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AQUAORlLL LINITEO 

119 .. , ... Head_o_,... Grove, 
Dundrum, 
Dublin. 16. 

Tel: Ol-986365/287485 
Tlx: 90353/25336 

CONSTRUCTION INDUSTRY, MARKETING & DISTRIBUTING SERVICES 

We supply equipment of outstanding_ quality and performance. 
Designed to improve performance, efficiency and to save you 
money. 

AQUADRILL PRODUCTS INCLUDE 

Cyborg Ultrasonics Pionjar Seba 

.,..._.·::;· 

Level Measuring Equipment Petro 1 Driven Hydrometric Level 

Non Contact Electronic Control Drill/Breaker Recorders, Dippers 0 

Atlas Copco Sandvik Culligan 

RydraulicyPneumatic Coromant s .... edish Water Treatment Eqpt. 

~ i : .. 

-~- ' 

Water Drilling Equipment Drill Steel Odex Industrial & Dome's'i::.ic .... 

Johnson Well Screens 
Stainless Steel Fabrication 
Intake Filters Gas Pipe Screens 
Drilling Fluids - Revert 
p.v,c. casing & Screens 

"Jiffy Gen" launch 1st May, 
An engine alternator that vill 
arc weld - 10 guage - 120 Amps;;. 
Booster Battery Charger up to 
48v. Provide A.C./0.C. 110/2!~0 v 
supply 

OUR BUSIXESS IS PROVIDING YOU WITH EQUIPME~T 
TO MAKE YOUR BUSINESS EFFICIE:>:T & PROFITABLE 

Contact: DOUGLAS GORDOX, B.A. nod 
Managing Director 
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· INTERNATIONAL ASSOCIATION OF HYDROGEOLOGISTS 

IRISH GROUP 

"GROUNDWATER DEVELOPMENT IN IRELAND - 1984" 

(Fourth Serrrina:r on Groundwater Deve Zopment) 

KiUeshin Hotel, Port'Laoise: 03 and 04 ApriZ 1984 

SYNOPSIS OF PAPER 

GROUNDWATER DEVELOPMENT IN NORTHERN IRELAND 

by 

Philip G Ho'Lland 

Dip Grad Studies (Birm) 

CEng, FICE, MI Struct E, FIT/ES 

PrinaipaZ Water Resources Engineer 

Department of the Environment for Northern IreZand 

The Paper is complementary to th£ Paper by Mr JR Peter Bennett BSc FGS MIWES 
entitled "Groundwater Resources of Northern Ireland". FoUouring a brief outline 
of the structure of The Water Service in Northern. Ire'Land, an outline of the 
Legis.1,ation related to public water supplies is given. T'aere fol,7,01,]s a resume 
of the liaisonaZ arrongements between The Water Service and The Geological 
Survey of Northern Ireland and of the measures available for the quaUtative 
protection of public underground water resources. Some information is then 
given about costs and charges prior to some comments being given about private 
(including agricultural,) water supplies. It is hoped that listeners from the 
Irish Republic will be prepared to ask questions, and to provide anecdotes, 
d.esigned to bring out the strengths and weaknesses of the· development strategies 
for groundwaters in both countries. Formal presentation will be kept to a 
minimum and a typed paper will be avai'Lable for retention. 
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GROUNDWATER DEVELOPMENT IN IRELAND - 1984 

GROUNDWATER RESOURCES OF NORTHERN IRELAND 

by 

J RP Bennett 

Geological Survey of Northern Ireland (GSNI) 

20 College Gardens, Belfast_ 

I DEVELOPED RESOURCES 

LT Tne groundwater resources or Northern Trela.no havestI1T only been 

partially assessed, _al though utilisation of groundwater has increased 

rapidly during the last twenty years or so. Most of the increase has been 

for public supply but there has been a sudden upsurge in water well drilling 

for the private sector within the last two years, in response to escalating 

charges for mains ·water. 

1. 2 Historically th_ousands of shallow wells and springs provided groundwater 

supplies to a large proportion of the population, and from about 1875 on 

private industry began to construct deep bored wells in solid rock aquifers, 

mainly in the Permo-Triassic sandstones of the Belfast area. Total abstraction 

from wells up to 200m deep in that area appears to have reached a peak of 

at least 33 Ml/din the 1930s. Usage declined again rapidly throughout the 

province as mains water suPplies were extended into rural areas, reaching 

88% of the population by 1978 and more than 96% at the present time. Some 

commercial concerns retained their own wells during the decades of free or 

cheap water: such abstractions ar~ not licensed so no returns detailing 

quantities are available but it is estimated that at least 25 Ml/dare pumped 

for on-site use. 

1.3 Natural springs harnessed for public use have contributed some 23 Ml/d 

of groundwater for many years but there is little potential to increase this 

significantly, except where it may be feasible to construct bored wells .close 

to springs - this subject is covered in ffiore detail later. Groundwater' 

available for mains supply has been increased by constructing new bored wells, 

and the results have been substantial:-

1 
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Year Total yield available from bored wells 

Ml/d mgd 

' 1964 9 2.0 

1977 28 6.2 

1980 69 15.3 

1984 98 21.6 

• 
(Total public supply from all sources about 700 Ml/d.) 

_______ It __ must bestressecl that r,c,t all __ the_available g_roundwateryie}d is 

utilised as yet since new aquifers and well fields are still in the process of 

development so not all wells which have been constructed and tested have been 

linked into the distribution system. Also, in some rural areas relatively 

high yielding wells can provide more water than is required for local demand 

at present. 

wells. 

For example, in 1979 only 23 Ml/d were actually supplied from 

1.4 The total number of abstraction sites for public supply is still only 

about fifty. Very few new sources capable of yielding less than 1.0 Ml/d 

are brought into supply now, although in exceptional circumstances _so~rces of 

down to 0.5 Ml/d may be developed to meet an-isolated requirement which 

cannot be serviced by other means. Locations of wells are shown on Figs 1 and 2. 

II EXAMPLES OF GROUNDWATER DEVELOPMENT 

(i) Permo-Triassic sandstones, Lagan Valley 

2.(i).l The most extensive hydrogeological investigations and largest 

development of groundwater have_ been in the Lagan Valley southwest of Belfast. 

A major study commenced in 1970, and comprising investigation of existing wells, 

drilling of observation wells, monitoring of water levels, hydrogeochemical 

studies, and test production wells led to the conclusion, in 1976, that about 

22 Ml/d (5 mgd) would be obtainable from between 10 and 15 bored wells in 

the area between Lisburn and Belfast. Development of this aquifer area 

is now almost completed. The yield prediction has turned out to be exact, 

although there had always been hopes that it could be higher, and will be 

obtained from 12 sites. However, drilling investigations have been required 

at double this number of sites before adequate high yielding wells were 

obtained. This had certainly not been expected and has been due mainly to 

the presence of Tertiary basalt dykes, which impede groundwater flow, intruded 

into the sandstones and also to more complex faulting and facies changes 

than had been anticipated. The area has a thick drift cover so outcrops are 

almost non-existent so very little detail was known about the geology of the 

aquifers. 
2 



(ii) Augmentation of spring sources by bored wells 

2. (ii) .1 
' 

Springs are, of course, simply natural discharge points f6r 

groundwater from.aquifers. Most of the .. larger sources in Northern Ireland 

are already used for public supply but in common with springs elsewhere 

they flow most strongly in winter/spring and decline through the summer when 

demand is greatest,'in some years drying up completely. Yet even when 

the natural spring discharge by gravity flow is very small or ab..ent there 

may still be a substantial reservoir of groundwater in storage in the aquifer 

which is not being utilised. Such a situation is shown in Fig 3, po:"traying a 

- -cornmon··-·ge-ol·ogt·cai··--st·tuati·on· wher·e··-·a· ·srand/gra:vel a:qu1fer ·s,::u3·ta-rner··-·a -~fpring·-------" ------

discharge by 'overspill' at an alluvial boundary. 

2. (ii) .2 Bored wells have been constructed at several sites of this type, 

allowing drawoff by pumping from a lower level to increase the yield. 

Even if the outcome is only to maintain the yield at the winter/spring level 

throughout the summer the development may be worthwhile, but experience to 

date has been that an increased overall yield can usually be obtained. This 

is partly due to the fact that the bored well when pumped usually captures other 

minor springs· in the vicinity which could not be linked into the existing 

surface collection system at an economic cost. 

(iii) Sand/gravel aquifer at Loughs Fingrean and Carn, Sperrin Mountains 

2. (iii) .1 This is an example of a fluvioglacial sand/gravel aquifer in an 

upland area which is being investigated with a view to augmenting the yield 

from an existing system of lakes and reservoirs which are used to supply the 

Omagh area. Storage is relatively small and the catchments are very limited 

since ·the lakes are close to a major watershed. It was apparent that drift 

thicknesses could be large and with sand/gravel at the surface there was 

good expectation of a useful aquifer or aquifers being present. Also, at 

first sight at least some of the lakes appeared to be perched on peat. 

2.(iii).2 Drilling and pumping test investigations were commenced with 

the primary objectives of:-

(a) confirming the presence of aquifers and 

(b) elucidating the hydrau.lic relationships between 

the lakes and groundwater. 

Boreholes revealed more than 30m of drift deposits, mostly sand and gravel, 

along the axis of a N-S buried channel. The water table in these deposits 
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is deep, as much as 10m below ground level, and slopes down from south to 

north indicating natural groundwater flow in that direction. Lough Carn 
' appears to be completely perched on peat, but the situation at Lough Fingrean 

may be more complex. Monitoring of water levels has shown that the water 

level in Lough Fingrean is higher than·the water table in the sand/gravel for 

most of the year but the situation is reversed during the summer months when 

the reservoir is drawn off heavily. When the drilling was carried out it 
~ 

was thought that Lough Fingrean was at least partially perched on peat but 

when the floor of the reservoir was exposed during the exceptional conditions of 

. s11rnJ1!er 19§3 it bec:.arne am:ia.ren:t. that the bed <ax:t<ands below the bas_e . oLthe _p_eat.. _____ _ 

Nonetheless the lake and other small ones around it still appear to be 

perched, presumably on weathered sand/gravel. During the dry conditions of 

1983 useful quantities of water were pumped out of the aquifer, from 

observation holes lined with PVC pipe with sawn slots, into the reservoir 

system. 

2. (iii) .3 The investigations and assessment are far from complete but at 

this stage are more promising than at the outset. It is expected that comparable_ 

conditions ~xist elsewhere, possibly throughout Ireland, and ·remain to be 

developed. 

III FUTURE DEVELOPMENTS / 

3.1 It is difficult to estimate how much more development of groundwater 

for public supply can be achieved, using relatively conventional approaches. 

There is certainly potential to develop Carboniferous aquifers in the 

southwest of the province but investigations in this area have been very 

scant, largely because of low demand for water and the ready availability 

of surface water. Geological remapping by GSNI at the 6 inch and 1:10 000 

scales has only covered about 60% of the province so far but from past 

experience it can be expected to identify useful sand/gravel aquifers in 

the remaining areas, mostly in the west. It is considered that groundwater 

development is certainly past the 'half way' stage, but how far past remains 

to be seen. 

3.2 Major discoveries are still possible and if an aquifer, most likely a 

sand or gravel, in hydraulic continuity with either Lough Neagh or the Lower Bann 

could be identified yields could even be spectacular. 

4 



3.3, It is expected that river augmentation using groundwater which has 

already been implemented on a very modest scale will become increasingly common. 

Also, when we have had more operational experience of the larger groundwater 

abstraction schemes artificial recharge of the aquifers in question may become an 

economic proposition . 

• 

' 



' 

Fl~.1 

In ~eig7a.nula-Y 
a.~uifeY.:, 

FissuYe flow 
a.iuif er s · 

A~tti dud.es 

SOLID ROCK AQUIFERS (CHALK OMITTED 

-
fv::vl Te,tiMy "=~.' lts ~r.. , r,zi T'Tit1..ssic. Sa.~d..stones 

~ Lllc4-lly. ve,y.' (> 
~ p-,odvc't:1ve : p 

~ ~eneTO.[ty mode_' va.tely 8"" 
~ p"tod.uc.t,'ve. i :, 

~ Lo"=u,, mod.eva.td.y f (' 
~ p10d.vclive. i g ' .. ) 
D , 

\ 
• Abst,adior cpeos ;' 

with yieui •~ Mt/d.. , 
• ( -~ ,,_,. 

,.....,__,,J' 
( 
',.~ 

UPPER, 
Louqu ERNEr 

~ ,.._....._ 
V 

V V 

......,,,__,,,V V V V 

V V \/ V 

V V V 

V V V V 

V V V V V V 

V V V V V V 

V V V V V 

V V V V V V 

V V V V V 

V V V V V 

V V V 

UV V V V V 

V V 

V V 

V V 

V 

9 

" "'-·\ 
' I 
\. ,,.-----. ,,. ...__. 

g_~~IT\ 

V 

~a 
V v1 
~ 

V 



' 

FIG. 2. 

~ .. :~.~: :}~~~; ;:\~::~ ~!1 

- - -

~ 
* 

WNCONSOLIDATED 
! 

!I 

Sci.nd./ 91Q.vel i a..quif ers 

A-;-eo...s 
und.e:r 

' 

inves~i9a.ted. 
stud.y 'i 

A1ea..s inves~iqa.ted. 
ne3ctti ve nsu\tt 

Q1_ 

with 

Abst1a.ction ,bea.s with 
yield. in .Mi/4 a.nd. No . 
o+ wells 1n bfo.ckets 

I . : 

( 

QUATERNARY 

1•4 
(•) 

\ 

AQUIFERS 

S,:). 

~f: 
,.-... ,. ..... , 

~: .. .'r 

,-"'~.~=- t.!•" 
" "'.'f:tK~2·1 

@ 

?/)"1
:: 'ti 

. ~:t'-1' 4 · 4-

~~ < 1.·. 
\,.1 
'·') ,. ' 
\~·.\ 

"3 
::;: 
' 

, : c:·J ' ;,, J / .,-~ · ., -)rt· 

,3I;~'J~~~';L,1, 
;~ . 

