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INTERNATIONAL ASSOCTATION OF HYDROGEOLOGISTS ~ TRISH GRQUP

FIFTH ANNUAL SEMINAR ON GROUNDWATER DEVELOPMENT

Honday, 22 April, 1985

WELCOME AND INTRODUCTION

Dr. David J. Burdon

On behalf of the President, the officers and the wmembers o the
Irish Group of the Internaticonal Association of Hydrogeologists, I
welcome you all to our fifth annual seminar on Groundwater
Development., Mr, Peter Bennett, our president, would normally welcome
you; but as he 1s presenting a paper on the Lagan Valley tomorrow, ne
thought i1t better thaf someone elsz snould make the address of welcome
and 1introduce the work of the seminar.

This year, we are celebrating the fact that we consider that
groundwater has cowme of age in Irelaund. OQur statesmen have lowered
the official time of coming of age from 21 toe 18; as better scilentists
controlling time, we have gno difficulty in lowering much =wmore
groundwater”s coming of age. Our abundant surface waters  have
mitigated against a realizatlon in Ireland that all waters, iancluding
groundwater, are a major natural asset; the tendancy was to drain and
zet rid of water rather than to conserve and use 1it, To those who
have worked in arid and semi-arid regiomns of the werld, the wvalue of
water i1s clear. And this fact 1s slowly but surely being realised 1in
ireland today. The large number of papers being presented for
discussion here by many eminent and learned workers in the field of
groundwater, and the much larger number who are attending this fifth
annual seminar bear testomy to the fact that groundwater has indeed
come of age in Ireland.

I particularily welcome ¥r. D, O Hegarty, who will speak on the
rather complex "E.E.C. Guidelines for Potable Water'". These seem very
stringent, and only raian-water would readily reach the staundards they
seem to set., I hope M¥r. O Hegarty will tell us now they are to be
applied in Ireland so that we are not left thirsty for a driank of
water. And how do they affect Guinness and the Middleton distillerias
? Possibly, HMr. 3Bowen’s paper on "Grouadwater Treatment" will
indicate how such water can be brougzht c¢lose to or withian the EEC”s
limits set for potable water. ‘

The excellent developwent and wuse of groundwater from the
limestone aguifers of Laoise will be treated in three fine papars DY
Mr, E. Creed, ¥Mr. K.T. Cullen and ¥r, X. 0 "Dwyer. This has proved a
very successful operation, and the first speaker, Mr, Creed, is an
engineer who has a wide Xnowledge and appreclaticn o the use of
groundwater; ns could be ¢alled an honourary nvdrogsolo

On tne sacond day, our Prasident and My, J. Finmlay will give us

some detailed information on the investigatlions and development of
groundwater ia the Lagzan Vallev. On the week-end of 22-24 February,



the Irish Group of the IAH had a wmost instructive tour of groundwater
sites ian Yorthern Ireland, in particular to the developed gravel
aquifers of Garryford and Armoy, both in Co. Antrim. The tour was
conducted by Mr. Peter Bennett, and it was a visit which filled us all
with admiration for the hydrogeoleogical work being carried cut im
Northern Treland. Probably, the papers from Mr. Finlay and M¥r.P.3ennett
to be presented here will be of the same hnigh standavd, and all of us
in the south can learn from the approach to groundwater accepted and
used in the north,

The last two papers to be presented are by Mr. Eugene Daly on the
"Clonaslee Sandstone Aquifer"” and by Mr. M, Hand on the "Engineer’s
View o0f Groundwater Development'". While we have many unconsclidated
sand and gravel aquifers, sandstone aquifers are rare 1n Ireland;
however, Mr, Daly’s studies and investigation on the Castlecomber
Plateau have given him a deep knowledge of sandstone aquifers, and hils
paper should be of much interesst to us all, Finally. Mr, Hand’s paper
will open up a subject of great importance to hvdrozeologists; how can
they Dbest locate and study aquifers 50 that their drilling,
test-pumping and development provide water which 1is acceptable 1in
quantity, quality and cost to the engineer in charge of the over=-all
project,

Ample time has been left 1in the programme for discussion. The
papers are virtually useless unless tney are thoroughly discussed.
The preparation of a paper 1s of major use and benefit only to the

author unless it is discussed. A paper which is not discussed would
be better praesented for printing in some suitable scientific magazine
or technical iourmal,. So, I hope there will be much discussion at
this meeting. There are always more than one aspect to a

nydrogeclogical subject, and authors need a widening of their views
and concepts, if aot of their basic facts, by contributions by others.
So, if in your opinion an author 1s wrong, do not hesitate to say so,
and provoke a lively discussion which will benefir all.

The papers and discussions end with a small closing speech by our
hard-working and efficient secretary; to her, to Mr. Peter Bennett and
to Mr. Kevin Cullen the success of this meeting will be largely due.

Finally, allow me on behalf of our President and members of the
Irish Group of the Internmational Association of Hydrogeologists to
thank ail the non-nydrogeolegists wne are attending this, our f1fth
seminar at Port Laocise. %Ye welcome the engineers from many counties,
we welcome the coasulting engilneers, we welcome the driliers and staif
who are here, as well as those who supply equipment and material
required for the efficient development of this no longer
underestimated valuable resource of our land, our groundwater,
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INTRCDUCTION

This paper deals with the Engineering approach to the
development of Portlaoise Limestone Agquifer in the
light of the water requirements of Portlaoise Town
and Environs, together with consideration of the
regquirements of the wider area of North-East County
Laois.

In this necessarily brief summary previous measures
taken to provide supplies of potable water are
cutlined and details of the proposals for the initial
development of the Limestone Aquifer are set out.

HISTORICAL BACKGROUND

The existing sources of water for Portlacise are

shown on Fig. 1. The growth of demand over a long
period of time led to the piecemeal addition of new
sources on an ad hoc basis, rather than as a

composite planned entity.

The source first utilised for a piped water supply to
Port]laoise was that located at Knocks, near Ballyfin,
where water from surface springs is collected into a
concrete tank and treated by slow sand filtration.

The water was delivered through 2 No. 5" C.I. mains
to Pallas at the west end of Portlaoise Town where a
Service Reservoir was constructed. The yield of the

Knocks source is 225 m3 per day in normal weather
conditions but this falls to 45 m3 per day in drought
conditions. This source 1s no longer used for
Portlacise and is now utilised to supply Ballyfin and
the adjoining area between Ballyfin and Mountrath.

Growth of demand m Portlaocoise led o the
construction of the Catholes scheme in the early
1930s. The source is the Owenass River, a tributary

of the River Barrow and it is located on the eastern
flank of the Slieve Bloom mountains & kms west of
Portlaoise near the village of Rosenallis. The water
is treated by slow sand filtration before delivery to
Portlaoise through an 8" C.I. main. This source also
supplies Mountmellick +through two 5" mains. The
normal yield of the Catholes is 1,700 m3 per day of
which 1,050 m3 is supplied +to Portlaoise and 650 m3
to  Mountmellick. As the c¢atchment 1is entirely
mountainous the yield is very low 1in drought
conditions and the source failed completely in 1934.
Quality problems are encountered Dbecause the slow
sand filters provide little colour reduction and the
water 1s usually of a peaty Dbrown colour. 1In rainy
conditions the filters are rapidly covered with a
layer of silt and regquire frequent cleaning.



Further growth in demand required the development of
new sources 1n the late 1960s and early 1970s. A
small surface spring at Meellick, on the southern
outskirts of Portlaoise Town was developed for an
output of 410 m3 per day, which is pumped directly to
the distribution system. This system was commissicned
in 1967.

In 1974 a surface spring at Darkin Well, near
Straboe, scme 4 km north east of Portlacise, was
brought into service to provide the first major
addition to the Portlaoise suppy since the 1930s. The
safe dry weather yieid of the well is 1400 m3 per day
and the water 1s of excellent guality regquiring no
treatment, except sterilisation, before being
delivered to service.

At the Darkin Well duplicate centrifugal pumps were
installed to deliver water through a 9" A.C. rising
main to a new Service Reservoilr at Kilminchy 3 kmn
east of Portlacise on the main Dublin Road. From
Kilminchy an 18" A.C. pipe was laid to the Town
centre and various improvements were carried out to
the distribution system. These works were completed
in 1975 and resulted in the provision of a good
guality water supply for more than half of Portlaocise
Town, but the areas served from Pallas Reservoir
continued to receive water of poor guality.

INVESTIGATION OF FURTHER SOURCES

In a Report submitted to Lacls County Cocuncil in
April 1971, Nicholas o'Dwyer & Partners proposed that
groundwater sources to the east of Portlaolse should
be develcoped to supply the future water demand of the
town. The first stage develcpment proposed was the
utilisation of the Darkin Well and the construction
of Kilminchy Reservoir and, as noted above, this
stage was completed in 1975.

In 1976 the Consgulting Engineers commenced
examination of the sources to be used for further
augmentation of Portlaolse Water Supply. Feasibility
studies were carried cut on the provision of the
long-term reguirements <£from either the River Nore or
the River Barrow. Either of these river abstraction
schemes would be technically feasible but substantial
investment would be required in treatment facilities
and a trunk distribution systemn.

At the same time gauglngs were carried out on surface
wells at Morette, near the Heath, 7 Xm east of
Portlaocise and at Xyle Springs, near Timahoce, some 10

Xm south east of Portlacise.
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The Morette source was considered unsuitable as the
development and operating costs would be large for a
relatively small yield cf 2,300 m3 per day. In view
of the distance of the Kyle Springs from Portlacise
it was decided that more eccnomical use could be made
of this source for the South-East Laois Regional
Water Supply Scheme.

On the map of North-~East Laois shown on Fig. 2 it
will be noted that no tributary of any substance
enters the River Barrow from the right bank between
the Triogue and Morette Rivers, a distance of over 25
km. It was postulated that the runoff from this area
of c¢irca 90 km2 was likely to be reaching the River
Barrow through a sub-surface system where substantial
agquifers could be located. The congistently high dry
weather flow from the Darkin Well suggested that 1t
was situated in an area of large sub-surface storage
capacity, whilst its proximity to Portlacise and the
high ground at Kilminchy rendered the area attractive
for groundwater exploration.

In mid-1976 the Consulting Engineers prepared a brief
for & Hydrogeological Survey of areas adjacent to the
Darkin Well and Kilminchy on the east side of the
town, and at Knockmay, near Pallas Reservoir, on the
west side. The latter site was not selected for any
particular geological reasons, but because it had
been designated as an industrial estate and a water
supply, even of relatively small guantity, would have
been of substantial shert term Dbenefit. In October

19276 the Council accepted proposals for the
Hydrogeological work put forward by Dr. David Burdon
of Minerex Limited. The survey was carried out in

November-December 1976 and a comprehensive report was
submitted to the Consulting Engineers by Dr. Burdon
in January 1977. This Report contained
recommendations for the siting of exploratory
boreholes in areas of low resistivity.

