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Issue 54 of the Irish Groundwater Newsletter comprises three sections. The first, Irish hydrogeology past, present
and future, is more reflective in tone than is usual in the Newsletter. This is because 2016 marks the 60th
anniversary of the setting up of the International Association of Hydrogeologists and the 40th anniversary of the
setting up of the Irish Chapter. This seemed an appropriate moment to consider the past and the possible future
for groundwater resource activity in Ireland. Whilst the IAH Chapter and hydrogeology in Ireland are not
synonymous and awareness of groundwater as a resource pre-dates 1976 by some decades as the article by Bob
Aldwell reminds us, since its inception, the Irish IAH Chapter has played a leading role in emphasising the
importance of groundwater investigation, exploitation and management. Significant present-day aspects of
groundwater management are described in two contributions and the Section is rounded off with a whirlwind
tour of Irish hydrogeology in 2056 as envisaged by Gerry Baker.

Section 2 presents summaries of completed and on-going groundwater investigations over a range of topics,
together with a timely article clarifying the terminology used in groundwater source protection.

The final section includes news from the main bodies involved with groundwater in Ireland and a listing of recent
literature likely to be of interest to hydrogeologists working in Ireland —this will appear in alternate issues of the

Newsletter.
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Memories of Groundwater Use and Development in Ireland, from 1950
to 1976

C.R. Aldwell
Retired Geological Survey of Ireland

Celebrating 40 years: the establishment of the Geological Survey’s Groundwater Section and the IAH
(Irish Group)

The first half of the twentieth century was a tur-
bulent period in Irish history as the population
endured the privations of two world wars, the
war of independence and the civil war, and an
economic war with Britain in the 1930s. The pro-
vision of basic facilities such as piped water and
sewerage was a distant dream for most of the
population outside major towns. Problems with
domestic water quality were common, and many
rural people were forced to travel long distances
to collect their water.

With the end of the Emergency in 1946, succes-
sive governments were finally able to make ma-
jor decisions regarding social development in-
cluding the introduction of widespread rural

electrification. The availability of electricity
meant that pumps could be installed in homes
and farmyards to provide clean running water,
thus increasing levels of hygiene and productivi-
ty. In 1950 the Department of Agriculture intro-
duced a scheme of grants for the installation of
piped water in farm dwellings, and this in turn
led to the development of the Group Water
Schemes. Water-on-tap now became an increas-
ing possibility for large numbers of homes and
businesses across the country. An increase in
demand for groundwater resulted in the estab-
lishment of dozens of new well drilling firms. The
period from 1960 to 1976 saw tens of thousands
of new wells sunk throughout the Republic, at a
rate of more than 5,000 wells per year at the

Figure 1 The daily drudgery of getting water from the river in early twentieth century Ireland.
Taken from ‘The Quiet Revolution - the electrification of rural Ireland’ by Michael Shiel (1984).
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Figure 2 One of the back-breaking chores of the farm wife in pre-electrification days. From Shiel (1984).

height of the well drilling boom.

Prior to the 1960s water supplies in Ireland
came almost exclusively from surface water. It
was only as a last resort that the Local Authori-
ties might consider the use of groundwater.
This perception persisted even in the face of
some local examples of highly productive
groundwater supplies, such as springs. At this
time, some notably large supplies of groundwa-
ter from boreholes were utilised by major in-
dustries such as Erin Foods in Carlow, and
Mitchelstown Creameries in Cork. A notable
exception with regard to groundwater use oc-
curred following a particularly dry year in 1959.
In an unusual move the Town Engineer of Dun-
garvan in Waterford, Paddy Walsh, commis-
sioned a production well on the banks of the
Colligan River for public supply, which yielded
120,000 gallons per hour of good quality water.
Walsh had gained some engineering experience
in the Middle East and was obviously aware of
the value of groundwater! By the early 1960s
several Irish drillers (e.g., Barham Brothers in
Belturbet; Dunnes in Mallow) were sinking high
-yielding boreholes, mainly for industrial use.

Since the beginning of the twentieth century,
the GSI had regularly provided free advice to
people who wished to sink wells. The justifica-
tion for this lay in the belief that the value of
the information obtained by sinking the well
would vindicate the time spent answering the
guery. In the early 1950s the Geological Survey
of Ireland had a staff of just five geologists. The
grant scheme introduced by the Dept. of Agri-
culture in 1950 soon led to an avalanche of
groundwater-related queries to the GSI. The
Acting Head of the GSI in 1950, Tom Duffy, was
from a rural area in Monaghan and took these
public requests very seriously. He was heavily
involved in the preparation of water supply re-
ports until his retirement in 1955, and in July
1951 unsuccessfully requested the appoint-
ment of a hydrogeologist to the GSI. Another
key advocate of the national importance of
groundwater issues was John O’Loan, who
worked in the Department of Agriculture.
O’Loan was heavily influenced by a study tour
he had taken in the United States in the late
1940s to visit the lllinois State Geological Sur-
vey. He was greatly impressed by their work on
rural groundwater, and proposed that the GSI




Figure 3
Two early advocates for groundwater issues in Ireland:
John O’Loan (left) and Tom Duffy (right).

take on a similar, essential national role in
providing informed, independent advice on
groundwater to the farming community. O’Loan
was instrumental in highlighting the water scar-
city issues faced by farmers in karstified lime-
stone areas in the west of Ireland.

In 1964 UNESCO set up the International Hydro-
logical Decade (IHD) to coordinate water studies
on a global level. An IHD committee of about a
dozen hydrologists and one part-time hydrogeol-
ogist (the author!) was established for Ireland. A
request from UNESCO for a report on groundwa-
ter in Ireland prompted the hasty formation of
links with the newly formed Groundwater Divi-
sion in the British Geological Survey. Given the
limited resources available in Ireland at the time,
priority groundwater mapping was first carried
out in Kilkenny, shortly followed by studies in
Athenry and Kinvara, Galway.

The increasing international interest in ground-
water issues provided an impetus for the estab-
lishment of a fully-fledged Groundwater Section
in the GSI in 1975, aided by the hire of newly
qualified hydrogeologist Eugene Daly in 1971,
and the part-time hire of world-renowned hy-
drogeologist David Burdon in 1974 (then re-
tired). Along with this author and Eugene Daly,
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two new recruits (Dai Ede and Geoff Wright)
completed the small team concerned with
groundwater and its development in Ireland. As
a progressive step, an Irish Chapter (Group) of
the International Association of Hydrogeolo-
gists (IAH) was established for the whole island
of Ireland with an inaugural lecture in 1976 in
Trinity College Dublin. David Burdon was the
first president and membership came from
both sides of the border. It was agreed that the
ethos of the organisation would be as outward-
looking as possible given that the numbers of
members was so small in the early days. Inter-
estingly, the establishment of the Groundwater
Section in GSI and the Irish group of the IAH
coincided with two consecutive remarkably hot
and dry summers in 1975 and 1976, which
prompted an increased national interest in
groundwater matters.

Since Ireland joined the then European Eco-
nomic Community in 1973, living conditions for
the population as a whole have improved sig-
nificantly, and our attitudes to groundwater
resource research and development have pro-
gressed alongside our European neighbours. In
1976, the first hydrogeological map of Ireland
was included in the “International Hydrogeo-
logical Map of Europe”, undertaken by the IAH
and published by UNESCO. This new European
project was a revolutionary step forward for
hydrogeological mapping. The Irish map was
for it's time the most up-to-date scientific
presentation of the hydrogeological knowledge
of Ireland, and comparable in scale and quality
to the submissions of other European coun-
tries. This map can be taken to symbolise the
emergence of groundwater studies in Ireland
and the establishment of Irish hydrogeology as
a respected scientific discipline in its own right.

Acknowledgements
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ground water:

Ireland’s hidden resource

by C R Aldwell, D J Burdon and E P Daly

Robert Aldwell wes educated st Traditionally, we think of Ireland as a land abounding in waters—
St Marys, Rathmines. He studied “And her misty vales in summer are by falling waters fanned.”
:::':md‘::? m:;‘ To-day, as water is more and more used and misused, the need
He joined the Geological Survey n to search for, and develop additional water resources is be-
that year and has worked since coming of increasing urgency.
mainly on ground water, He s a
of the N: ol C tee
e R Ground water A Renewable Natural Resource
Commitiee of the Wawr Resources Whileground water in many waysresembles ores, fossil fuels and
Division of An Foras Forbertha. other natural resources obtained from the ground by mining or
::';::'.' ""'.:'"2:;;"”"' drilling, it differs sharply from them in that it is generally a re-
P and of the working com- newable natural resource, replenished by a portion of the an-
mittee for the Hydrogeological nual precipitation, From this basic difference there arises a num
Map of Europe. ber of considerations which affect the survey, the develop-
ment and the management of ground water,
Devid ?m::&”,::"m" With reference to the survey and estimation of ground water
.w' College (1949) and the resources, it is necessary to consider not only the geological en-
DSc from NUO (1963). He vironment through which the ground water moves, but also
worked in India (9 yeans), Cyprus the source from which it is replenished. This replenishment
a:::‘:- :ﬁ":m’:‘;v‘:‘“':’z of the ground water forms a most important phase of the over-
1960) in Grescs (to 1963), at the all hydrological cycle, as summarised diagrammatically in Figure
Regional Office in Cairo and from 1, of the article. It should also be noted that as water moves
1964 — 1974 st FAO Headquarters, through the different rocks, it is brought in close contact with
:”"' His posts included Chief, them, and often dissolves and takes into solution some of their
ater Resources Branch, Land
and Water Development Division minerals. The salts so brought into ionic solution in the water
and from 1970 Consulting Hydro- may be studied to obtain information as to the genesis of the
geologst. He 15 presantly hydro- water, These salts may also affect the uses to which the water
”b'gm'“l"’:&?‘o:: may be put. Organic or chemical pollution of ground water can
Gm'mnt of Libya, as well as take place, and could become more frequent as the country
Minerex Ltd, Me is 3 member of develops.

many European and Amaerican
Scientific Societies and has pre.

pored numersus p ond spors. With reference to the development of ground water, there are

dynamic factors 1o be considered, which do not affect ores

Eugene Daly was educated at and have very different application in oil fields, Such dynamic

Blackrock College. He received considerations include : — the effect of one ground water extrac-
2 B.5c from UCD in 1‘m and an tion structure on other nearby extraction structures or springs;
MS from North Carolina State land subsidence; the inflow of other water (possibly sea water)
University, in Hydrology and Water f al al nd b f avod
Resources, in 1971, In the same of poorer chemical quality induced by over-pumping of go
yoar he joined the Geological Sur- quality ground water in certain areas; falls in water level and re-
wey of lnlm:..nc'd is uuwnnw sultant increased |ifts and costs of pumping, due to extraction
working on t round Wamr Re-

SO SF vo Noms Shuos 3 exceeding recharge in any one ground water basin or area.

Last year he received a Diploma

in Mansgement for Engineers from As regards management, ground water differs sharply from
TCD, mining or oilfield practice, in that proper management should

enable the ground water to be used indefinitely, Ground water
management begins with ensuring optimum development, the
prevention of over extraction which could cause serious falls
Fig1 ROUND WATES AND WELLS in ground water levels or deterioration of quality, and with
the protection of the resource from pollution and contamina-
- tion. It may proceed to the concept of artificial (or induced)
3 recharge and to the underground storage of flood water or of
temporarily surplus surface water supplies. It may lead to the

T e b T T identification of dry rock openings which could store waste
N gt e S N s products in @ manner which eliminates pollution and con-
e s stie 5555 7 chs sten 4 tamination effects. The economies of ground water also differ

N ; sharply from that of ores, and fossil fuels, in that it is generally
f ¥y consumed or used close to the point of production and seldom
sent long distances to market or manufacture,

These fundamental differences are noted at the beginning of
this article in order that these aspects of the ground water re-
sources of Ireland may be stressed from the start, and so help
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Figure 4 Front cover of a paper published in Technology Ireland in 1976. The paper summarised the knowledge on
groundwater in Ireland at the time and made a case for the study and use of the resource.
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The 40th anniversary of IAH (Irish Group): A few words on the contribution to
Irish hydrogeology of Eugene Daly (1947-2014)

Bruce Misstear, School of Engineering Trinity College Dublin and Secretary General IAH

Celebrating 40 years: the contribution to Irish hydrogeology of Eugene Daly

As we celebrate the 40th anniversary of the Irish
Group of IAH, it is timely to say a few words
about the contribution to Irish hydrogeology of
one of the Group’s founding members, Eugene
Daly, who sadly passed away on 28th January
2014,

Together with Bob Aldwell and David Burdon,
Eugene played a key role in establishing the
Groundwater Section of the Geological Survey of
Ireland. Eugene was a geology graduate from
UCD who completed a two year Masters in Hy-
drology and Water Resources at North Carolina
State University, funded under a UNESCO Inter-
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national Hydrological Decade scholarship. This
training lead to a continued interest in rainfall-
runoff-recharge relationships and catchment
water balance studies. Eugene joined the GSl in
1971, where he remained for 23 years, before
setting up his own consultancy Eugene Daly
Associates in 1994.

One of Eugene’s major contributions to lIrish
hydrogeology was as a mentor of younger hy-
drogeologists, many of whom received their
introduction to hydrogeology field work as
summer field assistants with Eugene (for exam-
ple: David Ball, Donal Daly and myself).

Figure 1 Pumping test at Swan borehole LS31/1, County Laois, 1976 (left — with Eugene Daly and Donal Daly
standing beside the generator in the foreground); Eugene at a weir across the Nuenna River, County Kilkenny,

1975 (right). Photos by Bruce Misstear.




Figure 2 Sorting through Eugene Daly’s technical papers.
Photos by David Ball and Bruno Teillard.

Eugene was committed to careful field work
(Figure 1), and passed on this enthusiasm to gen-
erations of Irish hydrogeologists and recently at
the Environment Agency in the England.

After his death in 2014, his wife Margaret asked
a few of his former friends and colleagues (David
Ball, Tim Morgan, Bruno Teillard and myself) to
sort through his copious technical papers and
decide which ones should be kept (Figure 2). The
Director of the GSI, Koen Verbruggen, subse-
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guently arranged for the collection of the nu-
merous boxes of papers and reports, for safe-
keeping at the GSI.

Whilst going through Eugene’s technical papers
we were struck by a number of things, including
the thoroughness with which Eugene checked
and revised documents (he kept all his drafts!),
his detailed notes on field activities such as geo-
physical logging and pumping tests, and his nu-
merous sketches of what are now generally re-
ferred to as conceptual hydrogeological models.
Eugene was certainly a keen advocate of the ex-
cellent piece of advice given by Siegel (2008)
that one should contour with one’s head and not
with a computer.

Figure 3 below shows a couple of examples of
Eugene’s sketches of conceptual hydrogeological
models. (The drawing on the left and Figure 4
bring back fond memories to this writer of a trip
to Inishmaan in 1975 for the purposes of down-
hole geophysical logging target blasting opera-
tions which were carried out to try to open frac-
tures and bedding planes in several exploration
boreholes).