~ . '\ 
(. ·: \ 

\~:~\, 
... ,· •\ 

~, 1.'; . ·: 
'·. ·, 
1,. 1 

) 

' 

' 
. , --

---;;:b 
, 

--/ 

(' C'. -. 

" ' ' '-, 
) 
' --" 

!,.-~~' ... 
·' 

., 
::·; 

";\.,-
0) 

... ~ .,.-.; 
.. "'V 

,ti 

. ",: .... J ":\. 

•3 

0•$ ,,_, ... 
(1),;,,"it 

:;, 

, 

0·4 
(1) , 

/ 
<., 

) 
r· 
' I ' , -UPPER 

LOU<;H ERNE:. 

~- '·" ., 

,. 
.;: 

., 

\ 
' 

"' -' 
I 
' 
\ / ... .....__. _ __,,, 

• 

?-5 Rm 

..,;-.J) 
#"' 
--' 

• 



FlG.3 

+ 

AUGMENTATION. OF S'f'RING souR.CeS 

(I) l"lo...fvroJ '$; f:-v c..l-i on 

+ 

-+ 

+ 

(II) wi.th boreJ. well 

+ 

+ 

-+ 

Sl:rec,.""' 

31... . ..s.. I ..s-. 

+ 

+-

+ 



A NEW AQUIFER MAP OF IRELAND 

G.R. Wright, Geological Survey of Ireland 

l. Previous Aquifer Maps 

The earliest "aquifer map" of Ireland (_as far as I am aware) 

is one by Morrogh O'Brien (tnen Director of tne Geological Survey), 

dated 1961 (Fig. 1). In fact, tnis very generalised map did not 

claim to be an aquifer map, but was a "groundwater availability map" 

intended to assist those seeldng small supplies of groundwater for 

farm and domestic use. Nevertheless, it appears to have been tne 

first attempt to represent the hydrogeological characteristics of 

the rock types on a national scale. 

In the early 1970's Bob Aldwell and Eugene Daly made the 

first serious attempts to compile aquifer maps of the country. Three 

versions were produced around tnis time: 

(a) A map at a scale of 1:1! million, for the I.A.H. International 

Hydrogeological Map of Europe (Fig. 2). The maps (parts of 

2 sheets) were compiled around 1972 but were not published 

until 1976 and 1980, with explanatory memoirs published in 

1978/1980. The Northern Ireland portion of tnis map was 

compiled by Peter Bennett. 

(b) A map at a scale of 1:2111 for the Royal Irish Academy's 

Atlas of Ireland. This was essentially the same map as (a). 

Cc) A map at a scale of 1:2 million; tnis was a simplified version 

of (a) and showed rock aquifers only, omitting sands and 

gravels (Fig. 3). Versions of tnis map were reproduced in 

articles in "Mining Ireland" (1975) and "Technology Ireland" 

(1976). 

Although all these maps were of value, their usefulness was 

limited by their small scale. However, the Survey lacked the detailed 

geological and hydrogeological information necessary to produce 

larger-scale maps for the whole country. 

I . •. 



A GENERALISED MAP OF UNDERGROUND WATER IN IRELAND 

M.V.O'BRIEN, 1961 

i-1g11re 1 

A generalised map of sources of underground water for farm and domestic use. 

Note that the scale of the map makes it impossible to show innumerable 
small sub-divisions and variations, including areas where water may be 
drawn from gravel and sand subsoils. 

I 
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BORINGS OF MODERATE DEPTH INTO POROUS ROCKS 

BORINGS OF MODERATE DEPTH INTO LIMESTONE 

BORINGS OFTEN OVER 150 FT DEPTH INTO LIMESTONE 

DUG WELLS AND BORINGS OF MODERATE DEPTH TO, AND A SMALL DISTANCE INTO, 
OLD ROCKS OTHER THAN LIMESTONE 

DUG WELLS TO UPPER SURFACE OF ALMOST IMPERVIOUS ANCIENT ROCKS 



ROCK AQUIFERS IN THE REPUBLIC 

OF IRELAND (excluding the sand 
and gravel aquifers.) 

1 9 7 5 

r .. .. ... 

N 

Scale 1: 2,000,000 (approx.) 

POROUS ROCKS 

• High permeability 

FISSURED ROCKS 

• Extensive aquifers 
( high permeability J 

h I Local aquifers 
(medium or varying 
permeability) 

Prepared by Cartography Unit, Gealogic:ol Survey of Ireland 

IMPERVIOUS ROCKS 

Unproductive 
(except for weathered 
or faulted zones) 

S3 



In 1978 the Survey was invited to take part in a Community-wide 

E.E C. study aimed at quantifying the Community's groundwater 

resources. A major component of this study was the preparation 

of an aquifer map of Ireland at a scale of 1:500,000, a much larger 

scale than anything previously attempted for the whole country. 

2. Definition of Aquifers 

The aquifers of Ireland had hitherto been identified only 

very approximately, and on the basis of information of very variable 

quality. The main reasons for this were a lack of hydrogeological 

investigation and an absence of up-to-date geological maps. In 

order to define the extent of aquifers for this study, an attempt 

was made, within the constraints of time and manpower available, to 

draw together as much as possible of the geological mapping and 

hydrogeological study carried out in Ireland. This entailed reference 

to university theses, mining company maps, and unpublished work 

within the Geological Survey, as well as published maps and papers. 

Aquifers can be defined on the basis of: 

(a) Lithological and/or structural characteristics of geological 

formations which indicate an ability to store and transmit 

water. 

(b) Hydrological indications of groundwater storage and 

movement e.g. spring flows, absence of surface drainage, etc. 

(c) Information from boreholes suggesting relatively high 

yields, etc. 

Preferably evidence should be available of all three kinds. 

Unfortunately, over much of the country, evidence of only one or two 

of the above types is available. Thus in some areas there may be 

evidence of relatively good well yields without any indication of 

why the yields are good, making it difficult to even guess at the 

areal extent of the aquifer. In other places one may suspect that, 

I ••• 



for instance, a well-jointed sandstone should be a useful aquifer, 

but without any confirmatory evidence of good well yields 

(e.g. because the population is sparse) it is difficult to be 

confident about mapping the sandstone as an aquifer. 

Inevitably, compromises had to be made, and in many areas 

rather approximate boundaries had to be drawn. Since different 

hydrogeologists worked on different areas, there were inevitably 

differing interpretations of the hydrogeology in different areas, 

and these could not always be completely reconciled. The 

resulging map can therefore only be regarded as provisional, and 

in the future, no doubt, considerable modifications will be needed. 

3. The following notes summarise the reasons for delineation 

of the aquifers: 

(a) Clean, well-bedded limestones from the Visean were 

classified as fissured aquifers; where karst flow is 

known or believed to predominate, the map shows 

accordingly. 

(b) Other limestones are shown as aquifers only: 

(i) where good well yields (over 2s0m3 /d) are known 

to be common, and/or 

(ii) where strong folding (e.g. in the Southern Region) 

has produced strong joint systems leading to 

increased permeability. 

(cl Quaternary sands and gravels, where known from mapping, 

were included as porous aquifers. 

(d) Where Quaternary deposits are abundant and of significant 

thickness, and sands and gravels are believed to be quite 

widespread but not mapped in detail, the Qum:ernary deposits 

were indicated as "complex domain of poor or local aquifers". 

I ••• 



(e} The belt of volcanic rocks., interspersed with slates and 

greywackes, which runs through counties Wicklow, Wexford 

and Waterford in the Southeast Region, was mapped as an 

aquifer. Within the belt as mapped, only 40 to 80% of 

the area is actually underlain by the water-bearing 

volcanic rocks, the rest being occupied by essentially 

non-water-bearing rocks. 

(f) Coarse, well-bedded and jointed sandstones were Jllapped 

as aquifers where there is at least some corrohorative 

evidence to support the belief. The main sandstones 

involved are: 

Triassic Sandstones 

Upper Carboniferous Namurian and Westphalian ('Coal Measures') 

Sandstones 

Lower Carboniferous Basal Sandstones and 'Calp' Sandstones 

Devonian 'Old Red Sandstone' 

In the case of the Triassic rocks, covering only one 

small area in the northeast of the country, the rocks have both .a 

primary and a secondary permeability. In the o·ther sandstones, 

only a secondary permeability can be expected. The 'Coal Measures' 

sandstones have been studied in some detail, and much_ information 

is available as a by-product of exploratory drilling for coal. 

Hence all Coal Measure sandstones were classed as aquifers, though 

their permeability is rather low. 

The Namurian Sandstones are little known and normally are 

covered by impervious shales wh_ich greatly restrict infiltration. 

Consequently they were not generally included as aquifers. 
The Calp Sandstones and Basal Sandstones (in the northeast) have 

been included as aquifers. The Devonian 'Old Red Sandstone' presents 

problems - in its main areas of outcrop in the south_ and soutru,rest 

of the country it appears to be of very low permeability, but 

I ••• 



TABLS I. 

AIJUIFBRS nr THE REPUBLIC OF IRELAND 

Gi::OLOGIC!,L AGE LITHOLOGY TYPE OF FLO:•! DISTRIBUTION IMPORT).NCE 
' 

Alluvium I Widespread * - - - - - - - - - - - - - - - - - - - - -- - - - -
Quaternary Fluvio-glacial 

sands/ gravels 
I Widespread *** 

Fermo-Triassic Sandstone;i I&F Kingscourt area ** 
(E. Retlon) · 

Carboniferous 
Westphalian Sandstones F S ,E. Region ** 

-Noiniirlan - - - - sandstones- - - - - -F- - - - ---------- -*- -S, S.E., M-W. 
Regions 

Upper Visean Clean Calcarmites F Widespread **** 
Visear, 'Calp 1 -

- - - - - - -F-(?+I)-- n.w:-, W.,-Shannon_ - - -** - -Sandstones 

- - - - - - . - - - - - - - - - - - - ~e~o11:3 - - - - - - - ~ -
Tournaisian Massive } F Widespread *** 

Waulsortian **I* 
- - - 'reef' l.imest:na - - - - - - -II , Sandstones - - -F- - - - 1r.,-r. & E. Regi:-on- - ** 

Devonian 
1 Old Red Sands-\one' 

Sandstones F S.E., s., Shannon ** 
-

Ordovician Tuffs, lavas F S.E., E. Region ** 

**** very important *** fairly important ** some importance ... only locally useful 

I 
F 

= 
= 

Intergranular flow 
Fissure flow 

' 

REMARKS 

little known ,. 

- - - - - - -----· 
should become more 
important 

little developed yet 
. 

Artesian, low recharge 
- low recharge, little 

used 

_ ~n~~l~y _!ca_Es_ti!ie! -
------------
- S, Region 
-elsewhere 

- - - ....;. - - ---,Bas;l -Chstics 1 , have 
some sulphate problems 

little known 

patchy distribution 
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further north, where folding has been less intense, the uppermost 

portion of the series seems to be a moderate to poor aquifer. 

Therefore, wherever some corroborative evidence was available 

nearby, this uppermost part of the series was mapped as an aquifer, 

4. The characteristics of the aquifer can be summarised: 

(.a) Fissure permeability predominates. The only widespread 1quifers 

with intergranular permeability only are Quaternary sands and gravels. 

This is largely explained by the lack of Mesozoic and Tertiary 

_formations in the country. 

(h) Irish aquifers are relatively shallow. As far as is known, 

fissure permeability does not extend appreciably below about 120m 

(although a few borings have recorded saline water and some degree of 

fissure flow at much greater depths). In general, it appears that 

the limestones have not been appreciably opened up by solution below 

this depth, and fissures in sandstones tend to close up. However, 

further investigations may locate areas where this does not hold true. 

(c) Irish aquifers are generally phreatic rather than confined hut 

local confinement by boulder clay is quite-common. 

(d) Aquifers are often small in lateral extent, and their shape 

is complicated by faulting, 

(_e) Much of the country, especially in the west, is underlain by 

Karstic aquifers, where flow is largely restricted to conduits, 

wells are difficult to sink successfully, groundwater storage may 

be small and the aquifer easily polluted. 

5. The most important aquifers in the country are the limestones, 

followed by the Quaternary sands and gravels, and then the various 

types of sandstone (Table I). Each aquifer has its own problem: 
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TABIE I. 

A0UIFERS Ill THE REPUBLIC OF IRE:LAND 

Gi,OLOGIC:,L AGE LITHOLOGY TYPE OF FLO':I DISTRIBUTION IMPORTANCE REMARKS 
. 

Alluvium I Widespread * little known -
1--- - - - - - - - - - - - - - - - - - - - -- - - - - - ----------· 

Q.uaternary Fl uvio-glacial I Widespread *** should become more 
sands/ gravels important 

. 

Fermo-Triassic Sandstones I&F little developed yet K1ngscourt area **· 
(E. Re.o-!on) · 

Carboniferous ' 

Westphalian Sandstones F s.E. Region ** Artesian, low recharge ------- - -- . Sands tones- - - - - -F- - - - s-, -s :-E:-, 11-W. - - - --- - - low recharge, little lfo.murian * Regions used 

Upper Yisean Clean Calcarmi.tes F Widespread **** _ ~n~l"':_l),y .!IB!s_ti!'._ie<! _ 
Vicean 'Calp 1 - ~andstone;- - C -F-(?+I)-- Jl. w:-, W.,-Shannon - - - - - -** 

- - - - - . - - - - - - - - - - - - Beeor~ - - - - '"" - - - - - - - - - - - - - - - --
Tournaisian Massive } F Widespread *** - S. Region 

Waulsortian **I* -elsewhere 
- - - •reef' linesime -F- - - - - - - --' - - --

" ' sandstones - - 1-f.~f. & E. Ifegi:::-o?l - - -** - - -,Bas;;:1-Clastics', have 

' 

some sulphate problems 
' Devonian Sandstones F 

1 Old Red Sandsione 1 
S.E., s.,Shannon ** little known 

; --·-
' 

Ordovician Tuffs, lavas F S.E., E. Region ** 
' 

patchy distribution 

**** very important *** fairly important ** some importance 
... only locally useful 

I = Intergranular flow 
F = Fissure flow 
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(a) The development of the limestones suffers from the lack of 

detailed geological mapping which is req~ired in order to distinguish 

the productive from the non-productive strata. Secondly, where the 

limestones are productive, owing to extensive karstification, they 

often present great prohlems to 

dog-legging of boreholes, etc. 

well drillers, owing to 

Pollution of karstified 

caving, 

limestones is 

also a problem. In the karstic areas of the west, in particular, 

the problems ·of development are more difficult because well-sinking 

is often unsuccessful because conduits are widely spaced. 