Tenders were invited for drilling of these
exploratory boreholes Dbut, due to problems of
obtaining access from landowners, work did  not
commence until August 1979 and was completed 1in
November 13879. The results cf this work were
sufficiently encouraging to obtain the Council's
approval to a seccond drilling programme which was

completed between September and November 1380. The
details and results of this exploratory work are
covered 1n Mr. K.T. Cullen's paper, and it 1is

sufficient toc note herein that the location of the
Limestone Agquifer was established at Derrygarron and
the 1ndications were that the vyield would be
adeguate, at the least, for the immediate and medium
term regulrements of Portlaoise and environs.



A major difficulty confronting a Local Authority in
carrying out extensive groundwater investigations
arises from the financing of such work. 1In the case
of surface water abstraction schemes the capacity of
the source is known in advance and the Council can
submit a full Preliminary Report to the Government
and obtain approval for financing of the work through
the Local Loans Fund. In groundwater exploration the
extent and yield of the source must be ascertained
before firm proposals for the extent of the work can
be submitted, with the result that exploratory work
may have to be undertaken in piecemeal fashion as
finance becomes available.

PROPCSALS FOR IMMEDIATE DEVELOPMENT OF THE

PORTLAQISE LIMESTONE AQUIFER

Consequent on the location of the agquifer at
Derrygarron and the preliminary vyield assessment,
Laois County Council instructed Nicholas O'Dwyer &
Partners in May 1980 to prepare a Preliminary Report
for the augmentation of Portlacise Water Supply
Scheme from the aguifer. The Report was submitted to
the Council in March 1981, and examined the further
exploratory work required on the aquifer as well as
making proposals for the necessary augmentation
WOrks.

At this time Nicholas O'Dwyer & Partners had also
been retained by the Council to examine and report on
the water supplies to Mountmellick and Pertarlington,
the other major towns of the County, koth of which
are situated in the Barrow catchment in North-East

Laois. The Consulting Engineers carried out an
assessment of the long-term water demand in
north-east Lacis andg determined that the total

requirements of the area would amount to 25,000 m3
per day by the year 2025.



The long term water demands are set out in Table 1.

TABLE 1

-

AREA DEMAND M3/DAY

—— e ——

tPortlaoise & Environs 11,000
iPortarlington & Environs 5,000
'Mountmellick & Environs 4,000
i Rural & Agriculture 5,000
i
i
i TOTAL 25,C00
1
|

The total gquantities available from existing sources
and proven new sources are set ocut in Table 2.

TABLE 2

SOURCE SAFE YIELD M3/DAY

{

i

I

i

|

5

Darkin Well 1,400 \
{

|

Derrygarron Agquifer 5,600 ;
!

|

Portarlington Treatment Works | 7,600 '
i i

1 1

Minor Sources i 1,000 !
i I

| i

| 1

I

TOTAL 15,000 |

|

|

Thus there was a deficit of 10,000 m3/day in the
gquantity available in the long term, and whilst the
short term reguirements o<¢f 5,500 m3 per day for

Portlaoise could be readily met from available
sources there would be a long term deficit of 4000 m3
per day 1n this area. Furthermore, it would be
necessary for the Council to retain the

unsatisfactory source at the Catholes and the eqgually
unsatisfactory borehole source at Derryguile in order
to supply Mountmellick.



In the March 1981 Report, the Consulting Engineers
proposed that further Hydrogeological investigation
and exploratory drilling should be carried out in the
Derrygarron area and other contlguous areas, with not
less than 8 No. exploratory boreholes being drilled
and tested. Incorporated in the same drilling
contract would be the provision of four borehole
producticon wells, with their associated observation
wells. Details of the investigation, well-drilling
and well construction will be dealt with by Mr. K.T.
Cullen and Mr. K. O'Dwyer in subsequent papers.

A map of the Derrygarron/Kilminchy area is shown in
Fig. 3. The Consulting Engineers proposals for the
first stage abstraction from the Portlacoise Limestone
Aguifer are:

4.5.1 Instailation of 4 No. electric submersible
borehole pumps each with & capacity of 108 m3
per hour, giving an output of 4,500 m3 per
day for 2 No. pumps, which, together with the
1,400 m3 per day from the Darkin Well, will
provide for the 5300 m3 per day Stage 1 water
demand for Portlacise Town and Environs. 2
No. pumps will run in normal operation, soO
that 100% standby is available, allowing
pumps and wells to bpe maintained during

normal working hours without emergency
measures being reguired in the event of
breakdown.

4.5.2 Construction of a central control building at

Derrygarron which will house chlorination and
fluoridation plants, and the central controls
for the telemetry system. A building at each
well head will house the local pump controls
and will be connected to the Derrygarron
Centre by communication cable.

4.5.3 Laying of rising mains from each well head to

the Derrygarron centre and laying o¢f a
350/450 mm rising main from Derrygarron to
Kilminchy. The layout of the wellfield is
such that the rising mains can be
conveniently routed to Derrygarron for
central metering and chemical dosing after
the pranch mains join 1in the compined rising
main. Whilst a detailed discussion of the
system hydraulics would take too long to
gxpound here, it can be noted that the design
of the pipework 1is such that the pipe sizes
and pump characteristics have been matched in
such a way that a fourfold increase in flow
through the combined rising malin <¢an be
accommodated whilst still remaining within
the optimum operating range of the pumps,
but, nevertheless, no throttling of pumps 1is
required at the lower flow rates.



4.5.4 Construction of a second reinforced concrete

service reservoir at Kilminchy with a
capacity of 3,700 m3, which tcgether with the
existing reservoir of 2700 m3 capacity, will

provide 1.16 days storage for the Stage 1
demand of 5,500 m3 per day. Adequate sgpace
is available on the Xilminchy site f£or the
provision of further reservoir capacity when
required,

4.5.5 Provision of duplicate booster pumps at
Pallas Reservolr on the western outskirts of
Portlaoise, which will allow the reservoir to
fill at night and make the storage available
to serve the high western areas of the town
during periods of maximum demand.

4.5.6 Provision of a computer based telemetry
system which will:

(a) Control the operation of the pumps in the
Derrygarrcn welifield and at Darkin Well so
as to provide the most economic operation
conditions.

(b) Mcnitor and store pump operating data for
maintenance purposes.

(<) Monitor and store reservoir levels, meter
readings, pressures and similar contrcl data.

(d) Monitor and store selected agquifer parameters
such as levels in pumping and observation
wells, ‘temperature, pH, rainfall etc. Lo
aliow long term examination of aguifer
performance and potential.

{e) Control the chlorination and fluoridaticn
plants and store residual chlorine levels,

(£) Display the system status and performance on
a mimic diagram incorporating indicators for
the various instruments.

A V.D.U. will be provided at the Derrygarron Control
Centre toc enable the operator to display information
relative to any part of the system, and a hardcopy of
the information display on the screen can be produced
by a printer, Provision 1is also included for a
V.D.U, at the Council's offices to allow the
supervising Engineer to ascertain the status of the
system and obtain access to information stored in the
computer.,



(43

Following approval of the Consulting Engineers'
proposals by the Council and the Minister for the
Envirconment, the exploratory and well-drilling
contract was completed 1in 1984. Tenders have been
received and reported on for the Civil Works, Pumping
Plant, and Telemetry System and 1t is anticipated
that work should commence at an early date.

The results of the 1984 investigation indicate that
the potential of the aquifer is far in excess of the
amount of 5,600 m3 per day estimated in 1980, and
that it can supply the long term requirements of
Portlaoise Town and environs with substantial spare
capacity available for such other areas as the
Council may decide. The full potential can be
assessed over a period of years after abstraction has
commenced and drawdown and recharge have been
studied.
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KEVIN T. CULLEN, M.Sc.,
CONSULTING HYDROGEOLOGIST,

74 Qlivemount Terrace,
Windy Arbour,
Dundrum,

Dublin 14.

Tel. 01697082, 698331, 697122

HYDROGEOLOGY
OF
THE PORTLAQISE LIMESTONE AQUIFER

Presented to the Fifth Annual T.A.H. {(Irish Group) Seminar on ground-

water development, held at the Killeshin Hotel, Portlacise on 22nd
and 23rd April, 1985,

SUMMARY

INTRODUCTION:

The recently completed groundwater development project carried

out just north-east of Portlaoise has identified a major limestone
aquifer that should be capable of meeting the fresh water demand
in this region for the foreseeable future. The results of this
project togethey with similar ones already completed elsewhers

in Ireland confirmed that, as in other Eurcpean countries,
groundwater can be developed here in quantities that compare

with surface water abstractions.

Although groundwater can be developed in Ireland to meet part
of the apparently ever increasing demand for fresh water, this
island's very varied geclogical structure imposes many
difficulties on groundwater development projects and the
successful outcome of a well drilling programme is dependent
on & full understandiang of the hydrogeological cenditions
exlisting in the area. The Portlacise groundwater development
project included both direct (drilling) and indirect (geophysical)
metnods of investigation and exploration which have been found
to be applicable to the Irish geological environment and the
programme of studies carried out at Portlaoise has now become

the blueprinc for most similar projects in Ireland.

V.AT. Reg. No. 1780772 H
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My talk today will attempt to describe the methodology of the
various hydrogeclogical studies carried out at Portlaoise and how
the results of these studies have contributed to an understanding
of the hydrogeology and potential of this important limestone

aguifer.

GEOLOGICAL SETTING:

Portlaoise lies on the western limb of the major Lower Carboniferous

synclinal structure that lies between the sandstone mountains

of the Slieve Bloom and Devil's Bit ranges and the granite peaks
of the Wicklow Mountains. On a more local scale, Portlaoise

is underlain by a south easterly dipping succession of limestone
that overlie the older Devonian sandstones of the Slieve Bloom
Mountains and are themselves overlain by the younger Coal Measures

of the Castlecomer Plateau.

The bedrock geology is nearly everywhere covered by a thick
blanket of glacial deposits from the last ice sheet to cover
this region and which finally retreated some 10-15,000 years
ago. The landforms that make up the local topography are there-
fore the preserved bed over which the last ice sheet moved,
except where they result from glacial outwash deposits released

by meltwater filowing from the retreating ice sheet.

The ultimate groundwater potential of any Irish limestcne aquifer
will be a function of the degree of structural disruption of

the aquifer caused by faulting and folding and also the extent

of karstification within the limestone mass resulting from
enhanced solution of limestone by sub-glacial meltwaters.
Unfortunately, however, the degree to which either of these two
features are present in a limestone unit is usually completely
hidden by the extensive glacial cover, thus necessitating the

use of indirect methods of investigation orior ro trial well

drilling programmes.
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GROUNDWATER INVESTIGATIONS:

The siting of the original trial well at Portlaoise in 1977 by
Dr. David Burdon of Minerex Limited was based primarily on the
results of a very limited resistivity survey carried cut over
an area which Dr. Burdon considered had some groundwater potential.
The resistivity survey, consisting of three profile lines and
a series of soundings, located a deep hollow in the bedrock
surface which was infilled with glacial deposits. The trial
well completed at Rathnamanagh encountered a thick sequence of
clays and sand/gravel layers in excess of 76 m. in thickness
and was subsequently test pumped at a rate of 982 mg/day
(216,000 g.p.d.).

