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Project description

Since the 1980s, the Geological Survey of Ireland (GSI) has undertaken a considerable amount of work
developing Groundwater Protection Schemes throughout the country. Groundwater Source Protection
Zones are the surface and subsurface areas surrounding a groundwater source, i.e. a well, wellfield or
spring, in which water and contaminants may enter groundwater and move towards the source.
Knowledge of where the water is coming from is critical when trying to interpret water quality data at the
groundwater source. The ‘Zone of Contribution’ (ZOC) also provides an area in which to focus further
investigation and is an area where protective measures can be introduced to maintain or improve the
quality of groundwater.

This report has been prepared for Anbally & District Group Water Scheme as part of the Rural Water
Programme funding initiative of grants towards specific source protection works on Group Water
Schemes (DECLG Circular L5/13 and Explanatory Memorandum).

The report has been prepared in the format developed during an earlier pilot project “Establishment of
Zones of Contribution” which was undertaken by the Geological Survey of Ireland (GSl), in collaboration
with the National Federation of Group Water Schemes (NFGWS), and with support from the National
Rural Water Services Committee (NRWSC).

The methodology undertaken by the GSI included: liaising with the GWS and NFGWS to facilitate
data collection, a desk study, a site visit to inspect the supply, the local area, and to record
groundwater level(s). The data was then analysed and interpreted in order to delineate the ZOC.

The maps produced are based largely on the readily available information in the area, a field
walkover survey, and on mapping techniques which use inferences and judgements based on
experience at other sites. As such, the maps cannot claim to be definitively accurate across the
whole area covered, and should not be used as the sole basis for site-specific decisions, which will
usually require the collection of additional site-specific data.

The report and maps are hosted on the GSI website (www.gsi.ie).
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1 Overview: Groundwater, groundwater protection and groundwater
supplies

Groundwater is an important natural resource in Ireland. It originates from rainfall that soaks into the ground.
If the ground is permeable, the rainfall will filter down until it reaches the main body of groundwater, which is
usually within either the bedrock, or a sand/gravel deposit. If the bedrock or sand/gravel deposit can hold
enough groundwater and allow enough flow to supply a useful abstraction, it is referred to as an aquifer.

In Irish bedrock aquifers, groundwater predominantly flows through interconnected fractures, fissures, joints
and bedding planes, which can be envisaged as a ‘pipe network’, of various sizes, with varying degrees of
interconnectivity. The speed of flow through this network is relatively fast, delivering groundwater, and a
large proportion of the contaminants present in the groundwater, to its destination e.g. borehole, spring, river
and sea.

In sand/gravel aquifers, the groundwater flows in the interconnected pore spaces between the sand/gravel
grains. Generally, this is equivalent to a filter system that may physically filter out contaminants to varying
degrees, depending on the nature of the spaces and grains. It also slows down the speed of flow giving more
time for pathogens to die off before they reach their destination e.g. borehole, spring, river and sea.

Further filtration of contaminants may occur where the aquifers are protected by overlying soil and subsoil;
thick, impermeable clay soil and subsoil provide good protection while thin, very permeable gravel will
provide limited protection. Therefore, variations in subsoil type and thickness are important when
characterising the ‘vulnerability’ of groundwater to contamination.

The karst limestone aquifers provide significant and important groundwater supplies in Ireland. Karst
landscapes develop in rocks that are readily dissolved by water e.g. limestone (composed of calcium
carbonate). Consequently, conduit, fissure and cave systems develop underground1. Groundwater typically
travels very fast in karst aquifers, which has a significant impact on the water quality; neither filtration nor
pathogen die-off are associated with these aquifers.

The interaction between abstraction and geology is shown in Diagram 1. In this scenario, a borehole is
pumping groundwater from the bedrock aquifer. As the water is abstracted through the well, the original
water table (a), is drawn down to level (b), where it induces a drawdown curve of the natural water table (c).
The shape of this curve depends on the properties of the aquifer, for example, if the borehole is intersecting
an aquifer with few fractures that are poorly interconnected, the groundwater from that system will soon be
exhausted, and therefore the pumping will have to pull from deeper depths to maintain supply, which results
in the steep, deep drawdown curve. Alternatively, if the borehole is intersecting an aquifer with a large
number of well connected groundwater-filled fractures, the abstraction will be met by pulling water from
farther away, at a shallower depth, resulting in a shallow, wide drawdown curve.