(b) Development of Quaternary deposits is also hampered by lack 

of detailed mapping, but the problems of well-sinking are much more 

readily soluble, as the techniques of drilling, screening and 

developing sand/gravel aquifers are at least well established. The 

main task here is to disseminate the information to 

well-drillers and engineers. It is apparent that these aquifers 

hold enormous potential for the country. 

(c) The sandstone 

mapped geologically, 

aquifers of the country are reasonably well 

but little known as aquifers, with the exception 

of the Coal Measures Sandstones. Many of them tend to suffer from 

restricted recharge owing to the presence of overlying shales. 

6. The compilation of the map was completed in 1979 (though some 

minor corrections were made later), but publication of the final 

maps (3 sheets for Ireland) by the E.E.C. Commission is still awaited. 

The map represents a great advance on· previous work, and is in 

constant use in the course of our work, hut we know that it is already 

out of date in several areas, and there is room for a great 

deal of improvement. Moreover, because of the specification for the 

map laid down by the Commission, the map is not ideal for the purposes 

of its potential users in Ireland. 

In the future we hope to compile improved aquifer maps, preferably 

at larger scales, such as Eugene Daly's map of the South-East R.D.O. 

region. 

. .. / 
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AN APPROACH TO GROUND WATER DEVELOPMENT IN COUNTY MEATH. 

F. Burke, 
Senior Executive Engineer 
Ccmrnunity & Environment, 
Meath County Council, 
County Hall, 
NAVAN. 



INTRODUCTION. 

In this paper, I have been asked to outline Meath County Council's approach to 

the Development of the Ground Water Resources in its functional area. To do this, 

I feel it is necessary that the use of ground water be seen in the context of the 

development of the overall supply situation. In this regard, I would propose to 

outline in the paper the development of the water supply system in the county and 

expand on the areas where the proposals include for the development of a ground 

water resource. While the county has engaged in the past in sane investigations 

into the use of ground water as a major water source, e.g. investigations in South 
Meath (limited to the vicinity of Surrmerhill, and Enfield), it is only in the last 

year that ground water development has. been considered on a county wide scale. The 

fact that th!i! ground water resources of the county, which Mr. C.R. Al dwell of the 
G.S.I. estimated to be sane 60 - 70 million M3/year or 39 m.g.p.d., are only now 

being given the consideration they deserve, is due in no small part to the work done 
by Mr. L.F. Sheeran in breaking down the barriers that existed to the allocation 

of public money to a risk venture, and to the development by the Meath Hill Group 

Scheme of a borehole source which is yielding a supply in the order of 10,CXX)g.p.h. 

for a very small capital outlay. 

COUNCIL POLICY. 
It was, and still is, the policy of Meath County Council to provide and distribute 

an adequate supply of potable water to meet the danestic needs of the present and 

anticipated populations of the district, service, and local centres identified in the 

County Development Plan, and gradually_ to extend this service to serve smaller centres 

and intervening rural areas. In so far as supplies are available, it is also intended 

to meet the reasonable needs of ccmnerce, industry and agriculture as well as 

cct!Jllllility and recreational activities. 

While the policy of the Council has remained constant over the years, the method 
adopted to achieve the objectives of the policy has changed. In the past the provisior 

of supplies was confined to the various towns and villages in the county while rural 

areas were catered for by the provision of hand pumps and private supplies. The 

present trend is towards the provision of regional schemes to serve selected regions 

·of the county. With the change in approach to the provision of water supplies, the 

approach to the development and use of ground water has also changed, and this will be 

obvious as the history and future proposal for the development of the water supply 
is outlined. 

WATER SUPPLIES IN MEATH IN 1970. 
Piped public water supplies in 1970 in Meath were confined, in the main,to the towns 

and villages of the county with individual sources,supplying the needs of each town 

or village. Table 1 gives an outline of the supply position at the time. The sources 

for the supplies were mainly rivers, or infiltration galleries adjacent to rivers with 
ground water only supplying Laytown, Nobber, and Dunshaughlin, which at the tine 
accounted for only 7.31 of the daily production of water. 



In addition to the provision of supplies to the main towns and villages, the 

Council over the years provided wells fed from ground water,and fitted with hand 

punps to serve. groups of houses in rural areas. In all, records of sane 627 

wells which were provided, were available for inspection. 'Ihese were evenly spread 

throughout the county in that:-

133 were located in South East Meath. 
122 were located in South Central Meath. 

99 were located in South West Meath. 

101 were located in North West Meath. 
70 were located in North Central Meath. 

102 were located in North East Meath. 

On the whole, sane very useful information concerning ground water resources in the 

county should have been available from the provision of these wells and it should have 

provided good baseline data for the future planning and developnent of these resources 
in the county, but, unfortunately,this was not the case. The well records contained 

little information of any value. A detailed analysis of the records on the 133 wells 
sunk in the South East Meath Area reveals the following:-

1) In 55 cases there was no information on the type of well. 

2) In only one case was the type of overburden recorded and the depth of overburden 

in 27 cases. 

3) There was no information on the type of bed rock encountered in the case of the 

41 bored wells. 
4) There was no information on well "yield" in 74- cases and on the remainder of the 

wells the reported yields would require to be re-assessed. In no case would a 

step or yield test have been carried out. 
5) There was very little information available on water quality, with information 

being available in 30 cases on hardness, 19 cases on iron levels, and in 21 cases 

on pH. 

The records on the wells in the other areas would be of a sunilar nature,but probably 

would be of more use. I have included this paragraph in the paper to suggest to 

other engineers involved in the provision of water supplies that full records of all 

well boring and testing should be kept as they will be of great benefit if ground 

water investigations are to be undertaken in your area at a future date. 



11.BLE NO. 1. WATER SUPPLIES, IN CO.MEA111 IN 1970. 

SCHEME SOURCE TREA'IMENI' DAILY OUTP\JI' DESIGN CAPACITY REMARKS 
GALS.PER DAY. G.P.D. 

avan River Boyne Settlement.Slow Sand Pre-chlorination intro 
Filters .Chlorination. 600,000 500,000 duced to reduce load 

on Filters.New scheme 
planned. 

rim River 
Knightsbrook Settlement.Rapid gravity . 

filters.Chlorination. 120,000 250,000 Scherre recently 
improved. 

ells River 
Blackwater Slow sand filters. 

Chlorination. 250,000 300,000 

1.mboyne/ Clonee River Tolka Pressure filter. 
Infiltration Chlorination. 30,000 35,000 Supplementary supply 
Gallery. being sought fran 

Dubli.n Co.Council. 

,aytown/Bettystown Springs Pressure Filter. 
Chlorination. 70,000 90,000 

1ldcastle Lake Intake-
LoughCreevagh None 80,000 90,000 

thboy River Pressure Filter. 
Trirnb lest= Chlorination. 45,000 50,000 

iuleek River Nanny 
Infil tr at ion Chlorination. 
Gallery. 

,shbourne River Nanny 
Infiltration Chlorination 
Gallery 

200,000 250,000 

I 



Schene Source Treatment Daily Output Design Capacity Remarks 
Gals.PerDay Gals. Per Day. 

lane River Boyne 
Infiltration 
Gallery. None 50,000 60,000 Capacity of schene 

1 imited by the 
capacity of the 
pumps. 

obber Borehole None 20,000 30,000 

unshaughlin Borehole None 20,000 24,000 

,all ivor River 
Stoneyford. 
Infiltration 
Gallery. Chlorination 10,000 16,000 

)n.11ocondr a River Pressure 
Fi.l ter. 
Chlorination 10,000 15,000 

loynalty Moynalty River Chlorination 
Pressure Filter 10,000 12,000 

Total 1,515,000 1,722,000 overall 121. spare 

(1,822,000 capacity available 

allowing for on design.17% spare 
available allowing for 

over loading werworki.ng of the of Navan supply Navan Supply. 



DEVElOPMENT IN TilE SEVENTIES. 

A factor that has affected the supply of water in the county was the population 

growth and changing d"istribution pattern withi.n the county.The results of the 

1981 census show that the population of Meath in 1981 has increased by.sane 

33.3% over the 1971 level. 'Ill.is in fact was the third highest growth in the Republic 

after Dublin and Kildare, and would in effect have been in excess of twice the 

national average of 15.6%. In addition, the growth rate within the county changed 
from district to district. 'Ill.is is shown in Table No. 2 (see Map No. 1 which shows 

a map of the Develoµnent Districts). 

TABLE NO. 2. 

Develoµnent District Census Census . Increase % Increase 
1971 1981 1971-'81 

Navan 17,122 22,433 5,311 31.0% 

Kells 11,762 13,671 1,909 16.2% 

Trim 15,121 18,412 3,291 21.8% 
Oldastle 3,807 3,985 178 4. 7% 

Meath (East) 9,207 13,190 3,983 43.3% 

Ardee 2,546 2,915 369 14.5% 

Dunshaughlin 12,011 19,368 7,357 61.3% 
( incl.Ashbourne) 

County 71,576 95,419 23,690 33,3% 

'Ill.e Population figures clearly indicate that the main areas of growth were:-

1) East Meath and Dunshaughlin. Develoµnent Districts, both of which are located 

within easy reach of Dublin and would in effect be accarmodating part of the 

overspill from Dublin. 

2) 'Ill.e Navan Develoµnent District. 
Further investigation of these figures would indicate that the towns and areas 

inIIlediately surrounding the larger towns would also have experienced substantial growth 

when compared with the remainder of the develoµnent district - this is shown on Table 3. 

TABLE NO. 3. 

Area (District Population Population % Increase % Increase 
Electoral Divisions). 1971 1981 Develop 

area. 

Kells Urban & Rural 2,653 3,663 38.1% 16.21. 

Navan Urban & Rural 6,826 ' 11,136 63.1% 31.0% 

Trim Urban & Rural 2,297 3,526 53.5% 21.8% 
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The trend in the develop:nent of water supplies in the seventies in Meath was for 

the provision of regional schemes to serve selected areas, and in this r~gard a 

number of develop:nents took place (see map no. 2). 

1) The council undertook the construction of a regional scheme to the East Meath 
Area, including Ashbourne, Ratoath, Dunshaughlin, and Dl.mboyne on a phased basis. 

2) The Council undertook the provision of Phase 1 of the Navan and Mid-Meath 

Regional Scheme to serve Navan and the surrounding area including eventually 

Athboy, Dl.mderry, Robinstown, etc. 

3) The Council are at present constructing Phase 1 of the Kells/Oldcastle Regional 

Scheme which will serve the Kells and Oldcastle Develop:nent Areas. 
4) An investigation of the gravels in the Galtr:iln Moraine in the vicinity of 

Suamerhill was undertaken with a view to serving a proposed South Meath Regional 

Scheme. The results of the trial borings indicated that yields of the order of 

2,500g.p.h. were available~ but this was not sufficient to meet the Council's 

requirements at the time,and it was decided not to proceed further with the 

investigation. 
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• Ground level 

250mm(IO") Steel liner, 

~~ 

Note Information on the construction of 

Well No. I was supplied by 

Nicholas o' Dwyer 8 Partners (Newry) 

"" , .... _~ 
Bottom of 250 mm steel liner -..._...., 

at depth of 15·62m~ 

Stainless Steel Johnson Well Screen 

Lenqth, 4· 5m 

------------Slot size· No. 40{1mm) 

Top of screen at 14 · 82 m 

Bottom of screen at f9·32m 

Diameter : 250 mm ( telescope size) 

-·----
--

f-------,,-----:-:,,..,..----------0·0 T/V'I soil f----'-""--"'"'-----------o 3 

Sand , gravel 8 cloy 

f-~--------------1·5 
Medium sand , medium to coase 

grovel 8 some cloy 
1----------------2·45 

Medium sand a medium to coarse 

gravel J,.------------------3·7 

Gravel a coarse to medium sand 

c--- ------------8·55 
Boulders , coarse gravel a. 

medium sand 
L..- - - -------------- ----9· 75 

Coarse grovel 8 sand 

~==============:::M::e::d::::iu:::rn::::::'::a::nd:::::=:=:=:=:=:13·4 

Medium sand 8 some coarse 

grovel 

- . --------1585 

Medium gravel 8 medium sand 

-- -----------18 3 

Grovel , some medium sand 

~· _L ___ l----------------- ,95 

Bottom of hole at 19 62 m Medium sand 

Black limestone 

NOi! = Overburden stratigraphy was interpreted from 

log of EJLploratory Well No. 6 and was supplied 

by Irish Soll Lobs Ltd. 

Frg. 4 DESIGN OF WELL No. I , AROTULLY BEG 

' 

I 



Ground level 

250 mm diam. steel liner 

pulled back ta 16·3m 

Lead po~cker 

Stainless Steel Wellscreen ', 
Length · 4·5m 

Diameter: 10" (telescope size) 

Slot size : No. 20 

Closed. end 

Bottom of screen 8 bot tom of 

hale at depth of 20-6m 

Clayey grovel with some sand 

f----------------1-5 

Medium to coarse sand 8 grovel 

with some cobbles 

l~..J'!:...S:_..._w,..;.L::.·-r-~~----------~----- 4-5 
-

Fine to coarse Qravel, a little 

coarse sand 8 boulders 

------------------ 9-0 

Fine to coarse gravel, coarse sand 

8 cobbles 

~~----~~---- 13-5 

Fine to coarse grovel, coarse to 

medium sand 8 boulders 

- - - - - - - - - 18-0 

Coarse grovel, coarse to medium sand 

8 cobbles 

=:=:=:=::::::=:=:S:':":b:o:":":d::s:a:n:d:y:=:'a:•:•:l=:=:=::19·9 
20-0 

Bedrock Block limestone 

In for mo t,on on overburden stratigraphy 

supplied by Irish Soil Laboratories Ltd. 

