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1 INTRODUCTION

TES Consulting Engineers were engaged by Fingal County Council in August 2004 to
act as hydrogeological consultants for the Bog of the Ring Groundwater Abstraction
Scheme.

Hydrogeological monitoring is required as the Bog of the Ring site has been
designated as a proposed Natural Heritage Area by the National Parks and Wildlife
Service (Department of Environment, Heritage and Local Government).

The terms of appointment for the hydrogeological monitoring are detailed below:

e The measurement of groundwater levels from the monitoring network within
and adjacent to the Bog of the Ring on a fortnightly basis for a 2 year period.

e Assess the necessity for installing replacement and/or additional standpipes in
the Bog area to ensure adequate coverage of monitoring, to allow

determination of water levels. &
@é
)
e Based on the monitoring data, assess the gmgﬁct of groundwater abstraction on
the Bog. 4?&‘\0
S
I

e Based on the monitoring data ag@@@‘straction volumes from the scheme, assess
the maximum sustainable yls@e? the aquifer. The maximum sustainable yield
of the aquifer is both a ?agfor of the geological ground conditions and the
ecological sensitivity of tie Bog of the Ring.

o°§

e Previous hydrogeological surveys of the monitoring network were to be used
with recent surveys (i.e. from August 2004 to August 2006) for comparison
purposes and to determine any trends.

e Details of meteorological conditions over the course of monitoring were be
used to determine trends in rainfall over the monitoring period and provide
data for possible explanation of possible reasons for water level fluctuations.

e Reporting of results, which comprised two separate aspects, namely;
(@) A written quarterly report on the monitoring surveys (8 No. quarterly

reports in total); and

(b) A final hydrogeological assessment report to assess the maximum
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sustainable yield of the aquifer, without having detrimental effect on the
bog.

To date, TES Consulting Engineers have adhered to the consultancy brief, by carrying
out the following:

(@) Fortnightly monitoring has been conducted from mid-August 2004
through to mid-August 2006;

(b) The monitoring network has been assessed and 1 No. shallow standpipe
has been replaced (Standpipe S7) and 3 No. shallow standpipes have been
newly installed to augment the monitoring network to improve coverage
across the designated area of the Bog (Standpipes S18, S19 and S20);

(c) Daily meteorological data has been collected over the two year period
from Met Eireann from their synoptic climate station at Dublin Airport;

(d) Ecological surveys were undertaken in Jangdry and August 2006 and
compared to previous ecological survexé‘of the Bog of the Ring to
determine any changes in habitats, e@,\\\oﬁ\

&
(e) 8 No. quarterly monitoringbrogﬁﬁp?\)have been submitted to Fingal County
Council, as per appointmgg@ﬁorting criteria; and
$ O
(f) An interim hydrogeqjgﬁ\}\cal assessment report was submitted to Fingal
County Council in&Nfay 2006 to address the overall findings of the initial
15 months of mojﬁtoring data.

This report is prepared at the termination of the monitoring surveys and forms the
final hydrogeological assessment report, as per appointment reporting criteria.

This report has been compiled to collate and address the following aspects pertaining
the Bog of the Ring Groundwater Abstraction Scheme:

I. Site location, topography and natural setting;

I1. Ecological assessment and impact assessment on the status of Bog of the Ring
due to groundwater abstractions from the scheme;

I11. Operation of the Bog of the Ring Groundwater Abstraction Scheme;
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IV. Development, testing and current performance of the Bog of the Ring
production boreholes;
V. Overview of meteorological conditions during the course of monitoring
programme;
VI. Overview of existing groundwater monitoring dataset;
VII. Review of GSI Groundwater Protection Zones report, with specific reference
to the geological and hydrogeological setting of the production boreholes;
VIII. Assessment of sustainability of supply from existing production borehole
sources and assessment of the maximum sustainable yield from the overall
aquifer; and
IX. Conclusions.
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2 SITE LOCATION, TOPOGRAPHY AND NATURAL SETTING

The Bog of the Ring is located in north County Dublin. The Bog of the Ring, in
relation to the surrounding environment, is shown on Figure 1. The site area is
approximately 4km to the east of Naul and 5km to the southwest of Balbriggan. The
M1 motorway carriageway encroaches on the eastern extremity of the designated
area.

Bog of the Ring is the only freshwater marsh in the Dublin area and was considered in
the 1970’s to be of first rate importance as an educational area.

The topography of the area is dominated by hilly terrain and low lying valleys. Bog of
the Ring is a freshwater marsh, covering approximately 56hectares. Ring Commons is
situated in a low elevation, flat-lying valley, trending west-northwest to east-
southeast, to an elevation within the range of 37m OD to 34m OD.

The land rises in elevation to the northeast and southwest of the valley, with
maximum elevation to the southwest of 176m OD (Kn@sﬁ rack Hill) and 73m OD to

the northeast (Dermotstown). O{\;\O\ @

The drainage pattern in this region is domu@kﬁbby the topographic landform and the
underlying glacial deposits. The topo '*c maps for the area show many streams
emerging on the flanks of Knockbr,g% ill (i.e. southwest of Bog of the Ring) and

draining into the Bog of the Rm@0 ﬁey The fall of the land within the Bog of the
Ring is at very low gradient. Thgxgurface water channels draining through Bog of the
Ring continue westwards tg@ards the Matt River. Drainage channels from the
northeast flank of the valle§/ are noticeably lower. All such water channels drain to a
main surface water channel flowing west to east through the centre of the Bog of the
Ring and ultimately converging with the main Matt River.

The Bog of the Ring water supply scheme is operated by abstraction of groundwater
from 4 No. production boreholes, which are located to the west of the M1 motorway.
The 4 No. production boreholes are located within the townlands of Ring Commons
and Killougher on the county road, which provides a link between the N1 (Dublin-
Belfast National Primary road) to the R122 (Naul-Balbriggan Regional road). A
collector main is aligned along this road to transmit the raw groundwater to a Water
Treatment Plant situated immediately to the east of the M1 motorway at Decoy
Bridge.
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The position of the production boreholes and other monitoring locations are shown on
Figure 2. Production boreholes PW2, PW3 and PW4 are located within or on the
verge of the designated area. Production borehole PWS5 is located approximately
1,050m to the northwest of the designated area, on slightly more elevated and freer
draining ground conditions.

Bog of the Ring has been considered as an ecologically sensitive area since the 1970’s
as it was one of the few marshes remaining in County Dublin. An artificial drainage
programme has been undertaken by the OPW across the surface water channels
flowing through Bog of the Ring. This artificial drainage has significantly impacted
the natural hydrology of the site. The construction of the M1 motorway has
encroached onto the eastern verge of the designated area. Drainage along the
motorway may impact on the hydrology of the designated area.

Land-use in this area is dominated by low intensity agricultural activity, principally
dominated by grassland grazing. Grazing has been noted within the designated Bog of
the Ring area during summer months. Residential ribbon development occurs along
many of the country roads in the area. It is considered.grobable that, owing to the
relative remoteness of the area, each of these houses igServiced by individual effluent
treatment plants, ranging from old septic tanksca\\i&?oakaways (for older residences)
to proprietary treatment plants (for new do \ &i\@builds).
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3 ECOLOGICAL STATUS OF BOG OF THE RING

The ecological importance of Bog of the Ring was noted in the 1970’s, when the area
was designated as an Area of Scientific Interest. At that time it was considered to be
of regional importance on the basis that it was the only freshwater marsh in the Dublin
area and was considered to be of first rate importance as an educational area. The Bog
of the Ring is currently designated as a proposed Natural Heritage Area by the
National Parks and Wildlife Service of the Department of Environment, Heritage and
Local Government.

The current designation of Bog of the Ring is a proposed Natural Heritage Area
(pPNHA), under Wildlife (Amendment) Act 2000. Protection of such sites is a function
of the relevant Local Authority. Each Local Authority must recognise the ecological
value of such sites with respect to planning and licensing activities.

The site synopsis for Bog of the Ring (Site Code 1204) indicates that the site receives
ecological status due to its wetland nature. The demgnat;d area is a flat, low-lying
area with impeded drainage, showing signs of peat deve@%ment in its upper horizons.
NS *
It should be noted that all site mvestlgatlon d@rtaken by TES and others, within
the designated area of Bog of the Ring md@i& e occurrence of an organic rich clay,
with no peat material recorded. §
o&\
The main watercourse flowing th&@\&}h Bog of the Ring is periodically dredged by the
OPW. The dredging of the wéftercourse and the increased flow rates in the
watercourse are conmderedﬁ have significantly altered the natural hydrological
setting of the designated C'élte In essence the hydrology has been impacted by
improving the drainage of the land and thereby reducing the waterlogged ground
conditions.

A detailed ecological survey was conducted in 1999 by Natural Environmental
Consultants. This assessment was conducted to ascertain the ecological status of the
wetland and to provide a baseline of the site prior to the commencement of
groundwater abstraction from the Bog of the Ring well-field.

The ecological survey described the Bog of the Ring site as a linear depression with
impeded drainage, which extends over 2km in length (east-west approx) and
approximately 0.3km at its widest point. The substrate is an organic rich soil, which is
waterlogged in places, but quite dry over much of the site.
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Bog of the Ring comprises two blocks of waterlogged ground separated by slightly
elevated ground. The adjacent land is predominantly agricultural and is comprised
mainly of grassland with some tillage. Residential development has occurred in a
ribbon fashion along the public road network on naturally or artificially raised
platforms.

The ecological survey of the site (1999) undertook a study of vegetation types to
evaluate the ecological significance of the site in 1999 relative to its status when
designated in the 1970’s. The ecological evaluation determined that the Bog of the
Ring has been drying out in recent decades and was characterised as a marshy
grassland rather than a marsh.

Many of the wetland plants indicated in the Site Synopsis (Ref.: 1204) have not been
recorded at this site since the 1950’s. The decline in rare plants was considered to be
associated with artificial drainage and intensification of agricultural practices. The
bird community is typical of farmland and marshy grassland. The natural hydrological
regime of the area has been much disturbed by repeated dtédging and drainage.
o\“

The ecological survey of 1999 concluded that tb;é @mflcance of the Bog of the Ring
has declined as a result of drying out of tg@bltat and loss of rare wetland plant
species. Bog of the Ring was evaluatedﬁ@cal significance in terms of ecological
value. eé‘\dé‘

In August 2004, Natura Enqu\mﬁental Consultants carried out a second habitat
assessment and repeated theéévegetatlon monitoring set up in 1999. The report
concluded that the site haddrther dried out but that this could be down to a number
of factors; short/long term climate change, local drainage and/or water abstraction.
The report also stated that more positive management of the site would be required to
maintain its local ecological importance (Natura Environmental Consultants, 2004).

The National Parks and Wildlife Service (previously Dudchas) has indicated that they
are not opposed to the development of the aquifer for potable supply, subject to
certain mitigation measures and monitoring being implemented. This hydrogeological
monitoring programme is designed to ascertain if, and to what extent, the groundwater
abstractions are impacting on the ecological status and significance of the Bog of the
Ring area.

TES Consulting Engineers (2006) concluded that there was very little difference in
the ecological status of the designated area from studies undertake in 1999 (pre
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abstraction ) and 2006 (3 year after commencement of abstraction. )

There is very little difference in the types of habitat classification and their extent
between the study carried out by Natural Environmental Consultants in 1999 and TES
in 2006. The extent of “Wet Grassland (GS4)’ has remained relatively constant; on
this basis the ecological status of the site is unchanged.

The hedgerow surveys indicate the findings of 1999 and 2006 are consistent, however
it is noted that the hedgerows have received no management in the intervening years;

The detailed vegetation monitoring recorded a marginal change in some areas of the
designated site from the 1999 survey to the 2006 survey. The change is attributed to
lack of site management (i.e. lack of grazing and cutting) and some drying of land.

As the water level monitoring has concluded that the soil environment is rewetted
rapidly following rainfall, it is concluded that the marginal drying is attributable to a
very dry summer and/or the drainage improvement works undertaken by the OPW.

&
>
The full ecological report is included in Appendix A h@i%in.
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4 OPERATION OF BOG OF THE RING GROUNDWATER
ABSTRACTION SCHEME

Fingal County Council operate the Bog of the Ring Groundwater Abstraction Scheme
as a pilot scheme. Groundwater abstractions for the scheme commenced in July 2003.
In order for the scheme to be permitted on a full time basis, a long-term assessment
needs to be conducted to assess the impact of groundwater abstractions on the
proposed Natural Heritage Area.

The operation of the Bog of the Ring groundwater abstraction scheme is required to
augment the potable water supply to the north of County Dublin from the main source
at Leixlip Water Treatment Works, operated by Fingal County Council.

Hydrogeological studies undertaken periodically from 1984 to 2000 within and in the
environs of Bog of the Ring indicated that hydrogeological potential existed for the
development of a groundwater abstraction scheme.

The studies indicated that the development of @ﬁ& abstraction scheme for
approximately 4,500cu.m/day was feasible in the sh Pterm. The longer term viability
of the scheme was dependent on interpretati%Oaﬁhydrogeological data to determine
that no significant impacts on the ecologicg\@i:&@xﬁs of the designated area occurred.
»;\OQQ@‘\

The installation of the existing m‘c\%@i’gﬁng network of trial boreholes, observation
borehole, standpipes and produeﬁ%@\o’ooreholes has been progressive since studies
began in the Bog of the Ring a\r§&°in 1984. The function of the monitoring network
was to determine the hydrogeglogical productivity of the aquifer underlying Bog of
the Ring and also ascertaift potential impacts on water levels within the designated
area due to groundwater abstraction.

EPS Ltd. designed and constructed the scheme in accordance with specifications. As
detailed, the pilot scheme commenced operation in July 2003.The plant was taken in
charge by Fingal County Council in November 2004.

Groundwater is abstracted from 4 No. production boreholes and is conveyed to the
treatment worksite, which is located immediately adjacent to the M1 motorway at
Decoy Bridge. The current capacity of the treatment plant is approximately
4,080cu.m/day (4.08 Mega litres per day).

The raw groundwater is generally of a high natural quality, however levels of Iron and
Manganese are in excess of statutory limits for potable water, in line with S.1. 439 of
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2000 (Drinking Water Regulation).

Upon transmittal to the treatment plant, the raw groundwater is initially aerated and
chlorinated within the treatment works, to oxidise the dissolved metals out of solution.
The water is then passed though pressure filters, which captures the oxidised metal
particles. The water is then suitably chlorinated and fluoridated to ensure sterilisation
before being pumped to Jordanstown Reservoir for supply to the water main
distribution network.

The plant is operated by two on-site personnel using a SCADA (Supervisory Control
and Data Acquisition) system. The SCADA system controls the pumping regime
within the plant. Abstraction rates and water levels in the Production Boreholes are
continuously monitored and recorded. Water levels in the clear water tank are
monitored and relayed to the SCADA system. This SCADA system then increases or
decreases the pumping regime, based on the head of water in the clearwater tank. The
plant is continuously monitored, to ensure the quality of water leaving the plant meets
the requirements of the drinking water regulations.
&

The operation of the groundwater abstraction schem@?om July 2003 to the present
(August 2006) can be viewed as a sustained pu@@’éést and presents a more complete
hydrogeological dataset to assess the sustal\ y of supplies from the scheme. The
sustainability assessment is directed atoﬁgt@hshmg the steady state (equilibrium)
conditions and to confirm, or other, gs "amend, the preliminary findings reached
during the initial testing of the prggt&@bn boreholes in 2000.

O
The combined groundwater&abstractlon from the 4 No. operational production
boreholes are shown on F@Jre 4.1 below. The data presented is based on average
daily abstraction rates from the 4 No. individual Production Boreholes. The
abstraction rates are recorded on the SCADA system as abstraction in cubic metres
per hour. This has been converted to abstraction in cubic metres per day for ease of
representation. Abstraction data from the scheme is available from mid October 2003
onwards. The abstraction volume of the scheme has varied since the commencement
of operations.

The Water Treatment Works are designed for a maximum capacity of 4,080cu.m/day
of treated water to the distribution network. A maximum of approximately 4,100-
4,200cu.m/day of raw water is required to output 4,080cu.m/day of treated water.

The combined abstraction during the initial operational period was variable from
October 2003 through to December 2003, as commissioning and adjustments were
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being made. The total daily abstraction during this period was generally 3,500-
4,250cu.m/day.

From 19/11/03 to 23/03/04 the pumping rates were maintained relatively constant.
The average daily groundwater abstraction volume of approximately 2,500cu.m/day.

From 23/03/04 to 20/01/05 the pump rate was increased and maintained relatively
constant, at an abstraction rate of 3,500cu.m/day.

From 20/01/05 to 10/05/05 the pump rate was again increased and maintained
relatively constant, at an abstraction rate of 4,000cu.m/day.

From 10/05/05 to 21/08/05 the pump rate was increased slightly to an abstraction rate
within the range 4,100-4,250cu.m/day.

From 21/08/05 to 15/11/05 the pump rate was maintained at a relatively steady
abstraction rate of 4,100cu.m/day.

&
Figure 4.1: Combined Groundwater Abstraction from gf?g of the Ring Scheme
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From 15/11/05 to 15/03/06 the pump rate varied significantly. The variation during
this period is reportedly largely dependent on temporary reductions in abstraction due
to a variety of reasons, including reduced demand and operational problems/failures
within the treatment plant and production boreholes.

From 15/03/06 to present (end August 2006) the abstraction volume has been
maintained at a relatively constant abstraction rate of 4,000-4,100cu.m/day.

The Bog of the Ring Groundwater Abstraction Scheme has reached occasions of
operating at the maximum design capacity of the treatment works. The existing 4 No.
production boreholes have been capable of abstracting sufficient volumes of raw
groundwater to facilitate the treatment plant to operate at maximum design capacity.

The volume of groundwater abstracted from each individual production borehole
varies. The maximum sustainable abstraction from individual production boreholes is
assessed within this report, using available data.