One of Eugene’s initiatives when he joined the
GSI was to purchase a geophysical logging unit (a
Gearhart-Owen Portalogger), which was mount-
ed in the back of a Land Rover. Eugene thus pro-
duced the first downhole geophysical logs for
water wells in Ireland (Figures 4, 5 and 6). A key
application of geophysical logging was to identify
aquifer horizons in boreholes for which no geo-
logical logs were available. For example, owing
to their distinctive geophysical log profiles
(single point resistance and natural gamma), the
sandstone aquifer in borehole LS31/1 at Swan on
the Castlecomer Plateau was identified as the
Swan Sandstone and not the deeper Clay Gall
Sandstone as had been previously thought
(Figure 4). Notwithstanding Eugene’s pioneering
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Figure 3 Sketches showing a conceptual hydrogeological model for springs on Inishmaan, County Galway (left); and
an example of a hydrogeological environment suitable for an infiltration gallery (right)

work in this regard, geophysical logging has re- pline was that field work was not receiving the

mained a much underused tool in Ireland. same priority as before. It would be a fitting

In the days leading up to his death Eugene was legacy of Eugene’s contribution to hydrogeolo-

still talking enthusiastically about hydrogeology.
One of his concerns for the future of our disci-

gy in Ireland if we continued to remember the
importance of collecting good data in the field.

GSI Field Work Inishmaan July 1975

Geological Survey of Irefand Landrover with Bruce
Misstear setting up the downhole geophysical
logging equipment in the back

Figure 3 Setting up for geophysical logging an exploration borehole on Inishmaan in 1975. Photo by David Ball.
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Figure 4 Excerpt from field geophysical logging notebook (1975/76) (left); Geophysical logs of borehole LS31/1
at Swan, County Laois (right) (Misstear et al., 1980)
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Figure 5 Detailed hand-written notes on geophysical logs in the Nore River basin (excerpt only)

comer Plateau. Geological Survey of Ireland Re-
port Series RS 80/3, Dublin, 1980, 31 pp
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The origins of the IAH Irish Group’s annual conference

Geoff Wright
Retired Geological Survey of Ireland

Celebrating 40 years: the origins of the IAH Irish Group’s annual conference

When the Irish Group of IAH began, there were
very few hydrogeologists in Ireland. My old in-
ternational IAH membership directory for 1980
records a membership of just 13, of whom
probably 8 could claim to be hydrogeologists.
(By 1990, membership had grown to 23, by 1997
to 48, and by 1999 to 61.) It was a few years be-
fore the group evolved into a professional body
which could also open itself out to the wider
groundwater community — i.e. those who were
involved, perhaps peripherally, in the groundwa-
ter ‘industry’.

The Annual Conference played an important role
in this process, and in all my years of involve-
ment with IAH - the meetings, field trips, etc., it’s
the conference which gives me the most satis-
faction to look back on.

The initial seed was planted in 1979, when Doug-
las Gordon, on behalf of Atlas Copco, organised

a 2-day meeting in Limerick, focussing on the
introduction of the then-new ‘Odex’ drilling sys-
tem, in which the casing can be drilled ahead of
the borehole, using an eccentric under-reamer,
with reverse circulation with foam.

| was impressed by the success of the meeting in
attracting a variety of people involved in ground-
water — primarily drillers, consultants and local
authority engineers. Why couldn’t the IAH con-
vene meetings like this, and get our message out
to a similarly wide audience?

When | became IAH group secretary in 1980, |
wanted to pursue this idea. | had also become
aware that gravel aquifers in Ireland were ne-
glected - largely, it seemed, because few people
knew how to go about developing them. So, |
thought, why not convene a 2-day meeting, at a
convenient location, focussing on gravel aqui-
fers? In those days, the IAH committee had 3

Figure 1
David Burdon in Chad
Photo by David Ball.
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members —the others then being David Burdon
as President and Kevin Cullen as Treasurer. Kevin
was keen on the proposal, David gave us his
blessing, and off we went.

Our chosen venue was the Montague Hotel at
Emo, near Portlaoise — being relatively central,
easily accessible from Dublin, and having a suita-
bly large meeting room and good car parking. It
also had the great advantage of sitting on a grav-
el aquifer, which Eugene Daly had been dealing
with a few months before. This gave us the
chance to stage field demonstrations of gravel
well development and resistivity surveys in the
hotel grounds. The hotel management were very
helpful. (One personal memory of the weeks
before the event — returning home from a
meeting between Kevin and | and the Manager

Figure 2 Bruce Misstear, Bob Aldwell, Eugene Daly and
Donal Daly measuring a water level in 1975. Photo by
David Ball.

in the hotel, | picked up my one and only lIrish
speeding ticket at Ballybrittas!) We were keen to
attract as many well drillers as possible, so we
chose to hold the meeting in late January 1981,
when we though well drillers would be least
busy.

One of the problems of holding a meeting of this
kind is the up-front cost. We had no idea how
many people would come — we thought 40 or so
would be good — so we needed to keep costs
down to a minimum, as the IAH group funds
were very small. The GSI's director, Cyril Wil-
liams, was very supportive, so we were able to
borrow the Survey’s slide projector, overhead
projector and screens (no Powerpoint in those
days!) and use the Survey’s photocopier. The
‘proceedings’ were, in any case, minimal — 36
pages in total.

We minimised speaker expenses by calling in
favours — David Burdon’s company, Minerex,
provided Frank Collar to stage the geophysical
demo, Johnson Wellscreens provided Bill Jung-
mann to give two talks, Ronnie Creighton from
GSI came to talk about the origins of gravel aqui-
fers, and my old mate Lewis Clark came over
from England to give a couple of talks, using
GSI’'s membership of the Water Research Centre
to justify the trip. Ingersoll Rand and Johnson
Wellscreens provided two short films, and Brian
Williams gave a talk on Geophysical investiga-
tions. Finally, we had a series of short case histo-
ries from Eugene Daly, Kevin Cullen, Frank Col-
lar, Peter Bennett, Rod Aspinwall, Lewis Clark
and me. Altogether, a packed programme was
offered, to end about 4 pm on Day 2.

Naturally, in the weeks leading up to the
meeting there was considerable tension. Would
anybody come? Would we cover our costs? In
the event, the response surpassed our highest
hopes, and we had 98 attendees — a figure which
wasn’t surpassed for several years. Even with a
low attendance fee — | think it was £20 — we gen-
erated a satisfactory surplus, which provided a
firm foundation for subsequent years. More




Figure 3 Eugene Daly in Inishmaan in 1975.

Photo by David Ball

importantly, perhaps, we acquired a reputation
for a well-organised, informative meeting which
we strove to live up to from then on.

This initial success emboldened us to try to turn
the meeting into an annual event. For the 1982
meeting, which we moved to late March (to
avoid potential road/weather problems), we
chose ‘Groundwater Development in Limestone
Aquifers’ — obviously relevant to Ireland’s most
important, and often difficult-to-develop aqui-
fers . We probably made a mistake by depending
too heavily on one speaker, an experienced
American driller and friend of John Dunne
(always a great supporter), but the meeting was
still reckoned a success, and we followed up in
April 1983 with a meeting on ‘Cost Factors in
Groundwater Development’. This time we
switched to the Killeshin Hotel in Portlaoise,
which remained the regular venue for many
years afterwards. By this time, the ‘Proceedings’
had expanded considerably, and we could afford
to commission professional photocopying.

By 1983, a pattern had been established. Several
Irish welldrilling firms were always very sup-
portive, but overall the response from the wider
welldrilling community was less than we had
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hoped for. On the other hand, the meetings
proved very popular with local authority staff
and consultants, and to some extent the pro-
gramme each year reflected this. When we be-
gan, | called the meeting a ‘seminar’, to reflect
its educational aims, and it retained this title for
many years. We established some fairly firm,
though not immutable, principles: (1) we would
choose the theme and find speakers who would
speak to their topic, (2) we would only choose
speakers who were known to be good present-
ers, (3) we would avoid overtly commercial
presentations, (4) we would aim for a very high
standard of presentation. | think that all the sub-
sequent annual meetings have lived up to these
same principles.

After our first three years, the organisation was
taken over very successfully by a new committee
(though | came back to it later in the 1980s). For
several years the attendance was boosted by
groups of postgraduate students, from UCG
(thanks to Paul Johston), Sligo Technical College
(Richard Thorn) and Trinity College (Catherine
Coxon), and as a result the 1987 meeting, for
instance, had 126 attendees. Commercial exhib-
its also became a welcome addition to the event,
and provided extra revenue.

As the hydrogeological community in Ireland has
grown and evolved, the annual conference has
evolved appropriately. Clearly the event has be-
come more oriented towards hydrogeology, but
has retained its wider appeal. | think also the
wider audience has become better able to inter-
act with hydrogeologists. Moreover, the annual
event has continued to have a social function, to
be a meeting place where attendees can interact
over meals, coffee breaks and after hours.
Friendships have been formed and maintained. |
don’t think we talked about ‘networking’ in
1981, but that was definitely what we were en-
couraging. So | hope the annual conference will
continue to evolve and to facilitate the interac-
tion of IAH members with groundwater develop-
ers, users, regulators and managers.
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Managing on-site waste water treatment systems for drinking water protection

Brian MacDomhnaill and Barry Deane
National Federation of Group Water Schemes

Irish hydrogeology past, present and future: A collaborative, community-based approach to managing
on-site waste water treatment systems located within the zone of contribution of drinking water
sources.

A project involving the Environmental Protection
Agency (EPA), the National Federation of Group
Water Schemes (NFGWS), the Geological Survey
of Ireland (GSI) and the Local Authority Waters
and Communities Office (LAWCO) aims to
provide a blueprint for a community-based
approach to managing on-site waste water
treatment systems (OSWTS) located within the
zone of contribution (ZOC) of drinking water
sources.

Describing the 2-year collaborative project as
the ‘next logical step’ in better protecting
drinking  water NFGWS  Senior
Development Officer, Barry Deane, describes it
as just one of several outcomes from the on-
going ZOC delineation work being carried out by
the Federation in conjunction with the
Geological Survey of Ireland (GSI) and Dundalk
Institute of Technology (DKIT). He said:

sources,

‘Thanks to the delineation of groundwater
source catchments by hydrogeologists working

‘We always intended that the reports

produced by these studies would become
working documents, rather than gather-

ing dust on shelves...

under the supervision of the GSI and the
mapping of surface water catchments under the
supervision of the Centre for Freshwater &
Environment Studies at DkIT, group schemes
now have the basic hydrological information to
develop informed source protection strategies.

‘We always intended that the reports produced
by these studies would become working
documents, rather than gathering dust on
shelves. This is exactly what is happening. Across
the GWS sector, we are seeing more and more
attention being paid to well-head protection, to
the identification and better protection of
specific pathways — including sinking streams in
karst limestone areas — and to increasing
awareness that what happens in the catchment
may impact negatively on source water quality.

‘While agricultural practices undoubtedly give
rise to most contamination issues in raw water
sources supplying the GWS sector, the
contribution of OSWTS as point source
pollutants cannot be ignored.

‘We are particularly pleased, therefore, that a
pilot project conducted last year on 2 group
schemes in County Louth — aimed at testing the
capacity of group schemes to co-ordinate better
management of OSWTS in their respective ZOCs
— has led on to this more ambitious project that
will include the participation of 6 schemes.’

Across the GWS sector, we are seeing...
increasing awareness that what happens
in the catchment may impact negatively

on source water quality’

Louth pilot

Established in response to the finding from the
first phase of the EPA’s National Action Plan on
OSWTS that poor management of such systems
is a major issue to be addressed, the Louth pilot
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confirmed that householders within group water
scheme ZOCs are positively disposed towards
regular desludging of their OSWTS where that is
co-ordinated by the local GWS board of
management/committee.

Indeed, the scale of the positive response to the
initiative surprised those involved, as all
householders, bar one, agreed that it was a
great idea and a large majority actually signed
up to co-ordinated and tri-annual desludging.

The door-to-door canvass conducted by NFGWS
staff and a representative of the local GWS also
provided an opportunity to engage with local
farmers, making the point that sludge from their
own OSWTS should never be spread within the
ZOC. Again, the response was positive.

Shortcomings identified in the course of the pilot
project were included in a final report issued on
19 May last (available from  http://
www.nfgws.ie/f//OSWTS%20Pilot%

20Evaluation%20final.pdf).
identifying ‘competent’ as opposed to merely
‘licensed’ contractors, but the main shortcoming
was the lack of a dedicated project driver. This

Issues arose with

Figure 2: Door to
door canvass con-
ducted by NFGWS
staff and representa-
tive of local GWS in
Tullyallen GWS, Co
Louth.

meant that there were long periods of inactivity
between various phases of the pilot project, so
that momentum was lost.

It was to address this shortcoming, in particular,
that the NFGWS applied to the EPA for funding
towards a 2nd phase project that would see the
appointment of NFGWS staff members as
drivers. The EPA agreed to this request,
recognising that it would strengthen awareness
of OSWTS issues in a sector that includes some
70,000 rural households in privately sourced
schemes and possibly as many householders
again in the publicly sourced GWS sector.

Grant aid

Following on from the announcement of EPA
grand-aid, NFGWS Development Officers Jean
Rosney and Joe Gallagher were appointed in
early August as Source Catchment Co-ordinators
and a Steering Group was established shortly
afterwards to oversee the project with the first
meeting held on 17 August. The group includes
representatives of the NFGWS, EPA, GSI and
LAWCO.



http://www.nfgws.ie/f/OSWTS%20Pilot%20Evaluation%20final.pdf
http://www.nfgws.ie/f/OSWTS%20Pilot%20Evaluation%20final.pdf
http://www.nfgws.ie/f/OSWTS%20Pilot%20Evaluation%20final.pdf
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Amongst the criteria that were applied in
selecting schemes for the initial roll out of the
project was the stipulation that they would
have already completed ZOC delineation/
catchment mapping of their raw water sources
and would be close to surface waters that are
defined as ‘high risk’.

In addition, the schemes chosen would have a
local manager in place and would have at least
one nearby primary school, as the project will
work through schools to raise awareness about
OSWTS and water quality issues.

Two surface water supplies were identified as
meeting these criteria: Toonagh/Dysart on the
edge of the Burren in North Clare and Erne
Valley GWS in Cavan which draws its supply
from Lough Gowna, a headwater of the Erne
catchment.

Several neighbouring borehole schemes in the
Thurles area of County Tipperary were
identified as suitable also. These include,
Rahealty GWS, Tonagha/Lahardan GWS,
Graigue/Pouldine GWS and Ashill GWS, all of
which are in the catchment of the River Suir.

Delivery model

The Project Co-ordinators will be tasked with
further developing the programme delivery
model, building on the experience gained
through the Louth pilot, with particular regard
to the conclusions and recommendations of the
review report.