F,g. 5. DESIGN OF WELL No.3, AROTULLY BEG. 



y Ground level 

Formation Stab1ilser 

250mm { 10") steel liner 

pulled bock to a depth of 12 8m 

Figure k self sealing -... 

neoprene packer 

Stainless Stell Wellscreen..___ 1 ·. 

Slot size: No. 40 -----

1
~ ii ·,. 

Length : 4-0 m • . . 

Diameter: 10" (telescope size) 

Bottom of screen at 16·7m 

Top of screen at 12·8m 

Welded joint 

Mild steel toil piece 

O.D. • 7'\'s" (241mm) 

Closed bot tom on taitptece 

01 21· em. 

I 
. ' ... 

• 
. ' 

I .. 
: 

. ' .. . . I . . 

I .. , .. . 
I · .: .... 
I : .\·. : 

0 : • 

,. 

~---------------00 
Top 5011 

1--------------- I· 0 

. . 
Gravelly clay 

1---------------4-2 

medium sand I 
Grey • brown sandy gravel 

1-- Some cloy I boulders __ 
6-0 

.. · 1 
• 

: ·. · 1 .. 

Brown + grey sandy qrovel 

coor!le - medium sond 

cobbles 

: t Brown + grey coarse - medium 
8 9 

gravel S some medium sand 
· ---------9-85 

:: I 
·, 

.·: I 
: r---;i~~u:-sa~--;o:;---!2·15 

Brown. + qrey ,coarse - medium 

grovel an"d medium ,and 

·. ·.~ :1 Thin layer of silty sandy grovel 13_5 

• :' :. , Fine - medium sandy grovel 

, .. · '.· ,--Sond:-f::=-=ndy -- !5·

7' 
. . ... ·• , gravel 

, , •.. 17-0 
... . -.. I 

Silty clay I some sand 

... : I 
• • 0 •• 

, ' ..... ,====t,c:::::B:o:ul:do:r::::c:la::y:::====:.20·16 20-39 
Black limestone 

L;___L.· ~ ----"----'· -.. j 

Fig. 6. PROPOSD DESIGN OF WELL No. 4, ARD TULLY BEG. 



Ground level 

Formation Stabiliser I 
-------L 

250mm(l0") Steel liner:__ ____ . I: -· . • 

200mm(8") screwed steel 

cosing to block 

250mm liner 

off hole in . 

250 mm screwed steel cosing 

was telescoped down 300mm 

liner. Seo! is of neoprene 

. . . . . 

~· . . 
I . 
1.·: . 
I 
I:: ·. 
I ..• 
, · : : •. 
I . . 
I 
: . : 
... .. 
I :: .· 

I 
. ' .. 
.·. ~ . 

Stainless Stell Johnson Well Screen:/ ·, .... · 

Length, 4·0 m ~·. 

Diameter: 10
11

( telescope size) / ::_:-:·_:;-

I · : , : . 
I ..... 

Slot size: No. 40 (Imm) 

J Ofnted to 10" liner a tailpiece by 

welded joints 

Top of saeen at 12·3m 

Bottom of screen ot l6·5m 

250 mm steel to1lp1ece 

Length 4·0m, closed bol tom 

ro1lp1ece will act as pump 

housing 

Bottom of ra1lp1ece ot 20 7m 

I
.·.·.::. 
. ·... . 

I ..... - . . . 

I . : 
I 
I . 
I· 
I ; ·• . . 

• 

T S.W.L. 

·: ·. : : I . . . . .... 
... · 1 . . .. . . . .... . ' ... . 

Top soil 

Gravelly clay 

.'· ·"' .' I Grey 8 brown sandy grovel 

• • 
0 

• medium sand , some clay 8 

-·: ·o.· • L __ b~r_s __ 
----~ - 6·0 · ..... : I 

.... 
:· .: . · I . . . . 

Brown a grey sandy grovel 

Coarse medium sand 

-: .. _. : I 
. : . ' . 

Cobbles 

. . ···r-- ________ --8·9 
· ." •. • ." Brown 8 grey coarse· medium .. ·.: r grovel +some medium sand 
•· · ----------------9·85 . . ' . 
: : --1 ... Brown 8 grey coarse - medium 

. _..'..:·.I gravel , medium sand 

:: ; • :· r--Fi=edium sandy grove_!_ -- ll ·IS 

> · . '; ,J. ___ T_h.;:.i1;..;.;loe<y;..er:....:oc.f_s;,;;1c..t!.y ...:;.•o:.n ... d:;Yc_,;q,cr.::o;..ve:;I __ 

.~·>, I 
·:: : I Fine • medium sandy grovel 

<·:f------..... 

I 
Sandier fine ·medium sandy 

grovel 

.... 

... ; .1 Silly clay , some sand 

' .. 

13·15 

17 

. . · ... , 
• . ·1. _____ 0_o_u_1d_e_r_c_1o_Y:_ ______ 20.16 

j >:; · .... , :•· .: ; .'. ;J Block limestone 

20 39 

~ ::·.:· ~:~~:J 

Fig. 7 DESIGN OF WELL No.5, AROTULLY LJEG 
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s i It sand gravel 

Particle Size (mm) 
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Fig.9 GROUPING OF SIEVE ANALYSES FROM WELL No. I, AROTULLY BEG. ( By E. Daly ,Geological Survey of Ireland) 
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9·0 
----------====:::::=======:::::::::::::::::::::::::::_::::;:::=-:--------~1~9~7-;7 0 , 128 2 m3 /DAY 

8·0 

70 

6·0 

5·0 

4·0 

3·0 

1982 STEP 3 0, 1097 m• /DAY 

1982 STEP 2 0 , 953 m• / DAY 

1982 STEP I O, 393m3 /DAY 

-------~------119:977 0, 109im• /DAY 

1977 0, 916m•/DAY 

DATE OF TEST 

7 ·12 ·1982 

MARCH ,1977 
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Fig. 10 STEP DRAWDOWN TEST , WELL No. I 
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STEP 4 0, 1385 m3/0AY 
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STEP I O, 580· 36 m3/0AY 

l·O 

0·5l.....~~~~~--,-~-,...---,-~-,,....~~~~~~~~~-'-~~--'--'-'--':-~~~~~---:':-'"-::-----:--::'~---:':--~:-:--~~~~~~~~~~ 
, ? 3 4 !!Ii e 1 e ·9 1 2 3 4 !!Ii e 1 e 9 io 20 30 40 50 so 70 so 90 100 200 x:o 400 

TIME ( Min&.) 
DATE OF TEST , 13-12-1982 

Fig. II COOLEY STEP DRAWDOWN TEST, WELL No. 5 
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Fig. 12. DISCHARGE Vs DRAWDOWN FOR WELL Nos. I and 5 , ARDTULLY BEG, Co. LOUTH. 
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Well No. l 

Well No. l 

Well No.5 

. 

-

.... . 
0 z 
.... ..... ., 
:,: 

.... . 
0 z 

.... .... ., 
:,: 

V'\ 

0 z 
.... .... ., 
:,: 

- -- -

Date Pump 

7-12-82 Monol if t 
Steptest 
Well No .1 " 

" 

16- 3-77 4" 
Submersible 

Well No.l " 
17- 3-77 " 
Well No.l 

13-12-82 Monol if t 
Steptest 
Well No.5 " 

" 
" 

- - - -----"·------

Duration Previous Pumping Rate Pumping Rate 
Rate (G.P.H.) (M3 /Day) 

(G.P.H.) 

105 Mins 0 3,600 393 

105 Mins 3,600 8,740 953 
87 Mins 8,740 10,060 1,097 

50 Mins 0 8,400 916 

1,315 Mins 8,400 10,000 1,091 
330 Mins 10,000 11,750 1,282 

For 960 Mins 

105 Mins 0 5,320 580 

157 Mins 5,320 6,780 739.6 
90 Mins 6,780 9,743 1,063 
90 Mins 9,743 12,694 1,384 

TABLE 2: A comparision of the resu_lts from the step-tests carried out at Ardtully Beg 

Drawdown Specific 
@ End of Step Capacity 

{M) M3/Day/M 

3.2 122.8 

7.67 124.J 
9.28 118. 2 

5.54 165.3 

7.68 142. l 
9.64 133 

1.14 508.7 

1.47 503.l 
2.17 490 
2.94 471 
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•• 
Pumping Wall 

No.5 No.I 

No.3 TopsoiL. loyey gravel 

!gyey gravel 

-- --.\11-
.,.s.w.L. 

t----------~ 
Drowdown ~~ .. 

0 .. .. 
~ 

'; 
:i; I 

" ;>--:-- -----
. Silty clay 

---·· -·-::: . /- _, .... ,-• 
·y · Block 

~ Boulder cloy 
limestone 

O, 1380 m1 /doy 

Time: 3360 minutes 

Sand and <J.fOvel 

-

at end of constant yield 

0 , 1380 m• / day 

"·-· - - - ----

E.~PLNo.l. -

pumping test. 

• l 4 1 -· .,/....,__-:C-C---------
~ p ' ----------------~-

Block limestqne 

SCALE HomonlOI I 500 

Vertical t 400 

Fig.13. CONE OF DEPRESSION AT END OF CONSTANT YIELD PUMPING TEST OF WELL No 5 , ARDTULLY BEG, Co LOUTH 
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DISTANCE FROM WELL (Metres) 
.. Ground level 

'' · 00 
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' ' 0 
' . "' I I ,, 

5 .... 
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"' 6 r 

I I 0 
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0, 1380 m>/da1 I I 7 £ 
t ; 3360 minutes : 1----, Water level in pumping well 

0 
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2 

I I 8 0 

At 13 metres drowdo"Wn is O · 5 m r 
I I "' At IIOmetres drowdown i5 0·07 m < 
I I 9 ~ 
I I -.:: 
I I • 

10 ~ I I ~ 

i I -
Dalt , 19 • 12 • 1982 

II 
I I 
I L---Tap of well screen 

12 

13 

~ 
Fig.17. CONE OF DEPRESSION IN REGION OF PUMPING WELL No.5, ARDTUL.LY BEG, AT END OF CONSTANT YIELD DRAWDOWN TEST. 



·~ ..... ..-

Depth to Depth to Depth to 
Well Date Finished Top of Bottom of Slot Formation Screen Tail piece Bottom of Casing 
No. Drilled Depth Diameter Screen Screen Size Stabilizer Packer Length Tailpiece Material Status 

(m) (amt) (m) (m) 

1 1977 20.62 250 amt 14.82 20.32 1 mm None Lead - - Steel In 
Production 

2 Nov 1981 21. 2 - - - - None - - - Steel Abandoned 

3 Mar 1982 20.68 250 mm 16.18 20.68 0.5 mm None Lead - - Steel Observation 
Well 

4 Aug 1982 21.8 - - - -· Yes - - - Abandoned 

5 Oct 1982 20.7 200 amt 12.3 16.5 1 amt Yes Weld 4.0 m 20. 7 Steel To be 
Cammi s s i oned 

Exp Jan 1975 30.5 100 amt - - .Slotted None - - - P.V.C. Observation 
No.l P.V.C. Well 

Exp Jan 1975 20.5 100 mm - - Slotted None - - - P.V.C. Observation 
No.2 P. V.C. Well 

TABLE 1: DETAILS OF THE TRIAL AND PRODUCTION WELLS DRILLED AT ARDTULLY BEG, CO. LOUTH. 



Table 4-:- Pfo"3"ec.+cc::l Pc.amp,ns Le""e.14'. 1n We.I\ No. I et. 6 

d~v,n~ +he. ~'"~v and S'4mmev Sca,onca.. 

Pump 1n5 RQ.\-e. Well No. I DvaLL)down (m) \Nell No. 5 D ,raw~o';'-)n (.m) 

m
3
/da~ · e,. P· h. \N1n.\--e'II" Summev \N 1n\-c.ll' Summev-

s,e. (~ooo) - 7· I - -
I oq I (10,000) 8·'?> E.x.ce GG ive. 2.. 4> o· I 

I IP'3lo (15,000) EJ<.c.e5s1ve ~ess,ve 4·1 5 . .2. 

!2. \ 9::2. (2.0,000) E..~cess, ve E xce&&1vc. "-· 2. axce1>S 1ve,. 



INTERNATIONAL ASSOCIATION OF HYDROGEOLOGISTS (IRISH GROUP) 

4th April. 1984 

HEALTH ASPECTS OF GROUND WATER QUALITY 

F. HiZ.Z. 

DubZ.in Region PubZ.ia Anal.yst 

WATER BORNE DISEASE 

In Autumn 1854 Dr. John Snow inferred that the vehiaZ.e of infeation 

for the ahoZ.era outbreak whiah aaused 616 deaths in the viainity of 

the Broad Street Pump, London was the water from the pump. 

Water intake for the pump was from the faeaaZ.Z.y poZ.Z.uted Thames, 

at Battersea FieZ.ds. Snow based his inferenae on several. inaidents. 

A Z.ady l.iving in lbrrrpst.ad had a prediZeation for the water from the 

pump and on Thursday, 31st August, 1854 a bottle of it was brought 

out to Hampstead and aonsumed by the l.a~ on Thursday evening and 

al.so o~ Friday. She aame down with ahoZera on the Friday evening 

and died on the Saturday. The Za~ 's nieae who was on a visit to 

Hampstead al.so drank of the water. She returned to IsZ.ington, was 

attaaked with ahoZ.era and died. The gentleman in "deZiaate heal.th" 

from Brighton arrived at 9 Pol.and Street adjaaent to Broad Street to 

attend the obsequies of ais brother who died from ahoZ.era. The 

gentZ.eman was offered a pieae .of rump steak and a sma.Z.Z tumbZ.er of 

orandy and a gl.ass of water from the Broad street pwnp. Having 

aonsumed taem ne Z.eft for PentonviZZe. Ne:r:t day he himself was 

struak down wi~h ahoZera and died. 

Snow noti,,ed tha, none of the several. brewery workers from the brewe!"J 

adjaaent to Broad street aame down with ahoZera. The brewery had its 

own weZZ, the water from whiah was aonsumed by the men. Snow had 

the handle of the Broad Street pump removed and the epidemia waned •. 

