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Figure 4: Yields and specific capacities of boreholes in ‘Old Red Sandsiore’ formations
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The exceptional yields were obtained in boreholes drilled for a fish farm, and in the absence of other
indications, were assumed to be due to drilling in a major fissure zone, perhaps a major fault. There
have been attempts to repeat this success in a couple of areas, by using air photos and/or geophysical
surveys to identify suitable zones, and these have met with some limited success, although the Dingle
yields have not been repeated. To some extent, there are indications that yields are higher in the
coarser formations (conglomerates and coarse sandstones) and poorer in the finer formations
(mudstones, siitstones and fine sandstones).

In County Waterford, most of the medium-sized public supply sources draw from this aquifer, and it
has been classified as locally important, as also in South Tipperary, under the groundwater protection
schemes prepared by GSI for these counties. If we can get some confirmatory evidence, it may be
possible in time to be more discriminating and to classify the coarser formations as ‘Lm’ or even
‘Rf.

Quaternary Sands & Gravels

As elsewhere in Ireland, Quaternary deposits are very widespread and very variable in composition.
Gravelly deposits thick enough and extensive enough to constitute aquifers have been investigated
and/or developed in several places:

Brinny, near Inishannon, Co. Cork, boreholes for industrial use
Carrigtwohill, Co. Cork, boreholes for industrial use

Ardfert, Co. Kerry, for public supply

Minane Bridge, Co. Cork, for public supply (infiltration gallery)
Enniskean, Co. Cork, for public supply (infiltration gallery)
Ballyvourney, Co. Cork: exploration for industrial site.

The thickness of the Quaternary deposits can range up to perhaps 60 metres or more in coastal areas.
Where they are rather thin and shallow, the use of infiltration galleries can allow successful
development where boreholes are impractical. Undoubtedly these deposits hold considerable
potential. Figure 5 summarises the yield/specific capacity data for the Quaternary aquifers.
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Figure 5: Yields and specific capacities of boreholes in Quaternary deposits
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The Kiltorcan Sandstone

In 1979 we had just a few hints about the aquifer potential of this formation, mainly from three
boreholes drilled for the Rathluirc water supply. Since then the aquifer has been explored, tested and
developed, particularly in North Cork, and has earned its place as one of the major aquifers in the
country, not only in South Munster but also in the Southeast and the Midlands.

The graph in Figure 6 summarises the available yield/specific capacity data for the aquifer in Cork
and Waterford, and shows that, provided you get the geology right and also drill deep enough, it is
one of our more predictable and reliable aquifers. The one relative failure was a rather shallow well
(80 feet) in the more shaly upper part of the Kiltorcan. Compared with our limestone aquifers it also
has other advantages: it yields a softer water, it is often artesian or sub-artesian, and it generally has
a lower vulnerability,

Figure 6: Yields and specific capacities of boreholes in the Kiltorcan Sandstone
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The Waulsortian and other clean limestones

My 1979 talk was exclusively concerned with the Carboniferous Limestones of the "Southern
Synclines", and it is true that these remain the focus of groundwater exploration and development in
the region.

The abundance of groundwater in the southern limestones has been evident since pre-history, from
the numerous springs, large and small. The region includes many of Ireland's largest springs, such as
Kedrah (Co. Tipperary), Dower (Co. Cork) and Ballymacquin (Co. Kerry).

These springs ensure that the flow in the rivers of the limestone valleys remains relatively constant.
Examination of the annual flow hydrographs of rivers such as the Suir and Munster Blackwater and
their tributaries shows that these rivers are characterised by relatively small ranges in flow, relatively
high summer flows, and rather smooth recession curves. Using the technique of base-flow
separation, it can be deduced that the base-flow component of total flow in most of these catchments
can be as high as 50 to 70% in a dry year such as 1975. Another useful parameter is the "specific dry
weather flow" (i.e. flow per unit catchment area ) and the ratio of dry weather flow to mean annual
flow. Many of the catchments ranking highest for these indices are found in the South Munster
region, and it is the presence of the limestone aquifers, with their large groundwater storage, which
accounts for their position.

Beside these springs, the region has many caves, swallowholes, sinking streams, and other features of
karstification. Many of Ireland's best known caves are in this region, such as Mitchelstown Caves
(Co. Tipperary), Crag Cave (Co. Kerry) and Castlepook (Mammoth) Cave, Co. Cork.