By knowing the rate of abstraction (output), how much rainfall there is (input), and by assessing the
geological elements outlined above (nature of the bedrock fractures or sand/gravel deposit; how permeable
the soil and subsoil are) to determine what happens in between input and output, the catchment area, or
‘Zone of Contribution’ (ZOC), to any groundwater water supply can be determined.

Anbally & District GWS is supplied by a single borehole located in a regionally important
aquifer with karstified conduit flow (Rk.). The current abstraction rate is estimated at
138 m*/day.

! Geological Survey of Ireland, 1999.
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Diagram 1. Rural Landscape Highlighting Interaction between Surface Water, Groundwater and
Potential Land Use Hazards.

2 Location, Site Description, Well Head Protection and Summary of
Spring Source Details

The Anbally & District Group Water Scheme (GWS) is supplied from a borehole in the townland of
Tawnaghmore, Anbally, Corrofin, Co. Galway (Figure 1). The current scheme demand is approximately
69 m3/day, estimated based on 115 connections with 3 PE per connection and a demand of 0.2 m3/day per
PE. The abstraction rate observed on site on 18 June 2014 was 63 m3/day. Average daily usage between
18 June and 16 September was just 23.5 m3/day. There are no borehole yield data available.

The GWS site is located 2.1 km southwest of Corrofin village centre, on the south side of a cul-de-sac local
road heading east off the N17 Regional Road 800 m south of the N17 junction for Corrofin. The site
comprises a short access road leading to a roughly 15 m by 15 m compound containing the pumphouse and
borehole (Diagram 2).

The borehole is located adjacent to the south wall of the pump house. The borehole chamber is set into the
concrete plinth surrounding the pump house. The chamber is roofed by two concrete slabs but it is not water
tight. It is block built and approximately 0.3 m deep with an earth floor. The borehole’s 150 mm diameter,
outer steel casing protrudes approximately 0.2 m above the floor. The chamber was dry during the site visit.
The chamber is not sealed against pests and there is no cap on the mouth of the borehole. The pump rising
main passes directly into the adjacent pumphouse from the chamber.

On the south side of the chamber the ground has subsided, creating a small trench which funnels runoff from
the GWS compound towards the borehole. The subsidence is the result of remedial works on the borehole
after the rising main broke at the well head in 2010. A 3 m deep trench was excavated through the subsoil
adjacent to the steel casing. At this depth a window was cut through the steel casing to allow direct access
to the top of the sheared rising main in order to attach a fishing tool which allowed the rising main and pump
to be recovered. The window in the casing was patched with a split plastic pipe fitted around the casing and
sealed with edge sealant. The trench was backfilled but has since settled, leading to the current condition.
A downhole camera survey of the borehole was carried out during the works in 2010 (Appendix 1).

2 Well Solutions, 2010
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150 mm and 125 mm diameter steel casings are visible in the borehole well head. The GWS report that
during drilling the 150 mm casing was seated in competent rock, but “soft soil” was encountered again at
depth, which necessitated the use of the 125 mm casing to progress the borehole to greater depths.

The scheme has UV and chlorination treatment. Currently there is no pre-filter on the UV system. Diskin®
recommends the installation of a basic sand filter and a granular activated carbon (GAC) filter to deal with
excessive turbidity and colour in the abstracted water respectively, in order to ensure that the UV treatment
operates correctly (Appendix 1). He also recommends the installation of flow proportional chlorine dosing.
The GWS report that the supply can go brown when heavy rain occurs after a dry spell (e.g. February 2014).

There is a flow meter located inside the GWS pump house. The borehole pumps directly to the distribution
mains via a pressure vessel in the pump house on a 24 hour basis.

Photos of the pump house and borehole can be seen in Photos 1 to 5 below. Table 1 provides a summary
of currently known information relating to the borehole.

Local Road (Cul-de-sac) 4
- -~y

" o4

0 10 20 30m
-

Diagram 2. Schematic Plan of the GWS Site

% Diskin, 2014.
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Photo 1: Anbally & District GWS view south Photo 2: Anbally & District GWS — Pump
across GWS compound house and adjacent well chamber (view NE)

Photo 3: Borehole Chamber Photo 4: Borehole Chamber — Note the Dip in ground level
adjacent to chamber due to subsidence

.« Photo 6: Well
. head inside
| borehole

. chamber
showing

150 mm steel
casing and
rising main

Photo 5: Pumphouse Photo 7: “Closh” wetland located 95 m
(Internal) southeast of the source borehole
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Table 1. Supply Details