They will focus on community education
through engagement with local primary
schools, again building on the Federation’s
work in this area, as well as utilising
infographics and other resources produced by
the EPA.

Identifying and sourcing additional funding
towards the on-going implementation of the
OSWTS programme on future schemes will
provide a further focus for the Project Co-
ordinators, as will the completion of a national
mapping strategy, as the provision of ZOC maps
with households/townlands identified was a
major factor in the success of the Louth pilot
project.

Figure 2: Group Wa-
ter Scheme selection.
From left to right:
Jean Rosney (NFGWS)
Margaret Keegan
(EPA), Taly Hunter
Williams (Geological
Survey) and Joe Gal-
lagher (NFGWS)
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The Local Authority Waters and Communities Office—An Introduction

Ray Spain and Alan Walsh
Local Authority Waters and Communities Office

Irish hydrogeology past, present and future: An introduction to the Local Authority Waters and Commu-
nities Office, set up to coordinate local authority Water Framework Directive (WFD) activities and to pro-
mote public participation in the WFD.

greater public participation in the making and
implementation of those Plans and Pro-
grammes of Measures. These lessons can now

- T be brought forward into the second cycle plan
& CO m m U n I t I GS 2016 — 2021 and it is hoped that greater public

Healthy Waters supporting Vibrant Communities engagement, knowledge sharing and cross sec-
torial collaboration will result in a single River
Background Basin Management Plan (RBMP) for the whole

country that is more relevant to the needs of

The Water Framework Directive 200/60/EC .
local communities.

(WFD) was adopted by the European Union in
2000 to establish a framework across member
states for the protection and improvement of
natural water bodies which include; rivers, lakes, & commumtles

Healthy Waters supporting Vibrant Communities
estuaries, coastal waters and groundwaters.
Tier 1 Water Policy Advisory Committee (Wpac)

Compliance with the WFD is to be achieved Policy & Department of the Housing, Planning, Community and
. . Oversight Local Government (CHAIR), Environmental Profection
through River Basin Management Plans and a Agency (EPA), Office of Public Works (OPW),

Geologmal Survey Ireland (GSI), Commission for

Programme of Measures that are reviewed every Regulation (CER), Department of
leheManne (DFAM), DepcrlmeniA?r

six years. We are now into the second cycle of wa&hG:‘M(DAHGLDmMOf
_ Heal G ement Associati
those plans from 2016-2021. (CCMA), ase,sz"”"gE ee (LISE) [on
The European Union (Water Policy) Regulations . pdwﬁdmmmm.
2014 (S.I. No. 350 of 2014) was introduced to * Sign off on River Basin Management Plan and
Programme of Measures.

give effect to the WFD in Irish law. These regula- ,

; ; ap ; Tier 2 !nviuummdl'rd'odlonhgonqm
tions established a new three tier interlocking vl o i ey
governance structure to implement the WFD Implementation  Framework Directive.

and Reporting ® Monitoring, assessment and reporting.

across the entire country, with clear responsibili- » Preparalion;of Rivee Batin Ma t Plan.

ties assigned to the Minister for Housing, Plan- * Evaluation and implementation of measures.

ning, Community and Local Government, the

EPA and Local Authorities, see Fig.1.
Tier 3 Local Authorities

The obligations on Local Authorities as set out at Regional * The Local Authority Waters and Communities Office.
. . . . o . Implementation e Public engagement and participation.

tier three will require on-going monitoring, li- andPobllc. s Moiiiring Bomicing o anfoesamat aciors

Participation o | seql Authorifies implementing the River Basin

cencing and enforcement actions. The emphasis
Management Plans and Programme of Measures.

on public engagement stems from lessons learnt
during the first cycle River Basin Management

Plans 2009 - 2015, most notably the need for Figure 1: Three tier governance structure: make up and re-
sponsibilities.
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Figure 2: LAWCO office locations

The Local Authority Waters and Communities
Office (LAWCO) was set up February 2016 by
Local Authorities to assist in the delivery of the
tier three obligations. The office is managed
jointly by Kilkenny and Tipperary County Coun-
cils and operates as a shared service on behalf of
all 31 local authorities. This new office is tasked
with delivering two key objectives in connection
with the implementation of the WFD in Ireland:

(i) to coordinate the activities of all Local Au-
thorities in areas connected with the Directive.

(i) to promote public participation in the WFD
process by engaging the public and communities
in the management of their own local water en-
vironment.

LAWCO is headed up by Matt Shortt, Director of
Services, Tipperary County Council and assisted
by Carol McCarthy, Acting Senior Engineer, Kil-
kenny County Council. The office will have a staff
complement of 3 regional coordinators, 3 spe-
cialist support staff based in Clonmel, Co. Tipper-
ary and 12 community waters officers operating
from different centres across the entire country,

see Fig.2 map which shows these office loca-
tions.

Local Authority regional structures

A regional committee structure has been agreed
by Local Authorities to oversee the coordination
of efforts and resources within these re-
gions. Each ‘Local Authority Regional Water &
Environment Management Committee’ s
chaired by a Chief Executive and includes senior
management from the Local Authorities within
each region. LAWCO staff will provide the secre-
tariat to these committees and report back on
progress on the ground.

The committees will prepare regional integrated
catchment management programmes in partner-
ship with public bodies, stakeholders, non-
governmental organisations and local communi-
ties. This structure has oversight over the work
of LAWCO and the application of measures by
Local Authorities on the ground. They will deter-
mine regional priorities, within the overall RBMP
framework and identify opportunities for collab-
orative actions between all water stakeholders,
thus providing continued focus for the allocation
of scarce resources.

Public participation

Public participation is a core element of the WFD
and experiences to date have taught us that the
success of any plans and measures will require a
collaborative approach between communities,
public bodies and all water stakeholders. Good
examples of what can be achieved through local
collaboration is evident in the annual ‘Tidy
Towns’ and ‘Pride of Place’ programmes which
are actively supported by Local Authorities.

A number of catchment initiatives with good
community collaboration have been demonstrat-
ed through the EU LIFE Programmes such as:
DuhallowlLIFE, MulkearLIFE and BurrenLIFE and
also throughout the country under the LEADER
programme.

By looking to the experience of Rivers Trusts in
the UK we can also see the effectiveness of com-




munity stewardship in water quality manage-
ment. Is there capacity for a similar approach in
Ireland?

Funding will be critical if communities are to take
on a greater role in the management of their
local water environment. LAWCO will provide
technical advice and assistance in relation to lo-
cal, regional, national and EU funding streams
connected to water quality management.

River Suir catchment public engagement

LAWCO has set about engaging with local com-
munities with a connection to the River Suir by
holding a series of public meetings in towns and
villages right across the catchment, which in-
cludes the counties of Tipperary, Waterford, Kil-
kenny and Wexford. The purpose of these
meetings was to open out a discussion on the
river, the benefits local communities derive from
it and any local issues impacting on communi-
ties’ enjoyment of the River Suir and its tributar-
ies.

Thirteen meetings were held during September
and October in towns and villages along the R.
Suir extending from Templemore, near the
source of the Suir in the Devils bit mountain, to
Waterford City on the Suir estuary. A further six
meetings are planned for November which will
extend out to coastal communities in counties
Waterford and Wexford.
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As a result of these meetings LAWCO has devel-
oped linkages with Angling clubs, Tidy Towns
committees, walking groups, other public bodies
such as IFl and OPW, Heritage Officers and Envi-
ronment staff, LEADER companies and many
more groups with an interest in the River Suir
catchment. Through these public meetings and
this network of local stakeholders it is evident
that there is an appetite among communities to
get involved in the management of their local
river and to work together across the wider
catchment. LAWCO will facilitate communities
and groups to become more involved in the
management of their local waters and thus pro-
mote a bottom up approach to catchment man-
agement and the implementation of on the
ground measures.

Draft River Basin Management Plan

Successful river basin management planning
clearly requires an integrated approach to the
protection, improvement and management of
the whole water environment. The six-year cycle
of planning, action and review of RBMP provides
opportunity for the development of new ap-
proaches in the management of our natural wa-
ters to meet the demands society places on
them.

Due to restrictions on scarce public resources
during the recent economic recession Ireland is

Figure 3: LAWCO staff from left to
right : Sheevaun Thompson, Alan
Walsh, Michael Pollard, Fran Igoe
and Bernie O’Flaherty




Figure 4: Photo of public meeting in Cahir, Co. Tipperary
shows Fran Igoe discussing the significance of the Lower
Suir SAC in a European context.

now running 2 years behind schedule with the
2nd cycle River Basin Management Plan and
therefore the effective period for the next plan
will run from December 2017 to December 2021.

Notwithstanding this fact a public consultation
process in relation to the second cycle RBMP
was carried out between July and December
2015 when the then Department of the Environ-
ment sought views on what are considered to be
the Significant Water Management Issues in Ire-
land (SWMII). The submissions received under
this process will feed into the forthcoming draft
RBMP.

The draft RBMP will be issued for public consul-
tation from December 2016 — June 2017and will
be made available through Local Authorities.
LAWCO will coordinate and assist Local Authori-
ties with this consultation process. The 2nd Cycle
RBMP will be published in December 2017.

The next steps

At the time of writing there are now nine Com-
munity Waters Officers in place with a further
three to take up their post over the coming
weeks. This will give LAWCO its full complement
of 18 staff.

Initial efforts have focussed on community net-
working and making contact with interested par-
ties for the purpose of developing forums where
these parties (public agencies, communities and
organisations) can discuss and develop themes
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connected with water quality management.
LAWCO will provide technical assistance to com-
munity groups, advice on project planning and
funding and facilitate the interaction and partici-
pation of all stakeholders in the wider catchment
management.

LAWCO, through the ‘Local Authority Regional
Water & Environment Management Com-
mittees’, will seek to coordinate the activities of
Local Authorities in areas connected with the
WEFD, especially where cooperation across ad-
ministrative boundaries is necessary. Coopera-
tion and linkages with other public bodies will
need to be developed for successful collabora-
tion and delivery of projects focussed on improv-
ing the water environment, to this end LAWCO
will open lines of communication and encourage

knowledge sharing.

If we are successful, we will see many more ex-
amples similar to that of IRD Duhallow where
communities have carried out successful water
quality protection and enhancement projects.
We will see public bodies joining forces to deliv-
er projects such as the direct labour flooding
works on the River Tolka by Dublin City Council
and the OPW.

In this newsletter over the past number of years
we have heard about the concept of integrated
catchment management and the necessity for
such an approach if we are to successfully meet
our obligations under the WFD. For catchment
management to be successful in Ireland, all sec-
tors of society must work together. In this way it
will be possible improve the quality of the water
environment to meet our existing needs and to
safeguard a healthy future for all. This approach
is firmly set out in LAWCQ'’s vision statement:

“To be relevant, to work collaboratively

in an open, flexible and adaptable way
that meets the ever changing needs of
society and our natural waters.”
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Hydrogeology in the Future — The next 40 years of IAH Ireland.

Gerry Baker, RPS Aquaterra

Irish hydrogeology past, present and future: imagining Irish hydrogeology in 2056.

As the IAH Irish Group turns 40 we take a look
forward and imagine what hydrogeology might
be like in in the year 2056.

Will there still be a requirement for
hydrogeologists in 20567 Yes, more than ever. As
long as we toil on this earth (and possibly others)
there will always be a need for experts in
groundwater, whose conception of the water
beneath our feet extends beyond underground
rivers. Hydrogeologists will be sought to
investigate, characterise, monitor, model and
make predictions about groundwater. As
biodiversity and water resources are continually
stressed the conservation objectives of our
protected habitats and resources will only
become more stringent, and the burden and
certainty of proof required that the predicted
impacts of ceaseless development will be ever
increasing.

We can expect major developments in our ability
to characterise the hydrogeological
environment. While there will no doubt be
snazzy developments in groundwater models,
these already have the capability to represent
conduit flow processes, dual porosity media and
complex strata topology. What we lack is the
information to populate those models with a
level of detail to adequately represent the
hydrogeological environment.

It’s hard to imagine what will be available to us
in forty years from now. Try to envisage the
technological leaps from 1976 to today and then
to propel that forward at another 40 years at the
current exponential rate of development.

Even now we don’t understand the full
capabilities of the technology we possess. For
instance smartphones, these are the most

technologically advanced piece of equipment
you interact with on a daily basis. The
smartphone is already one the hydrogeologists
essential tools. From the basics like determining
your location on site or getting to site with
google maps and taking georeferenced photos,
to industry specific apps for monitoring
parameter stabilisation during purging, logging
samples with the laboratory, downloading data
from loggers, GIS apps to show your current
location on a geology map.

The capability of smartphones and peripheral
devices in 40 years time will be beyond our
conception. For instance the advances we see in
virtual reality interfaces will be pervasive where |
expect we will be able to use our phones, or
peripherals such as Google glasses, to see the
mapped geology in 3D around us and why not
also see geophysical data, the water-table or
indeed groundwater flow in real time.

The phone will also have thermal imaging
capability which will allow you to observe in real
time where groundwater discharges to a stream
or wetland habitat due to temperature
differentials. Similarly you can download an XRF
app to see the geochemical make up of your
samples.

Some of the most exciting technological
developments of recent years are drones and
nanotechnology. Already drones are commonly
used for detailed topographic surveys of landfills
and mines. Drones will become smaller and
capable of measuring a wider range of
parameters. | forsee that we will have tiny
amphibious drones/nanobots which can be
released into karst swallow holes and from there
they will laser map the internal geometry of a
conduit system while monitoring the flow and
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Figure: Geological Survey drone Photo: Eoin MacCraith
INFOMAR

chemistry of the water flowing through it.

The capacity of remote sensing, airborne or
satellite, will only improve with time. Already the
Grace satellite monitors fluctuations in
groundwater elevations, although at a fairly
course grid. This will only improve with time. The
amazing work of the Tellus programme is
conceivably only the start of a new phase in how
we map our resources, including groundwater.
As airborne geophysical techniques develop
there is every reason to expect the quality,
accuracy and range of measurements to
increase.

Water monitoring has been at the forefront of
the Internet of Things (loT) with the use of
telemetry but we can expect all our equipment
to automatically log measurements to the cloud.
Water quality loggers will be able to monitor an
increasing array of parameters in-situ. Our
monitoring equipment will be powered by
artificial intelligence such that it can make
decisions to increase the frequency of
monitoring if a spike event is occurring, or to
broaden the range of parameters to suit the
hydrochemistry.

Already we are immersed in data. We are
befuddled with level logger data files that record
data at one minute intervals. As more and more
groundwater, surface water and drinking water
sites are monitored at increasingly high
frequencies we will be awash with data.

However Big Data is pointless unless it yields big
ideas. For that we need better data analysis and
visualisation tools. Hydrogeologists in the future
will need to be comfortable working with
massive datasets and have the ability to present
and visualise that data in engaging and
meaningful ways to communicate their
understanding.