All available production boreholes (i.e. PW2, PW3, PV‘\Z\/&&nd PWS5) are currently in
operation. &
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5 HYDROGEOLOGICAL DEVELOPMENT AND CHARACTERISTICS OF
BOG OF THE RING GROUNDWATER ABSTRACTION BOREHOLES

5.1 Introduction

Hydrogeological investigations in the North Dublin area commenced in 1984,

The initial stage of investigation in 1984 was based on a desk study of available
hydrogeological information and a limited programme of trial well drilling (5 No.
boreholes drilled, boreholes TW1 to TWS5 inclusive). This preliminary investigation
identified two important aquifer units in the region, namely:

e The Balbriggan Volcanics; and

e The Bog of the Ring Limestones.

A second stage of the hydrogeological investigation was undertaken in 1993 and was
directed at delineating the productivity of the limestone unit at Bog of the Ring. The
investigation was focused on establishing the extent of the productive limestone
aquifer and whether this high aquifer productivity was rglated to a major east-west
fault zone or the geology of the Carboniferous synclmg@ln this phase of investigation
9 No. trial boreholes were drilled (TW6 to TV\@Agﬁcluswe) Hydraulic testing was
conducted on a number of the borehoggé’ determine the hydrogeological
characteristics and productivity of the aqu@%&‘
\$é\

The third stage of the hydrogeolog??gﬂ? investigation was undertaken in 2000 and
focused on the drilling and té%g:)\g of production boreholes. The aim of this
investigation was to drill produ ﬁbn boreholes at, or close to, trial boreholes of proven
aquifer potential, in order "& source high quality groundwater to augment potable
water supplies in North Dublln In total, 5 No. production boreholes were drilled
(PW1 to PWS5 inclusive). The pump test programme for each of the production
boreholes was designed to provide hydraulic data to enable specification of
submersible pump capacities. This hydraulic data was required for inclusion on the
tender documents for the ‘Design and Build’ Contract for the pilot treatment plant and
ancillary infrastructure. The yields at which the pump tests were conducted is not an
estimation of the sustainable yields available at each abstraction point, as longer term
pumping is required to establish such rates.

The geological and hydrogeological data provided below for each of the Production
Boreholes was obtained from reports available from Fingal County Council, relating
to the various phases of investigation. Appendix B contains logs for all production
boreholes and available trial boreholes.
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The data collected by TES Consulting Engineers, together with data from the Bog of
the Ring SCADA system, was also assessed. The purpose of this assessment was to
address a number of aspects relating to the scheme, to include:

1. To determine the current hydraulic performance and efficiency of each
individual borehole;

2. To compare the current efficiency to the initial estimations of the 2000 testing
project;

3. To assess the trends in the abstraction rates and water levels for each
Production Borehole from available data;

4. To estimate the maximum sustainable yield for each of the Production
Boreholes; and

5. To examine the potential of the Bog of the Ring Aquifer and assess the
possibility of expanding the scheme.

5.2 Rectification of Water Level Data
o&

The SCADA system installed within the Bog of the Riﬁg treatment plant has been an
important aspect is monitoring programme. Th@gvé\ter level response relative to the
abstraction volume is required to assess the @@nt performance of the scheme and to
investigate any trends in the aquifer con@ﬁ@g@bver time.

o&éy@o
The SCADA system has prowde&«a(@ﬁmost continuous recording of the abstraction
rate from each of the operaﬂona!\d@%rehole from 13" October 2003 to the end of the
monitoring programme in mlyaugust 2006. Probes in the production borehole have
also provided almost continudus record on the water level in each production borehole
from 1% May 2004 to the end of monitoring in mid August 2006.

A malfunction was noted in recording on the SCADA system for PW2 from the 28"
August 2005 to 3™ December 2005. The malfunction related to the water level
monitoring probe. During the programme of remediation an anomaly was detected in
the water level recordings of the SCADA system. The SCADA system was supposed
to record the water levels as the level relative to mOD. However, during the
investigation this was found not to be the case. The probes record the height of water
above the level of the probe.

In order to rectify the levels to a fixed level, the water level was physically measured
in each of the production boreholes on the 14™ August 2006 (PW2, PW3 and PWA4)
and 28"™ August 2006 (PWS5) and reduced to Ordnance Datum (Malin Head). Also, the
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water levels for each of the production boreholes at the exact date and time of the
physical readings were noted from the SCADA system. Thereafter, all SCADA
readings for the production boreholes were rectified to record the water level relative
to Ordnance Datum.

The following table indicates the difference between the physical readings recorded
on the 14™ and 28™ August 2006.

Table 5.1: Rectification of SCADA Readings to Ordnance Datum (mOD Malin Head)

Borehole | Ground Water Level | Reduced SCADA Correction

I.D. Level (Malin | (m bgl) Water Level | Recording | factor to rectify
Head) at (Malin SCADA to
Well-Head Head) mOD  (Malin

Head)

PW2* 34.26mOD 21.58m bgl | 12.68m OD | 40.05 -27.37Tm

PW3 35.61mOD 25.86mbgl [ 9.75mOD | 13.2 -3.45m

PWA4 37.19mOD 25.48mbgl | 11.72mOD | 9.35 +2.36m

PW5 55.08mOD 35.36m bgl | 19.72m OD 20,11 -0.39m

Note: Not possible to rectify levels prior to 4™ Decembergoogécs the probe height was changed and
N
there are no physical measurements to calibrate these e&g@ﬁ@e@dings.
9]

L
The probe level is at a fixed height in P@@Zﬁw and PWS5 throughout the monitoring
period. However the corrective meg\gﬁ(a@oundertaken on PW2 to fix the water level
probe changed the level in Nove@&é\(g@OOS. It is not possible to establish the corrected
water level in PW2 from 1° Mag\éﬁm through to 3" December 2005, however from
4" December 2005 onwards e water level in PW2 can be established relative to

N
Ordnance Datum Malin Head.

All assessments undertaken on Bog of the Ring since the commencement of operation
of the treatment plant have assumed that the SCADA system was displaying the water
relative to Ordnance Datum, as this is what the output indicated. Had it not been for
the failure of the probe in PW2, this assumption would have continued. The correction
factor has been applied to all water levels discussed further herein (where possible).

It should be noted that while the water levels have been rectified to Ordnance Datum,
the SCADA system has recorded the water level to metres above the fixed probe,
therefore all trends are considered reliable and usable data can be interpreted from this
information.
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5.3 Production Borehole PW1

Background Geological and Hydrogeological Setting

A production borehole (PW1) was drilled in the environs of Decoy Bridge (National
Grid Ref: E318635, N260140), based on favourable aquifer conditions encountered
during the drilling of trial borehole TW8, drilled in 1993.

Available information indicates that borehole TW8 encountered silty stoney clay from
the surface to a depth of 13.5m bgl. Coarse sand and gravel was encountered from
13.5m bgl to 20m bgl. Bedrock comprised a limestone conglomerate, which was
significantly fractured and fissured. In order to support the boreholes walls during
overburden drilling, 250mm diameter steel casing was installed to a depth of 21m bgl.
Owing to the broken and unstable nature of the upper bedrock zone, 200mm diameter
steel casing was placed to a depth of 24m bgl. Drilling then continued ‘open-hole’ to a
depth of 38m bgl. Drilling terminated at 38m bgl due to the unstable nature of the
bedrock and the ingress of material from a fissure at 30m bgl.

&5
Groundwater encountered in trial borehole TW8 was aftesian and was overflowing at
a rate of approximately 50cu.m/day. The confin@@”é\ressure (i.e. artesian head) of this
borehole was not ascertained. 42
@‘\
A 72 hour pump test was conductedg&@ﬁ'lal borehole TW8 (1994). The abstraction
volume during the test was s<<e<§ ﬁhally at 1,080cu.m/day, which reduced to
979cu.m/day at the end of the L\es?iQ due to the increased hydraulic head. The final
drawdown at the termlnatlor%ﬁ)f the test was measured as 27.74m. The specific
capacity of this borehol&:;O based on the pump test data, was calculated as
35.3cu.m/day/m, indicating that the borehole would be rated as a Class Il (second
highest rating) borehole, as per GSI well productivity classification system (Ref.
Appendix C).

It was not possible to drill production borehole PW1 at the exact location of trial
borehole TWS8, as this borehole was positioned along the alignment of the M1
motorway. Trial borehole TW8 was decommissioned during its construction. The
position of production PW1 was as close as practicable to the original location of
TWS.

During the 2000 drilling programme, a borehole was drilled within the compound of
the Water Treatment Plant, close to the stream at Decoy Bridge. However, records
indicate that the geological material encountered in this borehole was significantly
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different to the strata recorded in TW8. Drilling records indicate that potential yield
from the borehole drilled within the compound was considerably less than anticipated,
therefore the decision was reached to drill a borehole closer to the original location of
trial borehole TWS8.

Production Borehole PW1 was drilled approximately 30m to the south of the Water
Treatment Plant. During drilling approximately 9.1m of undefined fill material was
encountered. Black boulder clay was recorded from 9.1m to 15.25m bgl. A clayey
gravel was recorded from 15.25m to 36.6m bgl. Soft, brown discoloured, weathered
bedrock was noted from 36.6m to 42.7m bgl. Solid grey limestone was recorded from
42.7m to 75m bgl, at which point drilling was terminated.

Major groundwater inflows were recorded during the drilling within the intervals 17m
to 19m bgl and from 38m to 39.5m bgl.

The production borehole was retrofitted with 46m (73m to 27m bgl) of 250mm
diameter Johnson stainless steel well screen (3mm slot size), with 27m (29m to Om
bgl) of 250mm Demco casing riser. The annulus betwe&n the wellscreen and the
borehole wall was filled with silica gravel. The 40@31m borehole steel lining was
pulled back from 43m to 27m bgl to allow mgﬁsé\of groundwater from the clayey
gravel. The yield from production boreholgo W1 was estimated at 654cu.m/day. A
visible evidence of sand was noted in th@ g?oundwater expelled from the borehole,
during development works. Althou gﬁ)undwater within TW8 was artesian, the
static water level in PW1 was 5. 76@3\5@ The water level within production borehole
PW1 may have been mfluenced\@? excavations during the construction of the M1

motorway. ég\\o

&
Initial Hydraulic Testing Programme (2000)
Following the drilling of PW1, a hydraulic testing programme was undertaken.
Initially a 24 hour individual pump test was undertaken. The test was undertaken at a
constant abstraction rate of 1,057cu.m/day, which resulted in a drawdown of 33.59m
bgl. Steady state (equilibrium) conditions were not achieved by the end of the 24 hour
test. Based on the hydraulic information gathered, the specific capacity of this
borehole was calculated as 31.5cu.m/day/m.

A 7 day continuous pump test was undertaken on PW1, PW2 and PW3
simultaneously. The abstraction rate from PW1 was 1,218cu.m/day for the duration of
the test. Again records indicate that steady state conditions were not achieved by the
end of the 7 day pump test. However, the rate of drawdown was increasing at very
small increments by the end of the test. Based on the hydraulic information gathered,
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the specific capacity of this borehole was calculated as 32.4cu.m/day/m.

Based on the hydraulic information gathered from the pump tests, production
borehole PW1 would be rated as a Class 11 (mid range) productive borehole, which is
the second highest borehole productivity rating as per the GSI classification system
(Ref.: Appendix C). It was recommended that this borehole have a submersible pump
installed to the base of the borehole and should be capable of a sustained surface
output of 1,000cu.m/day.

Operational Difficulties with PW1

Owing to continual ingress of sand and gravel into the production borehole standpipe
during the early stages of abstraction scheme, it was deemed that continued pumping
was not sustainable. No further pumping or remedial works have been undertaken
since 2000.

A literature review was undertaken to examine the problems arising in PW1, with
respect to possible explanations for the ingress of sand and gravel. Production
Borehole PW1 was drilled though a series of boulder clay”and clayey gravel prior to
encountering bedrock. Drilling was terminated at app&bumately 75m bgl, (i.e. 38.4m
into rock). The estimated groundwater weld&iﬁ@he bedrock was approximately
650cu.m/day. In an attempt to maximise th from this borehole, the steel casing
was pulled-back to expose the clayey %@/e%ubson While additional groundwater
inflows were enabled by this action, agﬁg&ﬁrobably that the ingress of sand and gravel
resulted due to the exposure of tggé\g@son The quality of the raw groundwater from
PW1 was significantly mpacted\@ the ingress of material and precluded further
usage of this borehole as an ab%gh“actlon source for the scheme.

&
Summary
Production Borehole PW1 was drilled in 2000, as a result of encountering favourable
aquifer conditions in borehole TW8 during the 1993 investigation programme.

The site investigations in the vicinity of PW1 suggest a difference in the geology in
this area compared to conditions encountered further to the west (i.e. in the Bog of the
Ring area).

Hydraulic testing of PW1 in 2000 indicated that an abstraction rate of 1,218cu.m/day
was capable for a 7 day period. Based on the data retrieved during the hydraulic
testing programme, PW1 would be rated as a Class Il (mid range) Productive
Borehole.
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Continual ingress of sand and gravel was noted into the PW1 during the early stages
of operation of the Bog of the Ring Abstraction Scheme. Pumping from this borehole
was ceased in order to maintain the high quality of the raw groundwater from the
other production borehole sources.

Table 5.2 below provides a summary of the hydrogeological characteristics of the
aquifer in the environs of Production Borehole PWL1.

Table 5.2: Hydrogeological Characteristics of Aquifer in environs of PW1

BH Geological Strata Hydraulic | Abstraction Specific GSlI
1.D. Test Rate Capacity Borehole
Duration Productivity
Classification
TW8 | 0-13.5m Silty, stoney clay 72 hour 1080cu.m/day | 35.3 Class Il
13.5-20m Sand and gravel (1993) reducing  to | cu.m/day/m
20-38m Limestone 979cu.m/day
PW1 | 0-9.1m Undefined fill 24 hour 1057cu.m/day | 31.5 Class Il
9.1-15.25m Boulder clay (2000) cu.m/day/m
15.25-36.6m Clayey gravel &
36.6-42.7m Weathered Limestone ®°
42.7-75m Grey Limestone ‘ \o®
PW1 | Asabove 7-day o1 324 Class Il
Q
(2000) &7 sh-m/day cu.m/day/m
L&
© @
&
. (\& \,O
SO
N
RN
O
O
&
c
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5.4 Production Borehole PW2

Background Geological and Hydrogeological Setting

It was decided to drill a production borehole on the road verge at the junction with
road to Balrickard, within the designated pNHA area. The location of this production
borehole was based on favourable aquifer conditions encountered during the drilling
of trial borehole TW4.

Available information indicates that borehole TW4 was drilled and lined through the
overburden (Boulder Clay) to a depth of 15.5m bgl, i.e. socketed into rock to a depth
of 1.5m. The borehole was drilled ‘open-hole’ through bedrock. Groundwater inflows
were recorded at depths of 27m bgl and 65m bgl. Drilling was terminated at 65m bgl.

Trial borehole TW4 was pump tested for 72 hours (1994) at a yield of 1,080cu.m/day.
The safe yield from borehole TW4 was estimated as 2,000cu.m/day.

Production borehole PW2 was drilled in the summer of 2600 close to the site of trial
borehole TW4. Blue sticky boulder clay was recordedsfrom Om to 9.1m bgl, which is
underlain by clayey gravel from 9.1m to 13@%@3@. Drilling continued through
bedrock from 13.4m to the termination dept\@{t@he borehole at 79.3m bgl. Bedrock is
described as dark grey limestone, withg \}aﬁy limestone at certain intervals. Some
weathered cavernous limestone horiggii\gsﬁ/ere noted during drilling at intervals from
42.7m to 54m bgl and from 66m ;{g&é\\\z\@m bgl.
o

Significant groundwater inf@\% were associated with these weathered zones.
Groundwater encounteredcsin production borehole PW2 is artesian and was
overflowing at the surface. The confining pressure of this borehole was not
ascertained.

Following drilling, the PW2 borehole wall collapsed and infilled from 79.3m to 52m
bgl, due to unstable rock conditions in the borehole wall. The borehole was retrofitted
with 36m (52m to 16m bgl) of 250mm diameter Johnson stainless steel well screen
(3mm slot size), with 16m (16m to Om bgl) of 250mm Deco casing riser. The annulus
between the well screen and the borehole wall was filled with silica gravel.
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Initial Hydraulic Testing Programme (2000)

Following the drilling of PW2, a hydraulic testing programme was undertaken.
Initially a 24-hour individual pump test was undertaken. The test was undertaken at a
constant abstraction rate of 2,631cu.m/day, which resulted in a drawdown of 9.42m
bgl. Steady state (equilibrium) conditions were not achieved by the end of the test.
Based on the hydraulic information gathered, the specific capacity of this borehole
was calculated as 284.6cu.m/day/m.

A 7 day continuous pump test was undertaken on PW1, PW2 and PW3
simultaneously. The abstraction rate from PW2 was approximately 2720cu.m/day for
the duration of the test. Steady state (equilibrium) conditions were not achieved by the
end of the 7 day pump test. Based on the hydraulic information gathered, the specific
capacity of this borehole is calculated as 155.6¢cu.m/day/m.

Based on the hydraulic information gathered from the pump tests, production
borehole PW2 would be rated as a Class | (lower range) productive borehole, which is
the highest borehole productivity rating as per the GSI classification system (Ref.:
Appendix C). It was recommended that this boreholegfiave a submersible pump

output of 2500cu.m/day. S
P
. . SO
Operational Pumping from July 2003 to @ag\qé%t 2006
Pumping from production borehole R/ has been ongoing from July 2003 to the
RS
present. Qé;\\@\
c)0

Figure 5.1 and Figure 5.2 beggvé\; shows the abstraction rate and water level in the
production borehole. Figure,@.l shows the abstraction rate and the water level based
on telemetric data collected by Fingal County Council at the Water Treatment Plant
from 1% May 2004 through to November 2005. It is not possible to rectify this data to
the corrected Ordnance Datum, as it is not possible to establish the level of the probe
prior to corrective action was undertaken. Figure 5.2 shows the abstraction rate and
the rectified water level relative to Ordnance Datum Malin Head from November
2005 to the end of monitoring in August 2006.
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Figure 5.1: Water Abstraction and Water Level from PW2 based on SCADA Records
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It is acknowledged that there are some isolated deviations from the norm, however if
these isolated deviations are discounted, the normal trends are more apparent.