Anbally & District GWS Borehole

Grid reference

140,387 E; 242228 N

Townland Tawnaghmore
Source type Borehole
Drilled 1987

Drilling Contractor

GWS think driller may have been Mulcairs

Owner Anbally & District GWS
Elevation (m OD) approximately 42
Total depth (m) 99

Construction details

(Downhole Camera Survey
in Appendix 14)

e 0to 27.5 m below top of casing (mbtc): intact steel casing except for cutting at
2.0 to 2.2 mbtc made during fishing attempts for broken rising main.

e 150 mm and 125 mm steel casing used to reach competent limestone at
27.5 mbtc. Depth of base of 150 mm steel casing is not known (no data), but
the GWS report that it extends below the cutting made at 2.0 to 2.2 mbtc.

e 27.5t099.1 mbtc: open hole
e No grout seal

e Cutting in outer steel casing sealed by covering with a split plastic pipe and
sealing the plastic pipe edges to the steel casing with edge sealant.

Depth to rock (m bgl)

Greater than 3 m

(The GWS report that the trench excavated adjacent to the borehole in 2010
encountered 3 m of subsoil and no bedrock)

Pumping (PWL) and Static
water levels (SWL)

e Water level dipped on 18 June 2014 = 33.20 mbtc (pump off; ~ 8.8 mOD)

e The GWS reports that the SWL is always around 32 m to 34 mbtc and that
pumping drawdown is typically between 2 m and 3 m.

Pump intake depth (m bgl)

50

Current abstraction rate
(GWS)

e 63 m3/day observed on 18 June 2014

e Possibly up to 69 m3/day based on 115 connections at 3 PE per connection &
0.2 m3/day per PE

e Average daily usage between 18 June and 16 September was 23.5 m3/day

Reported yield (m3/d)

No Data. GWS carried out a pumping test on the borehole when newly drilled and it
generated only a few feet of drawdown. No data are available from the pumping test.

Transmissivity (mzlday)

No Data

Other Information

Water can go brown when heavy rain occurs after a dry spell.
The 2010 downhole camera survey recorded the foIIowing4:
e 27.5m - Inflow from base of casing (cascading)

e 275 to 99.1m - Predominantly solid rock. Regular circumferential
indentations, interpreted as bedding planes and possibly some smaller
fractures. Heavy calcite build up on borehole wall obscured minor features.

e 32.7 m — cloudy water encountered

e 51.1 m— water strike + borehole water becomes clear
e 51.5m - Probable water strike

e 60.4 m— Probable water strike

e 73.3 m - Probable water strike

e 75.3 m— Probable water strike

e 87.3 m - Probable water strike

e 96.8 m — Very weathered fracture — possibly the main water strike
e 99.1m Old pump stuck at base of hole

* Well Solutions, 2010
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3 Physical Characteristics and Hydrogeological Considerations

3.1

Physical Characteristics of the Area

Table 2 summarises the physical characteristics of the study area.

Table 2. Physical Characteristics of the Area of Interest

ol Description/Comments
Borehole
’('*r;‘;‘;a' Rainfall 1094 Corrofin Garda Station, 2.4 km East (1961-90)
/I-E\C;ugirans ation 463 487.5 mm PE (Avg. annual potential evapotranspiration data, Galway SWS, 1961-1990).
LosSes (mn?) 463 AE (Actual Evapotranspiration, assumed to be 95% of PE)
Anpual Effective 631 Annual rainfall minus the annual evapotranspiration losses
Rainfall (mm)

The highest point in the wider area is the SW to NE oriented Knockmaa-Knockacarrigeen ridge near
Belclare (7 km NNW), which reaches 167 mOD. From the base of the ridge at approximately 60 mOD

T h
Igpogragz) y the ground generally slopes down to approximately 30 mOD in the vicinity of Corrofin. Frequent
(Figure 2) hummocks occur, with one such reaching 50 mOD 700 m NW of the source. The GWS site sits on the
SE flank of the hummock at approximately 42 mOD, slightly elevated above the surrounding area.
Landuse is predominantly agricultural. Domestic residences with septic tank systems are located 250 m
Land use to the east and west of the source at either end of the cul-de-sac local road, as well as at greater

distance. Clough-Cummer GWS is located 1.8 km NNW of the source.