Hydrogeologists in 2056 will be dealing on a daily
basis with what we now call emerging
contaminants. New technologies bring new
materials and new wastes and we can’t predict
the issues the future emerging contaminants will
yield and how far behind the plume we will be
when their health implications and transport
mechanisms are fully understood. When DDT
and asbestos were in widespread use they were
lauded. Similarly at present our non-stick house
hold goods have been treated with PFOAs which
are now known to be serious carcinogens. What
new wonder material/product will emerge that
will be embraced before the health effects are
fully understood, just look at the proliferation of
vaping in-lieu of any long term research on its
health impacts!

With all that said, groundwater is for the main
part a blissfully torpid beast. If you consider a
drop of groundwater under your feet now and
presume its situated in strata of fairly standard
permeability (0.1m/d) and effective porosity
(1%) and subject it to a fairly standard hydraulic
gradient (0.001) then the distance that drop of
groundwater would have travelled in the next
forty years is only 146m!

However there is no getting away from the need
to pump a borehole for extended periods of time
to observe the response as the cone of
depression expands. In this age of instant
gratification there is something satisfying about
the slow reveal and in forty years that will still be
the case. It will also still be the case that the
hydrogeologist will be the only one to
conceptualise the results in the four dimensions
and be able to communicate that to our 2D
minded, flat-earth associates.

Looking forward to the next 40 years!
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Groundwater source protection terminology used in Ireland

Taly Hunter- Williams®, Coran Kellyz, and Donal Daly’
Geological Survey of Ireland, *Tobin Consulting Engineers, *Environmental Protection Agency

This paper aims to clarify terminology used for groundwater source protection .

Terminology e  Zone of Contribution (ZOC) is the land area
that contributes water to the well or spring
(Misstear et al 2006). It is a simple, intuitive,
basic hydrogeological definition that is con-
sidered to be the best term for general use.

There are several terms used in Ireland for the
areas around springs and wells, which can lead
to a certain degree of confusion. The most wide-
ly used terms include catchments, zones of con-

tribution, source protection areas, source pro- e Catchment is the land area that contributes
tection zones, capture zones and safeguard water to the well or spring. Like surface wa-
zones, which are described as follows: ter bodies, springs have natural catchment

areas, whereas catchment areas to bore-
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Figure 1: Source Protection Zones (DoELG/EPA/GSI, 1999)
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Figure 2 : Toberdaly Source Protection Zone

(a) zone of contribution / capture zone / catchment; (b)
source protection zone (SPZ) including inner protection
area (Sl) and outer protection area (SO) / safeguard zone;
and (c) source protection zone combined with groundwa-
ter vulnerability, in this example SI and SO comprise low,
moderate, high, extreme and extreme X groundwater vul-
nerability.

holes depend on a number of hydrogeologi-
cal and meteorological factors plus the ab-
straction rate.

e Capture Zone is a common term present in
the literature and is equivalent to the ZOC.

e Safeguard Zone is a specific Water Frame-
work Directive term that encompasses the
same area as the ZOC.

e Source Protection Areas: The Geological
Survey of Ireland developed this terminolo-
gy and the methodology for delineating the
areas (DELG, EPA, GSI, 1999). Two Source
Protection Areas (SPAs) are delineated
which, when combined, are equivalent in
area, shape and orientation to the Zone of
Contribution:

— Inner Protection Area (Sl), designed to
give protection from microbial pollution.

—  Outer Protection Area (SO), encompass-
ing the remainder of the zone of contri-
bution (ZOC).

Different methods can be used to map the entire
Zone of Contribution to a spring, borehole or
dug well, resulting in different degrees of confi-
dence associated with the boundaries of the de-
lineated area. To be able to specify the Inner
Protection within the entire ZOC,
knowledge or estimates of groundwater travel
time within the aquifer are required (e.g. from
site-specific hydrogeological parameters or trac-
er tests).

Zone

The ZOC and the SPA account for the ‘horizontal’
movement of groundwater. Source Protection
Zones are obtained by integrating the Source
Protection Areas with the groundwater vulnera-
bility categories, as shown schematically in Fig-
ure 1. An example of the Source Protection
Zones defined for the Toberdaly source is pro-
vided in Figure 2. The SPZ includes the complete
pathway, both vertical and horizontal, for re-
charge and any entrained contaminants to the
abstraction point.
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(b) plan view
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Figure : lllustration of zone of contribution (ZOC) and zone of influence (ZOl). (amended from USEPA)

Whereas the objective of delineating ZOCs is to
define approximate areas that contribute water
to an abstraction point, the objective of SPZs is
to geo-scientifically characterise the pathway
and receptor elements of risk to groundwater
within the ZOC of a given source (Kelly, 2010).
EPA prepared an advice note on “Source Protec-
tion and Catchment Management to protect
Groundwater Supplies” that outlines the key
measures and policies in place in Ireland (EPA,
2011).

While these three terms essentially encompass
the same total area, there are differences and
they should be used appropriately. It is recom-
mended that for general usage the simplest,
most basic hydrogeological term “ZOC” is used.
“SPA” and “SPZ” are appropriate when consider-
ing protection of groundwater sources and when
a sufficiently detailed study has been undertaken
in order to delineate the areas and zones. The
term “Safeguard zones” is only used with refer-
ence to implementation of the WFD (Daly, 2009).

Other Related Terms

e  Drinking Water Protected Areas are a spe-
cific Water Framework Directive term and
they encompass the same areas as Ground-
water Bodies.

e Groundwater Body is a specific Water
Framework Directive term used to subdivide
aquifers into effective management units,
largely based on hydrogeological rules in
relation to the boundaries, e.g. a ‘no flow’
boundary (GW WG, 2005).

e Drinking Water Safety Plans is a risk assess-
ment and risk management approach to
ensure the ‘safety’ and ‘security’ of a water
supply. In this context ‘security’ refers to
the catchment to the supply and ‘safety’
refers to the quality of the treated water
meeting drinking water standards. Further
details are provided in an EPA Guidance
Note on ‘Developing Drinking Water Safety
Plans (EPA, 2011).

¢ Setback Distances, Exclusion Areas/Zones
are specific terms used to regulate the
spreading of organic fertilisers and other
farmyard activities around drinking water
sources. The regulations (S.I. No 31, 2014)
provide a range of setback distances from a
water source depending on the daily ab-
straction or the number of people served.
The regulations provide for alternate dis-
tances and/or zones to be proposed by a




local authority or Irish Water subject to EPA
approval for abstractions supplying 10m> or
more, of water per day, or serving 50 or
more persons. Further details are given in
the EPA advice note No. 11 (EPA, 2011).

Distinguishing Zone of Influence and Zone of
Contribution

“Unless the water table is horizontal prior to
pumping the ZOC is not the same as the zone of
influence of the pumping well (the zone con-
tained by the radius of influence of the
well)” (Misstear et al., 2006).

The zone of influence (ZOl) is defined by the
“radius of influence” of a pumping well, i.e. the
area where drawdown occurs due to pumping.
Therefore, the ZOl boundary is where the draw-
down is zero. The water table is unlikely to be
flat in Ireland, therefore the ZOC and ZOI areas
and boundaries will never be the same for
pumping wells. In most circumstances, the ZOC
will be larger than the ZOl. The difference be-
tween the zone of contribution (ZOC) and zone
of influence (ZOl) is illustrated in Figure 3. As
shown in Figure 3, the ZOC boundary will extend
further up-gradient than the ZOlI, but not as far
down-gradient.

Summary

e  Groundwater ‘Drinking Water Protected
Areas’ comprise the entire land surface of
the Republic of Ireland as all groundwater
bodies are capable of yielding more than
10 m3/d as an average. We recommend
only using this term for WFD implementa-
tion purposes.

e The simplest and most intuitive term con-
ceptually for the catchment area of a well/
spring is “zone of contribution (ZOC)".

e ZOC area = SPA area (SI+SO) = SPZ area =
safeguard zone area = capture zone. While
these terms encompass the same total area,
they have different purposes. It is recom-
mended using ZOC for general usage as the
most basic hydrogeological term; SPA and
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SPZ as appropriate when considering pro-
tection of groundwater sources; and only
referring to “safeguard zones” when consid-
ering implementation of the WFD.
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New collaborative project on groundwater flooding commenced by

the Geological Survey and University of Dublin Trinity College

Owen Naughtonl'z, Ted McCormackz, Rebecca Bradfordz, Caoimhe Hickeyz, Laurence Gilll, Monica Lee’

Dept. of Civil, Structural and Environmental Engineering, University of Dublin Trinity College;
2Groundwater Section, Geological Survey of Ireland

A major new investigation into groundwater-caused flooding.

Introduction

Due to the unprecedented flood events of 2009
and 2015, flood risk management is seen as a
major challenge facing communities across the
country. Of particular relevance to the geosci-
ence community is the phenomenon of ground-
water flooding, which represents a significant
flood hazard for many rural communities.
Groundwater flooding is primarily associated
with lowland karst groundwater flow systems in
the west of Ireland (see GSI Newsletter Issues 51
and 53). The combination of low storage, high
transmissivity and widespread groundwater-
surface water interaction leaves these systems
particularly susceptible to groundwater flooding
(Naughton et al., 2015).

Groundwater flood risk management poses its
own set of technical, environmental and socio-
economic problems that differentiate it from
other flood forms (e.g. fluvial, coastal etc.).
Groundwater flooding can occur in a discontinu-
ous manner across the landscape, often with no
indication of flood risk prior to an extreme
event, making effective land-use planning diffi-
cult. Unlike river flooding, where the flood is typ-
ically linked to high intensity rainfall, groundwa-
ter flooding is driven by cumulative rainfall over
a prolonged period. It is this accumulation of
water over a period of weeks or months that
determines flood severity and duration. Further-
more, the long-term hydrometric data required
for traditional flood frequency analysis does not
exist for groundwater flooding, impeding the

Figure 1: Groundwater flooding in the Gort Lowlands, Co. Galway. Image provided by OPW




calculation of flood risk (combination of likeli-
hood of an event and the damage caused by the
event) as required in flood defence scheme as-
sessments.

Project Genesis

Recent flood events have reinforced the need
for a greater understanding of groundwater
flooding as a geohazard, and improve our ability
to quantify the location and likelihood of flood
occurrence. In response to the serious flooding
of winter 2015 specifically related to turloughs,
the Programme for a Partnership Government
(2016), under the area of Climate Change and
Flooding, contains the following objective:
“Turlough Systems: We will provide resources
to the OPW to commission studies into individu-
al problematic (prone to flooding) Turlough Sys-
tems, if requested by a local authority or anoth-
er relevant State agency”. The Geological Survey
of Ireland (GSl), a division of the Department of
Communications, Climate Action and Environ-
ment (DCCAE), were in a position to help deliver
on this commitment through the existing
groundwater and karst expertise and by the de-
velopment of a new three year project on
Groundwater & Turlough Monitoring and Mod-
elling. A detailed project plan was developed
over the summer of 2016 and funding was ap-
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proved by DCCAE as an additional project of the
GSI Groundwater Programme.

The GSI’'s Groundwater Programme has been
studying karst systems and features, including
turloughs, as part of the Groundwater Protec-
tion Schemes due to the critical role they play
as potential contaminant pathways for aquifers.
Work includes desk studies, field mapping, aeri-
al LIDAR surveys and targeted research re-
sulting in the development of the National Karst
Database. This same approach and expertise
will be enhanced, with additional resources and
key collaborations with the University of Dublin
Trinity College, to develop a new monitoring
and modelling programme specifically in rela-
tion to groundwater flooding, focussing on tur-
loughs. This new programme will provide the
fundamental technical knowledge to enable the
OPW and local authorities to develop appropri-
ate flood mitigation measures, and allow for
informed flood assessments to be made in fu-
ture. It is proposed that a Steering Group will
be put in place including principal stakeholders
such as relevant state agencies and local au-
thorities.

Previous studies of groundwater flooding have
been based their conclusions in large part on
historical or anecdotal data: the missing com-

Figure 2: Installing a water level logger in Lough Funshinagh, Co. Roscommon




ponent has been measured water level data at a
planned monitoring network over a suitable
timescale. This has limited the scope and conclu-
sions drawn in existing studies (Daly, 1995;
Naughton et al., 2015; Southern Water Global,
1998; Jennings O'Donovan & Partners, 2011).
The proposed study aims to provide the requi-
site data to address this knowledge gap by es-
tablishing a permanent monitoring network, as
well as developing analytical tools to help re-
solve issues surrounding groundwater flood
mapping, frequency estimation and likely climate
change impacts.

Aims and Objectives

This new programme will provide flooding and
hydrogeological information that will enable the
OPW and local authorities to make informed de-
cisions with regards to groundwater flood miti-
gation measures. The collaboration between the
GSI and Trinity College Dublin will also strength-
en existing partnerships between the institutions
and open new applied geoscience research op-
portunities in the fields of groundwater flooding,
geohazards, groundwater-surface water interac-
tions and remote sensing. Primary objectives of
the proposed study are to:

e  Establish a permanent monitoring network
to provide long-term quantitative ground-
water flooding data.

e Develop methodologies for improving
groundwater flood hazard maps and real-
time monitoring of groundwater flooding.

e Develop modelling/analysis methodologies
for estimating groundwater flood frequency
and the assessment of potential flood miti-
gation strategies for designated areas.

e Analyse the potential impact of climate
change on turlough hydrological functioning
and groundwater flooding.

e Investigate the influence of geostructural
controls on turlough hydrogeology using 3D
geological modelling and visualisation tech-
niques.
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Hydrometric data is a crucial component to un-
derstanding the dynamics of hydrogeological
systems. Information such as stage and dis-
charge are recorded at gauging stations across
the country in rivers, lakes, boreholes and coast-
lines, providing data vital to local authorities and
planning agencies for effective flood risk man-
agement. However, consistent long-term hydro-
metric data do not exist for groundwater flood-
ing applications. A primary objective of this pro-
ject is to establish a permanent monitoring net-
work of key turloughs to provide key baseline
data for flood risk and habitat management ap-
plications. An exploratory monitoring network of
approximately 40 sites will be installed over the
winter of 2016/2017 to develop an improved
understanding of the hydrodynamics and flood-
ing potential of turlough systems. Beginning in
2017, a subset of 20 sites representative of the
spectrum of groundwater turlough flooding con-
ditions in Ireland will be established as perma-
nent telemetered stations providing real-time
information on flood conditions.