From 1% May 2004 to 19" January 2005, the abstraction rate from PW2 was
maintained at a relatively constant rate of 1,055cu.m/day. The water level during this
period varied, with a recession observed during summer months and a recovery in
water levels through the winter period. The water level in January 2005 was at, or
above the water level in May 2004.

From 19" January to 9" May 2005, the abstraction rate was increased from
1,055cu.m/day to 1,227cu.m/day (up to 27" February) and then up to 1,258cu.m/day.
The water level in the borehole fell to compensate for the increased abstraction,
however the rate of fall was quite small. A recession in water levels would have
occurred during this period in any event, due to reduction in recharge.

From 9™ May to 7" June 2005, TES varied abstraction rates on a weekly basis to test
the potential of each of the boreholes. The variation in abstraction rates during this
period resulted in compensatory variations in the water Ig\él during this period.
&

From the 8" June to 24™ July 2005, the abstrac@@?ﬁte from PW2 was maintained at
1,351cu.m/day. The abstraction rate was the\gsfﬁé\eased from 25™ July 2005 to the 15"
December 2005 (with exception fro.n&\@i@@ November-2" December when the
borehole was not operational) to 1,45&&?{@/day.

N
The abstraction rate varied signiﬁ@ﬁ\htly from the 16™ December 2005 through to 3
February 2006, with the a\égf%lge daily abstraction rate varying between 936-
1165cu.m/day. s

The abstraction rate was increased to an almost steady rate of 1,459cu.m/day from 3™
February 2006 to mid August 2006.

The water level in PW2 declines during summer months and recovers during winter
months.. There are a number of periods with interruptions in the dataset, which are
detailed below:

e From the 28" July to 15" August 2005 (inclusive), the Bog of the Ring was
operational however due to a fault with the SCADA information relating to
abstractions and water level was not recorded;

e From the 28™ August to 16™ November 2005 (inclusive), abstractions from
PW2 were recorded by the SCADA system, however the water level in PW2
was not recorded owing to a fault in a probe; and
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e From the 16™ November to 2" December 2005 (inclusive), PW2 was not
operational when remedial works were undertaken.

Figure 5.1 shows the water level (relative to the standing water above the level of the
probe from May 2004 through to end August 2005). The water levels data shows a
decline in water levels from May 2004 through to August 2004. There is a recovery in
water levels from September 2004 through to February 2005. The data shows a
progressive decline in water level from February 2005 to end of August 2005. This
decline is attributed to seasonal factors and also compensation for increasing
abstraction rates.

The corrected water levels relative to Ordnance Datum Malin Head are shown on
Figure 5.2. The abstraction rate has been maintained at a relative steady abstraction
rate of 1460cu.m/day from mid-February to August 2006. While there was an initial
fall in water levels when the abstraction rate was increased in February 2006, the
water levels recovered through to late April/early May, coinciding with periods of
high rainfall and low evapotranspiration. Thereafter, during the summer months, the
water level has declined by approximately 4m due to low séCharge to the aquifer.
§®

Overall, the available water level data indicates&ﬁoaﬁ\on an annual cycle the aquifer in
the environs of PW?2 is recharged during ngﬁg@nonths with recovery in water levels
noted during winter months and recesmg‘hs\ﬁh water levels during summer months.
Over the two year monitoring perlodédﬁ?:‘*b@ater levels shows a very minor progressive
decline. The change in the wate «lé\\(éf probe in November 2005 has resulted in an
alteration in the datum, howevg@‘?hls has been rectified as much as possible by
obtaining actual water level regehngs from the production boreholes.

&
The slight progressive decline in water levels is attributed to two main factors. The
progressive increase in abstraction rate has resulted in a compensatory increase in
water level decline. With each increase in abstraction rate the cone of depression
increases until equilibrium conditions are achieved, whereby cone of depression
expands to provide adequate catchment area to replenish the volume of groundwater
abstracted. The second main factor in the slight progressive drawdown is considered
to result from a slight fall in the hydraulic efficiency of the borehole. Over time the
slot intake in the production borehole casing can become encrusted due to
mineralization.

The submersible pump in production borehole PW2 has been installed to a depth of
approximately 60m bgl. The current water level (August 2006) in the production
borehole is recorded at approximately 22m bgl. Therefore there is no threat to the
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continued viability of this production borehole in the short to medium term.

Hydraulic Testing Programme (2005)

A hydraulic testing programme was undertaken between 9" May 2005 and 7" June
2005. During this 4 week period, 4 No. different abstraction arrangements were
programmed, as detailed in Table 5.3 below. The abstraction rate variations were
made during normal operation of the Bog of the Ring Scheme and at all times the
combined abstraction volume to the treatment works was maintained.

Table 5.3: Abstraction rates maintained during hydraulic testing programme 2005

Date

Abstraction Rate
PW?2

Abstraction Rate
PW3

Abstraction Rate
PW4

Abstraction Rate
PW5

Pre 09" May 2005

1356cu.m/day

1356c¢cu.m/day

240cu.m/day

1226cu.m/day

09" to 16™ May
2005

1512cu.m/day

1512cu.m/day

336cu.m/day

900cu.m/day

16™ to 23" May
2005

1512cu.m/day

1512cu.m/day

240cu.m/day

996cu.m/day

23 to 30" May
2005

1344cu.m/day

1344cu.m/day

240cu.m/day

1344cu.m/day

30™ May to 07" | 1260cu.m/day 1260cu.m/day 240cugm/day 1500cu.m/day
N

June 2005 &

Post 07" June | 1356cu.m/day 1356cu.m/day g@OCU.m/day 1308cu.m/day

2005 S

&
- G
The purpose of this testing programme y\é@%a@?ollows:

e to re-evaluate the aquifer characteristics and compare to the initial results
determined in 2000; O{\i\&{\

e to ascertain the sustainabii'ﬁﬁ of supplies and to determine if there is any spare
capacity available to a@r%ent supplies;

e to evaluate if abstriction rates could be increased in the short term to
compensate for temporary deficiencies in the overall supply (i.e. in the event
of failure of any of the other in-service Production Boreholes.

The protocol for the test was to vary abstraction rates for a period of 7-day, to
determine the impact of such variations on water levels, etc.

With specific reference to Production Borehole PW2, the following relates to the
pumping regime prior to, during and after the hydraulic test programme.

The abstraction rate prior to the commencement of the test was maintained at
approximately 1356cu.m/day (56.5cu.m/hour). The water level fluctuated within the
range of 1m (20.6 to 21.6m OD) during this period. When the abstraction rate was
increased to 1512cu.m/day from the 9" May to the 23" May 2005 the water level
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decreased to a consistent water level.

When the abstraction rate was reduced to 1344cu.m/day (23 May to 30" May) and
then to 1260cu.m/day (30™ May to 7" June), the water level recovered, however it did
not recover to pre-test levels. Upon completion of the test the abstraction rate was
reset to 1356¢cu.m/day.

Figure 5.3: Abstraction rate and water level during testing programme of PW2
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During summer months, théf?echarge to the aquifer can be considered to be practically
zero, therefore the consistency in the water levels suggest that the bedrock aquifer is
being replenished from the overlying saturated gravel deposit.

Current Hydraulic Efficiency of PW2

In order to evaluate the operating efficiency of borehole PW2, water yield and water
levels have been obtained for August 2006. It is not possible to use the data for
summer 2004 or 2005 as it is not possible to estimate the drawdown in the well as the
exact level of the water level probe is unknown during this period. The data for
August 2006 is compared to the data obtained from the original hydraulic test
programme undertaken in 2000. This data is provided in Table 5.4 below.
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Table 5.4: Hydraulic Efficiency of PW2

Date Yield Drawdown Specific Capacity Efficiency
2000 2720cu.m/day | 17.5m 155.6¢cu.m/day/m 100%
Aug 2006 | 1512cu.m/day | 21.23 71.22cu.m/day/m 45.8%

Based on the hydraulic information obtained for 1% August 2006, production borehole
PW?2 is rated as a Class | (lower range)/Class Il (upper range) productive borehole
(i.e. highest to second highest borehole productivity rating as per the GSI
classification system, Ref.: Appendix C).

Comparison of the specific capacity determined in 2000, following the 7 day pump
test and the specific capacity determined from data collected in August 2006,
following 3 years of almost continuous pumping, indicates a reduction in the
operating hydraulic efficiency. The operating hydraulic efficiency, based on
calculated specific capacities, has reduced by approximately 54.2%, when compared
to the original hydraulic data.

It can reasonably be expected that the hydraulic charact%(iﬁics estimated from a pump
test of relatively short duration (2000) overestima&eﬁ‘\ the potential yield from the
aquifer. The reduction in efficiency is mai &f\@ﬁ\rlbuted to the reduction on the
volume of groundwater stored in the aquifer Ootﬁing the 2000 pump tests, the aquifer
storage would have provided water to th\g\ﬁzg@hole. With continued pumping from the
scheme the aquifer storage has been {g@dﬁ%lly depleted and the cone of depression has

increased in extent. Qé\\§\§

R
\0

Recharge to the aquifer in thiso@’r%a is considered to be practically zero during summer
months, therefore the perfcﬁ{:nance of this borehole during the test and the relative
consistency of the water levels suggests that the bedrock aquifer is replenished from
the saturated gravels during summer months.

The current yield from the aquifer is largely dictated by available recharge from the
catchment area.

The results of the hydraulic testing programme and the longer term data indicate that
the sustainable yield of PW?2 is 1,500cu.m/day.
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Summary
Production Borehole PW2 was drilled in 2000, as a result of encountering favourable

aquifer conditions in borehole TW4 during the 1993 investigation programme.

Hydraulic testing of PW2 in 2000 indicated that an abstraction rate of 2,720cu.m/day
was capable for a 7 day period. Based on the data retrieved during the hydraulic
testing programme, PW1 would be rated as a Class | (lower range) Productive
Borehole.

Pumping from PW2 has been ongoing from 2003 to present. Abstraction rates have
been progressively increased to a current abstraction rate of approximately
1,500cu.m/day. Available data to date indicate that Production Borehole PW?2 is
capable of a yield of 1,500cu.m/day.

Table 5.5 below provides a summary of the hydrogeological characteristics of the
aquifer in the environs of Production Borehole PW2.

Table 5.5: Hydrogeological Characteristics of Aquifer in efivirons of PW2

BH Geological Strata Hydraulic Abstractiog$\® Specific GSlI
I.D. Test Ratg\\\\‘ Q@ Capacity Borehole
Duration S8 Productivity
49 &@6 Classificatio
Q|
TW4 | 0-15.5m Overburden 72 hour@&l@‘ 1080cu.m/day
15.5-65m Limestone (1993R S
PW2 | 0-9.1m Boulder clay ngq Q@ 2631cu.m/day | 284.6 Class |
9.1-13.4m Clayey gravel (2060 cu.m/day/m
13.4-79.3m Limestone \5\
PW2 | Asabove & 7-day 2720cu.m/day | 155.6 Class |
< | (2000) cu.m/day/m
PW2 Aug 1512cu.m/day | 71.22 Class I/
(2006) cu.m/day/m ClasslI

The data indicates that the operating hydraulic efficiency of the borehole has declined
by approximately 54.2%. The borehole is still classified as a Class 1/Class Il
productive borehole.

The sustainable yield from Production borehole PW2 is estimated to be
1,500cu.m/day.
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54 Production Borehole PW3

Background Geological and Hydrogeological Setting

A production borehole was drilled on the road verge at the junction with road to
Curragh Bridge, within the designated pNHA area. The location of this production
borehole was based on favourable aquifer conditions encountered during the drilling
of trial borehole TW11.

Available information indicates that borehole TW11 was drilled and lined (with
250mm diameter steel casing) through the overburden. The overburden comprised of
organic rich clay and grey clay to a depth of 10m bgl, with sand and gravel recorded
from 10m bgl to 17m bgl. The borehole was drilled ‘open-hole’ through bedrock,
which comprised of black shaley limestone, to a finished depth of 61m bgl.
Groundwater inflows were recorded at depth with the interval of 10m bgl to 17m bgl
(within the sand and gravel) and at 32.5m bgl, 45m bgl and at 51m bgl. Drilling was
terminated at 61m bgl due to the volume of groundwater inflowing to the borehole,
which prevented further penetration. &

&
No hydraulic test was conducted on this trial b@ﬁ%ﬁ@e during the 1994 investigation
programme. The yield from trial borehole\)\'g \;351 was estimated during development
of the borehole to be approximately 2,00@%@/day.
P
160 close to the site of trial borehole TW1L.

Production borehole PW3 was Q@tﬁ
Gravelly boulder clay was recoog;@%% from the surface to 12.2m bgl. Sandy clayey
gravel was recorded from 1%58m to 18.3m bgl. Soft, black, shaley limestone was
recorded from 18.3m to thecBase of the borehole, which terminated at 53m bgl. Some
weathered cavernous limestone horizons were noted during drilling from 45m to 47m
bgl. Drilling was terminated at 53m bgl due to loss of air pressure, possibly due to

caverns in the bedrock.

Significant groundwater inflows were recorded during drilling at intervals from 16 to
17.5m bgl and from 45 to 47m bgl. The static water level in this production borehole
was recorded at 0.37m bgl. The borehole was retrofitted with 39m (53 to 14m bgl) of
250mm diameter Johnson stainless steel well screen (3mm slot size), with 14m (14m
to Om bgl) of 250mm Demco casing riser. The annulus between the wellscreen and
the borehole wall was filled with silica gravel.
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Initial Hydraulic Testing Programme (2000)

Following the drilling of PW3, a hydraulic testing programme was undertaken.
Initially a 24 hour individual pump test was undertaken. The test was undertaken at a
constant abstraction rate of 2714cu.m/day, which resulted in a drawdown of 13.63m
bgl. Steady state (equilibrium) conditions were not achieved by the end of the test.
Based on the hydraulic information gathered, the specific capacity of this borehole
was calculated as 199.1cu.m/day/m.

A 7 day continuous pump test was undertaken on PW1, PW2 and PW3
simultaneously. The abstraction rate from PW3 was approximately 2780cu.m/day for
the duration of the test, which resulted in a final drawdown of 20.96m. Based on the
hydraulic information gathered, the specific capacity of this borehole was calculated
as 132.6cu.m/day/m.

Based on the hydraulic information gathered from the pump tests, production
borehole PW3 would be rated as a Class | (lower range) productive borehole, which is
the highest borehole productivity rating as per the GSI classification system (Ref.
Appendix C). It was recommended that the submersible pginp be installed to the base
of the borehole and should be capable of a sustained s@%ce output of 2500cu.m/day.

Operation Pumping from July 2003 to Auqu\gﬁg 6

Pumping from production borehole P\/\é$21é§ been ongoing from July 2003 to the
present. 0963‘;§
NS

Figure 5.4 below shows the abstréeﬁ\ém rate and water level in the production borehole
from May 2004 through to n%gsloAugust 2006 (water level data available from May
onwards) based on rectified data collected by Fingal County Council at the Water
Treatment Plant. The telemetric data has been rectified to show water levels as metres
above Ordnance Datum, based on actual recording of water level in the production

borehole.
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Figure 5.4: Water Abstraction and Water Level from PW3
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The water monitoring data provides some |mpmr@data with respect to abstraction
rates and water levels. QO??@G
N\ N
Rt

From 1% May 2004 to 19" Janua "\2@05 the abstraction rate from PW3 was
maintained at a relatively constant e§?)f 1,055cu.m/day. The water levels during this
timeframe show a recession in V@T\er levels from May through to September, and
thereafter a gradual (while mt%&?pted) recovery is noted.

From the 19" January to 9th May 2005, the abstraction rate was increased to
approximately 1,260cu.m/day. This increase in abstraction rates induced a further
decline in water level, to compensate for the increase abstraction.

From the 9" May to the 7" June 2005, a series of hydraulic tests were conducted on
the production boreholes, with the abstraction rate varied for 7 day durations. The
results of this hydraulic testing is detailed below.

From the 7" June to the 24™ June 2005, the abstraction rate was maintained at
approximately 1,350cu.m/day and then increased to 1,460cu.m/day from 24™ June to
21% August 2005. The water level continued to decline to compensate for this
increased abstraction.
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From the 21 August to 15" December 2005, the abstraction rate was decreased to
1090-1,116cu.m/day. While an initial recovery in water level was observed with the
reduction in abstraction, a continued mild recession in water levels was observed up
to mid November 2005. Thereafter over the early winter a recovery in water levels
was observed.

From the 16™ December 2005 through to 18" February 2006, the abstraction rate was
decreased at rates generally varying from 860cu.m/day to 1,030cu.m/day (average
approximately 974cu.m/day). The reduction in abstraction rate corresponded with the
annual recovery in water levels, therefore it is difficult to distinguish the natural
recovery from the impact of the abstraction reduction.