The successful outcome of this first drilling pregramme enccuraged
Laois County Council to further investigate the area between

the successful trial well at Rathnamanagh and the main service
reservoir for the area at Kilminchy, This investigation

consisted mainly of a resistiviey survey as this method of
exploration had proven very successful in locating the initial

trial well site.

This extensive geophysical survey identified an area of "low"
resistivity in Derrvgarran to the north of the Kilminchy Reservoir
and which was interpreted as reflecting an area of deeply
weathered (karstified) limestone bedrock, The resulting trial
well confirmed this interpretation and encountered broken and
weathered limestone bedrock to the bottom of the well at 61 m.
with major inflows of groundwater cccurring over the complete
depth of the well., A subseguent pumping test showed that the
Derrygarren trial well was capable of a sustained yield of some

2,356 m3fday {0.52 m.g.d.).

The successful cutcome of the Derrygarran drilling programme
satisfied Laocis County Council that the immediate freshwater
demand for Portlacise could te supplied from production wells
located in this limestone aaquifer. Further resistivity surveys

were carried out by Minerex Limited and the Autnor to delineate
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V.

areas of intense karstificaticon and the 1984 drilling and well
testing programme was undertaken to provide both the immediate
and future water supplies for Portlaoise and its environs., These
objectives were met by the 1984 programme when three production
wells in the Derrygarran-Ballvdavis well field were pumped
continuously for 14 days at a combined rate of some 9,100 ms/day

(2 m.g.d.).

HYDROGEOLOGY:

The results of all the works and studies carried out to date
at Portlacise can be compiled together to provide an understanding
of the hydrogeological structure of this major limestone aquifer

which will assist in the development of this renewable resource.

The Portlaoise limestone aquifer should be considersed as an
extensive block of limestone some 100 m. thick which 1is covered
by a relatively thin cover of glacial deposits. This block or
slab of limestone has undergone varying degrees of karstificatiocn
which was probably caused by sub-glacial meltwaters with the
degrze of weathering varying both laterally and vertically.

Also, this block of limestone has deep channels cut into its
surface by subglacial streams which are now infilled with glacial
clays and sand/gravel layers. This extensive netwerk of cavities
and fissures appear to be fully interconnected as does the gravel

infill with the enclosing limestone walls,

The degree of karstification varies vertically with deep
electrical soundings suggesting a maximum depth of some 90~100 m.
Wells located in areas of intense karstification give high yields
of the order of some 0.75 m.g.d. while wells in areas with less

intense weathering return yields of 130,000 - 300,000 g.p.d.
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PORTILAQISE GROUNDWATER DEVELOPMENT PROJECT

WATER WELL DRILLING AND TESTING PROGRAMME

by Mr. Kieran O'Dwyer, B.E,

A paper presented to the Fifth Annual I.A.H. (Irish Group) Seminar on
groundwater development at the Killeshin Hotel, Portlaocise on 22nd &
23rd April, 1985.

SUMMARY

I INTRODUCTION:

The 1984 Portlacise groundwater development project included
the drilling and testing of a series of production, observation
and exploratory wells which were designed to develop and
investigate the Portlaoise limestone aguifer. This paper
describes the various drilling conditions encountered during
this major undertaking and how chese conditions affected the
design and construction of the different types of water wells.
The paper alsc describes the results of the pumping tests that
were carried out on a number of the wells completed during the
project te provide both well performance data and aquifer

response information.

The drilling contract at Portlacise was awarded to Dunnes Well
Prilling of Mallow and consisted of the construction of
4 production, 3 observation and 7 exploratory wells. The well

testing programme at Portlaolse was sub-contracted to Avonmore

V.A.T. Reg. No. 1760772 H
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Electrical Limited and consisted of a series of step-tests,

72 heur production tests and a 14 day well field test,

WELL CONSTRUCTION DETAILS:

The drilling specifications required that the internal diameter
of the production wells should not be less than 225 m.m. in
diameter and that the finished well should be lined over their
full length with thermoplastic well casing and screen with a
target depth of some 60 ~ 90 m. In order to provide for the
installation of such long lengths of well casing and screen it
was necessary to complete the upper part of each production well
at a much greater diameter than the planned finished diameter
of 225 m.m, to accommodate extra casing strings to support
collapsing or unstable well walls. Also, the drilling contract
required that a steel casing be cement grouted inte the bedrock

to prevent pollution of the wells by surface waters.

The construction of the production wells consisted of the

following stages:

(i) the setting of temporary 450 m.m. steel casing to bedrock.

(ii) the deepening of the well by 3 m, into the bedrock at

450 m.m. diameter.

(iii) installing and centering the permanent 375 m.m. steel

casing in the well,
(iv) pressure grouting the annular space between the
permanent casing and the well walls while withdrawing

the temporary 430 m.m. steel casing.

(v) allowing the cement grout to set for nct less than 72

hours.,

Note: Stages I~V were accomplished with the cable-tool

drilling system.
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{vi) the well was then deepened at a diameter of 375 m.m.
to depths where unstable ground conditions necessitated
the use of steel casing to support the well walls.

(vii) the installation of 311l m.m. steel casing.

{(viii) the deepending of the well to its finished depth at

a diameter of 311 m.m.

(ix) the installation of 225 m.,m. thermoplastic well casing

and screen.

(¢) well development using compressed air.

Note: Stages VI - X were accomplished with an alr—~flush

rotary drilling system.

(xi) alignment tests.

Drilling conditions varied tremendously from site to site which
is a feature that characterises groundwater development in karstic
limestone terrain. The variability in ground conditions
necessitated on site changes and alterations in the drilling

and final design of each production well and this flexibility
played an important part in the successful outcome of the drilling

project.

The construction of the observation and exploratcry wells followed
on the same general lines as the production wells except that
the drilling diameters wers reduced to provide smaller finished

diameters.

DRILLING TECHNIQUES:

Different drilling techniques were adopted during the Portlacise
drilling project te suit the varying ground conditions., Thres

drilling techniques were used;
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(a) Cable-tool system or percussion method.

{(b) Down-the~hole hammer.

(c) Rotary rock-roller bit.

The cable-tool system was mainly used in the overburden while

the two air flush systems were used to drill the bedrock depending
on the degree of fracturing and weathering. The down~the-hole
hammer system proved useful where the limestone bedrock was
competent but quite useless where the limestone was extensively
weathered. The rock-roller bit succeeded in the poorest of ground
conditions though drilling progress was reduced when compared
with the rapid drilling rates provided by the down-the-hole hammer
system. Each of the drilling techniques used at Portlaolse

proved useful in the varied overburden and rock conditiocns
encountered here and the ability to change drilling systems to

suit the varying conditions was an significant advantage.

Compressed Air was the primary flushing medium for the large
rotary drilling rig. Bio-degradable foam was added to the
comprassed alr stream to assist in the lifting of the drill

cuttings and hole cleaning.

PUMPING TESTS:

A series of pumping tests were carried out on the production

and some of the exploratory wells to provide information on
individual well performance and on aguifer response. Short
duration step-taests were carried out on each of the production
wells to determine the relatiocnship between drawdown and discharge
rates. The results from the stepn-tests are shown graphically

on the attached diagram which allows a compariscn of the capacity
of the three produccion wells in the Derrygarran-Ballydavis well
field and shows how the output from the three wells compares

with Trial Well No.8.



3 day yield tests were carried cut on 9 of the wells completed
at Portlaoise and the results of these tests are tabulated in
the attached table. These tests were designed to determine the
maximum sustainable yield of the wells and teo provide information
on the aguifer characteristics and structure. These yleld tests
confirmed that the production wells completed during the project
were capable of discharge rates in excess of 2272 m3/day

(0.5 m.g.d.) and that the agquifer was of considerable extent.

No barrier conditions were observed in any of the tests and an
analysis of the observation well data gave transmissivity values
for the limestone aquifer in the range Soozfl/day and storage

coefficients of bhetween 1 -~ 5 x 10_4.

A combined 3 day test was carried cut at Production Well Sicte
No.5 in the Straboe well field where the production well and
the original exploratory well on this site were pumped
simultaneously to determine the potential output of the site.
The combined abstraction from the two wells at the end of the
test was some 5,000 m3fday (1.1 m.g.d.) and while steady state
conditions had not set in by the end of the test this result

is sufficlent to indicate the potential of the limestone aquifer
at Straboe. The other trial well developed in the Straboe well
field, Trial Well No.2, yielded 3,747 m3/day (0.8 m.g.d.) in

a 72 hour test, confirming the capacity of this part of the

aquifer,

A 14 day well field test was carried out in the Derrygarran-
Ballvdavis well field at the end of the project to determine

how the limestone aquifer would respond to all three production
wells operating simultaneously. The combined output £rom the
three production well sites at the end of the test was

9,312 m3/day {2 m.g.d.) and while the vield characteristics of
each production wellwere different from the individual 72 hour
tests carried out earlier in the project the successful outcome

of the 14 day test confirmed that the Portlaoise limestone aquifer
was capable of meeting the water demand for Portlaoi§e and its

environs.
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WELL NO. TEST DURATION FINAL WATER -LEVEL DRAWDOWN SPECIFIC CAPACITY
DAYS PUMPING RATE 3
n /day (m) {m) m” /day/m
PW 1 3 2,356 * 10.50 $.09 259
W 2 3 4,418 18.63 17.43 254
PW 2 14 2,348 12.92 9.92 237 **
PW 3 3 3,414 20.65 16.30 209
PW 3 14 3,788 31.06 24.46 155 &%
PW 4 3 4,418 18.62 15.45 286
PW 4 14 3,176 35.55 29.99 ) 106 **
T 1 3 3,747 25.08 23.70 158
TS5 3 737 47.41 45,10 16
T 8 3 1,505 17.7 14.86 101
T 2 3 1,604 23.20 21.92 73 k%
PW 5 3 3,475 24,49 23.39 149 **
* 1980

Pumping-test results from wells completed in the Portlaoise Limestone Aquifer

** TInterference from other
pumping wells.
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GEQOLOGY OF THE LAGAN VALLEY
by
J R P Bennett
Geological Survey of Northern Ireland (GSNI)
20 College Gardens, Belfast

Sandstones of Triassic {Sherwood Sandstone) and possibly Permian age comprise
aquifers in the Lagan Valley southwest of Belfast (Fig.l). They are,

however, interbedded with mudstone and siltstone formations which do not produce
water (Fig.2}, and all the rock strata are generally concealed by thick

glacial tills, fluvioglacial sands and gravels, and river alluvium. The
sandstone aquifers are confined by the tilis and alluvium, except along the

northwest side of the valley where most of the recharge takes place.

The basic geology of the area was known from sporadic water well drilling

over the years (Fig.3) but the extent and productivity of the 'Permian'
sandstone along the socutheast side of the valley were very uncertain. Recent
drilling at more than thirty siteé, inéluding four cored boreholes located in
an attempt to provide complete coverage of the strata and supplemented by
geophysical logging, has demonstrated that the boundaries between the sandstones
and other formations are very gradational. Also, rapid lateral facies changes
in the formations, particularly the 'Permian', produce great variations in
aguifer properties. When these problems are combined with the presence of
Tertiary dykes, vertical sheets of basaltic material which impede groundwater
flow, it is not surprising that the yields of borehcles tend to be very
variable. Despite the intensive drilling of recent years knowledge of the
geology is still incomplete but a revised geological map has been prepared
{Fig.4) by A. Smith of GSNI. The southeast margin of the Permo-Triassic
appears to be much less sinuous than previcusly thought, despite the fact that
the basement surface only dips at an angle of about 15° (Fig.5). This is based
on the evidence of several boreholes which drilied through the 'Permian'

strata into greywackes. Cross-valley faulting may be more camon than shown,
and although strike faulting has not been identified it is probably an added

complication.