The southern region is not an obviously karstic region in the manner of the Burren or Cuilcagh.
Nevertheless, many of the limestone formations are highly karstified, and their karstic nature is
extremely important in considering both groundwater development and groundwater protection.
Although large areas of bare limestone are uncommon, there are many small outcrops and the subsoil
cover is often very thin. Sinking streams are common. Even where there is a thicker subsoil cover,
this often consists of gravels or gravelly till and gives little real protection. Hence much of the
limestone would be classed as highly to extremely vulnerable under the GSI’s guidelines.

Within the limestone succession of South Munster, several different limestone formations have been
mapped, as the new GSI bedrock maps indicate. The most widespread is the Waulsortian, comprising
coalescences of calcareous mud-mounds. Other limestone formations are more recognisably bedded.
In general, investigations so far have not allowed us to make detailed distinctions between the
hydrogeological properties of the various clean limestone formations. Bridget Scanlon's short study
of the Castleisland area, Co. Kerry, suggested that the main aquifer was the Waulsortian, while the
more shaly bedded limestones and an upper 'reef formation were less productive. However, over
much of the region, the upper part of the limestone succession is absent, having been removed by
erosion.

Figure 7 shows a yield/specific capacity graph for the limestone aquifers of South Munster. The
region includes many of Ireland's highest-yielding wells, including the 'supreme champion' at
Ballynamuck, Dungarvan, yielding 7900 m3/day. Other notably high-yielding wells are recorded at
Cloyne, Mallow and Ringaskiddy, Co. Cork. Where transmissivities can be calculated or estimated,
they are generally in the range of 100-2000 m?%/day.
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Figure 7: Yields and specific capacities of boreholes in Waulsortian and other clean Limestones
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The key to the aquifer characteristics seems to lie in the regional geological structure. The anticlines
are cut by series of shear faults, trending approximately north-south (in fact, varying from north-
northeast/south-southwest to north-northwest/south-southeast). The mapped spacing of these north-
south faults is typically 1 to 5 km. These faults are paralleled by 2 very well developed system of
near-vertical north-south joints, which can be seen in the field (e.g. in quarries) and are commoniy
spaced at intervals of about 0.5 to 2 metres.

Examination of limestone exposures in many places, especially at the coast (Fenit, Co. Kerry) or on
lake shores (Killarney) shows numerous open joints and surface karstification. Evidence of deeper
karstification along these joints can be found in cave surveys, which often show main passages or
galleries about 1 to 6 metres apart. Cioyne Cave, Co. Cork, is one of the best examples, with a dense
maze of passages on a reticular pattern.

Most of the explored caves are either dry or only partially or seasonally filled with water, and thus
reflect past, rather than present, hydrology. However, Carrigacrump Cave, Co. Cork, has passages at
least 15 metres deep, with over 9 metres depth of water measured. Caliper logging of one of the
Cloyne boreholes found a major zone of fissuring at 41 metres below ground (about 20m below
0.D.), and at Ringaskiddy major water inflows were encountered down to about -40m O.D.
Karstification has clearly extended well below present sea levels, presumably during periods when
the sea level was much lower than at present.

There is evidence that sea levels were formerly around 50 to 60 metres below O.D. in Cork City. The
deepest river channels were developed along the outcrop of the "Lower Limestone Shale”, since these
were the rocks least resistant to erosion. The infill to these channels includes the gravel aquifers now
found in places such as Carrigtwohill. The karst we find today is therefore a "drowned' karst, in
which karst voids and conduits created at a time of lower sea levels have once again been filled with
water.

Groundwater level monitoring

For the past 20 years or so, with the help of Cork County Council we have been monitoring
groundwater levels in several wells in southeast Cork, as shown in the example in Figure 8. The
long-term monitoring has been limited to the Waulsortian limestone and the Quaternary, but we have
shorter records from a few wells in the Cork Group and Old Red Sandstone.
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Figure 8: Example of Well Hydrograph, Co. Cork
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The records show the variability of the annual cycle of recharge and discharge; the annual peak,
though usually in January or February, may in fact occur anywhere between October and April, and
once, freakishly, in August (1986), while the annual minimum may occur anywhere between August
and December, though most often it would fall in September or October.