DR. BUD{) 

In the l.ate 1850 's Dr. WiZZiam Budd, a west aountry doator observed 

that households saattered at random over the Zength of Clifton Tel'l'aae 

in Bristol. in whiah aases of typhoid fever oaaured aZZ had in aomm,n a 

faator that did not apply to the househol-ds that esaaped, namel-y that 

I ... 



- 2 -

they used water from a wel:l at one end of the terraae that was known 

to beaome pol:luted with sewage after rain. Budd aonsidered that the 

pol:luted wen water was the aause of the typhoid outbreak. So baak 

in the 1850's we have typhoid and aholera reaognised as being water 

borne, a generation before the aausal agents had been identified in 

the laboratory and long before the era of baateriology had arrived. 

We now know that in addition to typhoid and aholera, baail:lary 

dysentry, hepatitis A1 virus gastroenteritis and poliomyelitis are 

also water borne. Hepatitis A virus is resistant to 

ahlorine. 

In addition to viral gastroenteritis, aU types of salmonella 

baateria and pathogenia E.aoli (in partiaular for ahildren) aan give 

rise to gastroenteritis. 

ADENO VIRUSES AND ENTERO VIRUSES 

The adeno viruses and the E.C.H.O viruses and the aoxsaakie viruses 

are present in sewage but have not been inariminated in outbreaks of 

disease due to water. AU 3 are vulnerable to ahlorine. Enteroviruses 

have been isolated from ground waters and it is alear that they are 

aapable of moving through various aquifers. 

It is now not always realised that the unhygienia sanitary aonditions 

before the turn of the aentury were r.esponsible for wisespread illness 

and death. The alassia trio of baaterial water borne diseases are 

aholera, Elnteria fever (typhoid and paratyphoid) and baaterial dysentry. 

The presenae in sewage of the aausative organisms of these· diseases, 

namely vibrio aholera, salmonella speaies, and shigella sonnei is a 

aonsequenae of these diseases in the aommunity. Cholera is no longer 

endemia in developed aountries and the last outbreak in the U.K. oaaured 

in 1893 aausing 137 deaths. Cholera is endemia in Bengal and where it 

sporadiaally spreadflto other regions of the world. The Publia Health 

· Aat 1878 plaaed an obligation on Loaal Authorities to supply a pure and 

wholesome water to aonsumers. Wholesome in this aontext means not 

pre;judiaial to health. 

Mortality from typhoid fever had alreadJJ begun to fall sharply with 

the development of water purifiaation method.s in the seaond half of the 

nineteenth aentury. When the aoliform group of baateria was shown 

to be present in large numbers in sewage the early water baateriologists 

published several papers aimed at trying to differentiate more preaisely 

the aoliform organisms partiaularly assoaiated with exareta and those found 

/ ... 
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in other situations. Sir A7,e=ider Houston and no doubt others showed that 

a quantitative ao7,iform test aou?,d disariminate between we7,7,s known to have 

aaused enteria fever and ones that had not. On7,y when Wi7-son and B7-air 

devised a good se?,eative medium for the typhoid baaiUus in the ?,ate 1920 's 

did it beaome afoar that the ratio of ao7,iform organisms to pathogenia 

organisms in sewage was of the order of half a miUion to one. Given this 

and the faat that water purifiaation proaedures aan virtuaUy eliminate 

aoliform organisms from raw water it is not su:tprising that a water with no 

aoliform organisms is highly unlikely to aause typhoid, aholera or dysentry 

the al,assia triad of water borne miarobial diseases. 

E. COLI I 

With the disaovery of the aolon baai?,lus (E. Coli I) by Esaheriah in 

1885 it beaame a?,ear that organisms aharuateristia of sewage must be 

identified to provide evidenae of potentially dangerous poUution. 

This aonaept is still, the main ariterion by whiah routine waters are 

judged to be hygieniaal?,y aaaeptable or not. Internationally if 

E. Coli I is found to be present in a water supply the water is 

automatiaally aondemned. 

Henae, E. Coli I is used as an indioator organism. It· is invariably 

present in human exareta and to a 7,esser extent in the exareta of 

anima?,s and birds. E. Coli I is present in numbers up to 5 X 10.8 

per gram of human faeaes. It ii not as resistant as most pathogenia 

mterobaateriaaeaeandtherefore might die out whi7,e pathor;ens would still 

be living. Natural die off of baateria is extremely important and 

figures quoted for E. Coli I in alear sea water at 20°c quote a 90% 

die off rate in 4 hours in day light to a 90% die off rate in 10 hours 

at night. 

SIGNIFICANCE OF E. COLI I IN GROUND WATER 

When E. Coli I is found in ground water we aan short list the possible 

aauses C1B (1) septia tanks loaated where the effluent aan readily and 

rapidly flow away in the roak araaks or (2) the usage _of aesspits 

rather than proper soak way systems suah as porous pipes in a herring

bone system to disperse the septia tank effluent or (3) manures stored 

in farmyards or (4) farmyard run-off or (5) lea"i,y sewers in urban areas. 

International standards for drinking water automatiaally would demand 

that the presence of E. Coli I in ground water deem the water to be 

unfit for human aonsurrrption. In effeat the presence really means that 

I ... 
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we are increasing the risk of c:ontac:ting a c:ommu:n.ic:able disease transmitted 

by water. But the disease causing organisms would have to be present in the 

water. In Ireland hepatitis A c:auses most aonc:ern. 

Signifiaanc:e of E. Coli I in Swimming Waters 

suah as Dublin Bay 

No satisfactory evidence linking the rise of a c:ommu:n.ic:able disease with 

the degree of sewage contamination of coastal or other bathing waters 

has up to the present time being found and consequently microbial 

standards for bathing water are irrelevent to the public: health. 

Nevertheless, the EEC Bathing fiater Directive gives a m:xndatory value 

of 2,000 E. Coli I per 100 millilitres of water for bathing waters. 

This was a logical corollary to the philosophy already laid down in the 

programme of ac:tion of the European aormrunities on the Environment, a 

basic: axiom of which was that the quality objectives were to be set for 

all aspects of the environment including water. What was required of the 

experts therefore, was an agreement on nwrueric:al standarde rather than on 

public: health. While the EEC bathing directive figure of 2,000 will have 

legal status in 1985 it has no public: health signifiaanc:e and is best 

regarded as an administrative guideline c:onc:erned with quality 

recreational waters. It is not a predictor of the· ahanc:es of getting 

disease from SuJimming in sewage polluted waters. Having regard to this 

administrative guideline of 2,000 there is a temptation to suggest when 

that figure is grossly exaeeded as happens in some parts of Dublin Bay 

,_, that there is a significant risk for SuJimmers. This suggestion is grossly 

unfair and frightening to members of the ordinary pubZia who are inclined 

to believe the newspaper headlines for e=nple "Swimming in Dublin Bay a 

Health Risk", says expert, Irish Times, 24th Marc:h 1984. 

BRADFORD HILL 'S CRITERIA 

Bradford Hill who played a notable part in establishing a aausal link 

be-J;uJeen aigarette smoking and lung aancer lists nine ariteria that 

epidimiologists should apply to the scrutiny of apparent assoaiations between 

environmental agents and disease before aonaluding that the relationship 

is one of aause and effeat. 

In order to establish a aause and effeat relationship between suJimming 

at the Bull Wall and a partiaular aormruniaable disease two proaedures 

must be adopted. Firstly a statistically significant assoaiation between 

/ ... 
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swimming at the Bull Wall and the occurence of the disease in 

question must be demonstrated. Statistically,, significant associations 

are not necessaz>ily cause and effect sequences. They must be further 

scrutinized before they are aaaepted as such. 

A further study of the assoaiation suah as taking into aaaount the 

nine different viewpoints of Bradford Hill must be undErtaken before 

we aan alaim aausation. HiU 's nine ariteri~ for judging whether 

an environmental pollutant is causing disease are briefly indiaated here. 

An assoaiation between a polluted environment and a communiaable disease 

is more likely to be dEemed one of aause and effeat if the assoaiation is 

strong. Next on Hill's list is the constitency of the observed 

assoaiation. Has it been repeatedly observed by different persons in 

different plaaes, airoumstanaes and times?. The third criterion is 

speaificity whiah we have when the disease is not assoaiated with other 

environments or the partiaular kind of polluted environment with other 

communicable diseases. The fourth ariterion is terrrporality. In the 

context of swimming in sewage effluent polluted water't,ha .interval between 

exposure and the onset of disease should aorrespond to a known incubation 

period. Fifthly has the assoaiation a dose response curve showing an 

inareasing 

BuU WaU. 

inaidEnae of the -disease with increasing swimming at the 

Sixthly the suspected causation should be biologiaally 

plausible or (7 J at least not in conflict with other knowled.ge of the 

natural history and biology of the disease in question. The eight 

criterion appeals to experimental evidEnce as when the cause and effeat 

relationship has been supported by experiment e.g. when swimming at the 

Bull WaU is disaontinued and there is a dmrrr:r.tic fall off in the 

incidence of the disease. The removal of the handle of the Broad St. 

purrrp by John Snow and the deaUne of the aholera outbreak is a classia 

illustration of the point. Hill's ninth ariterion is a fair analogy with 

some parallel aontext. 

Hill points out that none of the 9 viewpoints aan bring indisputable 

evidEnce for or against the aause and effeat hypothesis and none can be 

required as a sine qua non. What they aan do, with greater or less 

strength, is to help up to make up our minds on the fundamental question -

Is there any other answerequaUy or nvre likely than cause and effect? 

/ ... 
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W.H.O REPORT 

A W.H.O. Working Group on QuaZ.ity of Beaahes and Coastal, Water in 1974 

aonaZ.uded that potential, heaZ.th risks d.o exist in aonneation with bathing 

or swilmling in poUuted aoastaZ. waters. The degree of heaith hazards 

rrri.y vary from one area to another aaaording to faators suah as aZ.ima.te, 

tidaZ. and aoastaZ. aurrent aharaateristias and the Z.oaaZ. epid.emioZ.OgiaaZ, 

situation. Compared with other possibZ.e hazards, however, suah as 

sunburn, heat stroke or food poisoning, espeaiaUy that due to the 

aonswnption of raw sea foods, the risk of aontraating ao111!TTUYliaabZ.e 

diseases from bathing is Z.imited so far as present epid.emioZ.ogiaaZ, 

evidenae goes. 

The isoZ.ation of a pathogen from a poZ.Z.uted site aannot be d.eemed 

a heaZ.th risk unZ,ess a quanititative reZ.ationship between exposure 

to the environment that aontains it and the inaidenae of the 

aorresponding disease has aZ.ready been estabZ.ished. 

WORK OF CASELLI ET AL 

CabeUi et aZ. in the AmeriaaZ. Journal, of PubZ.ia Beaz.th VoZ.ume 69, 

1979, 690 studied swimmers at a 11BareZ.y aaaeptabZ.e 11 (BA) beaah 

(a Coney IsZ.and beaah) and at a 11reZ.ativeZ.y unpoUuted 11 (RU) beaah 

(Roakaways). The rate of gastrointestinal, symptoms was ~ignifiaantZ.y 

higher among swirruners reZ.ative to non swirrmers at the BA but not at the 

RU beaah. A dose response type reZ.ationship of swimrzers assoaiated 

gastro intestinal, symptorrrztoZ.Ogy was not demonstrated. 
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GROUND WATER QUALITY AND CARDIOVASCULAR DISEASE 

In the United Kingdom it has been establ-ished that there is an 

inverse rel-ationship between cardiovasaul-ar mortal-ity and water 

hardness. In Britain ·the softest water suppl-ies are in Scotl-and, 

Northern Engl-and and Wal-es and the hardest in East Angl-ia and 

Southern Engl-and. There tends to be a North to South East gradient. 

Mortal-ity from cardiovascul-ar disease (heart disease and stroke) tends 

to foUow the same pattern and several- statistical- studies have demonstrated 

an inverse rel-ationship between cardiovasaul-ar disease and water hardness. 

For 253 towns in Engl-and, Wal-es and Scotl-and having a popul-ation 

greater than 50,000 there is a highl-y significant inverse rel-ationship 

between the hardness of drinking water and mortal-ity from cardio-

vascul-ar disease. The rel-ationship persists when age, sex, s.oaioeaonomia 

and ciinv.tia effects are taken into account and is not shown for mortal-ity 

. from non <f'a.Z'diovascul,ar diseases. On average Ver'!f soft waters towns 

have about 10% higher cardiovasaul-ar mortal-ity than medium hard or harder 

water towns after adjustment for soaioeconomia and cUnv.tio factors. 

The:r<1.is however, considerab-z« scatter in the data. The rel-ationship al-so 

appears to be nonUnear in that rrvst of the varia_tion in mortaUty appears 

to take pl-a.t,e at the soft end of the hardness range. It is concl-uded that 

cardiovascul-ar disease is infl,uenaed by water hardness·or by some factor 

cl-osel-y associated with water hardness. This coul-d be either a harmful

faator in soft water or proteative factor in hard water. 

Studies carried out in Japan and the United States al-so show that mortal-ity 

from aardiovascul-ar disease seems to be higher in soft water areas. 

It has been shown that in situations where the hardness of water suppUes 

has changed, there is a corresponding change in the cardiovascul-ar disease 

mortaUty rate at 'least for · men. The size of the water factor is snv.U in 
comparison with other aardiovasaul-ar disease risk factors e.g. heavy 

srrvking doubles the risk of a CVD event whi'le very soft water increases it 

by 10%. The present situation does not warrant such d.Pastic unwe'laome 

costl-y and barel-y praatwai aation as the hardening of soft water suppUes. 

I ... 
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NITRATES IN GROUND WATER 

In the last decade fe=s that the use of fertilizer nitrogen 

on the fa.rm is contributing considerably to nitrate pollution of 

ground water have increased. There has been a progressive increase 

in nitrate concentrations in the Rhine, in Europe and in the Rivers 

Lee, Thames, Stour, Great Duse, and Frame in the United Kingdom. 

The current situation regarding nitrate concentrations in ground 

water seems to be comparable with the surface water situation that 

is an upWard trend--_ certainly in parts of the continent and the United 

Kingdom. Viets and Hag;;man in 1971 (U.S. Department of Agriculture 

Handbook No 413) drew attention to the seriousness of the problem. 