There is no obvious association between high yields and particular horizons

of the sandstones. Fissure flow appears to be dominant over intergranular
flow, by a ratio of about 10:1, but the core from a borehole at the highest
yielding site {Glenburn) did not show any unusual development of jointing.
However, a down-hole television survey of the same hole revealed several open
bedding plane fissures, and it is presumed that they must have considerable
areal extent. Television has only been used in two other unlined holes in the
area and bedding plane fissures were not recognised in either, so there is

still insufficient evidence to say that they are not widespread,
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LAGAN VALLEY BORFRHOLE DBDEVELOPMENT

by
J.N, Finlay, B.3¢., C.Eng., P.I.C.E,, F,I.W.E.S., M.,Cons.k,
Parkner
Kirk, McClure & Morton, Consulting Civil and Structural Engineers

2 Elmwood avenue, Belfast, BTS 6BaA,

1. Introduction

This paper covers recent work initiated by The Department of the Environment
for Northern Ireland, Water Service, in the search for and development of new
production borehole sources from the sandstones of the Lagan Valley between

Belfast and Lisburn.

The subject matter is dealt with under four broad headings covering several

aspects of the Development, namely:

(a) Historical Background.,
{b) The Search for Water.
{¢) Findings,

{d) Implementation and Feasibility

HISTORICAL BACKGROUND

24 distory of Boreholes

The story of Lagan Valley Borehole water as a public supply dates back to
1935 when the former Lisburn Urban dDistrict Council guided by their Engineer,
Mr R.EBE,L, Clarke, commissioned the 3arbour Well at Duncans Road in Lisburn,
Three more botreholes were drilled in the mid-forties - two of which were also

successfully developed.

As a result of a major report on Lisburn Water in 1972 ¥irk, McClure &
Morton, Belfast were asked (amongst other things) to refurbish f£irstly the
Barbour Well in 1973 and then ¥No.3 and Yo.4 boreholss - the latter having
been abandoned £0r obscure reasons several years earlier. A fourth borenole

- N0.2 - was the only unsuccessful borenole out of four drilled,



The boreholes themselves were found to be still in excellent condition but
the same could not be said of the installations generally which it would have

to be said were in extremely poor conditiocn,

All three boreholes were extensively refurbished both structurally and
mechanically and they continue to make a significant contribution to the
water supply of Lisburn some fifty years after the commissioning of the

Barbour Well,

3. Lagan Valley Hvydrogeclogical Study (L.V.H.S.)

In 1971 the Ministry of Development commissioned the G.3.N.I. and I.G.S. to
undertake & hydrogeological study of the Lagan Valley to evaluate the
groundwater potential of the underlying sandstone aquifer for public water

supply and possible river augmentation.

In the early stages this was supervised from I.5.S8. in London with the result
that progress was inevitably slow. In 1374, however, Peter Bennett who was
with I.G.3. in London at that time returned to the Province and was entrusted

with the completion of the study - which was achieved in May 1376,

Peter Bennett, in an extremely comprehensive document, strongly recomménded:

(a) Sgploitation of groundwater resources between Belfast and Lisburn

(Bstimated yield 24 ¥1/3 {5 m.g.d.)).
(b) Limitation of the existing boreholes in Lisburn.
The main recommendations were accepted and in 1977 a start was made on the
implementation of the recommendations when my £irm was commissioned to

develov the Derriaghy site as a production borehole, This borehole had Dbeen

drilled as part of the L.V.H,S. itself,

4, Derriaghv Boreholes

This borehols vyielding some 0.5 m.g.d., was commissioned in 1977 pumping,

after chlorination, direct into the Derriaghy supply area - a mixed Somestic



and industrial area. This operated very successfully for eleven months but
its life was to be shortlived when one John 7. DelLorean got to hear of it and
decided that the borehole would have to go as the particular green field site

was just right for the building of his dream sports car,

In September 1978 we were instructed to abandon and demolish the new source
and construct a new one near the perimeter of the site under consideration,
The replacement Derriaghy borehole was re-commissioned in 1980 after
overcoming a number of problems both contractural and technical and is still
in full production, which is more than can be‘said for J.Z. DeLorean's sports

Car.

This Contract brought home some of the unforseen problems of drilling and
provided an invaluable crash course in parts of Murphy's Law unknown to us at

the time,

THE SEARCH FOR WATER

5. Phase 1

In February 1978 it was decided to initiate Phase 1 of Peter Bennett's study
recommendation - a Search for underground water in the Finaghy/Dunmurry
area. In the months that followed we soon learnt to respect his expertise in
what for us was a new science, while he, I bhelieve, learned to appreciate the
compromise often necessary on Engineering grounds (planning, access,
services, etc¢.,) bearing in mind that each site had to be thought of as an

operational outstation.

A preliminary site investigation contract to establish potential production
borehole sites quickly laid to rest the myth that the Bunter Sandstone was a
large sponge full of water and all one had to do was sink a borehole into it
and you had water, Some 10 exploratory holes were sunk in a total of four
Search areas before we were satisfied we had three potential Production
boreholes, This success rate - 30%, which disappointed us at the time, was

to prove to be the pattern over the future years,

Apart from the usual 3difficulties of finding water in sufficient dquantities

Wwe even had difficulties finding the sandstone in certain locations,



A subsequent Contract £for the drilling and test pumping of the three
potential sites confirmed the anticipated yields and a scheme linking the
boreholes by means of a common pumping main from Larkfield (Black's Road) via
Kilwee (upper Dunmurry Lane) and Stewartstown Road to the Poleglass Service

Regegrvoir was conceived and later implemented.

6, Phase 2 Contract

Qur early drilling eéperiences had brought home to us the somewhat limited
resources and experience of local water drilling Contractors., As a result we
advised the Employer that further drilling should be included in one major
drilling contract covering the full extent of the search area., This, it was
felt, would attract more widespread interest throughout the J.K. and B.E.C.

Countries.

This change in pelicy was accepted and Ffollowing Selective Tendering
procedure, tenders were sought and a Contract was subsequently awarded in
December 1981 to Water Utility Company of Mallow, Co,., <Cork, working in

conjunction with JUlster Foundations and Prilling and Geoservices,
The Contract was later extended (because of low success rate) to embrace some

2 \
25 sites scattered across the search area - some 70 km -~ in the Lagan

Valley between Belfast and Lisburn (see map attached}.

7. Specification

Drilling holes into the ground can be 'boring' work, particularly if vou
immediately f£ill them with concrete, but drilling for and proving water
demand careful specification writing followed by competent precision drilling
in accordance with the Specification and all of this not just on one site but

on 25 separate sites.

The exercise demands a concentrated team effort from all involved from the
rig operator to Geologists, Yydrogeoleogists and Engineers alike, In addition
to the professional expertise required it demands skill, ingenuity, trust,
teamwork and above all infinite patience and determination, It is all to
easy to get despondent when vou are spending someone's money and producing

little water in return.



It 1is worth commenting briefly on aspects of drilling procedure and
specification which helped to streamline operations and produce a responsible

approach from the parties to the Contract.

{a} Site Selection

Learning from previous experience all drilling work was considered to bhe
investigatory and so no land was acquired beforehand. Until a site had
been successfully test pumped there was no point in acquiring land that
might be useless. This may seem like stating the obvious but I can

assure you it was not always so in the past.
All drilling was undertaken, following excellent spade work by the
D.0.E, Lands Section Officials who undertook prior negotiations with

landowners.

{b} ©Drilling Procedure

On esach site two pilot holes were drilled some 100 metres apart using a
600 mm temporary casing to bed rock and continuing édown to 100 m at
150 mm,

Bach pilot hole was then test pumped to decide potential yields before
elactronic logging was undertaken to determine verticality and

straightness {(comment later) and useful geological data.

The preferred pilot hole was then permanently cased and grouted into
bedrock Dbefore proceeding to enlarge the remainder of the borehole to
450 mm, After c¢leaning, the borehole was then test pumped for some
three weeks in order to establish the reliable vield. 4 further
verticality survey was undertaken, The second pilot hole was
permanently lined, grouted to rockhead and capped for use as an
observation borehole. It was made clear that any borehele not up to

specification on vertically would be re-drilled at the <Contractor's

expense,

(e} Vertical nrilling

A specification need not be complicated or indeed lengthy. In this case
the methed of drilling was not specified only the relevant diameters,

depths, casing and liners,



The verticality and straighthess of a completed production borehole as
indicated by electronic log survey had to be such that a 260 mm pump and
motor on a 150 mm rising main would not touch the borehole sides at any

point. Non compliance carried the risk of non acceptance with potential
cost venalty.

8. prilling Methods

The Contractor's response on site was to ensure that he utilised the right
equipment and used it correctly, Three drilling methods were used during the

course of the Contract:-

(a) Qverburden dDrilling

The overburden was drilled using conventional shell and auger technigues
within a 600 mm temporary steel casing which was retained in place until

completion of the pilot hole stage.

(b) Rotary Drilling

Rotary drilling was undertaken using a Hydreg Gryphon mulei purposge
hydraulically operated rig mounted on a four wheel drive tractor powered
by 6 cylinder 120 B.H,P, diesel engine. The rig incorporated a two
circuit hydraulic system to provide independent flows for rotation ang

pull down.

{(¢) Percussion Drilling

In two instances (Newforge and Lesters Dam) unstable conditions in the
Permian sandstone which thalted rotary drilling were overcome by
utilising a cable tool percussion drill brought to site for a short

period,

Rotary drilling utilised tri-cone bits directly coupled to two heavy collars
immediately behind the bit using only the combined self weight of the drill
string to dictate progress through the sandstone, Teo many drilling
operators working a bonus system push from the top with disasterous results.
It might be all right for piling but not for boreholss. We have had one
instance {not in the Phase 2 Contract) of finishing up with two boreholes for

the price of one!

-6 -



In truth, vertical boreholes are a Utopian idea but useable straight almost
vertical boreholes are obtainable in a good year! The Engineer must be the

final arbitrator.

3. Test Pumping

The decision to proceed beyond the two pilot hole phase was dependant on the
success of a 12 hour air-lift test pump during which water levels were
carefully meonitored both during pumping and the subsequent recovery period.
Leaning heavily on Peter Bennett's advice the decision to proceed further
would be taken. These were important decisions as the subsequent completion
of a potential production borehole represents gsome 60% of the site

development costs.

The 21 day opumping test undertaken upon completion of the Potential
Production B.H., utilised an apvropriately rated submersible pump supplied
frem one of two mobile generators (one stand-by)., Our fears about noise
levels (earlier contract) did not materialise due to the success of improved

sound proofing methods and good public relations work.