Detailed examination of the records demonstrates the extreme vulnerability of much of the limestone,
‘with very rapid response to rainfall events, even in summer. This is attributable to the widespread
occurrence of sinking streams.

Groundwater Resources and Protection

In our 1979 report to the European Commission (published in 1982) the GSI estimated that the total
available groundwater resources in the ‘Southern Region’, in the main aquifers alone, amounted to
approximately 604 million cubic metres per year, of which about 53 million cubic metres per year
were currently being used. Since that time we have become aware that the Kiltorcan Sandstone is
much more important than we knew, and there are substantial additional resources in the lesser
aquifers. We have not had cause to make new estimates, but we can be sure that the region is still
blessed with abundant groundwater for future development.

The GSI has been involved in this region for many years, particularly in County Cork. County
aquifer protection schemes have been prepared for South Tipperary and Waterford, and we hope to
start on South Cork within the next year. North Cork has had an aquifer protection policy in use for
about 10 years, based on the first GSI scheme, i.e. without a vulnerability component.

Warm Springs

The South Munster group of warm springs includes about 12 springs or spring complexes in five sub-

groups:

o The Mallow complex, Co. Cork, chiefly comprising Lady’s Well, Mallow

o Carraundulkeen, Gneevgullia, Rathmore, Co. Kerry

e The Newmarket group, Co. Cork: Trinity Well, Newmarket, Ballinatona Springs, Meelin (5,800
m>/d abstracted), and Poilnabpiast, Marybrook.

¢ The Kilmallock group, Co. Limerick: Knocksouna springs, Ballynagoul and Garrane springs.

e The Newcastle West group: St. Bridget’s Well, Cregan’s Well, Tobergal, and Camas spring.

Most of the springs emerge from Carboniferous limestone. Trinity Well is an exception in issuing
from Namurian rocks but the hydrochemistry suggests a limestone origin and one can infer that a
vertical fault allows the water to rise to the surface from limestone some distance below. However,
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the abnormal temperatures of these waters implies that they are quite distinct from normal limestone
springs. In at least some cases, the waters may come from a deeper aquifer, probably the Devonian
sandstone (Kiltorcan or equivalent). Some details of the warm springs are listed in Table 1, and
Figure 9 illustrates the temperature variations in Trinity Well (very liittle variation) and

Carraundulkeen Spring (large variations due to mixing with surface water after rainfall).

Table 1: Summary details of warm springs in South Munster

Ref. | Group Name NGR Q.S. Sheet Temperature, °C. Flow, Ips
Max. HIIL Modlaxn Max. Min. Median

2001 | Mallow Lady’s Well W 562986 | Cork 33 22.1 16.1 19.5 31.2 1.5 10.1
2005 | Newmarket Ballinatona 1 R283124 | Cotk 14 13.75 ] 13.2 13.6

Newmarket Ballinatona 2 R 283 124 Cork 14 14.8 14.4 14.5

Newmarket Trinity Well R299077 | Cork 14 15.2 14,1 14.5

Newmarket Marybrook R 430 046 Cork 23 (13.0)
2006 | Gneevgullia Carraundulkeen W 116984 | Kerry 60 17.5 10.0 16.85 7.9 4.5 57
2003 | Newcastle W. St. Bridget's Well R 265326 | Limerick36 | 14.0 12.3 13.1 4.67 0.2 1.7

Newcastle W. Cregan’s Well R 266 313 Limerick 36 14.0

Newcastle W. Camas R 281 288 Limerick 44 13.0

Newcastle W. Tobergal R 315279 Limerick 44 14.0 13.2
2004 | Kilmaillock Enocksouna 4 R 566 276 Limerick 47 | 16.1 15.3 15.6

Kilmallock Ballynagoul 1 Limerick 47 17.0

Kilmallock Ballynagoul 2 Limerick 47 15.7

Kilmallock Garrane Limerick 47 13.0

Figure 9: Temperature variations in warm springs: Trinity Well, Newmarket, Co. Cork and
Carraundulkeen Spring, Gneevgullia, Co. Kerry
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Conclusion

In terms of its groundwater resources, the South Munster region vies with the Southeast region as
Ireland’s richest, The Southeast has more extensive aquifers but South Munster tends to have the
highest productivity and is aided by a more abundant recharge, which also tends to improve prospects
in the poorer aquifers. As yet, these abundant resources have been developed only to a fraction of
their potential and we can expect that in the years to come, the region will come to make much more
use of this exceptional resource.
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COSIMA '
CONTAMINATED SITES MANAGEMENT SUPPORT SYSTEM

Maura Minogue, Senior Executive Engineer, City Engineer’s Computing Applications, Cork
Corporation
John D.Flynn, Senior Executive Engineer, Environment Section, Cork Corporation.