From the 18" February through to mid August 2006 the abstraction rate has been
maintained at a relatively constant rate of 1116cu.m/day. A significant reduction in
water level is observed during January /early February 2006, which coincides with the
increase in abstraction rate, but also a very dry climate period. From mid February to
late June 2006 the water levels held relatively steady. From late June/early July
onwards the water levels declined again, corresponding g@ a very dry summer.
&

The water level data indicates that generally dlg‘i?oig@summer months the water levels
decline, with recovery in water levels g \)}(ﬁng from mid to late October and
continuing to recovery over the winterls%{\%?gﬁnonths.

sbrs®
The water levels from May 2004 Q@lﬁtﬁh to May 2005 are significantly different than
the water levels from May 2005 {h&v%ugh to August 2006. The water level on 1% May
2004 is approximately 13.76m§9§|, however this drops to 19.66m bgl on 1% May 2005
and further to 22.76mbgl a1t May 2006. The most recent data shows a steadying
out of conditions. Annual recovery in water levels occurs very late, suggesting the
recharge to the aquifer is impeded by the low permeability overburden. However, the
recovery in water levels does occur and is evident each winter period

Hydraulic Testing Programme (2005)

A hydraulic testing programme was undertaken between 9™ May 2005 and 7" June
2005. During this 4 week period, 4 No. different abstraction arrangements were
programmed, as detailed in Table 5.6 below. The abstraction rate variations were
made during normal operation of the Bog of the Ring Scheme and at all times the
combined abstraction volume to the treatment works was maintained.
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Table 5.6: Abstraction rates maintained during hydraulic testing programme 2005

Date

Abstraction Rate
PW2

Abstraction Rate
PW3

Abstraction Rate
PW4

Abstraction Rate
PW5

Pre 09" May 2005

1356¢cu.m/day

1356cu.m/day

240cu.m/day

1226¢cu.m/day

09" to 16™ May
2005

1512cu.m/day

1512cu.m/day

336cu.m/day

900cu.m/day

16" to 23" May
2005

1512cu.m/day

1512cu.m/day

240cu.m/day

996cu.m/day

23 to 30" May
2005

1344cu.m/day

1344cu.m/day

240cu.m/day

1344cu.m/day

30" May to 07"

1260cu.m/day

1260cu.m/day

240cu.m/day

1500cu.m/day

June 2005

Post 07"
2005

June | 1356cu.m/day 1356cu.m/day 240cu.m/day 1308cu.m/day

The purpose of this testing programme was as follows:

e to re-evaluate the aquifer characteristics and compare to the initial results
determined in 2000;

e to ascertain the sustainability of supplies and to determine if there is any spare
capacity available to augment supplies;

e to evaluate if abstraction rates could be increg&ed in the short term to
compensate for temporary deficiencies in the gverall supply (i.e. in the event
of failure of any of the other in-service P@@@% ion Boreholes.

\Q S
The protocol for the test was to vary aﬁsﬁ}actlon rates for a period of 7-day, to
determine the impact of such varlatlogrﬁgé'\gﬁ‘\mater levels, etc.
q
With specific reference to Produ@ﬁon Borehole PW3, the following relates to the
pumping regime prior to, dun{\@and after the hydraulic test programme.
QO

The abstraction rate from borehole PW3 prior to the commencement of the test was
approximately1356cu.m/day. The water levels prior to this period varied within the
range 20.46m to 21.16m bgl in the days preceding the test.

The abstraction rate was increased to 1512cu.m/day from 9" May to 23" May, which
resulted in the water level decreasing to a relatively consistent level within the range
22.5 to 23m bgl. The consistency of the water level suggested that this borehole was
capable of yielding a higher abstraction rate over this relatively short timeframe.

The abstraction rate in PW3 was decreased to 1344cu.m/day (23" to 30" May) and
then to 1260cu.m/day (30" May to 7™ June), which resulted in a water level recovery
to 21.75m bgl, which is lower than pre-test levels. Following completion of the
testing programme, the abstraction rate was returned to 1350cu.m/day. The water

TES
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levels declined following the test, however this is attributed to a seasonal recession in
water levels during summer months.

Figure 5.5: Abstraction rate and induced water level during testing programme
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Current Hydraulic Efficiency of PW3 &

In order to evaluate the efficiency Qf‘ jrehole PW3, abstraction rates and water levels
have been taken for 1% August fggoffhe years 2004, 2005 and 2006. This data is then
m the original hydraulic test programme undertaken
in 2000. This data is providegd'in Table 5.7 below.

compared to the data obtained

Table 5.7: Hydraulic Efficiency of PW3

Date Yield Drawdown | Specific Capacity Efficiency
2000 2780cu.m/day | 20.96m 132.63cu.m/day/m | 100%
Aug 2004 | 1050cu.m/day | 18.99m 55.29cu.m/day/m 41.69%
Aug 2005 | 1459cu.m/day | 25.5m 57.22cu.m/day/m 43.14%
Aug 2006 | 1109cu.m/day | 24m 46.21cu.m/day/m 34.84%

Based on the 2004-2006 data, Production borehole PW3 is rated as a Class Il (upper
range) productive borehole, which is the second highest productivity rating as per GSI
classification system (Ref.: Appendix C).
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Based on comparison of hydraulic data, production borehole PW3 has decreased from
a Class | to a Class Il productive borehole. The specific capacity has reduced from
132.6cu.m/day/m (7 day pump test data in 2000) to 46.21cu.m/day/m (data from
August 2006). The operating efficiency has reduced by up to 65.16%, when compared
to the original hydraulic data.

It can reasonably be expected that the hydraulic characteristics estimated from a pump
test of relatively short duration (2000) overestimated the potential yield from the
aquifer. The reduction in the efficiency of the borehole is mainly attributed to the
reduction in the volume of groundwater stored in the aquifer. With continued
pumping from the Bog of the Ring aquifer, the aquifer storage has been depleted and
therefore, the cone of hydraulic depression has increased in extent. This cone of
depression is essentially the catchment area required to replenish the aquifer for the
volume abstracted from PW3. The specific capacity of PW3 does not vary
significantly between 2004, 2005 and 2006, thereby supporting the suggestion that the
initial testing programme overestimated the borehole potential.

Recharge to the underlying aquifer during the summergfonths is practically zero,
therefore the performance of this borehole during thestest and the consistency of the
water levels suggest that the bedrock aquifer |s<5{§§|ﬁ\a replenished from the overlying
saturated gravel overburden. Qo‘?i 3
IS

~(§\Q@\\Q}0\
Based on the results of the hydraulic gs"gbé‘g programme and the longer term data, it is
estimated that the sustainable yiel&«‘g}@/% is 1,100cu.m/day.

o

It should be noted that this Qerozhole was finished at a depth of 53m bgl and the
submersible is fitted at a levst of approximately 42m bgl (-3m OD). In the foreseeable
future (i.e. short to medium term), there is no significant risk of a sudden fall in water
levels. However, periodic monitoring should be taken to ensure that the water level is

maintained above this level.

Summary
Production Borehole PW3 was drilled in 2000, as a result of encountering favourable

aquifer conditions in borehole TW11 during the 1993 investigation programme.

Hydraulic testing of PW3 in 2000 indicated that an abstraction rate of 2,780cu.m/day
was capable for a 7 day period. Based on the data retrieved during the hydraulic
testing programme, PW3 would be rated as a Class | (lower range) Productive
Borehole.
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Table 5.8 below provide a summary of the hydrogeological characteristics of the
aquifer in the environs of Production Borehole PWa3.

Table 5.8: Hydrogeological Characteristics of Aquifer in environs of PW3

BH I.D.| Geological Strata Hydraulic Abstraction Specific Capacity GSlI
Test Rate Borehole
Duration Productivity
Classificatio
TW11 | 0-10m Peat and grey clay No Test
10-17m Sand and gravel
17-61m Limestone
PW3 0-12.2m Gravelly boulder clay | 24 hour 2714cu.m/day | 199.1 cu.m/day/m Class |
12.2-18.3m Sand and gravel (2000)
18.3-53m Limestone
PW3 As above 7-day(2000) | 2780cu.m/day | 132.6cu.m/day/m Class |
PW3 As above August 2004 | 1090cu.m/day | 55.29cu.m/day/m Class 11
August 2005 | 1459cu.m/day | 57.22 cu.m/day/m Class 11
August 2006 | 1109cu.m/day | 46.21 cu.m/day/m Class Il

The data indicates that the operating hydraulic efficiency of the borehole has declined
by a maximum of 65.16%. The borehole is C|aSSIerd§’aS a Class Il productive

borehole.

o\*‘
<\\\ R

The available data set indicates that this bogéf@e is capable of a sustainable yield of

approximately 1,100cu.m/day. .OQQ@*
&
s S
S
Qé \\'\\Q
\"OQ
Q¢,\\'0
&
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55 Production Borehole PW4

Background Geological and Hydrogeological Setting
The location of this production borehole was based on favourable aquifer conditions
encountered during the drilling of trial borehole TW13.

Available information indicates that borehole TW13 was drilled and lined (with
175mm diameter steel casing) through the overburden. The overburden comprised
gravelly clay, with a lens of limestone gravel, to a depth of 36m bgl. Owing to the
degree of bedrock weathering and instability the steel lining was continued to a depth
of 68m bgl. The borehole was drilled ‘open-hole’ through bedrock, which comprised
white weathered cavernous limestone, to a finished depth of 80m bgl. Groundwater
inflows were recorded at depth of 25m bgl (within gravel lens) and in bedrock at 45m
bgl, 52.5m bgl and 69m bgl.

A series of hydraulic tests were undertaken on borehole TW13 in 1994. The step tests
undertaken on the borehole determined specific capaciffés for various abstraction
rates. Based on the calculated specific capacities, the groductivity of borehole TW13
was classed as a Class Il (lower limits) to Classiglﬁupper limits), as defined by the
GSI well productivity classification system | > Appendix C). A 48 hour continuous
abstraction test was undertaken on this'tg)e?Q le. The abstraction rate for the test was
maintained at 969cu.m/day, which inpg&‘\@ﬁ a drawdown in the water level of 39.08m.
Equilibrium conditions were notg@?ﬁ@\ed during this test. Based on the results of the

test, the safe yield from borehole 3@13 was estimated as 900cu.m/day.

O

Production borehole PW4 s drilled close to the site of trial borehole TW13. Brown
boulder clay was recorded from the surface to 9.1m bgl. Sandy clayey gravel was
recorded from 9.1m to 24.4m bgl. Drilling through bedrock continued from 24.4m to
91.4m bgl. Bedrock comprises grey limestone.

Groundwater inflows were noted during drilling at intervals from 10 to 12m bgl in the
gravel horizon and at intervals from 28m to 29.5m bgl and from 44m to 46m bgl in
the bedrock. The static water level at the completion of the borehole was noted at
2.45m bgl.

The borehole was retrofitted with 53m (89 to 36m bgl) of 250mm diameter Johnson
stainless steel well screen (3mm slot size), with 36m (36m to Om bgl) of 250mm
Demco casing riser. The annulus between the well screen and the borehole wall was
filled with silica gravel
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Initial Hydraulic Testing Programme (2000)

Following the drilling of PW4, a hydraulic testing programme was undertaken.
Initially a 24 hour individual pump test was undertaken. The test was undertaken at an
initial abstraction rate of approximately 850cu.m/day, however this was reduced
during the initial quarter of the test to 670cu.m/day for the remainder of the test.
Steady state (equilibrium) conditions were not achieved by the end of the test. Based
on the hydraulic information gathered, the specific capacity of this borehole was
calculated as 18.5cu.m/day/m.

A 7 day continuous pump test was undertaken on PW4 and PW5 simultaneously. The
abstraction rate from PW4 was approximately 594cu.m/day for the duration of the
test, which resulted in a final drawdown of 30.28m. Steady state conditions were
achieved in PW4 during the 7 day test. Based on the hydraulic information gathered,
the specific capacity of this borehole was calculated as 19.6cu.m/day/m.

Based on the hydraulic information gathered from the pump tests, production
borehole PW4 would be rated as a Class 11 (upper range) productive borehole, which
is the third highest borehole productivity rating as per th€ GSI classification system
(Ref. Appendix C). It was recommended that a subm@?‘smle pump be installed to the
base of the borehole and should be capablg\\\qf a sustained surface output of
500cu.m/day.
S5
Operational Pumping from July ZOOS@A’t)qust 2006
Pumping from production borehcge @\/4 has been ongoing from July 2003 to the
present. QOQ

K
\O

Figure 5.6 below shows thecabstraction rate and water level in the production borehole
from May 2004 through to mid August 2006 (water level data available from May
2004 onwards) based on telemetric data collected by Fingal County Council at the
Water Treatment Plant. The telemetric data has been rectified to show water levels as
metres above Ordnance Datum (m OD), based on actual recording of the water level
in the production borehole.
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Figure 5.6: Water Abstraction and Water Level from PW4
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From May 2004 to the end of February 2005, gﬁéo;éﬁstraction rate from the borehole
was maintained at an almost constant rat%o%\if&b@%cu.m/day. The water level data
. . $ . . .
showed a summer recession during 200%&30&?1 a levelling to minor recovery during

the winter period of 2005. &é‘\z\&\

s &

The telemetric data shows a rapié(gﬁter level decline (11.9m fall) between the 8" and
9™ February 2005, which is_ &0t attributable to any increases or fluctuations in
abstraction rates. In order tesmitigate for this rapid fall, the abstraction rate from PW4
was reduced to 226-240cu.m/day from end of February 2005 to end of March 2006.
While this reduction initially resulted in an increase in water levels, the water levels
gradually fell during the summer months, with very little recovery during the winter
period.

The abstraction rate was reduced to approximately 150cu.m/day from start of April to
end of June 2006. During this period the water level was very steady and no
appreciable recessing in water levels was noted. From mid July onwards the
abstraction rate has been increased to approximately 200cu.m/day. This increase has
resulted in a corresponding increase in the drawdown, with a gradual recession in
water levels.

Based on the information available, the sudden fall in water level in mid February
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2006 is not considered to result from a sudden deterioration in the aquifer potential,
rather it is suggested that either the gravel pack or the borehole screen intake has
become blocked with fine sediment, leading to a deterioration in the performance of
the borehole. The productivity of this borehole is considered low in any event. Based
on the available telemetric data, the sustainable yield is low.

Hydraulic Testing Programme (2005)

A hydraulic testing programme was undertaken between 9™ May 2005 and 7" June
2005. During this 4 week period, 4 No. different abstraction arrangements were
programmed, as detailed in Table 5.9 below. The abstraction rate variations were
made during normal operation of the Bog of the Ring Scheme and at all times the
combined abstraction volume to the treatment works was maintained.

Table 5.9: Abstraction rates maintained during hydraulic testing programme 2005

Date

Abstraction Rate
PW2

Abstraction Rate
PW3

Abstraction Rate
PW4

Abstraction Rate
PW5

Pre 09" May 2005

1356c¢cu.m/day

1356cu.m/day

240cu.m/day

1226cu.m/day

09" to 16™ May
2005

1512cu.m/day

1512cu.m/day

336cu.m/day

900cu.m/day

16" to 23" May
2005

1512cu.m/day

1512cu.m/day

&
22@.1.m/day

996cu.m/day

QNS

239 to 30" May | 1344cu.m/day 1344cu.m/di¥70°\5\ ”240cu.m/day 1344cu.m/day
2oohs : F

30" May to 07" | 1260cu.m/da 1260cu. 240cu.m/da 1500cu.m/da:
June 20035/3 ’ @ﬁgﬁ ’ ’
Post 07" June | 1356cu.m/day 13560s:m/day 240cu.m/day 1308cu.m/day
2005 NS

OOQ\\

S\
The purpose of this testing prop@‘gmme was as follows:

e to re-evaluate the aﬁﬁifer characteristics and compare to the initial results
determined in 2000;

e to ascertain the sustainability of supplies and to determine if there is any spare
capacity available to augment supplies;

e to evaluate if abstraction rates could be increased in the short term to
compensate for temporary deficiencies in the overall supply (i.e. in the event
of failure of any of the other in-service Production Boreholes.

The protocol for the test was to vary abstraction rates for a period of 7-days, to
determine the impact of such variations on water levels, etc.

With specific reference to Production Borehole PW2, the following relates to the
pumping regime prior to, during and after the hydraulic test programme.
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The abstraction rate from PW4 prior to commencement of the test (i.e. pre-9" May
2005) was maintained, as close as possible, to 240cu.m/day, which resulted in a
relatively consistent water level of 11.6m OD.

On the 09" to the 16™ May 2005 the abstraction rate was increased to 336cu.m/day.
The water level decreased dramatically to 31m bgl during this period. Owing to the
fall in water levels, it was concluded that the pumping had exceeded the maximum
sustainable yield of this borehole and the rate was throttled back to 240cu.m/day for
the remainder of the test. The water levels recovered to approximately 24.5mbgl when
the abstraction rate was decreased. Over the detailed monitoring period, at a constant
abstraction rate of 240cu.m/day, the water level continued to fall. The rate of fall was
considered too high to attribute purely to summer recession. It is estimated that
pumping at rates of 240cu.m/day is above the maximum sustainable yield of the PW3.

During the pump test period, the water level recorded for an abstraction rate of
240cu.m/day is relatively consistent, however a different pattern is observed when the
water levels are observed on the full dataset. The data observes a consistent reduction
in water level with no significant changes in abstraction éat%

&
. . . S . .
Figure 5.7: Abstraction rate and induced water I@,@?ﬁr&iurlng testing programme
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Current Hydraulic Efficiency of PW4

In order to evaluate the efficiency of borehole PW4, water yields and water levels
have been taken for 1% August for the years 2004, 2005 and 2006. This data is then
compared to the data obtained from the original hydraulic test programme undertaken
in 2000. This data is provided in Table 5.10 below.

Table 5.10: Hydraulic Efficiency of PW4

Date Yield Drawdown | Specific Capacity Efficiency

2000 594cu.m/day | 30.28m 19.6cu.m/day/m 100%

Aug 2004 | 337cu.m/day | 16.18m 20.83cu.m/day/m 106.28%

Aug 2005 | 233cu.m/day | 24.68m 9.44cu.m/day/m 48.16%%

Aug 2006 | 197cu.m/day | 22.58m 8.72cu.m/day/m 44.49%

Based on the hydraulic information production borehole PW4 is rated as a Class I,
(lower range) productive borehole (i.e. third highest borehole productivity rating as
per the GSI classification system, Ref.: Appendix C).