The drawdowns obtained at Production boreholes varied between 35 m and 62 m
with Glenburn by far and away the most successful of the Contract and (I am
reliably informed the best in the Province) only falling some 44 m when
yielding some 5 M1/d4, 1.1 m.g.d.

During test pumping log Ltime graphs of water levels were plotted until

egquilibrium conditions were achived. In most instances flows were increased

in stages in order to 'home' in on the safe reliable yield,

19. EBlegtronic Logging

The advent of modern techniques for the electronic logging of boreholes has
allowed the Engineer and Geclogist to build up a comprehensive pichure of the
gaometry of the borehole, the material of the borehele and the filuid colunn,

The infeormation logged and recorded on site was as follows:

(a) Deviation from vertical

{p) The axial co-ordinates of the deviation



{c) The polar co-ordinates of the deviation
{d) Diameter
(e) Gamma log

(£) Density log

The last two were of particular interest to Peter Bennett in strata

correlation and bulk density determination.

In certain instances logging was followed up by visual insgectién using a
specially adapted submersible C,C,T.V, Camera which was lowered into the
borehole, This was utilised for example at Glenburn to observe and
understand suspected fracturing of the sandstone. The camera, linked to a
V.D.U., located at the well head, was capable of providing both 350° rotated
view of the borehole wall and down hole view which were recorded with on the

spot editing for future re-use.

Two different specialist logging contractors using similar electronic
apparatus have been used successfully. These men are highly mobile experts
who ©Dring their sophisticated apparatus with them in suitably adapted

vehicles as and when reguired.

In one instance a short fall in computerised print out of resules was
overcome by the hasty preparation of an appropriate programme within the

confines of the Consultant’s Cffice,

I am convinced that logging of borsholes is an essential regquirement in any
water drilling Contract with the expence - some £500/borenole being good

value for money.

11. Hazards

When I was opreparing for this evening someone suggested that I should not
underplay the problems and hazards of working on the fringe of and indeed

within an urban area, albeit South and West Zelfast,

We have probably experienced most things:-
(a) We have had the usual difficulties with landowners (and their dogs);

(b) Para-military groups in the Finaghy area and at Derriaghy;



{c) Heavy vandalism - Rotary rig driven into ditch {Ladybrook), slashing of
excavator hydraulics;

(d) Obstructions dropped into boreholes - from crow bars to beer cans;

{e) Severe damage to Dborehole c¢asing - subsequently written off and
re-~drilled;

{f} Gelfers who slice and Glue sniffers who also deviate from the straight,

The prospect of visiting such a large number of sites with their individual
problems could have been awful but somehow there was always somewhere else to
try while things were sorted. Once the team got 'into' the Jjob and
demonstrated it meant business progress rarely suffered., Local knowledge and
the close proximity of sites made things easier which was some compensation
for not having a telephone on site {never on one site long enough), The
Contractor, Water Utility Company, aided and abetted by Ulster Foundations
were both willing and able - a real find for a most impoertant contract. It

was a pleasure to work with them.

FINDINGS

12, Geolegical

During the course of the Contract normal drilling logs and samples were
augmented by countinuous cores at four sites selected by G.8.N,I. to provide

optimum geological information,

The geology of the Lagan Valley turned out to be much mere complex than
axpected particularly in the Finaghy area where the existence of a deep
glacial channel made drilling difficult. The Permian sandstones on which
geological information was lacking have been recorded in the series of
boreholes along the valley in a Scuth-Westerly direction from Ravenhill to

Ballyskeagh.

The known prepondance of dykes was not a serious problem, Preliminary
magnetometer surveys undertaken by G.8.N.I, successfully located the presence
of dvkes in open space areas, In more urban areas however it was not
practical to utilise this form of survey because of the presence of iron
metals, overhead lines, etce., and so avoidance was reduced to the old
fashioned "hit or miss", At the end of the day dykes were only encountered

in about five boreholes (all urban) out of a total of 43, i.e. just over 10%,



Both the Bunter and Permian sandstones varied considerably in hardness with
the latter being particularly unstable, As a result all boreholes, with the
exception of Dixon Park and Xennedy Way, have been lined with 300 mm siotted

P.V.C. screen surrounded by gravel pack.

The Permian Sandstones which are less well cemented generally produced better

yields per metre than those of the Bunter.

The existence of a network of observation boreholes in the Valley will permit
careful wmonitoring of piezometric levels and preliminary work on these has
already improved our knowladge of ground water flows an the area., These show
more variation than was thought and emphatically confirm a concentration of

water in the Glenburn area of Dunmurry where the highest vield was found,

Permanent recorders will be installed at four sites (Dixon Park, Ballyskeagh,

Priory Park and Dunmurry Lane),

In several 1isolated instances artesian flow conditions prevailed {Priory
Park, Stockmans Lane, Newforge) and in one case - Newforge a sustained flow

from a gravel layer - has now been metered at some 0,22 ml/d for some months
without fall off.

13, Aquifer Yield

Following the c¢ompletion of the test opumping programme it has been

recommended that eight sites be developed as Production boreholes.

Details of these are as follows:

SITE CONTRACT YIELD RORZHOQLES

NAME REFERENCE NO., (M1/4) {mgd) (NO.)
Xennedy Way 1 J.68 .15 1
Glenpurn 4 5.00 1.10 2
Lesters Dam : 10 2.27 2,50 2
The Hollow 15 1.59 0.35 2
Newforge 1 1.05 0.23 1
Stewartstown 2 22 1.95 0,43 1
Fullstown 23 0,96 0.21 i
Balmoral 25 2,18 0,438 1
TOTAL 15,58 3.45




This together with those Production boreholes already in overation should

produce a yield of 25.59 M1l/d (5.63 m.g.d.) made up as follows:-

BOREHOLES YIELD

(M1l/Q) (mad)
Phase 1 3.55 0,78
Phase 2 {8 sites) 15,68 3.45
Derrcyaghy 2.27 0.50
Belsize Road _4.09 0.%0
TOTAL YIELD 25,59 5.63

A few interesting statistics emerge from Phase 2

Ml/d MeGada % Average
Minimum Yield 0.68 0.15 34.8 3
Magimum Yield 5.00 1,19 255,8 %
Average Yield 1.96 Q.43 100 &

Note:~
1) This average yield 1s some 50% greater than the previcus N.I. averaga

figqure of 0,29 m.g.d. gquoted on a recent paper by Mr %, Logan.

2}  The total yield figure of 25.59 M1/d (5.63 m.g.d.) compares favourably
with Peter Bennetb's 1975 production of 24 M1/d (5 Megede).

14, Water Quality

During the course of the Phase 2 Contract over 100 samples of water were

taken for analysis in the Divisional Laboratory at Oldpark.

Water gquality 1is good and generally conaforms with EEC regquirements, 1In
certain cases however hardness and manganess levels are slightly above
prafarred levels for an isolated socurce but with appropriate blending with
other source water their acceptance should not present any lasting
probiem. As with most things in Northern Ireland, the public is not always
amenable to change and even 9J.X, 3Standards of hardness can become

unacceptabls to logcal "Softies”,

- 11 -



17, Futyre Developnent

Following the submission of a Feasibility Report it seems probable that the

eight production boreholes will be developed on a programmed basis:

{a) Two sites (The Hollow, Hullstown) will be connected individuality to
the Stoneyford Agqueduct.

{(b) One site (Stewartstown ¥o.2) will be connected Lo the existing Phase 1.

(¢) One site (Xennedy Way) on the factory estate at Xennedy Way would
appear to be attractive for Industry.

{d} Pour sites (Glenburn, Balmoral, NVewforge and Lesters Dam) which
together make up 41% of the whole Lagan Valley vield will be connected
to Breda $.R. where it will be adeguately blended with the soft waters

of the Silent Valley,

18. Costs

The costs of the completed scheme will be some £2,630 K which represents
some £240 ¥ per outstation or £467 X/m.g. Given that the development will
require neilther storage facilities nor treatment plant this must be seen as

fairly good value for money.

The disadvantage 1is that electricity costs for pumping will compare
unfavourably with upland water however g¢given that there 18 already
extensive pumping of water into the 3Belfast area from Lough Neagh {Dunore

and Castor Bay).

I am confident that the Lagan Valley Borehocles will provide Eastern
Division with an attractive local source water at an acceptable cost per

3
m o,

19, Final Thouahts

Given the original success of Mr R,2,L. Clarke in 1935 with the 3arbour
Well and subsequent borsholes it is not easy to understand why it has taken

almost 50 ye=ars to contemplate further development of Lagan Valley water.

- 13 -



It is a sobering thought, however, to calculate in this year of drought,

that the additional vyield now proven and hopefully sustainable in the

future represents:

in 1 year - 66 & of the capacity of the Silent Valley
and
in 50 years = 34 £illings of the silent Valley.

Let us hope before long the full potential of the Lagan Valley Sandstones

will be utiliszed.

Thanks are due to:

1, The Chief BEngineer, The Department of the Enviroament for Northern

Ireland, Water Service, for permission to present this paper.
2. G.5.8.,I, and in particular ¥Mr P. Bennett.
3. The Engineers and Scientists of the Water Service Central Design Unit

and Bastern Division for the help and co-operation throughout the

gcheme,

4, The staff of Kirk, McClure & Morton for their interest, support and

enthusiasm.

5. The Contractor involved, particularly Water Utility Company.
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LOCATION PLAN

LAGAN VALLEY BOREHOLE DEVELOPMENT
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1. Introduction

The object of this paper is to discuss, in somewhat broader terms, groundwater
axploration and its harnessing for use as potable water supply. What fcllows
is an Engineer's perspective. As my own experiences with groundwater have

been in public supply and as many of the audience are also involved in public
supply, I will endeavour to present practical problems in the local authorities

use of groundwater.

As an example of a groundwater exploration and development project I will
first of all discuss a scheme to provide 2545 m’/d of potable water to
Tullamore town. This will also serve as background material to the previous

paper.

Engineers have until recently tended to neglect groundwater as a source for
public supply. In the next section I will postulate reasons for this and give
my views on the obstacles still encountered by Engineers and possible
strategies for overcoming them.

Finally I will endeavour to put the surface water versus groundwater argument

in perspective by presenting some cost comparisons.

It should be noted that for the purposes of this paper all reference to

groundwater are to sunk wells and boreholes only and do not include springs.



2. Ground Water Development for Tullamore

2.1 Background

Tullamore is located in the heart of the midlands with no major river or
stream nearby. Traditionally its water supply came from surface water
sources near the Slieve Bloom Mts. Treatment consisted of slow sand
filtration at Clonaslee, Co. Laols with water flowing by gravity to Tullamore,
some 9miles away {(Fig. 1). In 1965 P.H. McCarthy Son & Partners prepared a
report outlining proposals for the provision of 2270 m’/d of treated water for
Tullamore. These proposals provided for the abstraction of water from the
Clodiagh & Gorragh Rivers, coagulation, filtration, sterilisation and
fluoridation at Clonaslee and delivery to Tullamore by gravity. This scheme
was completed in 1971 when the demand was about 1820 m’/d. However demand
quickly increased (Table 1} and by 1973 active consideration was being given
to duplication of the treatment works by harnessing the Glenlahan and
lenbarrow Rivers. Gauging of these Rivers in the dry summer of 1975 showed
them to be inadegquate for the proposed abstraction. It was at this stage,
with the prospect of a 450 m' /4 wet industry establishing in the town, that

groundwater was first muted.