The extensive data collected by the groundwater
flood monitoring network will provide the neces-
sary foundation to address further issues faced
in groundwater flood risk management in tur-
lough areas. Remote sensing technologies, such
as satellite Synthetic Aperture Radar (SAR) data
and high-resolution terrain models (LiDAR, pho-
togrammetry), will be explored as a means to
map groundwater flooding on a catchment scale
in real-time. Research on turlough modelling
carried out over the last ten years in the Depart-
ment of Civil, Structural and Environmental Engi-
neering in Trinity College Dublin (TCD) will be
used to investigate the causative relationship
between rainfall quantity, duration and flooding
(flood frequency analysis) in key catchments,
including the Gort Lowlands (Gill et al., 2013;
McCormack et al.,, 2014; Naughton, 2011,
Naughton et al., 2012). Once the model building
process is complete, the models will be used to
simulate the effects of various engineered flood
mitigation measures on local and catchment hy-
drology. The latest downscaled climate change
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data for Ireland will also be used as an input to
these hydrological models to analyse the poten-
tial impact climate change will have on turlough
hydrological functioning and flooding behaviour.

Summary

The increased frequency, damage and disruption
caused by groundwater flood events in recent
years highlights the clear need for further re-
search into the issue of groundwater flood pre-
diction and risk assessment in karst regions. Due
to the inherent complexity of karst groundwater
systems and the lack of quantitative hydrological
data generally available, this collaborative GSI/
TCD project presents a unique opportunity to
use a knowledge base gained by the project par-
ticipants over the last decades to contribute to
flood risk management practices in Ireland. The
project will provide the necessary high-quality
data, mapping and analysis techniques required
to inform future planning decisions, and so help
to ensure the sustainability of vulnerable rural
communities affected by groundwater flooding
as well as the turlough habitats themselves. The
project will influence policy and governance by
giving decision makers more information on the
drivers and mechanisms of groundwater flood-
ing in Irish karst systems, and allow them to
make scientifically-informed decisions for better

Figure 3: LIDAR imagery of Castleplunket turlough overlaid by 2016 high water level (Roscommon Co. Co.)

outcomes within the Floods, Water Framework
and Habitats Directives.
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The influence of bedrock hydrogeology on catchment-scale nitrate

fate and transport in fractured aquifers

Alison Orr’, Janka Nitschez, Marie Archbolds, Jenny Deakin3, Ulrich Ofterdinger“ and Raymond Flynn4
Arup, 2RPS, *Environmental Protection Agency, *School of Planning, Architecture and Civil
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Understanding nitrate fate and transport in two diverse catchments in Ireland.

Introduction

Excess nitrate (NOs) is a global environmental
problem which is expected to worsen as a result
of factors including the increase in human popu-
lation, political stress and the development of
growing economies (Erisman et al. 2011). Char-
acterising catchment scale biogeochemical pro-
cesses controlling nitrate fate in groundwater is
a fundamental consideration when applying pro-
grammes of measures to reduce risks posed by
diffuse agricultural pollutants to water quality.

Orr et al. (2016) have presented findings from
research into the influence of hydrogeological

setting on biogeochemical processes, aiming to
characterise the dominant processes influencing
nitrogen levels in groundwater in two Irish catch-
ments underlain by bedrock aquifers with con-
trasting (physical and geochemical) hydrogeolog-
ical properties, but having comparable nutrient
loads and thin to no subsoil cover over much of
their area. Their research considered the influ-
ence of spatial heterogeneity on biogeochemical
processes within each catchment, both across
the catchment and with depth. This was
achieved through monitoring well tracer tests
and the analysis of chemical and isotopic signa-
tures of groundwater and surface water. Incor-
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Figure 1: Catchment locations, groundwater vulnerability (GSI 2012 and Meredith 2010) and monitoring well lay-
out in the Glen Burn and Nuenna catchments
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porating the knowledge gained concerning bio-
geochemical processes into water quality catch-
ment management tools can prove fundamental
in reducing the risk posed to groundwater and
surface water receptors.

Catchment descriptions

Research focused on two catchments; the Nuen-
na, a well drained catchment underlain by a re-
gionally productive diffuse karst (Rkd) pure bed-
ded limestone aquifer, and the Glen Burn which
is a poorly drained catchment underlain by a
poorly productive (PIl) Silurian greywacke aquifer
(Figures 1 and 2). While both aquifers are frac-
tured, transmissivity ranges are much greater in
the Nuenna compared to the Glen Burn. Despite
the differences in hydrogeological setting the
catchments do not differ greatly in terms of ni-
trogen loading which is approximately 400 kg N/
ha/yr and the landuse is predominantly pasture
in both catchments.

Results and discussion
Nuenna, Co Kilkenny

Groundwater transport of nitrate in the Nuenna
catchment is dominated by fracture flow in the
deep groundwater where nitrate concentrations
proved higher than in the shallow groundwater
(Figure 2). Relatively little change in NO3/Cl rati-
0s or nitrate isotopic signature with depth sug-
gest good mixing in the deeper part of the aqui-
fer and that biogeochemical reactions are not a
significant factor influencing nitrate fate once
the nitrate enters the deeper bedrock (Figure 3).

Overall, nitrification is the dominant biogeo-
chemical process influencing dissolved N mobili-
ty in the Nuenna catchment. Hydrochemical and
isotopic findings suggest that widespread deni-
trification is unlikely across the Nuenna, alt-
hough localised partial nitrification may be inter-
mittently occurring in the shallow groundwater
with limited impact on catchment surface water
quality (Figures 3 and 4).

Glen Burn, Co Down

In the Glen Burn catchment findings show that
the shallow groundwater is the dominant
groundwater pathway for delivering nitrate to
aquatic receptors. Water quality and isotopic
analyses show that denitrification is likely to be
occurring in the groundwater resulting in lower
nitrate concentrations with depth (Figures 4 and
5). Water quality data suggest that both auto-
trophic and heterotrophic denitrification occurs,
yet this varies spatially across the site according
to available electron donors.

Nitrate concentration decreased with depth in
the Glen Burn aquifer, which also corresponds to
a reduction in the NO3/Cl ratio (Figure 5). A de-
crease in NO3/Cl ratio may indicate dilution from
older water. However considering the drop in
oxidation reduction potential (ORP) this would
indicate suitable denitrifying conditions. This is
supported by the significant enrichment of both
the 6°N and 80 indicating denitrification with-
in the bedrock groundwater. More enriched
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nitrate isotopic values in the deep groundwater
compared to the shallow groundwater suggest
that the rate of nitrate removal through denitrifi-
cation continues at depth as it infiltrates down-
wards. This is supported by a general trend ob-
served in groundwater samples showing lower
groundwater nitrate concentrations, yet contain-
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ing more enriched 8"N. Significantly, these val-
ues display an enrichment ratio of 1.7 between
8N and 8™0 (Figure 4) which is within the en-
richment ratio range of between 1.3 and 2.1
attributed to denitrification (B6ttcher et al. 1990;
Aravena & Robertson 1998; Fukada et al. 2003).

Conclusions

Groundwater quality in both the Nuenna catch-
ment and the Glen Burn Catchment is impacted
by agricultural contamination. However, the con-
trasting hydrogeological settings have a signifi-
cant influence on the dominant biogeochemical
processes influencing nitrate fate and transport.
The bedrock in both catchments transports
groundwater predominantly by fracture flow.
However the variation in groundwater discharge
via hydraulically active fracture sets with depth
and the transmissivity ranges differ considerably
in the two catchments investigated. This has
considerable influence on the fate and transport
of nitrate in the groundwater bodies.

Orr et al. (2016) highlights the importance of
considering hydrogeological setting for ground-
water quality monitoring and the implementa-
tion of contamination mitigation measures in
catchments. In karstified aquifers nitrate man-
agement strategies should focus on the role
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played by deep groundwater pathways and
diffuse nitrogen sources, whereas in catchments
underlain by lower permeability aquifers, the
deep groundwater will be a less significant path-
way for nitrate to enter surface water bodies
and the focus of such management plans should
be on delivering nutrients to receptors via path-
ways nearer the ground surface. Incorporating
these considerations, when developing catch-
ment management plans, can assist in address-
ing the impact of agricultural practices on the
water quality of groundwater bodies and con-
tribute toward achieving the aims of the Water
Framework Directive.
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An investigation of thermal springs in Ireland: their provenance,

pathways and geothermal potential
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A study of the hydrogeology and hydrochemistry of thermal spring in the Dublin area.

Deep, thermal groundwater is currently being
exploited for district-scale heating in many loca-
tions world-wide, including European cities such
as Paris, Milan, and Southampton. It has recently
been explored in Ireland as part of the
IRETHERM project (funded by Science Founda-
tion Ireland), one aim of which was to determine
the suitability of Irish thermal springs as a geo-
thermal energy resource. New hydrochemical
and geophysical data were used to investigate
the source of several Irish thermal springs. This
research is the subject of a PhD thesis (Blake,
2016) and two publications; a detailed geophysi-
cal and hydrochemical study of Kilbrook spring in
Co. Kildare (Blake et al., 2016a), and a hydro-
chemical study of several Irish thermal springs
(Blake et al., 2016b). The findings of the hydro-
chemical study are summarised here.

In Ireland, average groundwater temperatures
typically range from 9.5 to 10.5 °C. Thermal
springs are considered to be those natural
groundwater springs where the mean annual
temperature is appreciably warmer than average
groundwater temperatures. In this study springs
with a mean annual temperature above 12.0 °C
are considered thermal. Forty-two thermal
springs and thermal shallow groundwater occur-
rences have been recorded to date in Ireland
(Figure 1a). A subset of six springs in Leinster
was studied in detail (Figure 1c) including two of
the warmest springs in Ireland, St. Gorman’s
Well in Co. Meath (maximum temperature of
21.8 °C in this study) and Kilbrook spring in Co.
Kildare (25.0 °C). Most of the springs have a Ca-
HCO3 chemistry that is typical of groundwater
circulating in limestone, however two have an

intriguing Na-Cl hydrochemical signature that
hints at a deeper source aquifer (the intermedi-
ate-temperature Louisa Bridge Spa Well in
Leixlip, Co. Kildare, and St. Edmundsbury spring
in Lucan, Co. Dublin).

Time-lapse temperature and electrical conduc-
tivity data

High-resolution, time-lapse temperature and
conductivity data were collected from the
springs at fifteen-minute intervals for the dura-
tion of the study period (2013 — 2015). Figure 2
shows some of the data from St. Edmundsbury
spring, St. Gorman’s Well, and Louisa Bridge Spa
Well.

St. Edmundsbury spring and Louisa Bridge Spa
Well are characterised by stable, intermediate-
temperature profiles with little or minor influ-
ence from seasonal recharge processes (the tem-
perature profile for St. Edmundsbury has been
periodically affected by flooding of cold river
waters but the groundwater temperature re-
mains stable). By contrast, St. Gorman’s Well has
the most variable temperature profile, ranging
from 10.5 °C to 21.8 °C. St. Gorman’s Well has its
annual thermal maximum at the end of the win-
ter period and is coolest at the end of the sum-
mer period. The cooler temperatures are pre-
ceded by a relatively stable, intermediate-
temperature phase with semi-diurnal fluctua-
tions suggestive of influence from earth tides.
The non-linear switch between these phases is
indicative of conduit flow and mixing in a karst
system (St. Gorman’s Well is situated on Waul-
sortian limestone bedrock).
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Hydrochemical investigation

Hydrochemical data from the thermal springs in
Leinster were analysed using multivariate statis-
tical methods and interpreted alongside the time
-lapse temperature and chemistry data to inves-
tigate the provenance of the thermal groundwa-
ter. The hydrochemical data were processed be-
forehand using compositional (CoDa) statistical
techniques. CoDa should be applied wherever
data are compositional in nature (i.e., any data
measured or expressed as parts of a whole such
as ppm, mg/L, %, etc.) to ensure that the results
of any subsequent analysis are not biased due to
spurious correlations.

The data for all six springs (and two cold seepag-
es) were analysed together using principal com-
ponent analysis (PCA) (Figure 3). The samples
form clusters in the biplot that correspond to
each spring’s location, with St. Gorman’s Well
displaying the greatest dispersion of sample
points, and therefore the greatest seasonal vari-
ation in major and trace element chemistry. The
PCA biplot can be interpreted in terms of hydro-
geological processes acting upon the overall hy-
drochemistry of the group of springs. In Figure
3a, the PCA of major ion data suggests that two
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Figure 1: Location and geological setting of Irish
thermal springs: (a) general locations of springs and
shallow thermal groundwater occurrences; (b) gen-
eralised palaeogeographic map of the Carbonifer-
ous Dublin Basin during the Viséan Stage; and (c)
detailed geological map of the study area. Maxi-
mum temperatures (red) and electrical conductivity
values (blue) from this study given for each thermal
spring.

distinct independent hydrogeological processes

_| (labelled S and C in Figure 3a) are controlling the

major ion hydrochemistry of the springs. The
“water-rock interaction” link, S, represents the
effects of increased water-rock interactions and
increased residence times on the hydrochemis-
try, and distinguishes those springs at the Na-Cl
end of the link from the other Ca-HCO; springs,
which are more typical of limestone aquifers
such as are found in the Carboniferous Dublin
Basin. A CoDa analysis of the Na-Cl-Br system for
the saline springs indicated that they probably
derive their excess chloride from the dissolution
of evaporites. The “carbonate” link, C, repre-
sents the influence of dissolution of different
types of limestone bedrock on the hydrochemis-
try (simplified as a trade-off between SO4 and
HCO3). Those springs that lie close to the HCO3
end of link C are situated in more “pure” lime-
stone (i.e., Waulsortian strata) than those more
closely associated with SO,4, which are situated in
the more clay-rich Calp limestone. The inclusion
of trace element data into the PCA identified a
third distinct process controlling the hydrochem-
istry (Figure 3b), the “mineralisation” link, M,
which represents the influence of the dissolution
of mineral deposits associated with the car-
bonate bedrock, particularly manganese (Mn).
This process is less important in the control of
the overall hydrochemistry as it affects only mi-
nor and trace ions, and metals in particular. The
hydrochemistry of St. Gorman’s Well is particu-
larly affected by M in the late summer (July to
October) when the thermal waters contain more
dissolved Mn.
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Main findings

The hydrochemical study demonstrated the use-
fulness of correctly applying multivariate statisti-
cal methods to compositional data in order to
better understand the underlying hydrogeologi-
cal processes governing the hydrochemistry of
the target thermal springs. The statistical analy-
sis also provided an insight into the seasonal hy-
drochemical variations of St. Gorman’s Well,
where the complex temperature and conductivi-
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Temperature (- C)

Figure 2: Time-lapse temperature (blue) and electri-
cal conductivity (black) measurements. a) St. Ed-
mundsbury spring. b) St. Gorman’s Well (inset shows
semi-diurnal fluctuations over two days in August
2013). c) Louisa Bridge Spa Well. d) Daily effective
rainfall calculated from Met Eireann data (Dunsany
synoptic station, Meath). Hydrochemical sampling
seasons are indicated in red.

ty profiles are due to conduit flow and mixing
within karstified bedrock.