"The rate of water re-charge from deep percolation is so slow 

that possible nitrate pollution of aquifers from our modern 

technology will take decades. However, once nitrate gets into the 

aquifer, decades will be required to replace the water with low 

nitrate water. Fifty to one hund:i>ed years might be required to 

establish a time trend. By the time the trend was established a 

dangerous situation could be in the making that could not be corrected 

in a time shorter than it took to create it". 

La:t>ge amounts of nitrogen are leached from the soil on ploughing 

but it is not passible to distinguish with certainty the relative 

importance of fertilizers and ploughing in enhancing nitrate leaching. 

NITRATE IN DRINKING WATER 

The present concern about high concentrations of nitrate and nitrite 

in drinking wa.ters (and in food) arises because of evidence that the. 

sustained ingestion of high concentrations of nitrate or nitrite can 

exceptionally lead to the medical condition known as methaemogZobinaemia 

and also to the production of nitrosamines, which are known ani=l 
l 

carcinogens. Nitrates are relatively non toxic, probably because they 

rapid:Ly absorbed and e=reted by the bod.y; toxicity in general results 

only when the nitrate is converted to nitrite. 

/ ... 
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METHAEMOGLOBINAEMIA 

Methaem:;gZobinaemia first reaognised in 1945 is a aondition whereby in the 

presence of high aoncentrations of nitrite the Ferrous iron of blood is 

oxidfsed to feria iron giving rise to methaem:;gfobin, whiah is ineffiaient 

in reversibly binding oxygen and this in ayaZing it from the Zungs through 

the body. Cyanosis oaaurs if m:;re than 5% of the haem:;gfobin is aonverted 

to methaemogZobin; at 30-40% aonversion hypoxia sets in; methaerrvgZobin 

aonaentrations greater than 50% are generaZZy fataZ. Infants, espeaiaZZy 

during the first three months of Zife are partiauZarZy suspeatibZe to 

methaemogZobinaemia for at Zeast four reasons:-

(1) Foetal haerrvgZobin (haerrvgZobin F) whiah persists in the blood stream 

of babies for some time is partiauZarZy suspeatibZe to oxidation to 

methaerrvgZobin by nitrite. 

(2) The poorly developed aapaaity to searete gastria aaide allows baateria 

whiah reduce nitrate to nitrite to develop in the gastro-intestinaZ traat: 

of infants. 

(3) The red blood aeZZs of infants show reduaed aativity of an enzyme 

(NADPH dependant methaem:;gZobin reduatase) whiah reduaes the aoncentration 

of methaemogZobin in the blood. 

(4) The total food intake for bodJJ weight of an infant is about three times 

that of an adult. Most reaorded aases of methaemogfobin have been aaused 

by feeding infants milk formulations whiah were prepared with water riah 
in nitrates. 

The largest proportion of ingested nitrates and nitrite aomes from the 

ingestion of food.stuffs, including foode where nitrate or nitrite has been 

add.ed as a preservative, or llegetabZes supplied with high aonaentrations of 

fertilizer .. nitrogen or manure. Only when nitrate ZeveZs in drinking water 

are above the WHO reaorrunended Zimit for 50 miZZigrams of nitrate per litre 

(equals 11.3 milligrams per nitrate nitrogen per Zitre) is nitrate in 

potable water ZikeZy to make up more than 50% of the total nitrate ingested. 

MathaemogZobinaemia appears to be an eztremeZy rare aondition within the 

United Kingdom with only ten aases having been reported in the past thirty 

years. In 1976 when nitrite aonaentrations in some water supplies in the 

U.K. were between 60 and 100 miUigrams per litre, doators were speaifiaaZZy 

asked to Zook for symptoms of methaemogZobinaemia but none was identified; 

/ ... 
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The levels of nitrates in some Irish waters as determined in the 

Publia Analysts laboratory in Dublin are shown in Table 1. 

Daly and Daly of the Geologiaal SUI"l)ey in their reaent study of ground 

water in the Barrow Valley aonaluded that the water in general is 

of good quality but that there are many aontaminated ground water 

souraes showing high nitrates. They aonsider that the main souraes 

of nitrate aausing aontamination are fa'l'm/fards, septia tanks, and 

souraes in urban areas and that artifiaial fertiUzer is not the main 

sourae of nitrate in aontaminated wells. They aonsider that it m:zy 

have added to the baakground nitrate levels but that it is not a 

signifiaant problem at the rroment. This aonalusion is based on a 

aombination of faators (1) the nitrate levels are varied and s.aattered 

randomly throughout the area, (2) the obvious point pollution souraes 

are loaated alose to many wells with high nitrates, (3) many of the wells 

with high nitrates are loaated in urban areas where fertilizer is unlikely 

to be the souraeand leaky sewers m:zy be the aulprits. 

NITROSAMINES 

Nitrosamines are powerful aarainogens in a wide varie-,of animal species 

and it is probab74l that at high enough conaentrations there will also 

be carcinogenic in hum:zns. 

Environmental Pollution has 

However, as the Royal Commission on 

emphasised there is no direct evidence that 

N-nitroso compounds or there precursors cause human cancer. 

Chronia ingestion of nitrate m:zy result-in the production of nitrite 

which then reacts with amines to produce nitrosamines. 

Nitrosamines m:i.y be formed in vivo in the stomach (as ·a result of 

acid catalysed reaations or by baateriological' activity at physiological 

pH), in the bladder (where bacterial infection may facilitate nitrosamines 

forma.tion) and in the saliva of smokers. The aontent of both nitrates and nitrite 

in saliva have been shown to increase with increase in nitrate ingested in 

food. The average per aapita weekly intake of nitrates , . in food and water 

in the U.K. is as follows:- meat products 37 milUgrams, milk 87 milligrams, 

cheese fll;milligrams, vegetables 224 milligrams, potatoes 60 milligrams, 

water 105 milligrams. 

/ ... 
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HYDROGEN SULPHIDE (H2SJ 

Traaes of hydrogen sulphide ma:y be found in good quality drinking 

water espeaially in districts on boulder alay. These traaes aan be produced 

by reduation of sulphates by baateria in wells, lakes, bogs and rese!'l)oirs. 

The gas is not unaommon in water from aluminium aontaining organia matter 

and in whiah partiales of iron pyrites are embedded. In interpreting suah 

results attention should be paid to nitrogenaus aontamination and 

baateriologiaal e=nination. The Drinking Water Direative demands that 

hydrogen sulphide should not be deteatable organoleptiaally. Rodier 

(Analysis of Water) speaifies a limiting aonaentration of 0.05 milligrams 

of H2S per litre. Sulphurettedhydrogen may be removed from a water by 

aeration, allowing the water to stand or by boiling it off. It should 

be remembered that hydrogen sulphide is a poisonous substanae though not 

at the levels found in waters from boreholes. 

IRON IN WATER 

Surfaae waters may aontain up to 0.5 parts per million of iron whiah 

may originate from leaahing of the terrain treversed or from industrial 

aontamination. Iron is often largely present in gravels, sands, ahalk, 

limestone and sandstone. It may be present in levels of up to 10 ppm in 

waters from boreholes. Mineral waters espeaially thermo-mineral waters 

may aontain more than 10 ppm. 

Ferrous iron is quiet soluble in water and preaipitates immediately after 

removal of aarbon dio:x:ide and o:x:idation by air. It may ,;:x:ist in solution 
' 

in .the aolloidal state and in the form of organia or inorgania aomple:i:es 

espeaially if polyphosphates are used in water treatment. Iron in water 

presents no;•.in aonvenienae from the physiologiaal point of view. However, 

it gives an unpleasant ~stringent taste and the turbid aspeats and red 

aolour imparted to the water by iron are repellent to the aonsumer. 

Ferrugious waters also have the disadvantage that they stain laundry. 

Finally aertain baateria require large amounts of iron. These iron baateria 

beaome attaahed to pipe walls and lead to aorrosion aaaompanied by the 

formation of hard bulky aonaretions. The ma:x:imum permissible aonaentration 

of iron may be taken as 0.2 ppm (Drinking Water Direative). One part per million 

imparts a taste. To distinguish iron in well waters from that aontributed by 

the liner samples taken at '11' hourly intervals during vigorous pumping wiZl show 

a dearease in iron level if the aontamination is derived from the liner. 

/ ... 
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MANGANESE IN GROUND WATER 

The Drinking Water Directive gives 50 rrri.crograms per litre as the 

ma:x:irrwn aaaeptable concentration of rrrznganese. Manganese of different 

valencies may be found in water in the form of solutions, suspensions 

or complexes. Some underground waters contains amounts of the order 

of lppm. If we consider the anvunts of manganese ingested every day 

with food the manganese in the water content cannot be considered 

toxic. It may hPu)ever, impart an unpleasant taste in water and the 

appearance of manganese precipitates in water is not very attractive. 

Black rrrznganese dioxide may appear in pipes particularly on the 

borders of Kildare and CarlObJ. In the home it is found to stain 

ename i and 'laundry even if present in very sma'l i am:Junts O. 1 ppm. 

In water treatment plants is stimulates the grObJth of aerobacter. 

These interfere with the action of sandfi'lters and may result in the 

forrrt<Xt;ion of deposits in pipes. The element may however, be utilized 

in its pentava'lent state as perrrr:inganate to e'lirrri.nate organia matter 

by objectionable tastes. 

SULPHATES IN WATER 

The Drinking Water Directive gives a maximum admissible ccracentration 

of 250 ppm of sulphate ion in water. Levels above this may lead to 

gastro-intestinal irritation. 

SILAGE MAKING 

The expansion in silage making (6 rrri.Uion tons in 1975) has added 

a new dimension to the farm waste disposal problem partiaularly when 

silos are sited in the catahment of lakes or near water sources 

partiaularly in fiat country where streams and rivers are slObJ moving. 

Silage effluent is a very stroiypoUutmg agent with BOD of about 

54,000 rrri.lligram per litre. It is 200 times rrvre potent than domestic 

sewage. Ground or spy;,ing , water aontaminated by suah waste may beaome 

completely unsuitable for any purpose. One ton of silage has about 

40 gallons of effluent. 
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In the Publia Analyst's Laboratory, we are able to deteat less than 1 pa:rt 

per rrriUion of silage effluent in the aontarrrinated water supply. We do 

this by using the teahnique of Gas Liquid Chroma.tograp"Jand deteating 

the seven m::t.rker aaids from silage effluent, - aaetia aaid, propionia aaid, 

isobutyria aaid, n-butyria aaid, iosvaleria aaid, n-valeria aaid, and 
, aaproia aaid. A Zitre of the sample of water is aaidified with sulphuria 

f aaid and extraated into ether. The ether extraat is ma.de alkaline with ~r 
· aaustio soda and the residue a~er evaporation is aaidified to give the 

free aaids whiah are injeated into the gas ahroma.tograph. The presenae 

of organoleptiaally deteatable quantities of silage effluent in water 

automa.tiaally leads to aonsumer rejeation on aesthetia grounds. 

The silage pit should have a natural or synthetia impermeable base and 

i adequate aolleation and storage systems for the effluent should be 

\ installed. 

\__~J~.f~ Ol~.t0 ~ ,~<0 v, W ~J;,,~.1 -

Conclusions 

About 25% of our total water supply in Ireland is from ground water. 

It is the m:zin sourae of supply for the food proaessing industry and 
for domestia supplies outside the urban areas. 

As it is an import;znt resouree every effort should be ma.de to proteat it 

from aontarrrination. 



TABLE 1 

************** 

Nitrate Nitrogen in 373 samples 

January - May 1983 

Taken: - Leinster Monaghan Ca!Jan 

NO 

% 

LOW 

3ppm 

283 

76 -

MEDIUM 

3-6 ppm 

56 

15 

HIGH 

6 ppm 

34 
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Groundvater Developnent 

at 

Kinvarra 

for 

Galvay County Council 

KEVIN T. CULLEN, M.Sc., 
CONSUL TING HYOROGEOLOG/ST, 

33, The Avenue, 
Wood Park, 
Ballinteer, 
Dublin, 16. 

Tel: 01-987989 

A recent groundwater developnent project on behalf of Galway County Council at 
Kinvarra located arrl developed a rrajor groundwater source in a karst limestcne 
envirorment. 

Kinvarra lies en the western edge of a large area of lowlarrl karst, where 
extensive areas of exposed limestone bedrock, disappearing rivers and 
turloughs replace the nonnal surface drainage network. Kinvar:r:a Town and its 
environs cbtain their fresh water supply fran a water well located near the 
cce.st about cne kilanetre to the north east of the town. Unfortunately, this 
supply is prone to contaminaticn by salt water due to its close proximity to 
the cce.st arxi the karst nature of the host limestone aquifer. 

In 1982 the County Council carmissioned a hydrogeological investigation of the 
Kinvarra area which consisted of geological rrapping, data ccmpilation arxi an 
extensive resistivity survey. The geophysical results identified areas of low 
resistivity 1.5 Kms south east of Kinvarra and these were chosen for testing 
by trial wells, one of which at l.oughcur:r:a south was canpleted in the Autumn 
of 1983. 

The drilling results fran I.Dughcur:r:a south indicated that the area was 
underlain by limestones which contained two distinct arxi separate karst 
systems, separated by sane 70 m. of unf:r:actured arxi unweathered limestone. 
Both karst systans are capilile of supplying large volunes of grourrlvater in 
the Winter rronths while in the drier Sumner pericxi only the deeper karst 
systen 'NOUld offer a secure water supply. Also, the shallow network of 
caverns respond to recent :rainfall arxi so are very prone to contaminaticn. 
The deeper aquifer contains ground1.1ater which is much more mine:r:alised than 
the shallower aquifer indicating that this vater has a greater residence time 
arxi therefore not so vulnerable to contaminaticn. 

' 

The results of this groundwater project has located and developed a 
groundwater source for Kinvarra Town capmle of a supply in excess of 250,000 
g:,.1./day. Proper control and rranagenent of this resource will insure that 
Kinvarra can develop its tourist industry in the kmwledge that it can offer 
its visitors an ample supply of potable water. 
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Groundwater Investigation and Development at Moneypoint 

Electricity Generating Station, Co. Clare 

A Case Study 

Introduction 

q w1lf & 
The ESB require a 2 m.g.d. supply of water at the Moneypoint Station when 

it becomes fully operational in the mid 1980's but before then a supply 

is needed to service the site during construction and for the 

commissioning of plant. A groundwater investigation and development 

programme was undertaken to obtain a supply of water from the site area. 