TABLE 1 : Water Demand Growth for Tullamore

YEAR ESTIMATED POPULATION DEMAND (mJ /)
1965 7100 1730

1873 7800 2730
1977 3400 3320
1980 8700 3640%*
1984 9200 3410*
1985 9300 3640%

*  Includes 430 m®/d to Laois and Offaly County Councils

2.2 Preliminary Investigations

Initial enquiries were made as to thesuccess of drilliing by farmers and industry
in the Tullamore and Clonaslee areas. Also the Geoleogical Survey of Ireland was
consulted and three sites were selected for trial holes (Fig. 1). Site No. 1

wag located in Spollenstown industrial estate in the town itself. Site No. 2 was



located 2 miles Nerth of Tullamore adjacent to the Silver River.

Site No. 3

was located adjacent to Rathcoffey Bridge,l% miles East of Clonaslee. All

sites were chosen because of thelr likely potential as gravel agquifers.

2.3 Trial Borehole Drilling and Testing

The three holes were drilled and tested during 1976.

let for drilling and testing.

Separate contracts were

Crilling was carried out using rotary rig with

alr and water flush while testing employed mono pumps driven by tractor.

Table 2 gives the trial hole data.
gravel were enccountered with little water.
off with steel liner and drilling continued into rock.
were encountered in the Silver River borehole.
results were encouraging.

guantity of poor quality water and further exploration in this

abandoned.

TABLE 2

Trial Borehole Data

It 1s evident that only shallow depths of
The gravel/overburden was sealed
Major water guantities
Also the Rathcoffey borehole
The Spollenstown site however yielded only a small

area was

Trial Hole No. 1 2 3
Location Spollenstown Silver River Rathcoffey
Drilled dia. 200 mm | 200 mm 200 mm
Depth to Rock 5m 5 5.0 m 13 m

Total Depth 46 m | 27.5m 76 m

Reock Formation
Drillers Yield Est.
Tested Capacity
Drawdown

Water Quality

Bioclastic Lst.

2.5 - 4 1/s

2 1/s
32 m

Pocor

Rioclastic Lst.
19 /s
3.4 1/s

i
i

6 m

Hardness 3CO mg/lé
Iren 0.5 mg/l ?

Sandstone/Shale
& i/s
1/s

-l

S.
64 m

Good

The trial drilling and testing had indicated the
excess of 2270 m’/d in the Silver River aquifer.
satisfy immediate demand with some slack for the future.

production boreholes were duly drilled and mains

adjacent reservoir.

provided.

presence of water quantities in
This would be sutfficient to

Duty and standhy

laid teo supply 32 1/5 o the

The minimum treatment of chlorination and fluoridation was



The Rathcoffey borehole had indicated groundwater potential in the Clonaslee
area also. It was decided that the true potential of this aguifer be
assessed with a view to providing an additional 2270 m’/d when warranted by

the ever increasing demand in the town.

2.4 Detailed Investigation

While drilling the trial holes we were acquainted with the services of hydro-
geologists Messrs Geox Ltd. They were duly commissioned to interpret the
results to date and report cn the full development of the Clconaslee aguifer.
These investigations included:

* A gtudy of existing topographical and geological maps

* Discussions with prospecting companies possessing licences in the area
* A detailed inventory of existing wells and borsholes

¥ Collection of available meteorological and hydrological data

This information coupled with the Rathcoffey test hole findings facilitated
estimation of the vield of the aguifer for the recharge available., Six
sites were thus reéommended for producticn holes with a view to providing
2270 m’ /4. The further development of the aquifer is iimited by the

carrying capacity of the trunk main from Clonasles to Tullamore.

2.5 Production Boreholes at Clonaslee

The production boreholes were drilled in the summer of 1978. Of the six sites
recommended by Geox Ltd., one could not be purchased and the other five were
drilled. One additional site was also chosen during the drilling. Six holes
were therefore drilled. One was not completed as the driller lost his bit.
Another produced negligible vield as it intersected black shale. The cther

four were usable holes.

The boreholes were generally drilled to bedrock using a percussion rig. A
rotary rig with air and water flush then completed the holes. The successions
encountered were sandstones and shales generally as in the Rathcoffey trial

hole. Other borehole details are shown in Table 3.



TABLE 3 : Clonaslee Production Borehole Data

Borehole A B o ; D F G
Drilled diameter: 250 mm 250 mm é 250 mm 250 mm 200 mm é 250 mm
Depth to Rock 12 m 5.8m L 6.7m |14.6 m 7.9 m
Total Depth 76 m 76 m 20 m 76 m 72 m 76 m
Rock Formation Shale/ Shale/ - Shale/ Black Shale/
Sandst. Sandst. Sandst. Shale Sandst.[

Capacity 10.7 /s, 4.7 1/s - 2.2 1/s | - 6.6 1/s]

i H ! |
Drawdown 30 m § 30 m - ; 30 mo - % 20 m

o £

Remarks Scurce Scurce Abandonedg Source w:iirva ion Scurce

' i

Detailed logging of the holes was completed by the G.S.I. and Mr. E. Daly has

already discussed the geology of the aguifer in detail.

As the sandstone tended to be very fractured, consideration was given to lining
the borehcles to prevent collapse during subsequent pumping. An effort to
install slotted 200 mm P.V.C. liner in the holes failed as the loose rock tended
to jam the liner. Consequently no more than 15m of liner could be installed in
the holes. Last year, however 190 mm I.D. thermoplastic liner was installed in
borehcles B and F. It is intended to install similar liner in borehole A before

pump installation.

Testing of the boreholes was carried out in autumn 1978 and 1979. The test
pregramme of 1978 was abandoned with only one borehole tested, after three weeks
of breakdown and equipment failure. The remaining three boreholes were tested
in two weeks in 1979. all boreholes were tested using mono pumps driven by a
tractor. Each borehole was tested for four days and one day for step tests

followed by three days continuous pumping at expected capacity.

The gquality of water from the tested boresholes was good. Iron was present in
the early stages of pumping but not te an alarming degree. Hardness was also at
acceptable levels. A selaction of test results for the four successful boreholes

and the original Rathcoffey trial holes are shown in Table 4.



TABLE 4

CHEMICAL AND BACTERIOLOGICAL ANALYSES OF WATER SAMPLES

TAKEN DURING TEST PUMPING OF CLONASLEE BOREHOLES

| PRODUCTION BOREHOLE 2 B o) o Rathcoff
SAMPLING DATE 24/9/79 | 29/11/78  24/9/79 19/9/79i 31/3/76

iAppearance 2 ft tube! clear clear ¢clear clear ! clear

| Colour Hazen Units 5 5 5 5 5

éTurbidity Formazin Units 15 O i 12 C 0.7

%Odour none none E none | none | none

%Dissolved Solids mg/1l{ 270 328 | 305 5 350 ; -

§Suspended Sclids ng/ L 4.8 13,3 % 4,2 i 9.2 % slight

; pH (at 15°C) 7.8 7.7 g 7.5 7.4 | 7.75

J Chloride mg C1 /1] 10.5 29.4 12.4 12.4 ¢ 20

i
Sulphate mg S/1 G.C 3.9 % 0.0 0.0 ; 5.0
éFree Ammonia mg N/l: 0.01 Q.07 é 0.01 0.02 % ©.043
| ;

| Albuminoid Ammenia mg N/1  0.05 0.08 | o.04 0.06 | 0.073

iNitrite mg N/l‘ 0.001 0.001 ; 0.001 0.00lj 0.001

%Nitrate mg N/1 1.05 1.30 ? 1.30 % 1.49 % 0,2

| ‘
Permanganate Value E | é J
4 hr at 27°C mg C/L: Q.00 0,20 ¢.,00 E 0.04 0.03
Total Alkalinity ng CaC03/lE 236 240 242 g 256 229
: : i ]

| Total Hardness mg Cacoa/ﬁ 254 252 276 \ 278 200
Permanent Hardness mg CaCOs /1. 72 101 | 41 1 39 -
Calecium Hardness mg CaCOa/l? 184 é 134 g 244 24¢ -

i Total Iron mg Fe/li ¢.03 | 0.54 0.08 C.03 0.186
Total Coliforms No. /100 mlé none 48 é none - none none
Faecal Celiforms No./1CO ml% none ? none é none % none 1
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2.5 Developing the Clonaslee Well Field

The Clonaslee aquifer has not as yet been harnessed. This is because the
Silver River source could adeguately supply the town when combined with the
Clonaslee surface sources. However because of problems at Silver River the
development of the Clonaslee scheme has advanced to tender stage. The schenme
provides for the pumping of a maximum 2545 m’/d from boreholes 2, B, D and G

and the Rathcoffey trial hols.

In a scheme such as this with scattered borehole sites the collection and
control system require much thought. As shown in Fig. 2 we have opted for
providing individual rising mains to central collection points which deliver
by gravity te the existing treatment works. We have therefore provided for
laying pipes in common trenches where convenient. Submersible pumps will be
used to deliver the water from the boreholes and chlorination and fluoridation

will be provided at the existing treatment works.

A telemetry and remote control system will be provided for data gathering,
monitoring and direct control of each pumping unit from the treatment works.
Signals will be transmitted through private signal cables in ducts laid with
pipeline runs. Data will be assimilated and supervised by & microprocessor
basaed control station at Clonaslee. Peripheral eguipment such as printer,
tape deck, VDU and keyboard will allow data to be printed or stored and
facilitate control automatically or by UDC personnel. Typical data will

include borehole water levels, pumping rates and reservoir levels.

The already mentioned borehcle F which failed to produce sufficient quantities
for development, will be used as an aquifer level monitoring borehele and an

automatic recorder will be fitted on the borehole for this purpose.

2.7 Summary

The town of Tullamore and its environs are expected to grow to a population of
11,300 by the turn of the century. With the continued exXpansicn on commercial
and industrial fronts the demand for water is projected at 6800 m'/d. This
quantity will be availaple to the town by 1987. However some 60% of the supply
will be groundwater whereas pre 1976 the town r=lied totally on surface water

sources.,



3. Aspects of Groundwater Development

3.1 The Groundwater Decision

Traditicnally Engineers have tended to rely on surface water sources,
particularly for larger schemes. The reasons for this are many and varied

but can be summarised as follows:

* Surface waters can be seen and measured. Both guantity and quality
were easily determined

* There was poor data on groundwater resources

* There was a general lack of knowledge and expertise in underground
drilling and groundwater development among Engineers

* Many Engineers had bad experiences withboreholes particularly with
regard to pumps and general malntenance

* A poor drilling service meant relatively low yields from borehcles

Well fields as we now know them were not considered because of
collection system control limitations

The hardness of groundwater was considered excessive for its use in
domestic supply

* By dint of their training Engineers are risk averse

* The DOE were sceptical of groundwater

In the last decade many of these barriers have been lowered or remcved. For

example :

The Engineer now has easy access to good preliminary information from the
c.5.1.