Surface Hydrology

The River Clare runs roughly N-S approx 1 km ESE of the source. The river has a bed elevation of
22.2 mOD at nearby Corrofin®. The Tonmace turlough is located 1.3 km ESE on the SE side of the
Clare-Abbert river confluence. The modern Clare and Abbert River courses in the area are the result of

(Figure 2) arterial drainage. Historically the Clare River ended in the Turloughmore, which extended north to
Corrofin and encompassed the Tonmace Turlough. The Abbert River sank at Ballyglunin 6 km east. A
small wetland (noted as a well on the OSi 25” historical map) occurs 90 m SE of the source.
Across most of study area soils are mainly deep, well drained basic mineral soils, becoming shallow on
Topsoil6 areas high ground and rock outcrop. Lacustrine soils at Tonmace Turlough. Alluvial soils and poorly
drained peaty soils along original and modern Clare River courses.
Subsoil® Across most of study area subsoils are mainly made up of limestone till. Lacustrine subsoils are found at
Fi 3 Tonmace Turlough. Pockets of karstified bedrock outcrop are widespread in the area. Alluvial subsoils
(Figure 3) are common along the modern Clare River course.
Groundwg_ter Extreme (E) at the source and across most of the outlying area surrounding the source. Frequent
Vulnerability pockets of extreme (X) occur within the extreme (E) areas, e.g. wetland area 90 m SE of source.
(Figure 4) Frequent pockets of high vulnerability often enclose areas of moderate vulnerability. See Appendix 2.
Geology7 D";?Jr:te'an DPBL (bedded limestone) underlies the study area.
F tion:
Rornlzaulo.nG Bedded Beds generally dip SSE at 3° to 3.5°. No mapped faults in the area. GSI 6” Field sheets
F(?C ng roup Limestone | indicate dolomite in outcrop 2 km SSW at Corrandrum. Regionally N-S and E-W joint sets
(Figure 5) (DPBL). are expected to occur®.
The DPBL limestones are classified as a Regionally Important Aquifer — Karstified (Conduit) (Rkg).
Aquifer Known surface karst features in the vicinity of the GWS source are shown in Figure 6.
(Figure 6) GSI 6” Field sheets record 3 trial wells 500 m south in Anbally village failed due to clay infilling of karst
solution features (GWS report that these were trial boreholes for the GWS)
Groundwater Bod g';rrfb The Rk, aquifer is in the Clare-Corrib GWB.
y GWB http://www.gsi.ie/Programmes/Groundwater/Projects/Groundwater+Body+Descriptions.htm
Recharge . ) ) . - ) )
Coefficient 80 % Low drainage density, well drained soils, moderate permeability subsoils, and high to
. extreme vulnerability, plus point recharge via karst features suggest a high recharge
(Appendix 3) -
coefficient.
Recharge (mm) 505

° Ryan Hanley, 2010

6 Teagasc, 2006.

! Gatley et al., 2005

8 Geological Survey of Ireland, 2004.
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3.2 Hydrochemistry and water quality

Ten untreated water samples were collected and analysed for the Anbally & District GWS borehole between
November 2000 and November 2001 under a DCENR initiative. 56 treated samples were collected and
analysed between May 2002 and November 2011 by Galway County Council. In addition three samples
each of untreated and treated water were analysed for Coliforms (Total, E Coli and VTEC) in August and
September 2013 by NUI Galway. The analytical results are summarised in Table 3. The full data set is
presented in Appendix 4.

The existing laboratory results have been compared to the European Communities Environmental Objectives
(Groundwater) Regulations 2010, which were recently adopted in Ireland under S.I. No. 9 of 2010, or with
the drinking water standard (DWS) (S| 278 of 2007) where no environmental objective has been set.

Table 3. Water Quality Data

Parameter SP01 Untreated SP01 Treated Water Parametric
Water Value/(Comment)
Number of | Average | Number of | Average
Values Values
6.5<pH<9/
pH (Lab) 10 7.0 44 7.2 (untreated range 6.7 to 7.4)
(treated range 6.6 to 7.9)
. . 800 / (untreated range 639
Elgjtrlcal Conductivity (Lab) 10 673 43 642 t0 701)
(uS/em) (treated range 505 to 852)
. (untreated range 2.5 to 40)
Colour (PtCo Units) 10 16.3 44 12.1 (treated range 2.5 t0 43.7)
oL no (treated samples had no
Odour (Descriptive) 22 odour odour)
1
Turbidity (NTU) 10 1.7 43 0.76

(untreated range 0.8 to 6.2)
(treated range 0.01 t0 2.2)

37.5/ (untreated range 0.4
Nitrate (mg/l NO3) 10 7.5 39 10.2 to 15.5)
(Treated range 0.1 to 25.3)