Although the productivity class of borehole PW4 was r%té"ﬁ as a Class Il borehole in
2000 and is still rated as Class Il at the current E\i‘m@%e operating efficiency of the
borehole has decreased significantly in Fe%rﬁiaﬁ\ 2005. Comparison of specific
capacity for production borehole PW4, wi\gh@ 6eé%ect to 7 day pump test in 2000 and
data from August 2005, indicates a redggt?gﬁoin the operating hydraulic efficiency by
approximately 55.51%. ‘Q&Q%@Q
QO&\\\@Q

The hydraulic characteristics esté\n?gted from the original pump test were maintained
during the operation of this bQ@“nole up to mid February 2005. However the sharp and
sudden decrease in the opefrﬁ%ng efficiency over the space of one day, suggests that
the decrease in the operating efficiency of the borehole is not a factor of the
surrounding aquifer, rather the loss in performance is due to clogging of the gravel
pack or the screen intake, which has impeded the inflow of groundwater to the
borehole.

The available data set indicates that this borehole is capable of a sustainable yield of
approximately 150cu.m/day. Pumping at rates exceeding this rate could lead to further
deterioration of the efficiency of the borehole by inducing further mobilisation of fine
material, leading to further clogging of the gravel pack and screen intake.
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Summary
Production Borehole PW4 was drilled in 2000, as a result of encountering favourable

aquifer conditions in borehole TW13 during the 1993 investigation programme.

Hydraulic testing of PW4 in 2000 indicated that an abstraction rate of 594cu.m/day
was capable for a 7 day period. Based on the data retrieved during the hydraulic
testing programme, PW4 would be rated as a Class Il (upper range) Productive
Borehole.

Pumping from PW4 has been ongoing from 2003 to present. Abstraction rates have
been progressively decreased to an abstraction rate of 150cu.m/day.

The data indicates that the operating hydraulic efficiency of the borehole has declined
by approximately 55.51%.

The available data set indicates that this borehole is capable of a sustainable yield of
approximately 150cu.m/day. It would appear from the data that this borehole is not
capable of sustaining higher yields without inducing sigg\iﬁ:’ant drawdowns.

&

Table 5.11 below provides a summary of the @@@geological characteristics of the
aquifer in the environs of Production Borehqle’ RAW4.

R
. 0. & . . .
Table 5.11: Hydrogeological Characte##sti€s of Aquifer in environs of PW4
BH I.D.| Geological Strata H v’\@c Test | Abstraction | Specific Capacity | GSI
Eé jon Rate Borehole
6\00 Productivity
£ Classification
TW13 | 0-36m Gravelly clay at 48 hours 969 24.8 Class Il to
gravel cu.m/day cu.m/day/m Class 111
36-69m Limestone
PW4 0-9.1m Boulder clay 24 hour 670cu.m/day | 18.5 cu.m/day/m | Class Ill
9.1-24.4m Sandy, gravelly clay | (2000)
24.4-91.4m Limestone
PW4 As above 7-day (2000) 594cu.m/day | 19.6 cu.m/day/m | Class IlI
PW4 As above August 2004 337cu.m/day | 20.83cu.m/day/m | Class Il
August 2005 233cu.m/day | 9.44cu.m/day/m | Class Il
August 2006 197cu.m/day | 8.72cu.m/day/m | Class Il

The available data set indicates that this borehole is capable of a sustainable yield of
approximately 150cu.m/day.
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5.6 Production Borehole PW5

Background Geological and Hydrogeological Setting

Production borehole PW5 was drilled on the road verge at Killougher, approximately
1,050m from the designated pNHA area. The location of this production borehole was
based on favourable aquifer conditions encountered during the drilling of trial
borehole TW12.

Available information indicates that borehole TW12 was drilled and lined (with
200mm diameter steel casing) through the overburden. The overburden comprised
black boulder clay to a depth of 31m bgl. Highly fissured/fractured bedrock was
encountered from 31m to 43m bgl, with cavernous sections infilled, or partially
infilled, with coarse gravel. The borehole was completed ‘open-hole’ from 43m to
54m bgl.

A 48 hour continuous abstraction test was undertaken on this borehole in 1994. The
abstraction rate for the test was initially set at 2,468¢0.m/day, which fluctuated
slightly between 2,400 to 2,541cu.m/day during the Sourse of the test. Near steady
state (equilibrium) conditions were reached aﬁ%ﬁp 1440 minutes, with drawdown
varying between 8.5m and 8.6m. Base(l&yfg&he pump test measurement, at an
abstraction rate of 2,468cu.m/day, t}l)e& cific capacity of this borehole was
calculated as 287cu.m/day/m. This Q@E@ﬁole is classified as a Class | productivity
borehole, in accordance with the g%@assification system (Ref.: Appendix C).
o

Production borehole PW5 wapg&ﬁilled immediately adjacent to trial borehole TW12.
Blue boulder clay was noted’ from the surface to 12.1m bgl. Grey-blue gravelly clay
was noted form 12.1m to 18.3m bgl. Blue boulder clay was again recorded from
18.3m to 24m bgl. Soft, weathered grey limestone extended from 24m to 42m bgl,
with soft black shaley limestone noted from 42m to 79.3m bgl, where drilling
terminated.

A major groundwater inflow was noted in the bedrock during drilling from 34 to 36m
bgl. The static water level at the completion of the borehole was noted at 7.68m bgl.

The borehole was retrofitted with 43m (75 to 32m bgl) of 250mm diameter Johnson
stainless steel well screen (3mm slot size), with 32m (32m to Om bgl) of 250mm
Demco casing riser. The annulus between the well screen and the borehole wall was
filled with silica gravel.
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Initial Hydraulic Testing Programme (2000)

Following the drilling of PWS5, a hydraulic testing programme was undertaken. Firstly
a 24 hour individual pump test was undertaken. The test was undertaken at an initial
rate of approximately 1938cu.m/day, which induced a drawdown of 7.7m at the end
of the test. Steady state (equilibrium) conditions were not achieved by the end of the
test. Based on the hydraulic information gathered, the specific capacity of this
borehole was calculated as 251.7cu.m/day/m.

A 7 day continuous pump test was undertaken on PW4 and PWS5 simultaneously. The
abstraction rate from PW5 was approximately 2654cu.m/day for the duration of the
test, which resulted in a final drawdown of 13.16m. Steady state conditions were not
achieved in PW5 during the 7 day test. While the borehole sustained the abstraction
rate for the duration of the test, subsequent monitoring of water levels indicated a very
slow rate of recovery. The slow rate of recovery was attributed at the time to
particularly dry weather or difficulties of sustained yield to the borehole from the
aquifer. Based on the hydraulic information gathered, the specific capacity of this
borehole was calculated as 201.7cu.m/day/m.
&

Based on the hydraulic information gathered fro@‘@’\the pump tests, production
borehole PW5 would be rated as a Class | pro@@tﬁe borehole, which is the highest
borehole productivity rating as per the GSI@@l\flcatlon system (Ref.: Appendix C).
It was recommended that a submermbleg&?@be installed to the base of the borehole
and should be capable of a sustained 255?\[@& output of 2500cu.m/day.

o8 ~0
Operational Pumping from July ZQ@ to August 2006
Pumping from production bo@@hole PWS5 has been ongoing from July 2003 to the
present. s

Figure 5.8 below shows the abstraction rate and water level in the production borehole
based on telemetric data collected by Fingal County Council at the Water Treatment
Plant. The telemetric data has been rectified to show water levels as metres below
ground level, based on actual recording of water level in the production borehole.
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Figure 5.8: Water Abstraction and Water Level from PW5
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The abstraction rates and water level measuren@ﬁ'o(ﬁ%m the telemetric data record an

apparent trend. It is acknowledged that the&@??@fé some isolated deviations from the
. . R . .

norm, however if these isolated dewag@r\@}“are discounted, the normal pumping

.. )
conditions are more apparent. &eé‘o§

s S
From 1% May 2004 to 19" Jgﬁga@ry 2005 the abstraction rate from PW5 was
maintained at a relatively constaht rate of 1,040cu.m/day. The water level during this
period showed a relatively ggnstant rate of fall, with no recovery in water level during

the winter period.

From 19" January 2005 to 9" May 2005 the abstraction rate was increased to 1200-
1225cu.m/day (decreased from 2" Feb to 9™ Feb to 1040 cu.m/day). Again, the water
level data shows a progressive water level decline during this period.

From the 9™ May to the 07" June 2005, a hydraulic test programme was undertaken
which involved significant changes to the abstraction rates from each of the
production boreholes.

When normal operations were resumed on the 9™ June 2005 to end July 2005, the
abstraction rate from PW5 was maintained within the range 1225-1330cu.m/day. The
water level data for this period shows that the rate of water level decline has decreased
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and the water level appears to be reaching pseudo-equilibrium conditions.

From early August to end November 2005 the abstraction rate was maintained within
the range of 1270-1340cu.m/day. While a fall in water level was again recorded, the
rate of decline continued to decrease, again suggesting that pseudo-equilibrium
conditions were being approached.

The abstraction rate was decreased from the end of November 2005 to mid January
2006 to an average rate of approximately 970cu.m/day. A small recovery in water
level was recorded during this period. From mid January to the end of the monitoring
period in mid August 2006 the abstraction rate has varied between 1100cu.m/day and
1350cu.m/day. During this period no recovery in water level was noted over the late
winter or early spring, nor was any significant decline noted during the summer
months. The rate of drawdown in the borehole continues at a relatively steady rate,
although at a significantly lower rate than previously observed in 2004/early 2005.

Overall, the early data indicated that, owing to the rate of water level decline in this
production borehole, the abstraction rate was exceeding®the maximum sustainable
yield. The more recent data shows a levelling of water levels which suggests that
equilibrium conditions are being approached, @i’noe@by the zone of contribution has
extended to achieve sufficient recharge However, even allowing for the
extensive monitoring of this borehole, e%@fiﬁ@lum conditions have not been achieved.
The lack of seasonal influence su ‘%té‘that recharge to the underlying bedrock
aquifer is slow and the cone of degl%sﬁ)n induced by pumping is large.

Hydraulic Testing Proqramme£805

A hydraulic testing progra@e was undertaken between 9" May 2005 and 7" June
2005. During this 4 week period, 4 No. different abstraction arrangements were
programmed, as detailed in Table 5.12 below. The abstraction rate variations were
made during normal operation of the Bog of the Ring Scheme and at all times the
combined abstraction volume to the treatment works was maintained.
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Table 5.12: Abstraction rates maintained during hydraulic testing pro

ramme 2005

Date

Abstraction Rate
PW2

Abstraction Rate
PW3

Abstraction Rate
PW4

Abstraction Rate
PW5

Pre 09" May 2005

1356¢cu.m/day

1356c¢cu.m/day

240cu.m/day

1226cu.m/day

09" to 16™ May
2005

1512cu.m/day

1512cu.m/day

336cu.m/day

900cu.m/day

16" to 23 May
2005

1512cu.m/day

1512cu.m/day

240cu.m/day

996cu.m/day

23 to 30" May
2005

1344cu.m/day

1344cu.m/day

240cu.m/day

1344cu.m/day

30" May to 07"
June 2005

1260cu.m/day

1260cu.m/day

240cu.m/day

1308cu.m/day

Post 07"
2005

June

1356c¢cu.m/day

1356c¢cu.m/day

240cu.m/day

1308cu.m/day

The purpose of this testing programme was as follows:
e to re-evaluate the aquifer characteristics and compare to the initial results
determined in 2000;

e to ascertain the sustainability of supplies and to determine if there is any spare
capacity available to augment supplies;

e to evaluate if abstraction rates could be n&?eased in the short term to
compensate for temporary deficiencies 5@(}@ overall supply (i.e. in the event

of failure of any of the other in- serV|

Q&

0&

ductlon Boreholes.

The protocol for the test was to vggey &Bstractlon rates for a period of 7-days, to
determine the impact of such vang@ﬁ@‘on water levels, etc.

With specific reference to Pr,
pumping regime prior to, dlqﬂ%g and after the hydraulic test programme.

uctlon Borehole PWS5, the following relates to the
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Figure 5.9: Abstraction rate and induced water level during testing programme
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Prior to commencement of testing (i.e. pre-gtgd?faﬁ%OOS), this borehole operated at an
abstraction rate of approximately 1226cgqﬁ%§§y, which resulted in a recorded water
level of 31m bgl. This water level wasdiéog@%ed immediately prior to the test, however
as detailed earlier a progressive wgt?\fsf%?/el decline has been observed since pumping

commenced. QooQ

N
The abstraction rate from t@@%;h to the 16™ May 2005 was reduced to 900cu.m/day,
which resulted in a water level recovery to approximately 30.25m bgl. From the 16™
May to 23" May 2005, the abstraction rate was increased to 996cu.m/day, which
resulted in negligible change in the water level (i.e. water level recorded at 30m bgl).

The telemetric data indicates that from 23" May to 30™ May 2005, the abstraction rate
was maintained at 1,344cu.m/day and resulted in a water level decrease of 31.25m
bgl.

From 30" May to 07" June 2005, the abstraction rate was set at 1500cu.m/day,
however in actuality the maximum abstraction rate recorded was 1450cu.m/day for a
short duration. The maximum sustained yiled achieved during this period was
approximately 1308 cu.m/day. The water level varied by a negligible margin during
this period (i.e. maintained within the range of 31.25m bgl.
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Following completion of the test, the abstraction rate from PW5 was maintained at
1,308cu.m/day. The water level was maintained within the range of 31.25-31.5m bgl
following the test.

Current Hydraulic Efficiency of PW5

In order to evaluate the efficiency of the borehole PWS5, abstraction rates and water
levels have been taken for 1% August 2004, 2005 and 2006. This data is then
compared to the data obtained from the original hydraulic test programme undertaken
in 2000. This data is provided in Table 5.13 below.

Table 5.13: Hydraulic Efficiency of PW5

Date Yield Drawdown | Specific Capacity | Efficiency
2000 2654cu.m/day | 13.16m 201.67cu.m/day/m | 100%
Aug 2004 | 1044cu.m/day | 17.79m 58.68cu.m/day/m 29.10%
Aug 2005 | 1171cu.m/day | 23.59m 49.63cu.m/day/m 24.61%%
Aug 2006 | 1214cu.m/day | 27.29m 44.49cu.m/day/m 22.06%

0&

Based on the 2004-2006 data, Production Borehole RW% is rated as a Class Il (upper
range) productive borehole, which is the seco est productivity rating as per the
GSI classification system (Ref.: Appendb& ):“This is a decrease from the original
hydraulic test, where the borehole Wo,\\lg&é@ve been rated as a Class | productive
borehole. L
S

<<é \\'\\Q
The current operating efficiencyé\af’QPWS has reduced by 77.94%, when compared to
the original hydraulic data. éé"‘

S

It can reasonably be expected that the hydraulic characteristics estimated from a pump
test of relatively short duration (2000) over-estimated the potential yield from the
aquifer. The observed reduction in the efficiency of the borehole is mainly attributed
to the reduction in the volume of groundwater stored in the aquifer. With continued
pumping from the Bog of the Ring, the aquifer storage has been depleted. The thick
clay overburden is impeding recharge of the underlying bedrock aquifer, therefore the
cone of depression induced by pumping is continuing to expand. This is evident from
the progressive decline in the water level in this production borehole. This cone of
depression will extend until a sufficient catchment area is available to replenish the

volume of groundwater abstracted.

The hydraulic data, coupled with monitoring data collected from observation borehole
TW12 and OW?7, indicate recoveries in water levels when the abstraction rate is at or
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below 1,000cu.m/day. The gradual decline in water levels in this borehole is attributed
to the thick low permeability clay overburden recorded in the vicinity of PW5.

When the water levels in this borehole are viewed over an extended period (Ref.:
Figure 5.7), the water levels have declined from 21.97m bgl (early May 2004), to
35.27m bgl (mid August 2006). No winter recovery in water levels of significance
have been noted, although occasional levelling of water levels have been recorded.

There is no immediate threat of failure of this borehole, owing to the fact that the
submersible pump has been installed to 60m bgl depth and the water level is presently
approximately 35m bgl. Also the rate of drawdown appears to be decreasing.
Monitoring of the water level should be maintained to ensure that the water level is
maintained above the submersible pump intake.

Owing to the continued progressive decline in water levels in this boreholes, albeit at
gradually reducing rates, it is concluded that the recharge to the borehole is not
adequate to replenish the borehole. It is estimated that the maximum sustainable yield

of this borehole at 1,100cu.m/day. &
§®~
Summary O&*\;q@

&
Production Borehole PW5 was drilled in ZQ@%@? a result of encountering favourable
aquifer conditions in borehole TW12 du@hﬁﬁe 1993 investigation programme.
&
PSS
Hydraulic testing of PW5 in 200 diﬁg&\ated that an abstraction rate of 2,654cu.m/day
was capable for a 7 day periods.\c@\gsed on the data retrieved during the hydraulic
testing programme, PW5 woulpg%ﬁe rated as a Class | Productive Borehole.
&

QO
The hydraulic characteristics of this borehole have declined significantly since
pumping commenced in 2003. The low permeability of the overburden coupled with
the depletion of the aquifer storage is considered to have affected the hydraulic
performance of the aquifer system. However the recent characteristics are considered

to be more reflective of the true hydraulic performance of the system.

Table 5.14 below provide a summary of the hydrogeological characteristics of the
aquifer in the environs of Production Borehole PWS5.
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Table 5.14: Hydrogeological Characteristics of Aquifer in environs of PW5

BH I.D.| Geological Strata Hydraulic Test | Abstraction | Specific Capacity | GSI
Duration Rate Borehole
Productivity
Classification
TW12 | 0-31m Boulder clay 48 hour 2468cu.m/da | 287 Class |
31-54m Limestone (1993) y cu.m/day/m
PW5 0-12.1m Boulder clay 24 hour 1938cu.m/da | 251.7 Class |
12.1-18.3m Gravelly clay (2000) y cu.m/day/m
18.3-24m Boulder clay
24-79.3m Limestone
PW5 As above 7-day 2654cu.m/da | 201.7 Class |
(2000) y cu.m/day/m
PW5 As above August 2004 1044cu.m/da | 58.68cu.m/day/m | Class Il
August 2005 y 49.63cu.m/day/m | Class Il
August 2006 1171cu.m/da | 44.49cu.m/day/m | Class Il
y
1214cu.m/da
y

The data indicates that the operating hydraulic efficiency of the borehole has declined
by approximately 77.94%. The borehole is classified&as a Class Il productive

borehole. N
&
NS
Based on the available information, the m%ﬁ{m sustainable yield from PWS5 is
estimated as 1,100cu.m/day. R
.oQQQ\*&
&
gL
QRN
Qé \\'\\Q
\°°Q
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S
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6 METEROLOGICAL CONDITIONS

The meteorological conditions occurring over the course of the groundwater water
level monitoring programme were assessed. The rationale for observing the
meteorological conditions was to determine if trends in water level fluctuation were as
a result of climatic conditions.