The services of hydrogeologists are available to the Engineer. Aas well as
his all round expertise in the area the hydrogeologist can access geological
maps, aerial photographs, mining company records etc., which may not be
readily available toc the Engineer

Resistivity studies are now available for detailed field investigation

Drilling and testing standards have improved and large boreholes in
difficult strata are now possible

Pumping plant continues to improve in reliability

Modern technology and the advances in computerisation have facilitated
contrcl of remote borehole installations

The marketing of groundwater as a source of public supply has meant better
acceptability among Engineers

At the same time the cost of development of surface water sources has continued
to increase due to the scarcity of suitable abstraction points, the
deterioration in guality cf ocur lakes and rivers and the increasing cost of

chemicals. The decision to go for groundwater is therefore being made easier



for the Engineer. The likely capital and running cost savings further
strengthen his argument. Yet, there are many potential areas of frustration

for the Engineer. Some of these are discussed hereunder.

3.2 Planning and Financing Groundwater Schemes

Many <f our past groundwater schemes have tended to be completed piecemeal

as low budget projects. This has inevitably led to high maintenance costs
during operation. Also, in many cases the full development potential of an
aquifer or an individual borehole has not been achieved. For majior ground-
water schemes proper planning is sssential. However, the nature of ground-
water development does not lend itself diregtly to the existing procedures

for local auvthority public works schemes. A preliminary report is generally

a desk and field study of available options, with a recommendation and costing
of the favoured option. If groundwater is an option then a realistic appraisal
cannot be made without recourse to hydrogeological investigations and test
drilling. This will entail a much greater expenditure by the local authority
at this stage than would be required for an equivalent surface source
investigation. Therefore, finance is required up front to complete
investigations but the loans cannot be made available from Central Government
without preliminary report sanction. A 'Catch 22' situation exists unless the
local authority can divert monies from revenue sources. This may not be
possible in the present period of financial strihgency and so groundwater is
overlooked for the wrong reasons. In this regard it is significant that many
major groundwater developments have evolved as replacements for approved surface

water schemes.

t is regrettable that this situation should continue to exist. A desk study

cf available data indicating & reascnable chance of groundwater potential should
be sufficient to allow the advancement of finance for comprehensive
investigations to be carried out. This would involve the DOE in closer control

to ensure that these monies were effectively and efficiently spent.

3.3 Trial Borehcles

Detailed study of the geology, previous drillings, =atc., only serve toe indicate

the meost likely locatic

=

¢f a successful borehole. The only sure way to find
cut is to drill and test the agquifer. However, each scrap of information will
serve to increase the odds in favour of a successful strike. Once a borehole

has been drilled, sampled, logged and tested all this information can



be used to up date information previously collected and recorded thus

increasing the odds in favour of a further success. To this end it can be said
that there i1s no such thing as an unsuccessful borehcle. Therefore a degree cof
'failure' must be acceptable by the Engineer in the exploration process. Every
borehole must be regarded as an investment. To get maximum return on this
investment every reasonable step must be taken to record information. A detailed
borehole Log should be compiled. This can be done using a combinaticn of
drilling records, chipping samples and geophysical logging. The information will
prove an invaluable asset not alone in aquifér development but alsce in solving

aguifer problems which may arise after prolonged pumping.

3.4 Drilling Site Acquisition

In the normal run of events the acquisition of a site can be a long drawn out
affair depending on the personalities involved. The most common appreach in
Ireland is to drill a trial borehole in the particular site and if adequate
quantities of water are found to drill larger producticn holes. Should the
trial hole be inadequate it tends to be abandoned. In our dealings with land-
owners therefore an agreement needs teo be flexible to allow for both outcomes.
Consequently an agreement is made to pay the landowner a certain sum for
permission to drill with a conditicn that the local authority can acquire the
site for a greater sum should adequate guantities of water be found. 1In theory
this 1s a reasonable and fast approach to permitting drilling operations to
begin. In practice, however I have found that landowners tend to change their
perception of the agreement once water is found. Frequently, therefore, the
agreement is challenged as the landowner tries to sell the water as well as the
land. 1In these situations local authorities are slow to exert their apparent
right to acquire the site as per the agreement and I have experience of two
local authorities who have shied away from court proceedings to exert their
right following legal advice. The agreements were renegotiated in an obvicus

blackmail situation and inflated prices extracted for the sites.

In the interest of the public good it 1s desirabkle that borehole site
acquisition be regularised. Land purchase agreements should be bolstersd up by
statute to ensure that agreements signed in advance are binding. An important
consideration in this regard is the vexed guestion of ownership of underground
water which also needs the attention of the legislators., From the Engineer's
point of view similar powers to those conferred on local asuthorities by the
Public Health {Ireland} Act 1878 with regard to wayleave acquisition are
desirable. The serving of a notice of intention to enter the lands to drill

would suffice to advance exploration and allow forward planning. The legal

....lo....



acquisition of the site could proceed during the detailed planning stage with

iandowner compensation being determined by negotiation or arbitration.

The question of borehole site size is of major concernto the Engineer. He must
ensure adeguate space for siting boreholes and associated buildings and also
allow for access to the boreholes for maintenance or rehabilitation purposes.

Cn the other hand he shcould keep the site to a reasonable minimum so as to
lessen acquisition and development costs as well as site maintenance costs. My
own experience would indicate that a 400 m’ site will suffice in most situations
particularly if it has road frontage. Where special treatment of the borehole

water is envisaged a larger site should be considered.

The ideal site 1s of course on an existing treatment works, reservoir site or a
road layby already in the local authorities ownership. A convenient three phase
E.5.B. supply is an added bonus. However, Murphys law decrees that the

optimum sites are remote from public roads, devoid of power supplies and owned
by the least co-operative farmer in the neighbourhocd. It is the Engineer's

lot to overcome these difficulties.

3.5 Water Suppiies Act, 1942

The 1942 Water Supplies Act deals with the abstraction of water for public use
by sanitary authorities. Under the Act the expression "source of water" means
any lake, river, stream, well or spring. A well is defined elsewhere as "a
shaft or borehole sunk in the ground to obtain water". Clearly, therefore,

groundwater is covered under the act.

The Act stipulates a procedure to be followed by a sanitary authority prior to

abstracting water abpreviated as follows:

Ascertain the persons to whom damage may be caused by the taking of water
Prepare a bock of reference of these persons

Issue written notice to each such person outlining the proposal and
advising them on how to make objections

Publish similar notice in a locally circulating newspaper advising persons
aggrieved by the proposal on how to make objections

The aAct puts the cnus on the individual to obiect to the proposal within a
stated time period. These objections will be considered by the Minister

before making an abstraction order. However, aggrieved persons are entitled to



compensation for loss if they follow specified procedures. Compensation may

be determined by negotiation or arbitration.

To my knowledge the procedures under this Act have never been followed for a
proposed groundwater abstraction. It would appear therefore that local
authorities are not protected under the Act and are open to claims or
injunctions from other users or potential users of groundwater. With the
increasing use of groundwater as a source and the increasing cost of water to
the consumer it is f£o be expected that local authorities will be challenged
where large abstractions lower aguifer water tables. It is essential therefore
that aquifer data be adequately documented for use as evidence in hearings or

tc dispel bogus claims.

To date local authorities have tended to compensate existing private borehole
owners who could prove loss of supply due to abstraction for public supply.

In some instances existing boreholes have been deepened while in others free or
special rate connections have been provided frompublic mains. Consequently,

the rights of either party have never been determined in the Courts.

These views are but a layman's thoughts but I consider that local authorities
should at least have legal opinion as to their rights with regard to existing
and proposad groundwater abstractions. Clearly, this area revolves around the
groundwater ownership issue already mentiocned and as such could also benefit

from statute.

3.6 Borehole Design and Specification

Major groundwater strikes tend to be located in difficult strata. Gravel
aquifers tend to be shallow and are drilled by percussion or shell and auger
rigs. The well design incorporating well screens and gravel pack, and the
development procedures have been discussed at previous I.a.H. Seminars and I

do not propose to discuss them further here.

Good rock aguifers tend to be broken in nature making for different drilling
slituations, Rock drills tend to be rotary or down the hole hammer utilising

air or water flush. Occasionally, mud and foam are used as flushing media.

Trial holes need only be big enough to facilitate penetration of the strata to
the reguired depth and test pumping. A 150 mm diameter open hole is normally
adegquate in rock. The finished diameter of the production hole is determined

by the anticipated yield and pump size. Gradual siltation and collapse have

- 12 -



in the past been recurring problems with high output boreholes. Proprietary
screwed thermoplastic liner and complementary screen can be used to protect
the borehole and the pump. These add up to 50% in direct and indirect

costs to borehole drilling but are now essential in production boreheole

deslgn.

Drillers should be asked to tender on the basis of a detailed specification

which should include clauses on:

* Finished depth and diameter requirements
* Well casing and drive shoes

* Sampling and record keeping

* Borehole verticality

* Disinfection of borehole on completion

* Apandoned holes

* Capping of Wells

For production holes the logs of adjacent trial holes should be given as a

guide.

Despite the existence of tender rates careful consideration must be given to
the rig and the method of borehole construction. Under many borehole
contracts drillers fail to reach the design depth because of plant
limitations but still get paid under the terms of the contract. In my view
& better approach 1s to get prices on the basis of a performance
specification with a provise that conly borehcles completed to the required

depth and diameter will be considered for payment,

3.7 Administration of Drilling and Testing Contracts

Drilling and testing contracts are generally let separately to individual
specialists. The testing contractor isg sought after drilling is complete

and an sstimate of borehole yield is available. This procedurs can be wasteful
of time and resources and consideration should be given to letting one contract
to include both drilling and testing. This approach 1s feasible where the

likely yield of the borehole is known and it has the following advantages:



* The local authority only needs to go to tender once with consequent
savings in time and administration costs

¥ Well drilling contractors are now offering package deals with drilling,
testing and full 24 hour supervision of the testing at cost effective
rates

* 8Site supervision costs savings can be effected

* The boreholes can be made available in the fastest possible time after
land acguisition so that detailed plans for the overall scheme can be
approved

Single point responsibility is achieved as one contractor is responsible
for all the work. Thus deficiencies in drilling which manifest
themselves in testing cannot be blamed cn another party. Also tendering
the testing plant will not require the diversion of local authority
personnel from other works. Here too breakdowns due to dirty fuel,
overheating of motors etc., cannot be attributed to negligence on the
part of client personnel

* V.A.T. is payable at 10% on drilling contracts and 23% on testing

contracts. On a combined contract the 10% rate applies

Where a number of boreholes arxe toc be completed under one contract this
approach allows pump data from earlier boresholes to be used in the accurate

siting of later ones.

3.8 Site Supervision

Competent site personnel are an essential ingredient in good drilling and

testing records. While the contractor may have the onus under the contract
to provide these records the Engineer should ensure that the information is
accurate. The Resident Engineer has also the important function of making

on the spot decisions so that expensive standing time does nct arise.