Geology 

The Moneypoint area is underlain by siltstones with subordinate sand

stones and mudstones of the Central Clare Formation of the Namurian. 

These rocks occur as the result of a series of rhythmic sedimentation 

cycles each in the order of 100m thick and it was thought that the 

sandstone strata in each cycle might act as an aquifer. It was therefore 

intended that a number of separate sandstones would be used and that each 

would yield groundwater independantly. The groundwater potential of the 

formation had not been investigated before and examination of the sand

stones at outcrop indicated that the intergranular permeability of the 

sandstones is poor owing to sealing with silica and carbonates. Joints 

in the sandstones are also sealed so the formation was unlikely to have 

good water bearing properties. The rocks are folded along east-west 

axes however and an anticline lies through the north of the site. It was 

therefore intended to dri 11 along this axis in the hope that. fractured 

sandstones would yield sufficient water. 

D. J. BURDON D.Sc. D. J. BURNS Ph.D. 
Registered in Ireland No. 34949 

VAT Reg. No. 80 813608 
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Superficial deposits are thin or absent and have no groundwater potential. 

Borehole Construction 

Seven bored wells were attempted _with the intention of drilling and 

test pumping successive potential aquifers in each well before 

drilling to greater depths. Experience on the first holes indicated 

however that the planned investigation was not worthwhile, and the 

drilling programme was altered accordingly. 

Moderately good yields were obtained from sandstones at depths up to 

150m in wells A, C and D but saline intrusion occurred at these depths 

and had to be stopped by grouting to 70m from surface. Yields from 

shallower aquifers that were intersected in these wells were not so 

good. The yields from wells B, E, F and G were poor. 

Logging of the holes by examination of drill cuttings was not possible 

and identification of sandstone horizons was done. from drilling rate 

and geophysical logging data. This enabled a correlation of the sand

stones and indicated that wells A, C and D had drawn water at depth 

from the same strata. 

Well C ultimately was the most productive well, yielding good quality 

groundwater at up to 230 m3/day from aquifers within 100m of surface. 

The investigation showed that the Central Clare Formation is a poor 

aquifer in this area of Clare but that structural features determine the 

permeability of the rock. The best results may be obtained along fold 

axes (well C) with yields diminishing rapidly away_ from the axes (well 

A & D). And where there are no structural influences, permeability may 

decrease rapidly with increasing depth (wells B & E). Further from the 
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coast, where there is no possibility of saline intrusion, it might be 

possible to obtain large quantities of good quality groundwater from 

the same formation. 

Acknowledgments to the Civil Works Dept. of the Electricity Supply Board. 

Stephen Peel 
HYDROGEOLOGIST 
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FUTURE OF GROUNDWATER IN IRELAND 

INTRODUCTION 

This paper concludes the fourth annual seminar on groundwater development 

held by the Irish Group of the International Association of Hydrogeologists 

(!AH) at Port Laoise. In it, an attempt is made to present some aspects 

of the future of groundwater in Ireland. In all, some 17 aspects of 

groundwater's future are noted. There are many many more which are 

known to the participants in this Groundwater Seminar; and it is hoped 

that some of them will be brought up in the discussion on this paper. 

The progress which has been made on the knowledge and use of groundwater 

over the seven or eight years past is remarkable .. Wi 11 iams in 1971 

could report that there was then nil on the management of groundwater 

in Ireland. In 1977, a paper was presented to the Birmingham Congress 

of the !AH, entitled "Overcoming Obstacles to Groundwater Development in 

the Republic of I re land". The four Port Laoise meetings in 1981, 1982, 

1983 and now in 1984, are clear evicience on progress made and of the 

acceptance of groundwater as a part of the Irish water cycle; they 

must continue into the future. 

In 1977, six spheres in which there were obstacles to· g·roundwater 

investigation, development, use and management were identified. They 

fell under the headings (i) Natural and social environment; (ii) 

Organization; (iii) Lack of knowledge; (iv) Non-scientific approach; 

(v) Drilling skills; and (vi) Legal. Now, in 1984, groundwater is 

accepted as a major water resource, as set out in "Hydrology in I re land", 

published in 1982 by the Irish National Committee for the International 

Hydro logical Prag ramme, ( I HP). 

Whereas in 1977, only 15% of water used in Ireland was groundwater, by 

1982 "groundwater accounts for about 25 per cent of water supply in the 
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Republic of Ireland. At a county level, there is a wide range from 

less than 2 per cent for Dub! in to almost 100 per cent in Roscommon" 

(!HP, 1982, p.22). These are general figures; a detailed survey of 

all farm, rural and group schemes from we! ls and boreholes, as well as 

urban schemes based on spring water (which is groundwater) as well as 

industrial supplies would show that, while surface water sources are 

still the major source of water supply in Ireland, the amount supplied 

from groundwater is greater than 25 per cent. 

11 LEGAL AND ORGANIZATIONAL 

11-1 National Groundwater Policy. 

A general statement on the Irish groundwater position and potential 

would be of help. It could be widely circulated, and used as a basis 

for administrators and others responsible for the investigation, 

development, use and management of the Irish natural resources. It 

could be drawn up by those members of the Irish National Committee of 

the International Hydrological Programme involved in groundwater. 

11-2 Legal 

There is a need for legislation regarding basic aspects of groundwater, 

in particular, its ownership. This .need has been increased by the 

concept that groundwater is a twofold resource, a water resource and 

an energy resource. We are fortunate to have an up-to-date report on 

"Legal Aspects of Groundwater" by Mr. M. Murphy; where do we go from 

there ? . 

In FAQ's "Groundwater Legislation in Europe" it is noted for I re land 

that "There is no specific legislation relating to ownership rights 

over groundwater; the laws governing property rights generally would 

apply largely to groundwater rights" (1964, p. 78). This is not 
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satisfactory. In particular, legislation is required to protect those 

who develop large scale groundwater, and rely on this water; others 

may not take it from them, as is possible since groundwater flows from 

one property to another. The 1977 Local Government (Water Pollution) 

Act defines an aquifer, and states that waters include waters in 

aquifers. This is the first mention of groundwater in Irish 

legislation; it is not satisfactory and touches only on one aspect 

(pollution) of groundwater. In "A Review of Water Pollution in 

I re land" (1983), some aspects of the pollution of groundwater are 

treated (p.85-87, and A.4.4); they reveal the weakness of our position 

rather than the extent (fortunately very 1 imited) of the pollution of 

our groundwaters. The position should be drawn to the attention of 

those responsible for our legal system. 

I I I - KNOWLEDGE OF GROUNDWATER 

111-1 Port Laoise. 

This is the fourth such meeting organised by the Irish Group of the 

International Association of Hydrogeologists. It has been a major 

·success in the diffusion of knowledge of groundwater. The fi rs·t, in 

1981, stressed "Development of Gravel Aquifers". The second, in 1982, 

stressed "Groundwater Development in Limestone Aquifers", and the 

third, in 1983, stressed "Cost Factors in Groundwater Development". 

And this present meeting has stressed "Groundwater Development in 

I re land to Date". They have been most effective in diffusing knowledge 

of groundwater to all interested in it. They have become part of the 

technical calander of meetings in Ireland. They must be continued into 
the future. 

I I 1-2 Groundwater Surveys by Counties. 

At this meeting, there have been reports on aspects of groundwater 

surveys in Cos. Meath, Wexford and Galway. A survey was made of the 
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North Riding of Tipperary in 1978. The county basis is a good one for 

hydrogeological investigations, and groundwater is generally used on 

a county basis. It is hoped that in the coming years, surveys will 

be made of the groundwater resources of all the 32 counties of 

I re land. 

111-3 Training. 

At university level, some lectures on hydrogeology are given at TCD, 

UCG and Queens {Hydrology in Ireland, p.21), while groundwater is 

always included in general water engineering, as detailed in Chapter 7 

"Education, Training and Research" of Hydrology in Ireland (1982). 

Since there are only two post-graduate (M.Sc. and Ph.D.) course in the 

whole UK (University College London and Birmingham), it would not be 

wise to set up formal hydrogeological post-graduate courses in Ireland. 

But the importance of hydrogeology should be stressed at under-graduate 

level, and possibly special sets of lectures given on hydrogeology. 

The main field where training in hydrogeology and groundwater could 

be given is by meetings and possible training courses to qualified 

water engineers, to technicians and to people engaged in different 

aspects of dri 11 ing. This present meeting is a form of training. 

Other aspects of such training are given in many papers as Bray (1983) 

"Training and development for Water Engineers and Scientists". It 

might be possible for the Irish Group of IAH to organize a more formal 

annual training of two or three days duration; ACOT might support 

such a training programme. 

IV USE OF HYDROGEOLOGY 

As used here, hydrogeology lays emphasis on the investigation and 

protection of groundwater; the word groundwater is used with reference 

to the extraction and use of this natural resource. 
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IV-1 Drainage. 

From some recent work, as the IAH Prague Symposium in 1982, the 

interaction between drainage operations and groundwater regimes have 

been made clear. Drainage is a major operation in Ireland; since 

1842, some 2.02 million hectares (almost five million acres) of 

Ireland (some 29.3% of the state) have been drained. The use of 

hydrogeology in these major operations has been almost nil. No 

doubt, excellent work has been done; but in the future still better 

work might be possible if some hydrogeological and groundwater 

concepts were applied, in particular to farm or agricultural drainage 

operations and schemes. In June, 1984, the Commission for Groundwater 

Protection of the IAH will visit Ireland, at the invitiation of the 

Geological Survey working in close co-operation with An Foras Taluntas. 

It is hoped that relationships between drainage and hydrogeology will 

be discussed at some depth. This is a definite, firm, future 

aspects of IAH action on such an inter-relationship. 

IV-2 Landfill Site Selection. 

Hydrogeology is an essential in determining whether or not a possible 

site is suitable for dumping and other landfill site activities. 

Discharges from waste dumps are almost entirely through.groundwater 

flow. The infiltration, the discharge, the permeability of the 

underlying formations and their connections through groundwater 

effluents with other aquifers, as well as the whole problem of ground

water pollution and contamination, are within the field of hydrogeology, 

and should be investigated by a hydrogeologist. The number of such 

landfill sites is on the increase; some of the older easier worked 

sites are full, and new ones must be selected. It is desirable that 

in a 11 such cases, a hydrogeo log i st is emp 1 oyed in the selection and 

evaluation of such landfill sites. 
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IV-3 Pollution. 

While pollution of surface waters is the responsibility of An Foras 

Forbartha, res pons i bi 1 i ty for the po 11 ut ion of groundwater does not 

appear to be the specific, legal responsibility of any state agency 

or semi-state body. Many are involved, but the approach to pollution 

of groundwater in I re land is rather haphazard. In the "Review of 

Water Pollution in I re land" (1983) there are some references to 

groundwater; but there is no overall review of groundwater pollution. 

Hydrogeologists are needed to examine al 1 cases of pollution; they 

are needed to guard against and to help to prevent further or future 

pollution. An Foras Forbartha deals effectively with surface 

pollution; one of their staff has examined a bad groundwater pollution 

case at Teesan Springs, Co. Sligo (Naughton, 1983). The Geological 

Survey has carried out some detailed nitrate pollution studies in the 

Barrow Va.1 ley and elsewhere, as Daly, 1981. 

But there is clearly a need for a more systematic and overall approach. 

The subject "pollution of groundwater" might be a suitable one for a 

further Port Laoise meeting of the IAH. 

V GROUNDWATER EXTRACTION, SUPPLY AND MAINTENANCE 

Efficient and reliable methods of groundwater extraction and supply 

result in satisfied customers and an increase in the demand for 

groundwater. Poor maintenance and resulting unreliability of supply 

are the common complaints against groundwater; they must be overcome. 

V-1 Extraction of Groundwater. 

Groundwater is extracted from wells and boreholes by a wide range of 

devices, from bucket-and-rope to jet, electrical submersible and many 

other types of pump. Electricity is the normal prime move, but diesel 
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is also used and wind is, after a period of disuse, returning into 

use for pumping. In 1983, E. Creed gave us a valuable paper on 

"Pumping Costs" and L. Clark on "Optimising Groundwater Development". 

In general, methods for the extraction of groundwater have many snags 

and drawbacks; these mitigate against the ful I use of our ground

water resources. Break-downs at critical times, need and cost of 

repairs, unsteady maintenance, all mi ti gate against greater use of 

groundwater. It would seem that here research and experiment should 

be carried out to improve and make more reliable our means of 

groundwater extraction. As a suggestion for a discussion, what do 

those here think of the jet pump, powered by wind, and with no 

down-the-hole moving parts? 

V-2 Construction of Water Wells. 

There have been really great advances in the drilling of boreholes 

and their conversion and equipping as water wells over the past seven 

years. The 1982 paper by H.M. Townsend refers. It is an achievement 

of which the well drilling industry in Ireland may well be proud. But 

more can be done, and casing, aquifer development, gravel packing, 

screening and related operations can be improved to produce highly· 

e.fficient wells. As a result, all the drawdown will be due to 

aquifer characteristics, and not to failings in the water well; as in 

W. Jungmann's 1981 paper "Well Screens and Gravel Pack". And every 

extra foot of drawdown is extra cost of pumping. Here again, some 

research and experiment in this aspect of the extraction structure 

would seem desirable. 

V-3 Card Index of the Geological Survey. 

The card index of groundwater extraction points held by the 

Geological Survey is of very mixed standards. It needs reclassification, 

a very large task.· But it also needs fresh and more accurate data. All 

connected with the groundw;iter industry should send data on groundwater 
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extraction points to the Geological Survey on a regular and frequent 

basis. In the end, such a record wi 11 be i nva 1 ua b 1 e as one aid is 

assessing with accuracy the groundwater regime and resources of the 

country. 

v-4 Hydrochemistry of Groundwater. 