Springs associated with the Na-Cl end of link S
(Figure 3) are likely to have a moderate to high
temperature with little annual variation. They
are characterised by higher salinity and conduc-
tivity due to an increased residence time and
water-rock interaction. The source aquifer is like-
ly to be deep, confined and well-insulated from
fluctuating near-surface hydrogeological pro-
cesses. The excess chloride in these springs is
not due to any anthropogenic contamination but
instead derives from the dissolution of evapo-
rites. The precise origin of the evaporites re-
quired to facilitate this process remains cryptic
at present, and the source lithology may be ei-
ther intra- or extra-basinal. The hydrochemistry
of St. Edmundsbury spring and Louisa Bridge Spa
Well is closely associated with the Na-Cl end of
link S; they appear to be fed from the same aqui-
fer (or two very similar aquifers), and must have
their source beneath the carbonate Dublin Basin,
perhaps within the Devonian terrestrial strata.

Springs with a closer association to link C rather
than link S are likely to be cold, or cooler thermal
springs (with the exception of St. Gorman’s Well,
which has extremely variable moderate to high
temperatures). Depending upon their location
along link C, they can be relatively enriched in
either SO,4, which is probably controlled by the
oxidation of sulfides such as pyrite, or HCO; and
Si, which is probably controlled by the dissolu-
tion of pure Waulsortian limestones and associ-
ated chert layers. They are likely to have an un-
confined or semi-confined source and a good
supply of fresh, infiltrating, recharge waters.
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Figure 3: CoDa
PCA biplots: a)
major ions (78
samples, 9 varia-
bles) with orthog-
onal links S and C
indicated; and b)
major, minor and
trace ions (78
samples, 30 varia-
bles) with orthog-
onal links M and S
-C.

I'hermal springs:

a St. Edmundsbury

a St Gorman's Well

a Huntstown Fault
Huntstown Fe203 seep
Huntstown CaCO3 seep
Kemmins Mill spring
Kilbrook spring

a Louisa Bridge Spa Well

Scasons:

a August 2013
b October 2013
¢ January 2014
d May 2014

e August 2014

PC 1 (33.9%)
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Environmental Flow Assessment for Irish Rivers

K. Websterl, K. Teddz, C. Coxon’ and I. Donohue’
! Department of Botany, Trinity College Dublin and > Department of Geology, Trinity College Dublin

Using Eflow methodology to characterise river flow regimes in Ireland.

Introduction

Freshwaters provide valuable ecosystem services
to humans including economic security (e.g.,
fish, water supply); social security (e.g., flood
protection, water purification); and ethical secu-
rity (rights of people and other species to water)
(Acreman and Ferguson 2010). Over twenty
years ago, aquatic scientists and policy makers
across the globe recognised that existing regula-
tions on abstraction were inadequate to protect
rivers and the ecosystem services they provide.
There is consensus that historical approaches
focused on maintaining minimum flows are inad-
equate to protect rivers and the ecosystem ser-
vices they provide because such regulations do
not address retention of natural fluctuations and
patterns in flow characterising natural hydrologic
regimes. Consequently, much attention has
been focused on the development of environ-
mental flow concepts that take into account the
requirements of a range of biological communi-
ties, life stages, and ecosystem processes. Envi-
ronmental flow, as defined in the Brisbane Dec-
laration, ‘... describes the quantity, quality and
timing of water flows required to sustain fresh-
water and estuarine ecosystems and the human
livelihoods and well-being that depend on these
ecosystems’.

‘

Currently, Ireland is not considered at high risk
from abstraction pressures due to high effective
rainfall and relatively low population and indus-
trial density. However, in order to meet man-
dates of the Water Framework Directive and de-
velop national legislation on abstraction stand-
ards, the Environmental Protection Agency

STRIVE research program funded the desktop
study described here. The overarching goal of
the research was to evaluate state-of-the-art
environmental flow (EFlow) methodology to
identify best practice, trial alternative approach-
es in catchments of contrasting hydrogeology,
and provide recommendations to EPA for estab-
lishing a landscape-based framework for setting
EFlow standards that will maintain ecological
status and ecosystem services provided by Irish
rivers. Specific objectives described here were
to:

e characterise river flow regimes across a
range of landscape settings in Ireland;

. assess current abstraction pressures; and

e identify information needs and research
priorities.

Flow regime characterisation

We used long-term daily flow records main-
tained by the Office of Public Works and the EPA
from 166 hydrometric stations with at least 15
complete years of data collected between 1985
and 2014 to generate 34 EFlow metrics reflecting
flow aspects such as magnitude, frequency of
high/low pulses, duration of high/low flow peri-
ods, timing, and rate of change. Cluster analysis
of the EFlow metrics identified five flow regime
clusters whose membership was differentiated
by landscape features such as elevation, precipi-
tation, subsurface permeability and soil drainage
(Table 1). The most well-defined clusters repre-
sented the extremes of flow regime: cluster 1
rivers had flashy surface water-dominated re-
gimes whilst cluster 5 included rivers with more
stable flow in more groundwater-dominated
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Figure 1: Overview of hydrogeology, climate and pressures influencing the five flow clusters and a map showing the
location of cluster catchments. Abbreviations are Mod=moderate; Int=intermediate; Prod=productive;
PPT=precipitation; PE=potential evapotranspiration; Past=pasture.

settings. An intermediate cluster (2) included
many lake-influenced rivers. Agricultural activi-
ties appeared to influence the two least well-
defined clusters (3 and 4). Catchments of rivers
in these clusters were characterised by poorly
drained soils with higher proportions of predict-
ed land drainage and channelization, both of
which may have altered flow leading to in-
creased among-site variability in flow regime.
Identification of reference sites representative of
‘natural’ flow in areas subject to centuries of
alteration by agriculture may require a more
appropriate definition of what is ‘natural’ in Ire-
land.

Effects of current abstraction on river flow

A national abstraction geodatabase was collated
from disparate datasets to assess current ab-
straction pressures on the 164 of the study rivers
described above. The geodatabase comprised
over 4,600 surface water and groundwater ab-
straction points, which collectively abstract in
excess of 5,382,000 m> of water per day. This
study considered all abstractions, groundwater
and surface water, as consumptive.

Based on these data, less than 5% of the effec-
tive rainfall' was abstracted from 150 of the 166
catchments analysed. However when abstrac-
tion was compared to flow exceedance values
more than 10% of the Q95 flow was abstracted
in 79 of the 166 catchments analysed (Figure 2).
Because low flows are most common in summer,
such abstraction could have important implica-
tions for river ecology. Using nomenclature of
the first cycle of the WFD, these catchments
would be classified as “at risk” or “probably at
risk” of not achieving Water Framework Di-
rective’s good status due to abstraction pres-
sures based on the ratio of abstraction to low
flow. It is worth noting that these assessments
are not directly comparable, as the assessment
units vary. The 2008 WFD risk assessment used
river water bodies, whereas this assessment us-

es catchments to hydrometric stations.

! Effective rainfall is defined as the proportion of
rainfall which is potentially available to move
through the terrestrial part of the water cycle;
i.e., rainfall which is not evaporated or tran-
spired.

2.Q95 is defined as the flow which is equalled or
exceeded for 95% of the flow record.
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Figure 2. The percentage of the flow abstracted at selected flow duration exceedance percentiles from each of the
surveyed river catchments.

Information and research needs to support na-
tional policy

Environmental flow considerations are integral
to assessment of ecological status under the Wa-
ter Framework Directive and for developing ab-
straction standards for Ireland. From our re-
search, we identified two critical data needs.

e  First, an integrated national database of
both abstraction and discharge with ade-
quate temporal resolution and accurate
designation of water source is essential.

e Second, long-term records in the hydromet-
ric network should be maintained at a rep-
resentative set of stations including more
emphasis on underrepresented small catch-
ments.

An important research need is to develop ecolo-

gy—flow relationships for assessing abstraction
risk and for developing standards protective of
ecological status. Combining flow assessment
with hydromorphology assessment would
acknowledge the close link between channel
structure and flow regime. Abstraction licensing
should remain flexible to adapt to future
knowledge from research and monitoring efforts
and future novel abstraction pressures and cli-
mate change.
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Hydrogeological News

This section of the newsletter contains news of interest to hydrogeologists in Ireland. It includes short
reports on the recent activities of the IAH Irish Chapter as well as the IAH International. It also includes
other groundwater related material such as new publications that may be of interest and where
groundwater features in the media. If you are involved in, or aware of, any items which may be of
relevance for this section of the newsletter please contact the editors at groundwaternewsletter@gsi.ie

All-lreland Karst Landforms
and Tracerlines Datasets

Thanks to the Geological Survey of Ireland’s
2015 Short Call Programme, the fantastic work
that has been done to develop the karst land-
forms and tracerlines datasets in the Republic of
Ireland has now been extended into Northern
Ireland so that both datasets are now truly all-
Ireland, just like the karst itself. The karst land-
form database was first developed by Morgan
Burke and the Geological Survey of Ireland in
1999 and has been added to over the last 17
years by many different contributers. Similarly
the tracerlines dataset was created by Caoimhe
Hickey and the Geological Survey of Ireland in
2007 and is updated as new information be-
comes available.

It is true that Northern Ireland is not as well en-
dowed with karstified rocks, however, what it
lacks in quantity, it makes up for in quality. The
best known karst are the Marble Arch Caves, but
there is much more karst than just the Marble
Arch system. The Cretaceous Ulster White Lime-
stone boast some remarkable features such as
30m deep dolines and vanishing lakes. Much of
the karst potential has been investigated, mostly

..........

Figure | — Karst Landforms and tracerlines for an area around Cuilcagh
Mountain

by cavers and speleologists such as Pamela and
Tim Fogg, John Kelly, Gareth LI Jones, Gaby
Burns, John Gunn and Les Brown who have been
the most prolific in documenting such investiga-
tions and it is these folk that we must thanks for
doing the hard work that has enabled these new
advances in the datasets to be made.

The present karst landforms dataset boasts over
6,500 points and the tracerlines dataset has al-
most 300 test results. With the inclusion of
Northern Ireland, the landforms dataset will ex-
pand to over 7,000 points and the tracerlines
dataset to around 350 test results.

The combined dataset is in the final stages of
being processed and will be made available on
open access data shortly. It is anticipated that
the release of this data will spark a renewed in-
terest in karst particularly in the north where
awareness of karst is limited.

Far from being a complete dataset, this recent
progress has once again highlighted the gaps
that still remain and it is hoped that this new
release will serve to remind practitioners about
the value and limitations whilst at the same time
encourage a surge in study and investigation. If
you would like to report a karst landform that is
not currently in the dataset please contact
Caoimhe Hickey or Paul Wilson.

The All_Ireland Karst Landform and Tracerlines
datasets will soon be available for viewing at
http://spatial.dcenr.gov.ie/GeologicalSurvey/
Groundwater/index.html

And download at http://www.dccae.gov.ie/
natural-resources/en-ie/Geological-Survey-of-
Ireland/Pages/Data-Downloads.aspx For more
information on karst, please contact either sur-
vey or visit the GSI website at gsi.ie.

Paul Wilson and Caoimhe Hickey, GSNI and GSI
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Book launch: Unearthed: im-
pacts of the Tellus surveys of the
north of Ireland

The book launch of 'Unearthed: Impacts of the
Tellus surveys of the north of Ireland', took place
on 5th October, at the Royal Irish Academy (RIA).
The event was very well attended and included
opening remarks by the Minister of Natural Re-
sources, Sean Kyne, strategy and progress up-
dates by the Tellus team and a discussion on fu-
ture Tellus phases which was chaired by Sean
Finlay. This was followed by a number of rapid
updates on Tellus based research followed by
the book launch and a discussion on geoscience
data supporting policy and the economy.

The book outlines the Tellus surveys between
2004 and 2013. €15 million of government and
EU funding was spent on high-resolution, air-
borne geophysical and geochemical sampling
surveys of Northern Ireland and the six northern
counties of the Republic of Ireland. The findings
of the first two stages of Tellus, the largest col-
laborative cross-border programme of geosci-

UNEARTHED

ence surveys ever undertaken on the island of
Ireland are outlined in detail.

The book covers the extensive geophysical and
geochemical data collected. 69 authors have
made contributions, with sections on Mineral
and Energy Exploration, Agriculture, Ecology,
Environmental Mapping and Management, and
Groundwater. Interesting examples and case
studies are shown throughout the book, with
chapters discussing how the Tellus data has been
used for:

o Human health risks through oral bio-
accessibility
. Association of environmental factors and

health and their impacts on policy
o Radon risk mapping

o Geothermal energy potential in the
Mourne Mountains

o Massive sulphide mineralisation in the
Tyrone Igneous Complex

. Metallic contamination in soils in lower
Foyle catchment

o Mapping waste disposal sites

o Gold exploration in the north of Ireland

The book is beautifully illustrated with inter-
esting maps and images with a forward provided
by Professor lain Stewart. The book is essential
reading for all those interested in what lies be-
low our feet on the island of Ireland.

The book cost €30 and copies can be ordered
from the RIA website https://www.ria.ie/
publications/books/science/unearthed-impacts-
tellus-surveys-north-ireland .

Or available as an ebook online at the following
link:

https://www.ria.ie/publications/books/science/
unearthed-impacts-tellus-surveys-north-ireland

Emma Scanlan
Tellus, Geological Survey
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GSI and Teagasc sign a Memo-
randum of Understanding

The Geological Survey of Ireland (GSI) and
Teagasc are deepening their long standing work-
ing relationship through the signing of a Memo-
randum of Understanding (MOU). The agree-
ment was signed by Professor Gerry Boyle,
Teagasc Director and Koen Verbruggen, Director
of GSI at the Teagasc Ashtown Research Centre,
Dublin on 20 October 2016.

Teagasc and the GSI have a long and productive
association which goes all the way back to the
production of the National Soil Survey of Ireland
by An Foras Tallntais (AFT, Teagasc predecessor)
in the 1980s. This has continued in recent years
with sharing of data between the two organisa-
tions facilitating the production of a first national
subsoils map. This was a key input to the
Teagasc-led development of the national
1:250,000 scale Soils Map of Ireland.

One of the first new collaborations will be a joint
research fellowship exploring the benefits of
combining the Geological Survey Tellus and

Teagasc Irish Soil Information System datasets.

Gerry Boyle and Koen Verbruggen signing the GSI and
Teagasc MOU. Behind from left Frank O’'Mara, Maeve Hen-
chion, Karl Richards, Taly Hunter Williams, Monica Lee, Ray
Scanlan, Aoife Braiden and Karen Daly.

GSI makes new appointments

The Geological Survey of Ireland, Department of
Communications, Climate Action and the Envi-
ronment, is happy to announce the appointment
of Dr Sophie O'Connor and Russell Rogers as new
staff Geologists.

Sophie graduated from University College Dublin
with a degree in Geology. After a number of
years gaining work experience in geology, ge-
otechnical engineering and hydrogeology in both
a consultancy and a Local Authority capacity,
Sophie undertook a PhD (Eng) in geophysics and
geotechnics, before returning to the consultancy
environment.