I consider that a Resident Engineer should be present or near at hand
during all drilling cperations. He should have sufficient presence at the
well-head to be in a position to verify all driller information. My
experience has been that an exchange of views between the drill rig
operator and the Resident Engineer can only be of benefit to the completed
product. As drilling is a lonely occupation operators are only too glad of

the company.



With regard to testing, a Resident Engineer should be present during all
step testing and until stabilised drawdown is achieved in coentinucus
pumping tests. After this, periodic checks should suffice to verify the

continuity of pumping at the sxact rate.

Consideraticn should be given to the provision of mobile site accommodation
for site personnel during drilling and testing operations. This is
particulary relevant during winter months. The marginal investment in
superviscry personnel and their welfare on site will give good return in

usable information.

3.9 Water Quality

As this topic has already been extensively discussed I will confine myself

to a few brief observations.

Public water supply should conform at all times to the E.E.C. Guidelines

for pPotable water. To this end sufficient sampling and testing should be
completed during test pumping to indicate deviations from these guidelines.
These tests facilitate estimation of the treatment costs regquired which then

become a function in the overall cost esquation.

Groundwaters are always hard - sometimes up to 250 mg/l as CaC0;. Carbonate
hardness causes problems for consumers particularly with boilers and laundering.
However modern detergents have eliminated the latter problem while the use of
indirect hot water systems has lessened the boiler problems. Dual immersion
heating of water still presents problems. To my knowledge there is no ocnus

on Local Authorities to provide soft water to consumers, and the EEC
Guidelines do not stipulate a hardness figure. Nonetheless the consumer does
not like to ke told to install his own softener though this is common practice
for industrial consumers. The softening of water on a large scale iz an
expensive operation requiring high capital and operational costs. However the
mixing of surface water with hard groundwater serves to provide a more

acceptable water as was the case with Tullamore.

Great cars should be taken in examining for Iron and Manganese. Iron
particularly tends to precipitate when in contact with oxygen. Every effort

should be made therefore to exclude alr from sample containers so that an



accurate Iron level is recorded in the laboratory, It is important to
Observe trends in Iron and Manganese levels over the duraticn of pumping
tests and indeed during longterm production. While the levels tend to
stabilise I have experienced oneborehole where a forefold increase has

cccurred over a number of years pumping.

The presence of Hydrogen Sulphide (H:;S) in water gives an cbjectionable "rotten
egg"” smell and taste. However as it rapidly disappears on exposure to the
atmosphere it can go undetected at test pumping stage. On one occasion I

was alerted to its presence by a passerby who commented on the smell which

"hung in air" in the vicinity of the borehole. A special sampling kit is
needed to stabllise the gas pending measurement in the laboratory. The
problem can be easily cured by simple aeration and a cascade aerator was

installed on top of the reservoir in this instance.

Cther specific parameters to watch for are the nitrate and nitrite levels
which should be compared to coliform counts to determine peliution levels,
The overall balance of the water is of prime importance when considering
corrosiveness and with this regard the Langelier Index should be determined

although many analysts tend to omit this test today.

3.10 Borehole Collection System Considerations

The minimum treatment required for borehole water is chlorination and fluoridatio:
Sometimes iron and mangenese removal may be necessary. Depending on the number
of boreholes to ke collected and their geographical location, consideration must
be given to central treatment as opposed to self contained treatment units at
each well-head. The advantages of central treatment lis chiefly in economies

of scale, chemical cost savings and day to day control aspects. Against

these must be pitted the risk of deposit formation on the raw water collection

mains. A cost benefit analysis is required in each individual situation.

Ideally potable water should he fad to supply from a service reservoir.
Treated water will be delivered by rising main to this reservoir.in the case
of collective treatment of water from a number of boreholes. Where self
contained treatment units are employed, or indeed for raw water collection

systems, a choice must be made between individual or common rising mains.

Fh

Individual rising mains are more expensive but will give greater flexibility

and contrel in the event of a lsak or burst. When using common collection



mains a non-return valve must be provided at each well-head to prevent
back flow when the borehole is not in use. Great care is required in

pump selection. The pump should be capable of delivering a realistic
yield at maximum anticipated drawdown against the maximum anticipated head
loss i.e. when all boreholes are in operation. At the other end of itg
curve the pump should not overpump the borheole at minimum head loss

conditions i.e. when all other boreholes are resting.

Modern telemetry and control systems have a particular application in
borehcle systems where a number of installations are involved. As well
as information gathering and storage as outlined for the Clonaslee scheme

a system can offer the following control funcitions:

* On/off control of pumps

* Cut=-in and Cut-out of selected borehole pumps at preset levels in
reservoirs

Rotation of pump duty to ensure resting of pumps as required and to keep
all pumps in running order,

Borehole pump duty can be selected on minimum pumping cost criteria.

* Borehole pump shut down in the event of excessive drawdown or overpumping
due to a burst on the rising main.

Many of these functions have heretofore been manual operations. The modern
systems facilitate more efficient management of water systems generally with
great savings in personnel and transport costs. However a word of warning

is required regarding these systems, Engineers must take a personal interest
in the efficient running of schemes if maximum advantage is to be taken of
the installed system. A caretaker must be given sufficient training and
direction. Further he must be motivated to use it to cut water production

costs . and this motivation, be it stick or carrot, must come from the Engineer.

3.11 Maintenance

The image of groundwater has been frequently tarnished in the Engineer'smind
because of recurring maintenance problems. Many of these problems emanated
from the "hole in the ground” era of groundwater exploration where boreholes
were not designed with leng term performance in mind but more as cheap low
quality holes. Dog-legs, loss of verticality, damaged overburden ¢asings,
changes in diameter, siltation and collapse made pump installation and

retrieval a nightmare. Maintenance costs included borehole rehabilitation,

redrilling and loss of pumps. If drilling is completed to a sufficient

- 17 -



diameter and the borehole constructed to detailed design and specification

these costs can be eliminated.

Records of borehole levels and ocutput should be reviewed for early warning signals
of borehcle or pump deterioration. 1In this way malntenance measures can be
planned so as to avoid disruption of supply. Fall off in output with high
borehole water level would indicate pump deterioration. Rapid drawdown

would indicate aquifer failure. In the former case pump examination and
overhaul will be required while in the latter, acid or chlorine treatment

may restore yield. Clearly a local authority needs to have personnel trained
and equipped to tackle these problems. Relying on cutside specialists is not
cost effective nor does it lend itself to speedy solutions. Also emergency
repair work, which is inevitable with mechanical and electrical equipment, can
best be carried ocut by local authorities themselves. A derrick for lifting
puamping units is an essential piece of equipment where boreholes are being used.

Engineers and other supervisory staff should have easy access to a dip meter.

Where one borehole supplies a region then 100% standby in terms of borehole

and pumping plant should be provided, If a horehole field exists then one
standby for a number of boreholes should suffice. Care should be taken however
to rotate pump duty to ensure that the standby is in perfect working order. If
these precautions are taken then routine preventative maintenance and emergency

work can be carried out with some degree of comfort and security,
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4, Groundwater Economics

4,1 Capital Costs

It is incorrect to say that groundwater development is cheaper than the
development of surface sources. However it can be said that the scarcity

of surface sources due to their expleoitation in the past makes them

expensive. Groundwater development on the other hand is still young and
throughout the country aguifers continue to be found which can be developed
more economically than the available surface sources. The capital comparison
must be made between the cost of the completed boreholes, collection system
and treatment plant if required, as opposed to the intake works, flocculation,

settiement and filtration requirements of the surface source.

If we consider the Tullamore situation as already outlined the capital cost
estimate of the proposed borehole development compares well with an estimate
of the capital cost of developing the existing local rivers., However, as

stated earlier these rivers were incapable of supplying the required volume

and consequently this comparison can only be of academic interest.

Hidden savings are present with groundwater development which are unlikely to
accrue under surface water developments. For example groundwater schemes lend
themselves easily to staged development. This gives great flexibility to
local autherities and in this regard it is significant that many groundwater
schemes are being completed by annual small expenditures under the D.O.E.'s

Small Schemes Programme.

Cn the other hand hidden costs may arise in the form of hardness, iron and
manganese removal. Also land acguisition and the provision of power to
remote sites can prove costly. So too can the provision of compensation

water for landowners adversely affected by the abstractions.

4,2 PRunning Costs

While the predcminant running cost with surface water schemes is chemicals,
that of groundwater schemes is elsctricity. The cost of water from the
surface sources at Clonaslee worked out at 2.3p per m® (10.5p per 1COC gallons)

in 1984 exclusive of caretaking and maintenance. An equivalent estimate



of cost of the new borehole sources at full production and at 1984 prices
was 2.5p per m® (1l.4p per 1000 gallons). However the Clonaslee surface
water source must be seen as exceptional since water flows by gravity
through the treatment process to supply in Tullamore with consequent low
production costs. 1In general terms a significant running cost saving

would be expected when using groundwater sources.

We have recently designed a scheme for the supply of 230 l/sec from 18

borehole scurces. The scheme envisages double pumping to centralised

treatment of the water for removal of up to 0.8 mg/l of Iron and 1.2 mg/l

of Manganese to M.A.C. levels. The estimated running costs for this scheme,
again excluding caretaking and maintenance,was 5p per m’ (23p per 1000 gallons).
While this cost is twice the expected Clonaslee water cost it still compares

well with the running cost of the surface water alternative.

With regard to everyday monitoring and caretaking groundwater schemes can
prove costly if a suitable monitoring and control system as already discussed
is not installed. Other costs include routine sampling of individual sources
while general maintenance should nct vary significantly from that of surface
water systems provided always that adequate design and supervision has gone

into the boreholes and system generally.

It must be noted that running costs cannot be assessed in iscolation from
capital costs. High capital expenditure can be used to minimise running
costs. When making comparisons between grcoundwater and surface water options
therefore it is necessary to capitalise future estimated running costs to
present day prices using a suitable discount rate. The most economical
opticn can only be demonstrated by using this method to compare like with

like,



5. Conclusions

In concluding I must return to the theme of this Seminar ie. that "Irish
Groundwater has come of Age". FPor Tullamore Water Supply groundwater has
indeed come of age and this is also true for the various schemes discussed
at this and other I.A.H. seminars. However, if grounwater is to reach
maturity it needs to shrug off hang-ups of its neglected youth. Its
continued develcpment, however, depends on factors outside the Engineer’'s
control. These include the legal ownership of groundwater, abstraction
procedure and drillsite acgquisition powers. We must continue to seek

leglislation in these arsas.

There are alsc factors within the Engineer's direct contrel which delay the

maturity of groundwater. These include:

* The acceptance of a level of trial hole 'failure'
* A culture change with regard to planning and financing

* Ensuring that detailed and accurate hydrogeological, drilling and testing
information is secured and recorded for future use

* Striving for the highest standard of porehole design and construction
* Seeking and implementing strategies for overcoming gquality problems

Ensuring adequate design of collection systems and making use of modern
technology for monitoring and control

* Gearing up for and ilmplementing preventative maintenance programmes

The Engineers who come to grips with these relics of the last decade will
benefit most from continued groundwater development. I feel that
the industry will not be found wanting and I am confident of a bright

future for Irish groundwater.
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