The COSIMA project is being developed as part of the Telematics Application Programme
Jor the Environment Sector, under the aegis of DGXIIL It is part-funded by the E.U.

ABSTRACT

The COSIMA consortium comprises of five cities: Cologne (D), Cork (IRE), Bologna (1),
Amsterdam (NL) and Katowice (PL). Moreover, three software development firms are
involved: ESBI (IRE), ESRI (D) and ESRI (Italia), and these firms are acting as the
Industrial Parmers of Cork, Cologne and Bologna respectively. This group is developing a
computerised integrated Contaminated Sites Management Support System (' CSMSS) to assist
environmental, planning and other experts in identifying, assessing, registering and
remediating sites which may have been contaminated through previous use - e. g. industrial
or landfill sites.

Sites must be investigated to assess the nature and extent of contamination, if any, and may
require remediation to make them safe and suitable for further use. The COSIMA
consortium is developing and agreeing a common approach for the investigation, analysis
and remediation of contaminated sites, and is further developing and implementing an
appropriate support and analysis system on two different Geographic Information System
(G.1S.) platforms: Intergraph and Arclnfo.

The developed system will handle graphics, maps, photographs, etc. and databases including
testing and analysis methods as well as results, remediation methods, and cross references to
standards for investigation into, remediation and re-use of sites.

The final system and methodology will be standardised across the consortium as far as
possible, and will provide a user-friendly map based tool to support contaminated sites
management. The standardisation, based on five cities facing common problems, will ensure
that the developed CSMSS will be a useful tool to any body in the management of potentially
contaminated lands.

OBJECTIVE:

The objective of the COSIMA project is to develop a G.1.S.-based Integrated Contaminated
Sites Management Support System {CSMSS) to assist environmental, planning and other
experts in registering, assessing and remediating sites. This is necessary for environmental
and economic reasons as follows:

e Contamination caused by industrial and other activities may present a danger to human
beings and to the natural and built environment.

* The continuing spread of urban areas demands more and more green field sites. It is
desirable to recycle/redevelop historic industrial sites (Brown Field) which may be
derelict.

* These Brown Field sites, because of their locations, are often high quality sites for
investors. Therefore their development is an important factor in urban development and
planning, and in attracting inward investment.



+ There is a lack of an appropriate support system for contaminated sites management. The
in-house data necessary for checking potentially contaminated sites is held in different
areas in the cities and is not integrated. Investigations are presently carried out and
analysed manually, and are time-consuming.

¢ COSIMA will develop a new product which will be marketable across the European
Union.

METHODOLOGY:

A methodology has been developed by the cities to carry out Risk Analysis on any
potentially contaminated site.

1. Initial Investigation:

There must be an initial evaluation of the site history through examination of old maps, aerial
photographs and archival records to identify/quantify previous site use. If the results of the
initial investigation indicate that a risk may exist the investigation moves to the Screening
Phase.

2. Screening Phase:

In this phase the decision is made as to what we must investigate for in general terms, and to
what initial extent. It comprises three steps:

® Programme of Testing

e Actual testing

* Evaluation of test results and risk analysis

If after the Screening Phase the site is found to be a possible risk and further examination of
the extent of the contamination is needed then the investigation moves to the Detailed
Investigation Stage.

3. Detailed Investigation Stage:

This will normally be underaken to define more accurately the extent of

contamination/contaminants - e.g. Hot Spots etc. - and again consists of

e Planning a programme of testing

s Carrying out tests to establish in detail the extent of the area contaminated and the levels
of contamination.

e Evaluation of test results.