There is no meteorological station in operation at Bog of the Ring. The most reliable
meteorological station in operation in this region is the synoptic climate station at
Dublin Airport. This synoptic station provides daily rainfall data and therefore
represents the most accurate meteorological gauging station in the north Dublin
region. Bog of the Ring is approximately 17km from Dublin Airport and is in a
similar geographic setting in relation to distance from the Irish Sea.

The daily rainfall data collected from Dublin Airport Synoptic Station is presented in
Figure 6.1 below. The full dataset of meteorological data in included in Appendix D.

&«
Figure 6.1: Daily rainfall at Dublin Airport from 17" Aug™2004 to 31% Aug 2006
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The daily rainfall data, gathered for 745 days, provides some useful information
regarding rainfall intensity.

The three highest daily rainfall events occurred during summer/early autumn, namely
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on the 18"™ August 2004 (32.8mm), the 28™ July 2005 (32.6mm) and the 21% May
2006 (22.9mm). The highest winter rainfall events occurred on the 7" January 2005
(22.5mm) and the 2" December 2005 (21.4mm).

Summer downpours tend to be intense and of short duration. However, these intense
rainfall events occur during periods of highest water loss, either through free
evaporation, run-off to streams or plant transpiration. In effect a small percentage of
rainfall infiltrates to ground to contribute summer recharge to the aquifer.

Winter rainfall, while occasionally very intense tends to occur over a longer duration,
where pressure belts lead to rainfall over a number of days. During winter periods the
aquifer receives the most significant recharge to replenish the aquifer. The limiting
factor during winter months is due to the low infiltration capacity of the soil.

The longest duration of Omm rainfall was 12 days, which occurred from the 30™ May
to 10" June 2006. The data indicates that from 30" May to 17" June 2006 only
0.1mm of rainfall occurred (0.1mm on 11" June 2006).

&
Extended dry periods were also noted during wir&% month, with Omm rainfall
recorded for 10 days from 28" January to 6™ Fegﬁ})@ﬁ 2006.

&
Based on the full daily rainfall datase Qﬁ@average daily rainfall is calculated as
O &
1.9mm/day. &évoé\
S

Q) N\

The meteorological data is alsojaﬂ%\\\lysed as monthly rainfall rates. Analysis of the
meteorological data on a monm@bﬁ? basis is considered more appropriate for comparison
with the 30 year average rainfall rates. This allows interpretation of the data to access
how typical the meteorological conditions have been over the monitoring period from
17" August 2004 through to end August 2006. The recorded monthly rainfall from
September 2004 (August omitted as not full data for month) to August 2006 is
presented on Figure 6.2 below, together with the 30 year monthly average rainfall
rate.

TES
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Figure 6.2: Recorded and 30 year average rainfall rates at Dublin Airport
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The data collected indicates that the recorded m%atlw ramfall rate varies significantly
over certain periods from the 30 year averagg?g@mfall Table 6.1 provides details of
the variations on a monthly basis throughgﬁg;me monitoring period, with this rainfall
expressed as a percentage of the 30 )é@é’r@verage monthly rate. This is presented to

show the typicality of each partlcul nth during the monitoring period, as this has
a bearing on the water levels recdrﬁoqﬁ In the monitoring boreholes.
\

The month of October in Zogéééa\nd 2005 recorded significantly higher rainfall than the
30 year average. March 20%5 and January 2006 were significantly drier than the 30
year average. June 2005 and June and July 2006 was drier that the average. July 2005
and May 2006 were significantly wetter than the 30 year average.

Notwithstanding both daily and monthly variations, based on recorded data from
September 2004-August 2005 and September 2005-August 2006, the annual rainfall
was 90% of the 30 year average on both annual cycles.

Based on the meteorological dataset, the climatic conditions during the monitoring
period can be considered relatively typical. Therefore, the measurements taken during
the water level monitoring programme are considered a true reflection of current
hydrogeological conditions and the trends can be associated to the pumping regime
existing across Bog of the Ring.

_—
y
r
| —
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Table 6.1: Monthly Meteorological Data for Dublin Airport

Month Recorded Monthly | 30 Year Average | Variation from 30

Rainfall Monthly Rainfall | Year
September 2004 | 46.8mm 50.7mm 92.3%
October 2004 120.2mm 55.1mm 218.1%
November 2004 | 41.1mm 56mm 73.4
December 2004 | 45mm 49.9mm 90.2%
January 2005 64mm 70.5mm 90.8
February 2005 42mm 66.7mm 63%
March 2005 20mm 69.7 28.7%
April 2005 71.6mm 64.7mm 110.7%
May 2005 67.2mm 75.6mm 88.9%
June 2005 31.2mm 69.4mm 45%
July 2005 83.4mm 50.4mm 165.5%
August 2005 26.1mm 53.8mm 48.5%
September 2005 | 55.8mm 50.7mm 110.1%
October 2005 101.8mm 55.1mm 184.8%
November 2005 | 46.7mm 56mm 83.4%
December 2005 | 73mm 49.9mm & | 146.3%
January 2006 16.4mm 70.5mm & 23.3%
February 2006 | 37.7mm 66.7mMms" 56.5%
March 2006 69.7mm 697Mm 100%
April 2006 41.1mm 647 mm 63.5%
May 2006 116.9mm S175.6mm 154.6%
June 2006 26.5mm S50 69.4mm 38.2%
July 2006 182mm & [50.4mm 36.1%
August 2006 57.6mm & 53.8mm 107.1%

S
00(&\
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7  OVERVIEW OF EXISTING MONITORING DATASET

TES Consulting Engineers have undertaken fortnightly groundwater monitoring of
boreholes and standpipes within the Bog of the Ring area since 17" August 2004. The
locations of all monitoring points are shown on Figure 2 herein. Available logs for all
monitoring boreholes are included in Appendix B herein.

Groundwater monitoring of the network was previously undertaken by White Young
Green (WYG) Consulting Engineers (previously K.T. Cullen and Co Ltd.) from 27
June 2000 to 17" July 2000, during the hydraulic testing programme of the production
boreholes. WYG also undertook monitoring of the network from 9" October 2003 to
26™ March 2004. This information was incorporated into the TES dataset to allow full
assessment of water levels existing prior to groundwater abstraction (2000) and during
the early phase to the present (August 2006) of groundwater abstraction.

The existing monitoring network has been progressively established since
investigations began. All trial boreholes (Code TW) were drilled in 1984 and 1993.
All observation boreholes (Code OW) and shallow stand%ipes (Code S) were installed
in 2000, prior to the testing of the production boreholeo%@\
S

The design of each of the boreholes is differgmegﬁd therefore, for ease of assessment,
boreholes logs for each have been includgﬂféﬁ%e boreholes are screened in different
sections therefore the hydraulic data re@@iﬁ@d varies.

&‘\0%%0\0
As a general guidance, the following'relates to the design of the monitoring points:

e Trial boreholes are dril eé‘oat 200mm diameter, with steel lining socketed 2m
into rock. Drilling tr&)@(%receded open hole with no screen or casing retrofit.

e Observation boreholes are usually paired, with one piezometer screened and
isolated in the bedrock environment (OW1D, etc) and one piezometer
screened in the subsoil environment (OWL1S, etc). These borehole provide
water level data in both the subsoil and bedrock environment at the same
location. Borehole OW4 and OW?7 are not paired and these monitoring points
record the water level in the bedrock zone only.

e No information is available relating to the installation of the shallow
standpipes, however it appears that the retrofit is 50mm wavin pipe, which
was hand slotted to permit groundwater entry. The shallow standpipes act as
monitoring points within the shallow soil/subsoil environment. These
monitoring points are considered critical to determining if the Bog of the Ring
Abstraction Scheme is having or will have an impact on the wet nature and
continued ecological status of the Bog of the Ring.

TES
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The following section discusses the water levels recorded from available data.

Observation Borehole OW1S and OW1D
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Observation boreholes OW1D (deep ggi@cﬁ( monitoring point) and OW1S (shallow
subsoil monitoring point) are Iocate@ﬁaﬁproxmately 513m to the east of PW2. This
monitoring point is lmmedlateIchQ\*the verge of the designated area of Bog of the
Ring. N

00(&\
Information available from the drilling of this borehole indicates that artesian
conditions were encountered in both the shallow and deep borehole piezometer.
Approximately 11m of boulder clay was encountered overlying a sand and gravel unit
(18 thick) overlying limestone bedrock. The borehole was located very close to
Production Borehole PW1 and PW2. During pump tests undertaken on the
simultaneous test PW1/PW2/PW3 in 2000, an approximate 7m drawdown was

observed in the shallow piezometer and 8m drawdown in the deep piezometer.
The data available from 9" October 2003 onwards indicates that, even though PW1 is
not currently utilised, a progressive decline in both the subsoil water level and the

bedrock water level is observed at this point.

The graph suggests a gradual decline in water levels over time, with a 3-3.5m

TES
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recovery over winter months. The early dataset indicates that even though winter
recovery is noted, the annual cycles show a declining trend. The annual cycle August
2005 to August 2006 shows a relatively stable cycle, which suggests that equilibrium

conditions may have been achieved.

Based on the most recent data, it is suggested that a stable cone of depression induced
due to pumping from the well-field has been established.

The water level in the subsoil environment is consistently 1m higher than in the
bedrock. This suggests that the water in the bedrock is being transmitted to the
borehole at a faster rate than from the subsoil. The recharge of the bedrock is dictated
by the permeability rate of the sand and gravel.

Observation Borehole OW2S & OW2D
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Observation boreholes OW2D (deep bedrock monitoring point) and OW2S (shallow
subsoil monitoring point) are located approximately 170m to the west of PW2 and
215m to the east of PW3. This monitoring point is within the designated area of Bog

of the Ring.

Information available indicates that prior to drilling, the water levels at this location
were at or above the ground surface. Approximately 7.5m of boulder clay overlying

TES
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12.5m of clayey gravel overlying limestone bedrock was noted during drilling.

During initial testing of PW2 and PW3, significant drawdowns were observed in these
piezometers. Drawdown of approximately 13m was observed in the subsoil
piezometer and 14m in the bedrock piezometer.

The monitoring data from 29" September 2003 to the present indicates that the
pumping from the well-field is impacting groundwater levels at this location. While
winter recoveries are recorded, the water levels are continually lower than existing
prior to commencement of abstraction from the scheme. The most recent annual cycle
from July 2005 to August 2006 indicates that equilibrium conditions seem to have
been established over the past 12 months or so. The water level in OW1 S was
reduced to approximately 14m bgl, however it has remained relatively constant at this
level, apart from recovery during winter periods. The water level in the bedrock
continues to vary with recovery during winter months and decline during summer
months.

The difference in water levels between the bedrock gfézometer and the subsoil
piezometer has been extending over time. Up to Aggust 2005 the difference was
almost 1m, however that has grown to 4.5m ascp\? @ November 2005. This indicates
that the rate of recharge to the bedrock en&f%@ment from the overburden sand and
gravel to the bedrock has been decreasmg& &
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Observation Boreholes OW3S &0W3D
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Observation boreholes OW3D (deep bed@tib'?}wonitoring point) and OW3S (shallow
subsoil monitoring point) are located \/@f@iﬁ‘ the confines of the Bog of the Ring Water
Treatment Plant and approximatelxéﬂi@f% from PW2. This monitoring point is outside
the designated area of Bog of the‘f%’@b.
N

Information available from 653?¢arilling of this borehole indicates that the natural water
level, pre-abstraction was approximately 0.5-1m bgl. The borehole log indicates that
6.1m of boulder clay overlies 3.65m of sandy clay which overlies bedrock at this

location.

Observation data suggests that the water levels in these piezometers were significantly
impacted during the hydraulic testing of PW1. Abstraction from PW1 is now
discontinued.

The trend in the graph suggests that the Bog the Ring wellfield abstraction may be
having a minor impact on the water levels in the OW3S and OW3D. However the
level change is very minor and may be due to natural fluctuations rather than impacts
due to abstraction.
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Recovery in water levels had commenced at this borehole location in August 2004,
when monitoring commenced. The level in August 2004 and August 2005 are
relatively similar, however the recession on water levels in 2005 continued in these
boreholes until early October 2005. The water level in October 2005 was
approximately 1m lower than the lowest level in the previous year. The recovery in
water levels in 2005/2006 was again approximately 1m lower than in the previous
year. The water levels in August 2005 and August 2006 are very similar.

Water levels in the bedrock and the subsoil piezometers are very similar, therefore,
there appears to be ready recharge to the bedrock environment from the overlying

subsoils.

Observation Borehole OW4
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Observation borehole OW4 is located approximately 5-10m from production borehole
PWa4. This observation borehole is immediately adjacent to the designated area of Bog
of the Ring.

The borehole was drilled on an artificially raised platform (i.e. infilled platform). The
historical data indicates that the water level in this area is approximately 1-1.5m bgl.
The borehole was drilled through approximately 30.5m of subsoil and drilling
continued open hole through the bedrock.
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This borehole is located within the cone of depression induced by abstractions from
PW4. The water level in OW4 is approximately 9-10m higher than PW4. This is
considerable owing to the proximity of this monitoring point to the pumping well.
This suggests that while the cone of depression induced by pumping is large, the most
significant drawdown is very close to the actual abstraction point and this impact
decreases within 10s of metres from the abstraction point.

The monitoring data indicates a declining trend overtime. Originally the water level at
this point was approximately 1-1.5m bgl. Soon after commencement of abstraction
from the scheme the water level had declined to 9-12.5m bgl (Sept 03-March 04). The
monitoring undertaken by TES shows that, although winter recoveries occurred, a
continuing declining trend is evident from August 2004 through to August 2005.
However the monitoring data for August 2005 through to August 2006 shows a
stabilisation in the water levels, with similar water level recorded in August 2005 as in
August 2006. This suggests that equilibrium conditions may have been achieved.

Based on available data, the annual recovery in water levgls in the bedrock occurs in

early March. S
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Observation Boreholes OW5S & OW5D
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This piezometer set are located approxim(\zg%jg&%Sm from PW4. The shallow and deep
boreholes are located immediately to Qs%@mh of the public road and are drilled and

the raised land platform for the roadpf*hé’y are within the designated area of the bog.

SN
Information available from drilling indicates that approximately 40m of boulder clay

exists in this area overlying hgdrock.

The available data from these piezometers suggests that water levels in the bedrock
are significantly impacted as a result of pumping from the wellfield. This is not
considered unusual owing to the proximity of PW4. The impact on the subsoil is very
different to that occurring within the bedrock. Prior to commencement on abstraction
in 2000, the water level in the shallow and deep boreholes was measured at
approximately 1-1.5m bgl. The water levels in the shallow borehole since abstraction
commenced have always been recorded within the interval of 1.5m to 3m bgl up to
June 2005. From June 2005 onwards a decline in water levels has been observed, with
the water level declining by approximately 3m up to October 2005 and thereafter
recovering by 1m over the winter to early summer months of 2006.

A decline of 1m has been observed from June 2006 through to the end of monitoring

TES
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in August 2006. This corresponds with a very dry summer.

The water level in the bedrock is 10-14m below that level recorded in the subsoil. The
large difference in water levels in the bedrock is attributed to the low permeability of
the subsoils with respect to the higher permeability of the bedrock.

On the whole it is suggested that while the bedrock water levels are significantly
impacted, the shallow subsoil environment is not significantly impacted as a result of
abstractions. This is most likely due to the thick low permeability subsoil cover over
bedrock in this area. The water level in the shallow subsoil environment are more

heavily impacted by meteorological conditions.

Observation Borehole OW6S & OW6D
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Observation borehole OW6S and OWG6ED are located approximately 1,380m from
PW?2 at Hynespark Crossroads. The boreholes are located well outside the boundary

of the designated area.

A borehole log for these piezometers could not be located to determine the geological

strata encountered.
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The water levels in both the bedrock environment and the subsoil environment are
relatively stable over the entire monitoring dataset. The water level in the bedrock is
consistently 0.75-1m below the level recorded in the subsoil environment, during both
summer recessions and winter recoveries. Also there are no apparent time lags for
water level increase or decrease between the bedrock environment or the subsoil

environment.

Owing to the regularity of the hydrograph from summer 2003 through to summer
2006, it is considered that the abstraction from the Bog of the Ring Scheme is not
impacting the groundwater environment in this area. Therefore, the cone of depression

induced by pumping does not extend to this area.

Observation Borehole OW7
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Observation borehole OW?7 is located 200m to the southwest of borehole PW5. The

borehole is isolated to monitor the water level in the bedrock environment.

The borehole log indicates that approximately 24.4m of boulder clay was encountered
overlying 21.3m of gravel overlying bedrock. This borehole is screened and isolated

to monitoring bedrock water levels only.
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The hydrograph indicates that during the testing of PWS5, the water level in this
borehole was impacted. A drawdown of approximately 10m maximum was recorded

during July 2000.

Since pumping commenced from PWS5 a consistent decrease in water level has been
observed at this monitoring point. The shape of the drawdown curve at OW?7 is very
similar to that of PWS5. The rate of water level decline has decreased in recent time
(i.e. over the past 12 months or so), which was similarly observed in the curve for
PWS5. This suggests that the zone of depression is approaching equilibrium.

Based on the borehole log for this monitoring point, the water level in the aquifer

remains in the gravel deposits.

Trial Borehole TW7
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Trial borehole TW7 is located approximately 2km to the south of the wellfield and the
drainage pattern suggests that groundwater flow in this area is to the east and not

connected to the groundwater flow in the bog area.