0.375 (Untreated range
Nitrite (mg/l NOy 10 0.072 35 0.01 0.01 to 0.164) (Treated
range <0.02 to 0.05)

. 0.175/ (untreated range
Ammonia (mg/l N) 10 0.42 26 0.02 <0.1 to 2) (treated range

<0.02 to 0.07)

Chloride (mg/l) 7 18.3 0.24/ (treated range 15.3 to
21.3)
. . 0/ (untreated range <1 to
Coliform Bacteria (cfu/100ml) 13 153 53 25 480)
(treated range 0 to 816)
E. Coli (cfu/100ml) 13 2 52 7 0 / (untreated range <1 to

3) (treated range 0 to 144)

Clostridium Perfringens
(cfu/100 ml) 26 04 0/ (treated range 0 to 3)
Potassium:Sodium Ratio 0.3

The field parameters pH, electrical conductivity (EC) and temperature were measured at the borehole during
the site visit on 18 June 2014. The EC measured 722 uS/cm, pH measured 7.05 and temperature
measured 12.9°C.

The available water quality data suggest that the chemical water quality is good. Nitrate is well below the
DWS and there appears to be an overall downwards trend in nitrate concentrations (see graph in
Appendix 4). There are wide ranges for the parameters nitrate, turbidity, colour, electrical conductivity, total
coliforms and E. coliforms. The data show evidence of flashy peaks in concentration for these parameters
(see graph in Appendix 4). The peaks in nitrate correlate with turbidity and conductivity, while other peaks in
conductivity and turbidity correlate well with the coliform peaks. The data suggest the borehole is influenced
by intermittent slugs of contamination that have a short residence time in the aquifer. This could suggest

7
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interaction with a karst conduit system, nearby swallow hole or other influent karst features, which would be
susceptible to contamination by point recharge at surface karst features and have high flow velocities/short
groundwater residence time. The data also suggest that the nitrate and microbial contamination may derive
from separate contaminant sources. The flashy turbidity data suggest that the conduit system is likely to be
partially infilled, and that sediments are mobilised during extreme flow events in the conduit system.

Clostridium perfringens is an indicator for cryptosporidium and its detection in the treated water suggests a
cryptosporidium risk. There are no cryptosporidium analysis data on record.

4 Zone of Contribution

4.1 Conceptual model

The current understanding of the geological and hydrogeological setting is given as follows (see cross
section Diagram 3).

A large proportion of the effective rainfall is assumed to infiltrate to groundwater as recharge (80%) either
diffusely or via point recharge at surface karst features. The remainder of effective rainfall is expected to
runoff to surface water.

Bedrock groundwater flow occurs in joints, fractures and conduits, and along bedding planes in the limestone
bedrock. Two interconnected flow zones are envisaged, i.e. flow in the extensively karstified, epikarst zone
in the top few metres of the bedrock, and flow in a network of interconnected fractures and karst beneath
this. The epikarst can be visualised as a perched aquifer system channeling infiltrating water to points of
entry into the deeper groundwater flow system.

Diffuse recharge is expected to recharge to the epikarst layer at the top of the bedrock. Point recharge may
by-pass the epikarst layer and recharge directly to the deep conduit system.

The epikarst hydraulic gradient is likely to reflect the local topography and groundwater flow directions in the
epikarst will therefore be directed downslope towards points of vertical infiltration to the deeper conduit
system, or to surface water courses in hydraulic continuity with the epikarst (e.g. the Clare River). Boreholes
will also capture flow through the epikarst where they intersect and are open to it. Groundwater flow in the
deeper conduit system is expected to be directed southwest towards Lough Corrib, as shown by tracer
testing (Appendix 5).

Water inflow to the borehole at the base of the steel casing was observed in the camera survey and
suggests the GWS borehole receives water from the epikarst. The camera survey suggests the presence of
numerous small water strikes below 51 mbtc with the main inflow in a very weathered zone at 96.8 mbtc.
The borehole may be connected to a karst conduit system via the deep water strike.

The water quality data suggest the borehole is influenced by intermittent slugs of microbial contamination
that have a short residence time in the aquifer. This suggests interaction with surface karst landforms, such
as swallow holes. The flashy turbidity data suggest that the conduit system is likely to be partially infilled, and
that sediments are mobilised during extreme flow events in the conduit system. The chemical water quality
appears to be good, with an overall downward trend in nitrate concentrations.