Based on the results of the detailed examination an expert evaluation is carried out and a
decision on whether or not to remediate is taken. Where remediation is necessary the target
levels of remediation are set and after remediation these are checked before any development
is allowed. ‘

APPROACH:

¢ The approach in COSIMA is user-led development, where the personnel who will use the
CSMSS in each city specified their needs and these were integrated into the system.
Compliance with these needs is subject to ongoing verification through the project.

¢ The existing G.LS. (Geographic Information Systems) platforms in each city are being
used for the development of the system.

» The consortium standardises where possible on terms, symbols and data storage tables
across the cities.



WORK PLAN:

In order to achieve the aims of the project and to fulfif the contract with the European Union
the project was divided into a number of work packages together with ‘deliverables’ to be
supplied to the Commission. There were six key work packages identified by the consortium
as essential to complete the contract with the Commission. These workpackages are at
various stages as outlined below.

¢ WP Harmonisation of Terminology and Methodology

This is now complete.

This was necessary so that all cities in the consortium would have common terms and
definitions. It forms a ‘Handbook for Contaminated Sites Management” in English-German,
English-Dutch, and English-Italian. We hope to have an English-Polish version also by the
end of the project. The handbook includes definitions of expert terms in the field of
contaminated sites, explanations of limits, threshold values, target values, background values
for toxic substances, remediation and examination techniques, and definitions of medical
terms.

* WP1 Analysis of Users Needs

This is now complete.

This was developed through face-to-face interviews, questionnaires and discussions between
the personnel that will use the system and the industrial partners. The resulting “deliverable’
document identifies data required, system functions required, existing data, locations and
formats etc.

o WP4 Uniform Data Model (UDM)

This is now complete.

The UDM defines all the objects, attributes and realtionships necessary to deal with all areas
associated with contaminated sites management including Registration, Risk Assessment and
Remediation. While the UDM is an overall comprehensive model, each of the cities may
choose to develop their system based on a sub-set of this model.

s WP5 Harmonised Presentation Model (HPM)

Work on this is ongoing and is due for completion by the end of July 1997.

The graphical presentation of data (e.g. contamination type, well locations, historical
industrial site) will be the same in each city as far as possible - i.e. Colour codes, Line styles,
symbols, levels/layers etc. for presentation of map and analysis data, will “look” the same
where possible across the cities. However, the developed system must be flexible in
presentation because of varying national and local standards.

The deliverable is a document defining in detail how data is to be represented.

e WP6 Intecration of Existine Data Infrastructure

Work on this is ongoing and is due for completion by the end of September 1997.

The objective is to identify and describe in detail the existing Data Processing systems and/or
Digital data in each city which is to be integrated into the CSMSS. To date we have
identified the full extent of the Data and/or Systems Infrastructure, sources and formats to be
integrated in each city.



Examples of these for Cork would be:

- Planning Register - Water records

- Derelict Site Register - Drainage records

- Census information - W.E.P.S. system
- Ordnance Survey Maps

among others.

Work has also started on the examination of the interface of the required data,
The deliverable is a document defining in detail the Data Infrastructure to be integrated into
the CSMSS.

o WP7 User Interfaces

Work on this is ongoing and is due for completion by the end of January 1998.

In this work package our industrial partners will detail the design of the software and will
code, document and unit test it. The User Interface must fulfil the function defined in the
User Needs Analysis (WP1) and the Harmonised Presentation Model (WP5).

The deliverable is CSMSS - a turnkey G.1.S. application providing user-friendly access to
and analysis of data for the management of potentially contaminated lands.

FUTURE PLANS 1998:

¢ Towards the end of COSIMA two ‘Demonstrators’ will run in the Environment
Departments of Cork and Cologne. These Demonstrators will test the CSMSS using real
data from selected (suspected) Contaminated Sites.

* Using these Demonstrators, the success of the developed CSMSS will be assessed on the
basis of a detailed Validation Plan. Direct and indirect impacts on various appraisal
groups will be assessed as far as practicable during the Demonstrators, but due to time and
financial restrictions, these assessments will be incomplete.

* Bologna and Katowice at a future date hope to implement their own CSMSS systems.

© The software partners will, on the basis of the prototypes developed in Cork and Cologne,
market COSIMA on a European wide basis. '

We would like to thank Mr. J. Higgins; Cork City Manager and Mr. W. A, Fitzgerald, City
Engineer, Cork Corporation, for allowing us to present this paper to the I.A.H., and also to
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