The borehole log indicates that approximately 22m of black boulder clay overlies

black shale, which is highly weathered from 22m to 32m bgl.
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The monitoring data suggests that the water level in this borehole was not impacted
during the 2000 hydraulic testing programme. The monitoring data since abstraction
commenced show a gradual decline. The precise reason for the decline is unproven. A
water level decline of 3m at a distance of 2km would be significant if this were
attributed to the groundwater abstractions.

The water level is relatively steady from August 2004 through to mid May 2005, at
approximately 63.5-63.7m OD. From May 2005 to end September 2005 there is a
consistent decline in water levels of approximately 1m. From September 2005
through to the end of monitoring in August 2006 the water level again is relatively
steady at 62.5m OD.

Other monitoring points between the abstraction boreholes and trial borehole TW7 do
not show the water level trends observed in TW7 (ref Trial Borehole TW10).
Therefore it is concluded that the decline in TW7 is not associated with the
abstraction scheme. It is suggested that the impact on TW?7 is attributable to activities
proximal to this source and is not associated with the abstraction from the Bog of the
Ring Scheme. The groundwater level in the environs oféPW1 was impacted by the
construction of the M1 motorway. This may be a po le explanation for the fall in
water level observed in TW7. Other possible e@T\aﬁ\atlons for such a fall are changes
in abstraction rates in nearby households. o&eé
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Trial Borehole TW10
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Trial borehole TW 10 is drilled on the @ng‘\\of Knockbrack Hill. The borehole is

located approximately 400m from abs

&‘\(‘?9('\‘

The borehole logs indicates th
bedrock. &

&

OQ

C

OO
rzeagg@n borehole (PW2).

O
Qﬁnly 2m of clay/fill overlies shaley limestone

The monitoring data for Juﬁ/ 1999 to June 2000 suggests that the water levels in this
borehole varied from 39.5-42.5m OD. This borehole appears to have been impacted
during the hydraulic testing programme in the summer of 2000. The hydrograph from
June 2003 through to August 2006 shows a relatively stable variation between
summer and winter levels in successive years, with exception of winter 2005/2006
which was very dry. The water levels in the winter of 2005/2006 did not recover to
levels achieved in previous winters, however this is considered to be due to
meteorological conditions during this period (i.e. a dry winter period). The water
levels in August 2003, 2005 and 2006 are very similar, however the water level in
August 2004 is higher, suggesting more rainfall during the summer of 2004.

The relatively rapid change in the water levels suggests that the bedrock aquifer is
readily recharged at this location during rainfall event, even during summer months,
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due to the thin overburden cover. This is consistent with the view that the majority of
recharge to the Bog of the Ring aquifer is from the lands sloping toward the valley,
rather than recharge within the valley itself.

Trial Borehole TW12
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Trial borehole TW12 is Iocatedos‘aopproximately 5m from production borehole PW5.
The borehole log indicatesognﬁ\ 30m of boulder clay overlies approximately 10m of
gravel which overlies limestone bedrock.

The monitoring data indicates that prior to groundwater abstraction from the wellfield,
the water level in TW12 was very stable with water levels recorded at 48m OD (7m
bgl), with very little fluctuations between summer minimums and winter maximums.

The monitoring data also suggests that during the initial period of pumping from the
well-field, the water level was not significantly impacted. A minor consistent
reduction in water level was recorded up to March 2004, i.e. following 9 months of
pumping, with the water level recorded at 47m OD. Following a short break in
monitoring the water level was noted to have reduced significantly to 37.5m OD and
this has continued to fall to a level of approximately 34.25m OD noted in August
2006.
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As detailed above, trial borehole TW12 is approximately 5m from PW5 and the
current water level is 21m bgl. The water level in PWS5 is currently 35m bgl. The
water level in OW7, which is 200m from PWS5 is 32m bgl. The variation in the
recorded water level is not consistent with general groundwater flow principles, which
would suggest that water levels falls are greatest proximal to the abstraction point,
with a gradual lessening of impacts at greater radial distance from the abstraction
borehole. However, the geological and hydrogeological environment at Bog of the
Ring is complex.

A probable explanation for the water level being higher in TW12 than the other
boreholes is a slow leakage of groundwater from the overburden into the bedrock
environment. PW5 and OW?7 are both isolated to record the water level in the bedrock
only.

The drawdown in OW7 and TW12 suggests that groundwater in the bedrock is
transmitted to the abstraction point PW5 more rapidly than the groundwater in the
subsoil. The cone of depression around PW5 is quite lgfge as a result of the low
permeability of the boulder clay. Recharge of the bedfock is considered to be on the
flanks of the hills adjacent to the valley. yof\o‘ﬁﬁ

P&
The monitoring data from TW12 doesoa@f@%play any levelling of the water level
decline observed in both PW5 and @W7. It is therefore concluded that there is
continued downward percolation gf*ﬁﬁundwater from the overburden to the bedrock
environment at the natural rate diét\:ta‘?\éd by the permeability of the subsoil.
&
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Trial Borehole TW13
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Trial borehole TW13 is located on the norgi%eﬁ road verge approximately 310m to the
northwest of PW4. & §®‘
o8 ~<\
The borehole log for TW13 mduféog& that 36m of gravelly clay, with lenses of gravel
overlies fissured and fractured @@estone bedrock.
&

The monitoring data indicates that the initial water level at this location varied
between Om and 1m bgl. The borehole is located within the designated area therefore,

such a water level is consistent with the wetland setting.

However, since the commencement of monitoring a consistent decline in water levels
has been observed. This decline appears to have reduced in the past 12 months (i.e.
from August 2005 to August 2006) and equilibrium conditions appear to be achieved.
The water level in August 2005 is very similar to that of August 2006.
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Trial borehole TW14 is located on the 2@5@&% to the north of the bog valley. It is
situated approximately 675m from theég‘?g@st abstraction point (PW2). This borehole

is located 250m from the alignment\d?éﬁqc’e M1 motorway.
S
X

The natural water level in

4 is recorded at approximately 6.5-8m bgl. The

.
monitoring data suggests aogé%ﬁftion in the water level in this borehole over those

recorded in 2000.

The water level monitoring since the commencement of abstraction from the scheme
shows a decline in the water level in TW14. This decline has continued even though
winter recoveries have been observed, i.e. a cumulative year on year decline.
However the monitoring for 2005 to 2006 suggests that conditions approaching
equilibrium have been achieved. The water level from June 2005 through to August

2006 are very similar.
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Shallow Standpipes in the Organic Rich Clay Topsoil/Shallow Subsoil

A number of shallow standpipes have been installed within the designated area of the
Bog of the Ring to determine if the groundwater abstraction is resulting in a
progressive reduction in the watertable. This is of considerable importance as viability
of continued groundwater abstractions from the pilot scheme will be dependent on
ensuring that the water level in the soil environment is not significantly impacted.

Impacts on the soil environment as a result of the abstraction scheme would be
apparent from progressive declining water levels in the shallow standpipes, indicating
a drying out of the shallow soil/subsoil environment.

Site investigation undertaken across the designated area and adjacent lands indicates
that the soil is predominantly an organic rich clay rather than a peat. Consequently
natural watertable fluctuations are to be expected between winter maxima levels and
summer minima levels.

Under natural conditions the watertable across the designatéd area is high and close to
the surface to maintain growth of the wetland vegetation. A consistent lowering of
this shallow watertable has the potential to s%ﬁ@?ntly and permanently impact on
the ecological status of the Bog of the Rirlga&\ erefore, water level monitoring is a
vital requirement to ascertain if the soil g{ﬁ?i\re%nment is being impacted over time (i.e.
from commencement of abstraction f@g@he scheme onwards).
s

In 1999, prior to the commencem\evn‘?\\of abstraction from the Bog of the Ring Scheme,
23 No. shallow standpipes wgteo installed across the designated area. A number of
these shallow groundwatercﬁ%onitoring points (S1B, S4, S5, S6, S13, S14A, S14B,
S17) have been in place since November 1999 and remained in-situ for the monitoring
surveys undertaken by TES. A number of additional standpipes were installed in
December 2005 to improve the coverage of monitoring points within the designated
area. In total 4 No. standpipes were installed, 1 No. as a replacement to a previous
monitoring point (S7) and 3 No. new monitoring points within the northern block of
the designated area.

The monitoring data for all standpipes is presented below and the discussion of this
data is grouped together, as the conclusions are very similar. All standpipes are
located on the valley floor and within or immediately adjacent to the designated area
(PNHA).
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The objective of monitoring from these shallow standpipes is to ensure that the
watertable across the designated area is not adversely impacted by the operation of the
groundwater abstraction scheme. The long term viability of the abstraction scheme is
subject to determining that abstraction scheme can be operated with no impacts on the
wetland nature of the designated area.

The water level data for all shallow monitoring points indicates that the water levels
fall during dry meteorological periods and corresponding periods of high plant
moisture uptake. The water level within the bog floor can fall in excess of 3.1m
(S14B). However the water levels increase rapidly following rainfall events. The
water levels are generally steady and are generally high, i.e. watertable close to the
surface, except during the summer months, when water levels in the Bog the Ring
naturally decline. The water levels fall during summer. It would be expected that due
to the low permeability of the clay topsoil/subsoil there would be a lag between
rainfall and recharge. The response of increased water levels to rainfall suggests that
the recharge is fast-tracked, through preferential flow conduits.
&

The available data suggests that the bog is nob“%emg consistently dried by
groundwater abstractions. During much of thg\\\w?nter period the shallow topsoil

environment is fully replenished. 0Q0$
Q&
(\ \
Summary of Water Level Monltormq,l%?@?amme

q
No significant impact has been q\sﬁlayed in the soil environment. The water level in
the soil environment is dlctatpgﬁ by the low infiltration capacity of the soil and the
rainfall occurring througho@?‘\the year. The low infiltration rate holds the water at or
close to the surface. There is a rapid response in water levels to rainfall events. This
enables the growth of waterlogged vegetation throughout the year.

Where thick, low permeability overburden overlies bedrock, there is a significant
difference between the subsoil and the bedrock water levels. This is apparent from the
paired boreholes where the water levels in the subsoils are consistently higher than in
the bedrock.

When assessing the water levels it is important to have regard to the proximity or
distance to the abstraction boreholes. Very significant differences have been recorded

in monitoring points within 10m of PW4 and PW5.

Bedrock water levels are generally lower than the subsoil water levels. This suggests
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that water flow through the bedrock is faster and less impeded than through the
subsoil.

Recharge to the aquifer, and ultimately the production boreholes, is essentially a
function of the infiltration capacity of the overburden. The overburden across the Bog
of the Ring generally impedes infiltration. The overburden on the hillsides adjacent to
the Bog of the Ring are generally free draining and act to provide significant recharge
to the aquifer.

The monitoring data suggests that from mid 2005 to mid 2006 equilibrium conditions
have generally been achieved or closely approached. The cones of depression induced
by pumping have now stabilised, whereby there is sufficient catchment to enable
recharge of the aquifer and thus maintain abstractions at a steady rate.

The water level monitoring has not produced evidence that the shallow soil
environment is being progressively negatively impacted by the operation of the
abstraction scheme. Ecological surveys of the Bog of the Ring have indicated that
there is only a marginal drying of a small area of the des@i\gﬁrated area of the Bog of the
Ring. It is concluded that the marginal drying is a facteF of a very dry summer of 2006
and dredging works undertaken by the OPW ior;?@\éo;}@%st to improve land drainage.
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8 GSI GROUNDWATER PROTECTION SCHEME REPORT

The Geological Survey of Ireland has prepared a Groundwater Protection Zones
report for the Bog of the Ring, on behalf of Fingal County Council. A full copy of the
GSI Groundwater Protection Scheme Report is included in Appendix E.

As part of the hydrogeological assessment, the GSI report was reviewed to assess the
conceptual model of the aquifer hydraulic regime. The objective of the GSI report was
to delineate source protection zones for the 4 No. production boreholes based on the
principal hydrogeological characteristics of the Bog of the Ring area.

Some pertinent information regarding the geological and hydrogeological setting of
the site are extracted from the GSI report:

e All in-service production boreholes are drilled into the Loughshinny
Limestone Formation, which is described as a shaley limestone, which is
presumed to be dolomitised. This limestone unit @grouped into a geological

unit referred to as the Calp Limestone. N
&
SN
e The Calp Limestone occupies the Iowég%f@ valley floor in this area, which is
bound to the south and north by and sandstones. The distribution of

geological units is shown on M@@ gz\bf the GSI Groundwater Protection Zones
report, included in Appendlxcﬁ\\
<<°Q$

e The Calp Limestone |556Ia55|fled as a Locally Important Aquifer that is
generally moderatelyqd?bductlve (Lm). The Namurian Sandstones and Shales
to the south of the \félley are generally unproductive except in localised zones
(i.e. Poor Aquifers). The Lower Palaeozoic rocks, which are faulted against
the Bog of the Ring Limestone, to the north of the valley, are classified as
Locally Important Aquifers.

e The description of the rock encountered during drilling is consistent with the
mapped lithologies. The bedrock within the valley floor is highly fractured and
fissured. Significant groundwater flow is recorded from these fractures and
fissures. Water levels in the bedrock are generally lower than the subsoils
suggesting that the bulk permeability of the bedrock is significantly higher
than the subsoil.

e The subsoils in the region of Bog of the Ring comprise a mixture of fine to
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coarse grained materials, specifically till, lacustrine clays, alluvium and gravel.
The GSI report indicates that the water level monitoring shows a variation in
the response of rainfall recorded in subsoil monitoring boreholes. In places a
rapid response to rainfall is observed in the subsoils, indicating high
infiltration rates and permeability. In other places, especially within the Bog of
the Ring area, the response is significantly delayed, indicating low
permeability subsoils. It is concluded from the water level monitoring that the
aquifer is readily recharged along the edge of the valley and on the hillsides
following rainfall events.

e Over much of this region, the depth to bedrock is generally greater than 10m
and on the valley floor the depth to bedrock typically exceeds 15m. The upper
subsoil layer comprises boulder clay and the lower subsoil layer comprises
saturated granular material.

e Meteorological data indicates that the 30 year average rainfall in this area is
808mm/year. Allowing for free evaporation and plant transpiration, the
potential available recharge is 358mm/year. Hows¥er, actual aquifer recharge
is dictated by the permeability and thlckne&’%‘ of mineral subsoils. In the
Protection Zone report, the GSI have a&éy@d recharge coefficients for each
subsoil type and thickness. The rech anges from Omm/year (where thick,
low permeability conditions occug%nd’“the aquifer is confined) to 322mm/year
(where the subsoil is thin anggqﬁ‘%si%eable) The GSI report concludes that the
recharge over most of the &;e%\& estimated to be approximately 57mm/year.

0

e Owing to the presencepgﬁow permeability clays over much of the valley floor
where the Bog of tmﬁling designated area occurs, the recharge is assumed to
be very low to absent. The predominant recharge zones for the aquifer are on
the higher elevation lands where the lands are freer draining.

e Hydrogeological data from the GSI report indicates a degree of hydraulic
continuity between the mineral subsoils and the bedrock, however this is
variable depending on the nature of the subsoil, i.e. whether low permeability
clays or high permeability sands and gravels.

e An approximate 5-15m thick layer of sands and gravels are recorded overlying
bedrock in the Bog area. The sands and gravel are overlain by an approximate
10m thick layer of low permeability clays.
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e While hydrogeological data indicates the occurrence of high transmissivity
zones in the Calp Limestone, the GSI report, supported by the TES water level
monitoring findings, indicates that the limiting factor on sustained supplies
from the Bog of the Ring scheme is low potential for the aquifer to receive
recharge.

e The water level monitoring suggests that the percolation rate of groundwater
from the subsoils to the bedrock is the limiting factor. The bedrock is capable
of transmitting groundwater to the boreholes, however the sustainability factor
is dictated by the recharge from the subsoils.

¢ In the immediate environs of the production boreholes, the pumped water level
is lowered to within the bedrock zone. However, the water levels in the
observation boreholes indicate that the water level is generally above or within
the gravel.

e The groundwater vulnerability over the majority of the lands in the Bog of the
Ring area are classified as low, due to the resence of a thick, low
permeability subsoil. The vulnerability on the &brthern and southern flanks of
the hills adjacent to the valley, which |s¢1ﬁ0@ﬁam recharge area for the Bog of
the Ring, varies from low to extren@ﬁ@y\flned GSI Vulnerability Categories)
and is dependent on the thlckness(of tﬁe subsoil overlying bedrock.

63‘\§

e Groundwater flow in th «ﬁg&ock is through faults and fractures in the
bedrock, with the main frﬁcture alignment believed to be along a west-
northwest to south- souggfeast zone.

&

e The eastern extent of the cone of depression induced by abstraction from the
scheme is situated between Decoy Bridge and the old N1 roadway. The
western extent of the cone of depression induced by abstraction is situated
near Hazardstown. The western boundary suggests that the groundwater divide
for the Bog of the Ring Abstraction Scheme extends into the River Delvin
surface water catchment. The northern and southern boundaries are coincident
with the break in topography. Drainage from the north and south is dependent
on gravity flow towards the valley floor through the subsoils.

e Numerical modelling of the groundwater regime in the environs of Bog of the
Ring indicates an exceptionally complex hydrogeological regime. However, as
submitted in the Groundwater Protection Zone report, an available catchment
area exists to support abstractions up to 3,500cu.m/day, however significant
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uncertainties and assumptions are incorporated into the model. The GSI
recommend further monitoring to assess the reliability of the model output.
The water level monitoring and reporting herein addresses this
recommendation.

e The numerical model was also used to assess the catchments for increasing
abstraction up to approximately 5,000cu.m/day (i.e. by increasing abstraction
by 50% from PW2, PW3 and PW5).

It not the purpose of this report to validate the findings of the numerical model
prepared by the GSI in the Groundwater Source Protection Zones report. However
the conceptual model and the justification of parameter inputs to the model appears to
be well founded and the level of information available on the hydraulic monitoring
data and constraints on recharge should allow for sufficient calibration.