Our groundwaters are mainly from 1 imestone rock or limestone gravel 

aquifers. They are hard. Increasing use of detergents instead of 

soap has overcome some of this difficulty. Detergent makers, and 

allied bodies, might consider better types of detergent for use 

with groundwater. Again, groundwater may precipitate small amounts 

of iron and managanese when moving from an aerobic to oxidysing 

environments. The resulting stains are most unsightly. Here again 

is a field for research on which indeed some good advances have 

already been made. 

VI - USES OF GROUNDWATER 

Groundwater is both an energy resource (see VI I following) and a 

water resource. Here, some ideas on four as·pects of the use of 

groundwater are presented; there are many, many more. 

Vl-1 Farm Supplies. 

Farm supplies from groundwater have to compete with piped regional 

supplies (whether from surface or underground sources), and from 

surface waters in rivers, streams, lakes and ponds. Al 1 types of 

supply have advantages and disadvantages; but it would seem that on 

balance groundwater supplies for farms (stock watering, dairy, 

cleaning,mixing with sprays, etc., as well as domestic supplies to the 

farmhouse) have certain advantages lacking in other types of supply. 

It would be well to study these groundwater advantages and to try to 

increase the use of groundwater by farmers. 
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While irrigation is almost unknown in Ireland, it could be introduced. 

It is so used in south-east England, and the following quotation from 

Evans (1983) on agricultural demand for water in lowland areas (SE 

England) is of interest "Agriculture consumes 75% of total rainfal 1 

by crop transpiration, leaving only 25% for river flow and ground

water recharge. Agriculture then draws directly on these resources, 

mostly for the purpose of irrigation, when they are scarcest. 

Finally, agriculture is a major user of treated water from the 

pub! ic rra ins" (Evans, 1983, p.513). Here in I re land, water is so 

abundant that we generally forget that water is the essential input 

into agriculture; and where water is absent, there are only deserts, 

not farmlands. Droughts can occur in Ireland. 

Vl-2 Creamery and Al 1 ied Co-operatives. 

Groundwater is ideal for large creameries and co-operatives, as 

Golden Vale, Mitchelstown and Ballyclough in Co. Cork. The constant 

temperature of the supply, and no need for comp] icated treatment, 

render groundwater very suitable indeed for use here. 

Vl-3 New Industries. 

The ability of an area or organization to offer a copious supply of 

high qua Ii ty water is a rrajor inducement to new industries in choosing 

a location. In almost all cases, such new sources of supply are best 

opened up by tapping unused resources of groundwater. This may call 

for a proper survey to locate the resource, and pilot development to 

demonstrate its potential. Full-scale groundwater development can be 

done after the exact needs for water of the new factory or factories 

have been determined. There should be legal protection. And increased 

groundwater production, to suit expanding needs, seldom presents any 
problem. 
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Vl-4 Export of Bottled Water. 

There is increasing demand for good bottled drinking I\Bter in many of 

the evolving oil-rich countries of the arid and semi-arid world. 

Ireland has abundant I\Bter, and its export is feasible and economic. 

Groundwater is the best source of such waters, in temperature, 

chemical composition, purity and reliability. Groundwater should be 

developed for export, as in the 1978 report by Eugene Daly. 

VI I - GEOTHERMAL 

Over the past five years, there has been a considerable amount of 

investigation into aspects of Irish geothermal energy. You have 

just heard a paper by Mr. Bob Aldwell on the current position; he 

mentions work done by UCC, UCG, the Geological Survey and Minerex Ltd. 

In 1983, J. Walls gave us an introduction to the subject with his 

paper "Groundwater - Source Heat Pumps - their Potential in Ireland". 

It has become clear that the groundwaters of Ireland are not one 

natural resource - water; they are two natura 1 resources - energy 

and water. But as yet almost no devefopment of the energy of our 

. groundwaters has taken place. Tuam swimming .bath is the exception. 

There are possibilities elsewhere, as mushroom growing in Kildare, 

and a complex of school and swimming pool heating from the warm Spa 

waters of Mallow. There is a great need to push such development 

and use of our indigenous energy in Ireland. 

So, the talk ends with ·emphasis on a form of groundwater development 

and use which will be general in 50 or 100 years, as oil decreases in 

amount and increases in cost, and the geothermal energy of the earth 

comes into more general use. Those attending this Port Laoise meeting 

of Apri 1, 1984, are urged to push 'forward the date when appreciable 

amount of our own energy are extracted from our own groundwaters. 
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VI I I - REFERENCES 

In a sense, this paper is a review of papers presented to the Port 

Laoise meeting of the IAH. These papers refer to work elsewhere, 

and have their own references. Nevertheless, the author has 

supplied some references here, giving an idea of the many fields 

where groundwater is being investigated and developed in Ireland. 

It is from the present position that we can plan the future. 
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As has been known for many years the Earth contains a vast 
store of heat in its interior. Temperature increases with depth 
on average at about 30°C;km but there are significant departures 
from this figure. The Earth has zones of weakness or geologically 
unstable areas. These allow very hot material to come close to 
the surface. The extreme .example is an active volcano which 
produces molten magma at up to 1200°C at the surface. 

The medium by which this geothermal energy is harnessed is 
natural groundwater. 

There are then a small number of regions with high grade 
geothermal resources for example in Iceland and New Zealand and 
the rest of the planet with moderate or low temperature near
surface geothermal potential. 

In terms of use geothermal energy is classed as high or low 
enthalpy. High enthalpy is that yielding water or steam at over 
150 •Cand thus capable of being used to generate electricity. 

The great size of the geothermal heat source and its presence 
everywhere if,the problems of depth and permeability could be over
come,has encouraged much work in recent years. In particular the 
concept of Hot Dry Rock geothermal energy orthe artificial creation 
of permeability at great depth is looked to by some as one way 
of overcoming the current energy crisis 

In the· European Community we have seismically and volcanically 
active regions in Greece and Italy which produce water and steam 
at a few hundred degrees c:elsius. Geothermal development in 
Tuscany goes back over half a century and both the Greek and Italian 
Electricity Authorities are pushing ahead to harness their high grade 
geothermal energy. 

In France there are two large sedimentary basins - those of 
Paris and Aquitain which contain high yielding aquifers with waters 
at 50 to 100° C. Even higher temperatures are present in the Rhine 
Graben at. Strasbourg and in the Massif Central at Clermont-Ferrand. 
Temperature gradients, there are as high as 1D0°C per km. Be-
cause of France's lack of energy sources, she has been harnessing 
since 1975 these medium temperature geothermal resources as quickly 
as possible. 

Elsewhere in Belgium, Denmark and the U.K. major geothermal 
investigations including deep drilling have been carried out. 

In Northern Ireland a bore-hole at Ballymac£lroy nr Coal
island met warm water of over 60°C in Permian sandstone. A deep 
bore-hole at Larne, however, met unexpectedly low permeability at 
depth although the temperature of the water was satisfactory. 

As a result of the 1973 oil price rises the E.E.C. embarked 
on an energy Rand D programme. The E.E.C. countries spend close 
on IR£2,000 million a year on energy research of which about 10% 
comes from central funds. In the two four year energy Rand D 
programmes since 1975 geothermal energy has been one of the three 
big expenditures with some IR£22 million being provided by the 
E.E.C. 



Ireland did not participate actively in the first four year 
geothermal Rand D programme. We had no tradition of either investigation 
or use of such energy and what information existed suggested that 
geothermal energy had no part to play in this countrys short and medium 
term energy needs. 

As a result of the first programme, however, in which all the other 
member states took part and with the increased emphasis on the use of low 
and medium temperature energy it was decided to put together available 
Irish data within the framework of the second E.E.C. Rand D programme 
1979 - 1983. Irish participation was co-ordinated within the National 
Board for Science and Technology and the Commission entered into three con
tracts with the Geological Survey and the University Colleges of Cork 
and Galway - each organisation being responsible for specific parts of 
the Irish project. The Geological Survey sub-contracted part of their 
work to Minerex Ltd. The budget for the whole Irish programme was about 
IR£250,000 of which the E.E.C. paid half as well as providing valuable 
technical guidance. In the case of the Irish half, much of the money 
was in the form of the costs of existing staff in the Universities and the 
Geological Survey. 

The work comprised: 
l. the measurement of temperature and geothermal gradients in all a

vailable open deep boreholes. 
2. the measurement of temperatures and heat flow in deep holes believed 

to be in equilibrium, 
3. a study of warm springs, 
4. a review of regional geophysical data in relation to the interpretation 

of deep geological structure. 

Thermal Gradient 
Measurement posed problems due to the small number of deep holes a

vailable and their uneven geological and geographical distribution. 
The majority are in Carboniferous Strata in the Central Lowlands due to 
the concentration of mineral exploration there. Allowing that water 
circulation is affecting many of the shallow holes the gradients in Ireland 
are normal for geologically stable regions and average about 20°C/km. 
Two areas where 30°/km is reached are the deep sedimentary basins in the 
mid-west and the north-west. It is suggested that these are due to the 
presence there of substantial thicknesses of Namurian sediments of low 
thermal conductivity. 

Heat Flow 
There are only about a dozen heat flow values for Ireland. The average 

heat flow density is 65mwm-', close to 'normal' global values. There is 
a suggestion of an increase in values northwards, but the numbers of readings 
are so few that no firm statement can be made at this stage. 

Warm Springs 
Warm springs have long been known to occur in two parts of the country 

- west of Dublin and north of Cork. Ireland's average air temperature 
ranges from 9° to 11°C. In most parts of the country average spring 
temperatures are within 2°C of this. In the course of the study, however, 
it was found that within a limited region of the south and east of Ireland 
springs with warmer than normal temperatures do occur and more widely than 
had been suspected. All are in districts underlain by Carboniferous Lime
stone. The major springs with average temperatures of over 13°C are shown 
on the slide together with a line showing the approximate limit of 
occurrence of springs with anomalous temperatures. 

.1 



At several of the larger warm springs the physical parameters 
(temperature, pH, conductivity and discharge) and hydrochemistry 
were regularly monitored. The waters also were analysed for 
stable isotopes, tritium and inert gases. From these studies 
estimates have been made of the original reservoir temperature and 
hypotheses proposed regarding the origin of the waters. The 
three warmest springs all appear to discharge a mixture of a deep 
thermal component and a shallow colder water. Detailed geological 
and geophysical surveys of the warm spring sites have also enabled 
modelling of the origin of the thermal waters. 

In the case of the Leinster springs the warmest, Kilbrook, 
shows a mean temperature of 22°C with a maximum of 24.7°C. The 
highest temperatures occur in late winter/spring a little after 
peak discharge. The mean flow of this spring is about 300 1/min 
with a marked seansonal variation. A characteristic of the Kilbrook 
spring flow is a strong response both to earth tides and changes 
in barometric pressure. 

Of the Munster springs Lady's well at Mallow is the warmest. It 
has a mean temperature of 19.5° and a range from 17 to 22°C. The 
discharge is 600 1/min. The University College Cork team concludes 
that the warm water component of this spring originates from the 
Namurian sandstone, reaching the surface through faults in the over
thrust limestone. In the Mallow springs highest temperatures occur 
in summer and lowest in winter. This has been interpreted as 
reflecting the seasonal difference in the proportions of the two 
component waters. The silica geothermometry suggests a maximum 
reservoir temperature of about 35°C. 

A number of the cooler springs show more constant temperatures 
and discharges. 

A summary of the main conclusions from the studies of the warm 
springs is:-
1. the geological structure and secondary permeability of the 

Carboniferous strata in the southern part of Ireland enables 
deep circulation of groundwater to occur. 

2. at least some of the springs are a mixture of cold shallow 
groundwater and deeper warm water in varying proportions, 

3. the warm water component rises from confined or semi confined 
aquifers at depths of 500 to 1000m, 

4. thermal gradients in the vicinity of some warm springs as at 
Meelin (Co. Cork) are below average and the maximum reservoir 
temperatures of these springs are likely to be of the order 
of 30-35°C. 

Deep Structures 
A geophysical review of the regional gravity and aeramagnetic 

data was carried out using computer based interpretation methods. 
The gravity data show that the Leinster and Galway granites are 
large volume bodies with thicknesses of 6 to 8km. A buried granite 
may exist in Munster. The aeromagnetic data shows the magnetic 
basement beneath much of the Carboniferous Limestone lies at 4 to 
6km. Two basins of interest are the northwest Carboniferous 
Basin and the Clare-Shannon Basin. The Kingscourt Graben also 
looks interesting. 

Results of the work are:-
1. to provide an initial and partial picture of the thermal gradient 

and heat flow conditions in Ireland. 



2. to confirm the expectation that Ireland does not possess high 
enthalpy geothermal potential, 
3. to produce a better understanding and a geographical dis

tribution of the slightly warm springs, 
4. to highlight the sparsity of data for much of the country. 

Two important gaps in our knowledge are heat flows in the 
Irish granites and whether deep aquifers exist in some of the 
deeper sedimentary basins. 

The Future of Geothermal Energy in Ireland - short term 
There is now evidence to show that large quantities of above 

11°C groundwater exist in a sizable area of Ireland. A number of 
demonstration projects are needed, chosen carefully so as to 
match the local availability of warm water and suitable users. 
In this regard the Mallow springs, being the warmest ones in a town 
seem an especially attractive prospect. 

Medium term 
Work is needed to establish the extent of deep aquifers. To

date groundwater developnents in Ireland has been confined in most 
cases to the top lDDm. The six deep on-land petroleum boreholes 
gave little encouragement to the existence of permeability at depth. 
The presence of warm springs coming from depths of at least 1km 
show however, that some deep aquifers are present in Ireland. 

Long term 
High grade geothermal energy development in Ireland must a

wait technical progress in hot dry rock geothermal energy. The 
first medium sized HDR electricity .gneratirg station is forecast 
in the U.S.A. about 1990. 

Lastly, I will quote a senior geologist of Union Oil who run 
the largest geothermal development in the world in California. 
At the E.E.C. geothermal .seminar in· Munich held at the end of 1983 
he listed five reasons why .·low temperature geothermal energy 
should be considered by countries other· than the most highly 'developed 

1 indigenous source with security of supply, 
11 widely available 

111 hard currency not needed 
iv non inflationary-maintaince allowed at 2% p/a 

v absence of enviromental problems. 
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