Russell graduated from the University of Leices-
ter with a degree in Geology, and followed with
a MSc in Mineral Exploration from the Universite
du Qubec, INRS. Russell has worked in mineral
exploration consultancy both within Ireland and
internationally since 2011, on projects involving
a variety of geological settings and techniques.

The GSl is delighted to welcome Sophie and Rus-
sell and is looking forward to incorporating their
skills and experience into existing and future
projects.

GSl’s rebranding

The Geological Survey’s new branding was offi-
cially launched at Geoscience 2016 in Dublin Cas-
tle on 2 November 2016.

Geological Survey
Suirbhéireacht Gheolaiochta
Ireland | Eireann

Geological Survey’s new logo

Monica Lee
Geological Survey




Issue 54 Page 45

Catchments.ie wins web awards

Catchments.ie won two awards at the 2016 Rea-
lex Payments Web Awards which took place in
Dublin on September 28th. The awards were:

o Best Science and Technology
(Sponsored by BT Ireland / BT Young Sci-
entists); and

. Most Innovative Website.

Catchments.ie has been developed and is main-

Mari Cahalane of BT Young Scientist presents the Best

Science and Technology Award to Paddy Morris of EPA
Catchments.

tained by the Environmental Protection Agency,
and is a collaboration between the Department
of Housing, Planning, Community and Local Gov-
ernment, the Environmental Protection Agency,
and the Local Authority Waters and Communi-
ties Office.

The website is a great example of what collabo-
ration between a Government Department, an
Agency and Local Government can achieve.

The data on this website is the result of work
being done by a huge range of people, including:

. EPA Catchments team, Informatics team,
Biologists, Chemists, and Laboratories;

. All 34 Local Authorities; and

o Inland Fisheries Ireland.

We’'ll be doing some minor upgrades to the web-
site between now and the end of the year, which
will include adding dashboards for a high level
overview of water quality data.

We'll also be updating our Status information
with 2013-2015 data shortly once some testing is
completed.

You can see all the other finalists on the Web
Awards website — they are incredibly impressive
websites, so we are absolutely delighted to be
honoured with these awards.

A special thanks to Brian Durney who helped
with the design of the site.

Realex Payments web awards

Catchments.ie has also won IRLOGI’s Excellence
in Media based Geospatial Data award and a
Civil Service Excellence and Innovation Award.

Paddy Morris
EPA Catchments
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EPA launches update
of HydroNet and groundwa-
ter quality data

The EPA has launched an updated HydroNet web
portal providing access to river flow, river level
and groundwater level data. The upgraded web-
site will contain data from all currently active
and all inactive historic EPA/LA hydrometric and
groundwater level stations and will contain sta-
tion details and data links for hydrometric sta-
tions operated by other organisations such as
the OPW. The entire EPA hydrometric and
groundwater level database has been made
Open Data compliant and the entire data archive
can be downloaded from the website. The up-
dated portal contains improved data visualisa-
tion and search functionality. Work is currently
underway to telemeterise the entire EPA
groundwater monitoring network with the aim
of providing groundwater level data on the web-
site within 8 hours of the data being recorded by

&
CPQHydroNet

Surface Water Groundwater FAQ Disclaimer

Station status by owner

NI (369)

GAL [m CO (M)
@ SRR A
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Figures Screen shots of the updated HydroNet web portal

early 2017. HydroNet can be accessed at http://
www.epa.ie/hydronet.

The EPA have also made their groundwater qual-
ity monitoring results available as Open Data
through the EPA Geoportal. This data can be ac-
cessed at http://gis.epa.ie/GetData/Download

Conor Quinlan
EPA Groundwater and Hydrometrics
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MSc in Water Resources Engi-
neering at NUI Galway

Existing water infrastructure is straining to meet
current demands. Population growth, urbanisa-
tion, climate change and increasing energy de-
mands, are placing unprecedented pressures on
our water resources. The provision of sustaina-
ble and safe water supplies into the future will
be addressed primarily by engineers. The re-
cently launched MSc in Water Resources Engi-
neering at National University of Ireland Galway
is designed to provide engineers will the tech-
nical competences to provide solutions to deliver
safe/clean water. Core modules will address
technical aspects of water provision, water re-
source management and water / wastewater
treatment. A primary objective of the pro-
gramme is to ensure that students have a thor-
ough understanding of modern hydrological
modelling tools. The programme has a strong
emphasis on the design of hydrological systems,
with students working in groups to solve real
world problems. Graduates of this programme
will be in a position to make significant contribu-
tions to solving water resource problems in both
industry and academia worldwide.

Water engineering has been taught at graduate

NUI Galway MSc Water Resources Engineering student

NUI Galway MSc Water Resources Engineering student

level at NUI Galway for over 40 years. Over 400
senior hydrologists throughout the world re-
ceived their postgraduate hydrological education
here. The MSc in Water Resources Engineering is
a re-launch of NUI Galway’s International Post-
graduate Hydrology Programme established by
the late Prof Eamonn Nash. Many of the staff
who lectured on the Hydrology Programme con-
tribute to the current programme; so the recog-
nised tradition of world-class teaching in water
engineering at NUIl Galway continues. NUI Gal-
way staff are involved in many large scale funded
research projects in water resources, facilitated
by the world-class research facilities at NUI Gal-
way. For example, through the NUI Galway/EPA
National Centre for Water and Wastewater
Demonstration, NUI Galway has become a cen-
tre of excellence in the design of innovative wa-
ter and wastewater treatment technologies. For
more information on the MSc in Water Re-
sources Engineering visit the webpage here or
contact the programme director, Dr Stephen
Nash, at stephen.nash@nuigalway.ie.

Stephen Nash
NUI Galway
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IAH Irish Group’s Conceptual Site
Model Showcase

The IAH (Irish Group) are seeking submissions
from members of their best Conceptual Site
Models to form part of a showcase at the next
IAH conference. Conceptual Site Models (CSM)
are one of the most important tools for the hy-
drogeologist to communicate their hydrogeologi-
cal understanding to clients, planning bodies,
consultees and the public in general. CSMs are
now also a requirement of the new reporting
templates for the EPA. However, it can be the
case that hydrogeologists working within their
own company do not have exposure to many
other examples or strategies for presenting their
CSMs.

We ask members to email pdf examples of
CSMs. These can include cross sections, bore-
hole diagrams, flow process charts, etc. — basi-
cally, any visual communication tool which con-

North

Old Red
Sandstone

Ballysteen

Limestone .
Waulstortian

Limestone

Example of a conceptual model

Fractures

Karst Conduits

veys hydrogeological understanding. Site specific
details should be removed if and where confi-
dentiality issues exist. The IAH will then produce
a series of posters of compiled CSMs for display
at the annual IAH Irish Group conference.

The authors of three of the better submissions
will be given five minute slots at the conference
to describe the CSM and provide insight into its
purpose and development.

We hope that through this initiative we can all
be inspired by the talent within our own mem-
bership. Please email your favourite CSM by 24th
March 2017 to conference@iah-ireland.org.

If Conceptual Site Models are the se-
cret weapon of hydrogeologists, it’s
time for the gun show!

Gerry Baker
Principal Hydrogeologist
RPS

Water-table (Average Conditions)
- = = = Water-table (Flood Conditions)

Ephemeral " South

Karst Conduit/Cave Sediments
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Bob Aldwell receives National Mike Philcox receives Irish Geo-
Honourary Membership of the science  Network’s Lifetime
IAH Irish Group Achievement Award

Bob Aldwell received National Honourary Mem-
bership of the IAH Irish Group on the 1st Novem-
ber at the Geological Survey. The award was
given in recognition of his role as a founding
member of the IAH Irish Group and his lasting
contribution to hydrogeology in Ireland. The
award was presented by David Drew after a
Technical Discussion Meeting given by Bob enti-
tled “A history of Groundwater Use and Develop-
ment in Ireland from 1950-1976".

Katie Tedd

Mike Philcox receives Irish Geoscience Network’s Lifetime
Achievement Award. Pictured from left Pete Coxon, Mike
Philcox and Gerry Stanley . Photo: Gareth LI. Jones.

Dr Michael Philcox received a Lifetime Achieve-
ment Award from the Irish Geoscience Network
at an event in the Royal Irish Academy on 21st
October 2016. The award was in recognition of
the contributions of Dr. Michael Philcox to the
geosciences in Ireland, over a career spanning six
decades (and counting).

The event included presentations marking the
major contributions of Dr. Philcox to geoscience
in the areas of: Carboniferous lithostratigraphy
(presented by Prof. George Sevastopulo, Fellow
Emeritus, Trinity College Dublin); Economic geol-
ogy (presented by Dr. Rob Blakeman, Boliden
Tara Mines); and Quaternary geology (presented
by Prof. Colm O Cofaigh, Durham University).

The Irish Geoscience Network is an informal alli-
ance of organisations, universities, societies and
research groupings in Ireland involved in the ge-
osciences.

Bob Aldwell receives the National Honourary Membership of the

IAH Irish Group. Photo: Gerry Baker Katie Tedd




Irish Group

The 36th annual IAH conference was held on the
12th and 13th April 2016 in Tullamore, Co. Offa-
ly. Overall the event was well attended by over
150 delegates and a dozen industry exhibitors,
and saw a host of esteemed lIrish and interna-
tional speakers presenting on various technical,
legal and regulatory topics relevant to today’s
hydrogeological practitioner.

This year saw the 40th anniversary of the for-
mation of the Irish Branch of the IAH. From the
opening lecture by C.R. Aldwell in Trinity College
Dublin, 23rd March 1976, the organisation has
grown through the strength, dedication and en-
thusiasm of its members and continues to make
a positive contribution to society and the envi-
ronment today. We were delighted to be able to
celebrate this anniversary with addresses from
two longstanding members of our group. David
Ball took us through the history of groundwater
in Irish society, elucidating the 40 years of the
IAH Irish Group and 45 years of modern hydroge-
ology. Bruce Misstear (Trinity College Dublin)
then looked to the future, highlighting the op-
portunities and challenges in hydrogeology edu-
cation and training.

In addition to the anniversary celebrations the
theme of this year's conference was "Sustaining
Ireland's Water Future: the Role of Groundwa-
ter". 1AH (lrish Group) President Henning Moe
opened proceedings with an introduction and
welcome address. Following this we were hon-
oured to host two keynote speakers, Prof. John
M. Sharp and Prof. Beth Parker. Dr. John M.
Sharp is Professor of Geology at the University of
Texas. His hydrogeological research covers
groundwater flow in fractured rocks, regional
groundwater flow in carbonate rocks, and effects
of urbanization on water resources protection
and management. Prof. Sharp lent his experienc-
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IAH (Irish Group) 2016 conference

Sustaining Ireland’s Water Future:The Role of Groundwater

Owen Naughton—Conference Secretary

es to speak on “Sustainability of groundwater
resources: conceptual evolution, opportunities &
challenges”. Dr. Beth Parker is Professor at the
School of Engineering at University of Guelph,
Ontario. Her research is focused on developing
improved field and laboratory methods for char-
acterisations and monitoring of industrial con-
taminants in sedimentary rocks, clayey deposits
and heterogeneous aquifers. Prof. Parker shared
her latest research findings on “Contaminant
plume characteristics in sedimentary rock aqui-
fers: Insights from field research”.

After lunch Donal Daly (EPA) provided expert
insights into the progress in implementation of
the Water Framework Directive (WFD) in Ireland.
Donal highlighted the integrated catchment
management (ICM) approach, which has become
the accepted philosophy for water resource
management in Ireland, and the importance of
effective governance and community engage-
ment. Dr. Rob Ward (BGS) followed this up with
an insightful talk describing the work that has
been done to interpret and understand the re-
quirements of the WFD and Groundwater Di-
rective, and how this understanding has been
translated into UK guidance. Teri Hayes (AWN
Consulting) presented a best practice approach
to assessing the risk to the water environment as
part of a Seveso Major Accident Hazard (Seveso
[lI) assessment. The session closed with an en-
lightening talk by Les Brown (ARUP) where he
summarised findings from long-term groundwa-
ter catchment monitoring at Fardum and Roosky
Turloughs in Northern Ireland.

The final session on Tuesday comprised the se-
cond dedicated Early Career Hydrogeologists’
Network session at the annual IAH (Irish Group)
conference. We were pleased to once again host
an ECHN session, which provided a valuable op-
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portunity for young hydrogeologists John
Weatherill (Geosyntec), Sarah Blake (DIAS) and
Christopher Fennell (TCD) to interact with the
wider hydrogeological community. At the end of
a hard day, weary delegates were treated to a
wine reception in the Tullamore Court Hotel fol-
lowed by a barbeque at Hugh Lynch’s Bar.

Wednesday opened with our third keynote
speaker, Dr. Kevin Hiscock. Dr. Hiscock is Profes-
sor of Environmental Sciences at the University
of East Anglia. His interdisciplinary research in-
terests are in hydrochemistry, environmental
isotopes and the impacts of land use and climate
change on groundwater resources at regional
and global scales. Prof. Hiscock presented results
from a recent study which investigated future
climate influences on groundwater resources.
Results predict that many regions of the world
will experience decreases in the groundwater
store (GWS) at rates exceeding adaptive capaci-
ty. Together, renewable GWS and surface water
may be insufficient to meet future irrigation de-
mands, posing serious challenges to future food
production.

This was followed by David Banks (Holymoor
Consulting and Glasgow University), who gave a
dramatic and entertaining account of the renew-
able heat potential from abandoned mines. Da-
vid outlined how the water reservoirs contained
in these mines may be used as a thermal re-
source or store, convert an ochreous reddish-
orange environmental liability into a green re-
newable energy asset. Sophie O’Connor (GSI)
then presented an overview of the Groundwater
3D (“GW3D”) project, a multi-annual groundwa-
ter mapping project funded by the Department
of Communications, Climate Action and the Envi-
ronment (DCCAE) which aims improve national
maps and conceptual models on groundwater
systems in priority areas.

The final session consisted of three talks that
considered different aspects of groundwater re-
search. Prof. Bob Harris (University of Sheffield)
gave an entertaining and enlightening presenta-

tion on the tribulations and successes in deliver-
ing relevant scientific research. Prof. Harris high-
lighted the need for researchers and policy-
makers to work in partnership, to develop com-
mon worldviews and a common conceptual un-
derstanding about the subject in hand in order
for good communication to take place. Prof. Lau-
rence Gill (TCD) followed with a thorough over-
view of field research into the performance of on
-site wastewater treatment that has been car-
ried out by the Environmental Engineering
Group in Trinity College Dublin across different
parts of Ireland over the past 15 years. To round
off the closing session Prof. Colin Brown (NUIG)
described the results and challenges of ground-
water research that has been carried out in
coastal catchments under the Ryan Institute, NUI
Galway's hub for environmental, marine and en-
ergy research.