The recharge rate is considered conservative, but was based on very little data at the
time of the model simulation. The water level monitoring programme has shown
response to rainfall events, suggesting that the recharge gfiay be higher than used in
the model. The water level monitoring indicates that e aquifer responds to rainfall.
The recharge rate is higher in the valley edge alad\ggﬁihe hillside and along the stream
channel, where higher infiltration rates ca&u\@expected due to the occurrence of
higher permeability subsoils. Rt
The main numerical model was %g(ﬁlé?ed for an abstraction rate of 3,500cu.m/day, a
sensitivity analysis was undertakgfpﬁ\t an abstraction rate of up to 5,000cu.m/day. The
GSI analysis does not showézéao significant change to the main simulation. It is
suggested that with a slightcty%igher recharge rate incorporated into the model, which
would be justified based on the water level monitoring programme, an abstraction rate

of 4,000cu.m.day would be readily achievable.

The GSI report does not purport to provide a basis for estimating the sustainable yield
of the production borehole. The GSI report recommends a programme of water level
monitoring to establish a reliable basis for such estimation.

Information detailed regarding the numerical model of the Bog of the Ring is a
summary of the detailed information included in the GSI Source Protection Zones
report (GSI, January 2005). It is strongly recommended that the GSI report is
referenced as the primary data source when reviewing the groundwater regime within
the Bog of the Ring area. A full copy of the GSI Source Protection Zone report, is
reproduced in Appendix E of this report for ease of reference.
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9 SUSTAINABILITY OF GROUNDWATER FROM BEDROCK AQUIFER

A specific assessment was required to assess the maximum sustainable yield of the
Bog of the Ring aquifer, as opposed to sustainable yield from the current scheme. The
objective of this assessment is to determine if any potential exists for expanding the
Bog of the Ring Groundwater Abstraction Scheme.

The sustainable supply assessment of the production boreholes is fully detailed in

Section 5 of this report. This assessment, based on borehole hydraulics and

monitoring data, has estimated that the production boreholes are capable of the
following long term yields:

e PW2 1,500cu.m/day

e PW3 1,100cu.m/day

e PW4  150cu.m/day

e PWS5 1,100cu.m/day

Total: 3,850cu.m/day

@é\)&

This section addresses the potential of the Iimes@%\@ﬂuifer as a groundwater unit, as
opposed to specifically assessing the productig?(ﬁé)reholes. This examination is based
on an assessment of existing topographic a@ﬁo ological maps for the region, together
with hydrogeological interpretations Vi ed in the GSI Groundwater Protection

Zones report and findings from the \
<<0\ \\'\\Q

The site investigations undertakgﬂcﬁithin the Bog of the Ring area have indicated the
major water bearing aquifoqéé\unit in this area is the Loughshinny Formation.
Production borehole PW2, PW3 and PW5 are highly productive and drilled into this
unit. Production borehole PW4 is also drilled into this unit but is of significantly
lower potential than the other boreholes.

Production borehole PW1 was drilled to the east of the M1 alignment and records
indicate that it encountered different geological material than PW2, PW3 and PW5
further west. It is suggested therefore that the a north-south trending geological fault
in this area has impacted on the groundwater potential.

Therefore, the study of the aquifer potential in the Bog of the Ring area focuses on the
aquifer potential of the limestone rock on the valley floor to the west of the M1, which
is bound to the south by rock which is classified as a Poorly Productive Aquifer. The
Bog of the Ring Aquifer is defined as the bedrock unit servicing the existing
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production boreholes.

The investigations undertaken in the Bog of the Ring area indicate that the major
control of the hydrogeology is the low recharge rate. The occurrence of thick, low
permeability subsoil overlying the Bog of the Ring valley floor significantly impedes
infiltration of rainwater to the bedrock.

However, the monitoring undertaken by TES Consulting Engineers has shown a
relatively quick response in subsoil and bedrock water levels to rainfall events.
Therefore, it is concluded that the aquifer is recharged at a higher rate than used in the
GSI numerical model. It is concluded that fast recharge occurs on the hillsides to the
north and south of the valley (due to the occurrence of higher permeability subsoils),
while slow recharge occurs within the valley floor (due to the occurrence of low
permeability subsoils). For calculation purposes, based on site investigation data and
subsoil distribution, 75% of the land feeding the aquifer is limited to a recharge rate of
57mml/year (i.e. owing to the prevalence of low permeability subsoils) and the
remaining 25% of the area was recharged at a rate of 322mm/year (i.e. the maximum
estimated actual recharge value quoted in the GSI Reporé)ﬁg"
&

The maximum abstraction rate used in t@%@?@alculaﬁon was 4,080cu.m/day
(1,490,220cu.m/year), which equates to the &#f(@t operating capacity of the treatment
works. The land area required to provibdog@aéharge to the aquifer, using the recharge
coefficients detailed above, to allo%e%\"gs?raction of 4,080cu.m/day is calculated as
12km?. The catchment area deline@ﬁdﬁ)y TES from both the water level monitoring
programme data and the inforrr@ﬁﬁon gained from the GSI numerical model, is
provided on Figure 3 herein. égx\o

&
The catchment area for the Bog of the Ring scheme presented by the GSI comprises
an area of approximately 17.5km® (Ref. Map 5 of the Groundwater Protection
Scheme). Based on the low recharge rate allowed in the numerical model, an area of
17.5sg.km is required to allow abstraction.

However, the water level monitoring programme has determined a conflict in the
catchment area delineated by the GSI. The main difference in the catchment area
delineated by TES and GSI results is the inclusion of a significant catchment area
(approximately 5km?) to the east of the M1 in the GSI map. The water level
monitoring undertaken by TES indicates that the abstraction scheme is not impacting
on water levels at observation borehole OW6. There is only a very small impact on
water levels at trial borehole OW3. Therefore the catchment boundary is somewhere
in between these points.
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Therefore, it is submitted that the area to the east of the M1 should not be included in
the catchment area of the abstraction scheme.

The water level monitoring programme does indicate that the water levels are
impacted at distances from the abstraction points. The cone of depression (i.e. the area
around the abstraction point where water levels are reduced) formed by the
abstraction is large. The large cones of depression have formed owing to the geology
of the area, whereby recharge to the aquifer is low due to the dominance of the low
permeability clay overlying the valley floor. The main recharge area for the aquifer is
from the hillsides to the north and south of the valley, where the subsoils are more
permeable and generally thinner, allowing higher infiltration of rainwater to the
aquifer.

The catchment area delineated by TES is generally consistent with the GSI catchment
boundary, with the exception of the eastern area of approximately 5sq.km, which was
removed by TES, based on water level monitoring findings. The catchment boundary
to the north, south and west is generally consistent with the GSI boundaries.
\)&

In the environs of PW5, groundwater flow is mduced&b flow across a sub-catchment
boundary. Groundwater in the bedrock to the \@é%t?%f this area, that would normally
contribute to the River Delvin catchment, lsdiﬁ@rsed to flow towards PW5. The large
size of the cone of depression around P\Q@.{@due to the very thick, low permeability
clay cover in this area. The impact &ﬁm reversed groundwater flow is considered
low to imperceptible, owing to t \e&ﬁ‘stence of a thick deposit (up to 20m) of low
permeability subsoil. Therefore &ﬁere iIs no risk of the abstraction reducing the
baseflow to the River Delvin. o¢\

&
At present there are 4 No. production boreholes abstracting from the aquifer. The
boreholes have been situated in areas of known aquifer productivity, however the
cones of depression have gradually enlarged (owing to the limited recharge of the
bedrock aquifer) to an extent where they overlap. This is not considered to
significantly impact on the performance of any individual abstraction borehole or the
overall scheme. The water level monitoring data indicate that it has taken up to two
years for the scheme to achieve equilibrium conditions. The monitoring indicates that
the water levels in the bedrock and subsoil have been relatively stable from June/July
2005 to August 2006.

The site investigations (i.e. trial borehole drilling) have shown that the bedrock is
most productive within the limestones along the valley of Bog of the Ring. The
fracturing within the bedrock has resulted in a high permeability media for
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groundwater movement. However, the sustainability of supplies from such an aquifer
are ultimately dictated by the rate at which the bedrock is replenished by recharge, i.e.
a balance has to be maintained between input and output.

The site investigation and the water level monitoring show that the overburden
restricts the recharge of the limestone aquifer along the valley floor. This is
considered a significant limiting factor on the aquifer as a whole. The cones of
depressions induced by the current abstraction have enlarged to an extent whereby the
area required to sustain the current abstraction is approximately 12sq.km. This is very
large and crosses a surface water catchment boundary to the west.

As detailed earlier in this section, the Bog of the Ring Aquifer is defined as the
bedrock unit servicing the existing production boreholes. It is therefore submitted that
there is no significant scope for increasing abstraction from the Bog of the Ring
Aquifer.

Increasing abstraction from the scheme has the potential to over-exploit the aquifer,
whereby there is insufficient recharge to the aquifer togineet the abstraction. Any
increase in abstraction would result in an enlargemen the zone of contribution that
would be considered excessive and unsustalnabtg\\\ &

While the current zone of contrlbuthm @tends slightly into the River Delvin

catchment, increased abstraction result in a extension of the zone of
contribution significantly into a Ig(lg(e(®elvm area, which could potentially result in an
impact on the River Delvin. K By
O
X

Based on existing studies ai the Bog of the Ring Aquifer, the estimated sustainable
yield from this aquifer is approximately 4,000cu.m/day (+/- 15%).
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10 CONCLUSIONS

This report has been prepared by TES Consulting Engineers for Fingal County
Council, as the final hydrogeological assessment of the Bog of the Ring Groundwater
Abstraction Scheme, following from the 2 year water levelling programme, ranging
from August 2004 to August 2006 and all existing data back to 1994..

The Bog of the Ring is located in north County Dublin. The site is approximately 4km
to the east of Naul and 5km to the southwest of Balbriggan. The M1 motorway
carriageway encroaches on the eastern extremity of the site.

Fingal County Council operate the Bog of the Ring Groundwater Abstraction Scheme
to augment potable water supplies to north County Dublin.

The Bog of the Ring Groundwater Abstraction Scheme sources raw groundwater from
4 No. Production Boreholes. The raw groundwater L§ transmitted to a Water
Treatment Plant prior to being pumped to the distribution network. Groundwater
abstractions for the scheme commenced in July (%l(z%\go&
<O

Bog of the Ring is an ecologically sensiti\@%é%band is designated by the Department
of Environment, Heritage and Local G@g\\@{@?nent as a proposed Natural Heritage Area
(DNHA). &
QQ&Q\\'\\Q

A network of groundwater monL@ﬁng boreholes and standpipes have been installed in
the Bog of the Ring area sinogé\lnvestigations begun on the Abstraction Scheme. The
water levels have been monitored from the installations to establish if the groundwater

abstraction is having any long term negative impact.

This report has been prepared to provide as detailed as possible responses to the
following:
1. Is the Bog of the Ring Groundwater Abstraction Scheme impacting of the
ecological status of the designated area (pNHA).
2. What is the maximum sustainable yield from the current array of abstraction
boreholes.
3. What is the sustainable yield from the aquifer.
4. Are the findings of the water level monitoring and the current understanding
of the aquifer consistent with previous studies undertaken in this area.
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Ecoloqical Status of the Designated Area (pNHA)

With respect to the assessment of ecological impacts as a result of the abstraction
scheme, the following is concluded:

e Monitoring of the shallow soil water levels have been on-going over the two
year survey period, to specifically focus of the potential impact on the
abstraction on the wet nature of the site.

e The water level monitoring programme indicates that the shallow soil
environment is rewetted rapidly following rainfall events. While drying of the
soil environment is noted during prolonged periods of dry weather, the water
levels rebound to at or close to the surface.

e Ecological surveys were also undertaken to assess the current status of the site
(2006) relative to the status in 1999 (i.e. pre abstraction).

e There is no significant difference between the habitat surveys conducted in
1999 (prior to commencement of abstractio&a?and 2006 (3 years following
commencement of abstraction). of\oﬁ\

S
e The hedgerow surveys indicatebtola@\%ﬁ%ings of 1999 and 2006 are consistent,

however it is noted that the Q@éggé‘rows have received no management in the
intervening years;

S

o

e The detailed vegetatio@ﬁonitoring observed a marginal change in some areas
of the designated site’from the 1999 survey to the 2006 survey. The change is
attributed to lack of site management (i.e. lack of grazing and cutting) and

some drying of land.

e The water level monitoring has concluded that the soil environment is
rewetted rapidly following rainfall, it is concluded that the marginal drying is
attributable to a very dry summer in 2006 coupled with the arterial drainage
improvement works undertaken by the OPW in the past.

e It is concluded that the operation of the Bog of the Ring Groundwater
Abstraction Scheme is not significantly impacting on the ecological status of
the designated area.
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Bog of the Ring, Fingal County Council — Hydrogeological Assessment October 2006

Sustainable Yield from the Current Array of Abstraction Boreholes

With respect to the assessment of sustainable yield from the current array of
abstraction boreholes, the following is concluded:

e Abstraction from Bog of the Ring has been on-going since July 2003.

e Raw groundwater is currently abstracted from 4 No. Production Boreholes
(PW2, PW3, PW4 and PW5).

e The information available indicates that the hydraulic efficiency of the
boreholes has decreased significantly from the original borehole hydraulic
characteristics determined in 2000.

e The decrease in hydraulic efficiency has been calculated, based on August
2006 data, varying between 54.2% (PW2) to 77.94% (PWS5).

e This report concludes that the 2000 pump test pg@@'ramme over-estimated the
potential of the aquifer. &

S
SO
e The data available following almc\)éd%@years of continuous abstraction is
considered a more reliable indica(t)@?%f*)the true potential of the overall system.
S
O
e The potential of the bedr ‘ﬁ\s”’y\stem cannot be separated from the overlying
subsoil, as the overburdencg‘?\}imately dictates the rate of aquifer recharge and
. S . . .
thus impacts on the sus@gamable supply from a particular abstraction point.
N
QO
e Based on assessment of the abstraction borehole yields and water levels,
together with interrogation of the monitoring borehole data, the following are
provided as the maximum sustainable yield:
o0 Production Borehole PW2  1500cu.m/day
0 Production Borehole PW3  1100cu.m/day
o Production Borehole PW4 150cu.m/day
0 Production Borehole PW5  1100cu.m/day

Total 3,850cu.m/day

e |t is recommended that the hydraulic efficiency of the boreholes is examined
annually to assess the continued performance of the boreholes.
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Sustainable Yield from the Aquifer

With respect to the assessment of the potential for expansion of the scheme, the
following is concluded:

e The site investigations undertaken within the Bog of the Ring area have found
that the major water bearing aquifer is restricted to the Limestone Aquifer
occupying the valley floor.

e The thick deposit of low permeability clays within the valley floor generally
impede infiltration of rainwater and recharge of the aquifer.

e The abstraction from the current array of production boreholes has resulted in
the formation of large cones of depression, which have extended over a large
area (calculated as 12sq.km). The cones of depression is essentially the area of
land required to provide adequate recharge to the underlying aquifer.

e The catchment area delineated from the water ley¥&l monitoring data and the
existing hydrogeological understanding of thefsite is essentially confined to
the west of the M1 motorway. The catgﬁg‘@\t area extends across a surface
water catchment (i.e. into the River g{@ catchment) to the west. The impact
of the groundwater cone of dg@}e\é%lon extending into the River Delvin
catchment is considered im ‘\g@ﬁtible with respect to surface flows. The
catchment divide to the ngdﬁh‘?and south are generally consistent with the
topography and surface dg\&ﬂ‘?\?xge into the Bog of the Ring Valley.

X

e It is concluded thatsthere is no significant scope for increasing abstraction
from the Bog of the Ring aquifer without an unsustainable enlargement of the
catchment area.

e Increasing abstraction from the scheme has the potential to over-exploit the
aquifer, whereby there is insufficient recharge to the aquifer to meet the
abstraction.

e Based on all monitoring data to date on the Bog of the Ring Aquifer, the
estimated sustainable yield from this aquifer is approximately 4,000cu.m/day
(+/- 15%).
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Comparison of water level monitoring findings with previous studies

With respect to the findings of the water level monitoring with previous
investigations, the following is concluded:

e Studies undertaken prior to the commencement of abstraction indicated that
the water level in the soil environment within the designated area would
naturally fall during prolonged dry periods, especially during the summer and
recover during wet periods. The water level monitoring has verified this, with
water level recovery in the soil environment rebounding rapidly in response to
rainfall. The water level monitoring in the soil environment has demonstrated
that there is no progressive lowering of shallow soil water levels.

e The initial pump testing of the production boreholes indicated that the aquifer
was highly productive, with very high productivity characteristics. However,
following 3 years of almost continuous abstraction, the hydraulic
characteristics have decreased significantly. It is¥concluded that the initial
pump tests resulted in an over-estimation of @ﬁe productivity of the aquifer.
The most recent data is considered a mﬁ?‘e?%ccurate reflection of the overall
hydrogeological regime in the Bog ogdff?@éﬁmg area.

N \&

e The water level monitoring p é@&é}nme indicates that a sustainable supply is
available from the Bog of&hi\ﬁlng aquifer (4,00cu.m/day +/- 15%), which is
consistent with the deagrgea%amty of the treatment works (4,080cu.m/day).

X

e The catchment areadélineated from the water level monitoring programme are
generally consistent with the catchment area delineated by the GSI, which one
notable exception. The GSI include a significant area to the east of the M1
motorway (approximately 5sg.km). The monitoring programme indicates that
the cone of depression induced by abstraction does not extend into this area.

e It is noted that all previous site investigation data and GSI Source Protection
information was assessed and utilised during the course of the monitoring
programme. It is therefore acknowledged that similarities will inevitably be
deduced by using some of the same dataset.

e It is suggested that further monitoring be undertaken at a lesser frequency (i.e.
quarterly per annum) to verify the findings of this report and to provide further
analysis of the performance of the Bog of the Ring Abstraction Scheme.
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