waters. Concentrations of total Al measured in surface
water downstream of these sites are typically in excess of both drinking water standards
and Canadian guidelines for the protection of the aquatic environment.

Conclusion 17
Nickel is enriched in mine water, downstream surface water and stream sediments at some
sites in the Irish coalfields.

It is also found in excess of the Draft EC Surface Water

Regulations downstream of mines such as Avoca and Tynagh.

Conclusion 18
The following site-specific issues were identified during the course of the project
Abbeytown
•

Pb- and As-rich leachate from the tailings pond enters the estuary at Ballysadare
Bay.

Avoca
•

Measured Pb concentrations exceed 1% in solid waste at Connary, a site where
sheep graze.

Ballycorus
•

Pb concentrations exceed 1% in solid waste at Ballycorus in an area popular with
walkers and horse riders.

Caim
•

Pb concentrations exceed 5% in a solid waste heap at Caim, used by quad bikers
and others.

Clare Pb District – Ballyvergin
•

Pb concentrations in excess of 20% were measured in fine-grained mine waste in an
area used by cattle for feeding at Ballyvergin.

Glendalough
•

Measured Pb concentrations exceed 10% in solid waste at the Hero Processing site,
at the head of the Glendasan Valley. The site is very popular with tourists.

•

High concentrations of Pb and Zn were measured in stream sediments in Glendasan
River downstream of the mines.
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Glenmalure
•

Measured Pb concentrations exceed 10% in solid waste at Ballinafunshoge,
Glenmalure, a site popular with quad bikers.

Gortdrum
•

Very high concentrations of Hg (>0.5%) and As (> 1%) were measured in solid
waste at the site of the former processing plant, now the site of an active business.

Silvermines
•

Very high concentrations of Pb (>2%) and As (>0.1%) were measured in solid
waste at the site of the former processing plant in Garryard, now the site of an
active business.

Tynagh
•

Very high concentrations of Pb (>2%) and As (>0.1%) were measured in solid
waste at the site of the former processing plant, now the site of an active business.

•

A Cd-rich discharge from a waste heap crosses grazing land and seeps underground,
potentially affecting groundwater.
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CHAPTER 8
Recommendations
8.1 Environmental recommendations
The recommendations in this section arise from the findings of the work that was carried
out to examine the chemical characteristics of each of the mine sites and their impact on
human and animal health and the environment.

Recommendation 1
The Local Authorities should be advised of all issues of environmental concern falling within
their functional area. Other authorities such as the HSE, the HSA and Teagasc may also
need to be informed of specific relevant issues.

Recommendation 2
Sites assigned to Class I should have a full environmental risk assessment carried out, if not
already undertaken. Ongoing monitoring should be carried out at these sites.

Recommendation 3
The site assigned to Class II should have general monitoring of most or all waste piles,
discharges or stream sediments carried out on an annual basis.

Recommendation 4
Sites assigned to Class III should have specific monitoring on particular waste piles,
discharges or stream sediments on a biennial basis.

Recommendation 5
Sites assigned to Class IV should have specific monitoring on particular waste piles,
discharges or stream sediments on a five-yearly basis.

Recommendation 6
Sites assigned to Class V generally do not require any specific monitoring.
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Recommendation 7
In order to comply fully with the Directive an inventory of closed aggregate and stone
operations (quarries and pits) should be carried out.

Recommendation 8
A scientific-based scheme of monitoring should be developed appropriate to each of the site
classes incorporating relevant expertise from the EPA and the GSI.
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Glossary of Abbreviations
EPA
GSI
EMD
ATSDR
MA-ES
HMS-IRC
DOC
TMF
XRF
WHO
ICP-MS
ICP-AES
<DL
EC
BOD
COD
TDS
TSS

Environmental Protection Agency
Geological Survey of Ireland
Exploration and Mining Division
Agency for Toxic Substances and Disease Registry
Multi-Acid Emission Spectrography
Historic Mine Sites – Inventory and Risk Classification
Dissolved Organic Carbon
Tailing Management Facility
X-Ray Fluorescence
World Health Organisation
Inductively Coupled Plasma – Mass Spectrography
Inductively Coupled Plasma – Atomic Emission Spectrometry
Below the Detection Limit
Electric Conductivity
Biological Oxygen Demand
Chemical Oxygen Demand
Total Dissolved Solids
Total Suspended Solids

Elements of the Periodic Table

Al
As
Ba
Bi
Ca
Cd
Co
Cr
Cu
Fe
Hg
K
Mg
Mn
Mo
Na
Ni
P/PO4
Pb
Rb
S/SO4
Sb
Se
Sn
Sr
Th
Tl
U
V
W
Zn

Aluminium
Arsenic
Barium
Bismuth
Calcium
Cadmium
Cobalt
Chromium
Copper
Iron
Mercury
Potassium
Magnesium
Manganese
Molybdenum
Sodium
Nickel
Phosphorous/Phosphate
Lead
Rubidium
Sulphur/Sulphate
Antimony
Selenium
Tin
Strontium
Thorium
Thallium
Uranium
Vanadium
Tungsten
Zinc
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