The conference finished up on Wednesday after-
noon with the technical workshop, wherein Les
Brown (ARUP), Prof. Fiona Regan and members
of the DCU Water Institute presented various
environmental sensing technologies for ground-
water applications. The workshop provided an
informal and interactive environment where del-
egates learned a wide variety of sensing tech-
niques and brought their own experiences to the
debate.

The annual conference plays a vital role in fund-
ing the activities of the IAH Irish Group through-
out the year. On behalf of organising committee
Roberta Bellini, Les Brown, Eleanor Burke, Sarah
Casey and John Dillon, | would like to thank all
delegates, speakers and exhibitors for their sup-
port and hope this will continue in the coming
years. We would also like to extend our appreci-
ation to you all, the members, colleagues and
friends of IAH Irish Group, for your support over
the last 40 years and we are confident we can
face the challenges facing Ireland’s water future
with the same spirit of openness and collabora-
tion that has served our community well.
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Irish Group

The IAH (Irish Group) AGM was held on 3rd
November 2016 in the Geological Survey of
Ireland.

The IAH (Irish Group) had its usual full
programme of events in 2016 including eight
monthly technical discussion meetings, the
annual conference and fieldtrip, a hydrology
training course, as well as involvement in
outreach activities. 1AH (Irish Group)
membership numbers in 2016 have remained
steady at 130 members.

Owen Naughton (conference secretary), Aisling
Whelan (fieldtrip secretary), Shane Regan
(education and publicity secretary), Roberta
Bellini (sub committee) and Katie Tedd
(secretary) have completed their terms of office
and stepped down from the IAH committee at
the AGM. Sincere thanks to Owen, Aisling,
Shane and Roberta for their hard work and
dedication to the IAH during their terms of
office. Atthe AGM Barry Sexton was elected as
Secretary; Robbie Meehan was elected as
Fieldtrip Secretary and Philip Schuler was elected
as Conference Secretary.

The IAH (Irish Group)’s bursary scheme
continues to be successful in supporting
students studying hydrogeology. Bursaries this
year were awarded to Sara Raymond, Devon
Kerins, Martin Collig and Matt Jones to
contribute towards taught hydrogeology
Masters courses. The IAH (Irish Group) are
grateful to the following companies who
supported the bursary in 2016: Arup, David Ball,
CDM Smith, Hydro Environmental Ltd,
O’Callaghan Moran, Minerex Environmental Ltd

IAH (Irish Group) 2016 AGM

Katie Tedd

and Parkmore Environmental Services. Further
details may be found on http://www.iah-

ireland.org/bursaries/

The IAH (Irish Group) has made an application
for charity registration charity with the Charities
Regulatory Authority (CRA) and an application
to Revenue for Exemption from Tax for Charities.
The process is on-going.

The membership was agreeable to the
committee’s proposal to increase the number of
sponsored members from developing countries
from 4 to 10. As a good-will gesture in context
of the potential twinning the committee would
propose to sponsor members from Uganda.

There was discussion of the Failte Ireland’s
suggestion that the IAH (Irish Group) could
consider hosting a future IAH congress.

There was discussion from the membership
regarding IAH’s engagement with a wider
audience and specific stakeholders who are both
affected by and can benefit from the science of
hydrogeology.

IAH (Irish Group) committee 2016/17

President : Henning Moe
Secretary: Barry Sexton
Treasurer: Dominica Baird
Conference Secretary: Philip Schuler
Fieldtrip Secretary: Robbie Meehan
Education & Publicity: Orla O’Connell
NI Secretary: Paul Wilson

Burdon Secretary: Morgan Burke

Conference Sub Committee: Eleanor Burke
John Dillon Sarah Casey

Les Brown Sara Raymond
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Irish Group

This year the IAH fieldtrip was held on 22-23rd
October and explored the complexity of
groundwater/surface water interactions in
combined karstic and sand/gravel systems in the
Deel & Moy catchments, Mayo. On the first day
we focused on the Moy catchment with stops at
Knock Airport, a sand and gravel pit and two karst
springs used as water supplies (Killaturley GWS
and Swinford PWS). On the second day we
explored the interaction (or lack of) between the

IAH (Irish Group) 2016 Annual Fieldtrip

Moy and Deel catchments

Katie Tedd

Deel River and the glaciofluvial deposits in its
lower course and youthful karstification (or
exhumation of old karst). The difficulties
involved in distinguishing kettle holes from
dolines was discussed and Ireland's biggest
spring (poosibly) at Mullenmore was visited.

Many thanks to the contributors to this year's
field trip: Coran Kelly, Robbie Meehan, Henning
Moe, Malcolm Doak, Connie O’Driscoll and David

Drew and fieldtrip secretary Aisling Whelan.

IAH (Irish Group) 2016 fieldtrip. Clockwise from top left: Discussion led by Robbie Meehan at Stripe sand and gravel quarry; discus-

sion at Kilaturley spring; discussion led by Henning Moe at Swinford spring and dolines and kettleholes adjacent to the River Deel.
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Recent literature relevant to Irish Hydrogeology

This section of the newsletter contains a bibliography of recent literature relevant to Irish hydrogeology
compiled by the editors. If you are involved in, or aware of, any papers which may be relevant for this
section of the newsletter please contact the editors at groundwaternewsletter@gsi.ie.

Groundwater recharge Groundwater quality
! Analysis of groundwater-level response to rain-? EAssessing nutrient enrichment risk to ground- |
‘fall and estimation of annual recharge in frac-‘ Ewater-dependent ecosystems in the border §
-tured hard rock aquifers, NW Ireland counties of Ireland i
Z Cai and U. Ofterdinger, 2016. Journal of Hy :R. Flynn, V. Perello, R. McKernon and

i 1 V. McCarthy. 2016. in M.E. Young (ed.), Un-
' i earthed: impacts of the Tellus surveys of the
http //dx.doi.org/10.1016/j.jhydrol.2016.01. 066 :north of Ireland. Royal Irish Academy.

drology, 535, 71-84.

The use of aero-magnetics to enhance a numer-: : https://www.ria.ie/publications/books/science/ |

ical groundwater model of the Lagan Valley: _L_‘_r_‘_‘?_?_rf_*.‘_‘??'_,'_r_‘f‘_?_a.?tf'_.t_‘.°:'.'f‘f.f.‘f.r_‘_’_‘?_\_’f__rf_‘?.rff?_,'_r_?'f‘_r_‘_‘."_._.l

; aquifer, Northern Ireland ' The influence of bedrock hydrogeology on ;
i ; : catchment-scale nitrate fate and transport in ;
; i fractured aquifers !

N. Dickson, J.-C. Comte, J. McKinley and U.

| Ofterdinger. 2016. in M.E. Young (ed.), Un- , ;
- earthed: impacts of the Tellus surveys of the {A. Orr, ). Nietsche, M. Archbold, J. Deakin, U.
'north of Ireland. Royal Irish Academy. i Ofterdinger and R. Flynn. 2016. Science of The
: ' ETotaI Environment, 569-570, 1040-1052.

| https://www.ria.ie/publications/books/science/ ,
| unearthed-impacts-tellus-surveys-north-ireland : http://dx.doi.org/10.1016/
; : ' j.scitotenv.2016.06.148

_______________________________________________________________________________

Geothermal ENationaI assessment of arsenic within ground-?

o . *  water: A case study with Ireland
i Understanding hydrothermal circulation ]
: patterns at a low-enthalpy thermal spring using ! 'L Morrison, E. McGrory and C. Brown. 2016.

 audio-magnetotelluric data: A case study from | -Bhattacharya Vahter, Jarsjo, Kumpiene, et. aI
‘Ireland : : (eds), Arsenic research and global sustainability. :

ETaonr and Francis Group, London.

S Blake, T. Henry, M. Muller, A. Jones, et al.

52016. Journal of Applied Geophysics, 132, 1-16. https://www.crcpress.com/

http bl 10 | Drivers and barriers among householders to'!
l jappgeo.2016.06.007 i ; i

_________________________________________________________________________________ i ; managing domestic wastewater treatment sys-f
; Composmonal multivariate statistical analysis ' tems in the Republic of Ireland; implications for
of thermal groundwater provenance: A hydro- i r|sk prevention behaviour.

5 geochemical case study from Ireland :
; ;C. Devitta, E. O’Neill and R. Waldron. 2016.;

EJournaI of Hydrology, 535, 534-546.
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S Blake, T. Henry, J. Murray, R. Flood, et al.

12016. Applied Geochemistry. i 5
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| http //dx.doi.org/10.1016/ ; : |
| apgeochem.2016.05.008 -



mailto:groundwaternewsletter@gsi.ie
http://dx.doi.org/10.1016/j.scitotenv.2016.06.148
http://dx.doi.org/10.1016/j.scitotenv.2016.06.148
http://dx.doi.org/10.1016/j.jappgeo.2016.06.007
http://dx.doi.org/10.1016/j.jappgeo.2016.06.007
https://www.ria.ie/publications/books/science/unearthed-impacts-tellus-surveys-north-ireland
https://www.ria.ie/publications/books/science/unearthed-impacts-tellus-surveys-north-ireland
http://dx.doi.org/10.1016/j.apgeochem.2016.05.008
http://dx.doi.org/10.1016/j.apgeochem.2016.05.008
https://www.crcpress.com/Arsenic-Research-and-Global-Sustainability-Proceedings-of-the-Sixth-International/Bhattacharya-Vahter-Jarsjo-Kumpiene-Ahmad-Sparrenbom-Jacks-Donselaar-Bundschuh-Naidu/p/book/9781138029415
http://dx.doi.org/10.1016/j.jhydrol.2016.02.015
http://dx.doi.org/10.1016/j.jhydrol.2016.01.066
https://www.ria.ie/publications/books/science/unearthed-impacts-tellus-surveys-north-ireland
https://www.ria.ie/publications/books/science/unearthed-impacts-tellus-surveys-north-ireland

Issue 54 Page 55

-Identlfymg contrasting influences and surface-
.water signals for specific groundwater phos--
phorus vulnerability :

;P.-E. Mellander, P. Jordan, M. Shore, N. McDon—E
:ald, D.Wall, G. Shortle and K. Daly. 2016. Sci-:
ence of The Total Environment, 541, 292—-302.

Ehttps://doi.org/lO.1016/].scitotenv.2015.09.082

Quantifying the influence of surface water- ;
;groundwater interaction on nutrient flux in a
i lowland karst catchment

T McCormack, O. Naughton, P. Johnston and L.
i Gill. 2016. Hydrology and Earth System Scienc-
tes, 20, 2119-2133.

https://doi.org/10.5194/hess—20—2119—2016

Groundwater flood mechanisms in lowland
karst in Ireland: examples from a lowland karst .
;catchment in Ireland

O Naughton, T. McCormack, P. Johnston and L.
i Gill. 2016. Journal of Flood Risk Management.

https://doi.org/lO.1111/]fr3.12145

-Eplsodlc speleothem deposition tracks the ter-
! restrial impact of millennial-scale last gIaC|aI_
: climate variability in SW Ireland :

A Fankhauser, F. McDermott and D. FIeitmann.E
:2016. Quaternary Science Reviews, 152, 104—5
1117. :

' http://dx.doi.org/10.1016/
J quascirev.2016.09.019

Unconventional Gas Exploration
and Extraction

Unconventional Gas Exploration and Extraction
i (UGEE) Joint Research Programme reports.

EVarious authors. 2016. EPA Strive report series.

! http://www.epa.ie/pubs/reports/research/
i ugeejointresearchprogramme/

Groundwater Surface Water
interaction

i A combined remote sensing and multi- tracer'
.approach for localising and assessing ground-'
| water- lake interactions :

;J. Wilson and C. Rocha. 2016. Internat'ionalé
: Journal of Applied Earth Observation and Geoin—i

: formation, 44, 195-204. !

http://dx.doi.org/10.1016/j.jag.2015.09.006

Engineering geology

The impact of hydrogeology on the mstablllty
.of a road cutting through a drumlin in Northern
Ireland

D Hughes, G. Clarke, R. Harley and S. Barbour. ! !
2016 Quarterly journal of engineering geology
and hydrogeology, 49, 92-104.

i https://d0|.org/10.1144/q|egh2014—101

Vlsual drainage assessment: a standardised vns- :
ual soil assessment method for use in Iand
dramage design in Ireland '

P Tuohy, J. Humphreys, N.Holden, J. O’ Loughlln,.
,B. Reidy and O. Fenton. 2016. Irish Journal of!
¢ Agricultural and Food Research ISSN (Onllne),

:2009-9029.

https://doi.org/10.1515/ijafr-2016-0003

The International Association of Hydrogeolo-
iglsts (IAH): reflecting on 60 years of contribu-
‘tions to groundwater science and water man-:
Eagement

W Struckmeier, K. Howard and J. Chilton. 2016.
i Hydrogeology Journal, 24, 1069.
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If you are involved in an event which you would like to be advertised in the groundwater newsletter please

email details to groundwaternewsletter@gsi.ie

Upcoming Events

Irish Association for Economic Geology (IAEG) - Pillo Hotel Ashbourne

Paul Gordon (SLR consulting) - Social acceptance of geoscience activities and
earth resources in Ireland

http://www.iaeg.org/events

The Geological Society Brian Lovell Meeting - Burlington House, London
Water, hazards and risk: Managing uncertainty in a changing world
http://www.geolsoc.org.uk/Lovell16

Joint Geotechnical Society/IAH TDM — GSI

Les Brown; Esther Madden; Cathal Mac an tSearraigh; Heather Gibbons (Arup) -
Designing Linear Infrastructure in a Karst Environment.
http://www.iah-ireland.org/upcoming-events/

BT young Scientist and Technology Exhibition

RDS Ballsbridge

http://www.btyoungscientist.com

IAH (Irish Group) Training Course — GSI

Statistics for hydrogeologists

Contact Shane Regan educationandpublicity@iah-ireland.org

Joint IAH (Irish Group) and Geothermal Association of Ireland TDM - GSI
Gareth Farr (British Geological Survey) - Low enthalpy ground source heating in
Wales: baseline mapping and operational systems utilising abandoned coal work-
ings and shallow urban aquifers.

http://www.iah-ireland.org/upcoming-events/

IAH (Irish Group) Burdon Lecture - GSI

Burdon lecture on development issues Speaker TBC
http://www.iah-ireland.org/upcoming-events/

The SEAI Energy show - RDS
http://www.seai.ie/energyshow/

IAH (Irish Group) Annual conference
http://www.iah-ireland.org/annual-conference/
IAH (Irish Group) TDM - GSI

Speaker and topic TBC
http://www.iah-ireland.org/upcoming-events/
LuWQ2017 - International conference on LAND USE and WATER QUALITY
The Hague, The Netherlands
http://www.luwg2017.nl/

EPA National Water Event
https://www.epa.ie/newsandevents/events/

The editors welcome feedback on the contents of this issue and the changes to
the newsletter, as well as suggestions for contributions to the next issue.

Please contact: Groundwaternewsletter@gsi.ie

Contributions for the next issue should arrive before 28 April 2017.
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