Overall, it is considered that the borehole is mainly supplied from the deep water strike which is likely to
derive from the regional scale conduit network. There also appears to be some epikarst inflow from the base
of the casing and other minor fracture inflows. Nearby surface karst features which could be linked to the
source are shown in Figure 7.
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Diagram 3: Schematic Cross Section and Conceptual Model
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4.2 Boundaries

The conceptual model envisages that the groundwater supply to the borehole has two components, i.e. a
contribution from the regional conduit system and a contribution from the perched epikarst system.

421 Regional Component of ZOC

The GWS source is located in a large Rk, limestone aquifer which is known to have flow paths from east to
west extending across straight line distances of up to 11 km. The flow lines are known to pass under the
River Clare from east to west and the River Clare is known to leak surface water down into the groundwater
system. In this context and on the basis of the available dataset it is not possible to delineate boundaries for
the regional component of the ZOC that are 100 percent justified in terms of hydraulics.

In this kind of setting a basic risk management approach is considered to be appropriate for delineating a
prioritised zone of contribution, whereby by appropriate landuse management within that area is hoped to
protect the water quality of the regional component of the GWS abstraction. It cannot be guaranteed that the
delineated area is the principal zone contributing recharge to the regional component of the abstraction;
however it is considered that this approach is preferable to either delineating no zone for the regional
component or delineating an ultra conservative zone which is unmanageable from a practical viewpoint. If
evidence comes to light in future which suggests that the boundaries of the zone should be revised then this
can be done as required.

The justification for the delineation of the ZOC for the regional component of the abstraction as shown in
Figure 7 is as follows:

e The regional groundwater flow direction is approximately east-west to northeast-southwest. The
regional component of the abstraction is assumed to derive from the regionally upgradient side of the
borehole, i.e. east to northeast.

e In the area to the east and northeast of the borehole the most likely locations to contribute recharge
to the regional flow system, which might subsequently be abstracted by the GWS borehole are point
recharge locations such as swallow holes and turloughs. As such, the regional ZOC component has
been delineated to encompass the known swallow holes and turloughs in the vicinity east and
northeast of the borehole. As seen in Figure 7, the delineated area includes:

o the Turloughour, Turloughcartron, Turloughmartin and Tonamace turloughs, and the clais
spring mapped to the southeast of the borehole during the site visit.

o a northeast trending zone of potential enclosed depressions identified from the 25-inch
historical map of 1913 and the OSi Orthophotos 2005 collection. There appears to be a
concentration of these features between the borehole and Turloughour/Corofin to the
northeast, compared to the areas to the north and west.

o a significant piece of the former Turloughmore footprint from prior to arterial drainage
(Appendix 5).

e The boundaries are delineated to enclose the karst features listed in the previous bullet point,
maintaining a distance of at least 100m from all of the features.

e The River Clare is not considered to be a hydraulic boundary with respect to the Rk, bedrock
limestone bedrock aquifer (Appendix 5). The boundary of the regional ZOC component extends east
of the river to encompass the Turloughcartron, Turloughmartin and Tonamace turloughs due to their
proximity to the source.

e The western boundary of the regional ZOC component has been set 100 m west of the GWS
borehole.

422 Epikarst Component of ZOC
The delineation of the epikarst ZOC component assumes that lateral groundwater flow occurs in the perched

epikarst layer. This lateral flow is assumed to infiltrate vertically at points where vertical and sub-vertical
fractures in the underlying bedrock intersect the base of the epikarst. When these fractures are intersected
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by the borehole the infiltrating water could potentially be captured by the GWS abstraction. Where there is
enough vertically permeability the epikarst groundwater may infiltrate vertically without significant lateral flow.
Delineation of this ZOC component conservatively assumes that some lateral epikarst flow might be
occurring in the vicinity of the borehole.

The boundaries of the epikarst area contributing to the source are considered to be as follows (Figure 7):

The Western Boundary is the upgradient boundary. It is located on the, extreme (E) vulnerability ridgeline
of a small hummock northwest of the source. Epikarst groundwater flow off the hummock ridge is expected
to radiate outwards. Flowlines radiating to the east-northeast and south are considered to flow towards the
Clare River or points of entry to the deep conduit system, and thereby stay outside the localised, epikarst
Z0OC for the GWS source borehole. The boundary is the point of origin of the northern and southern
boundaries and its location is based on the water balance calculation (Section 4.3).

The Northern and Southern Boundaries are flow line boundaries. The orientation of the flow lines is
based on the groundwater flow direction in the epikarst, which is assumed to follow the local topography.
The separation distance between the two boundaries is based on the water balance calculation
(Section 4.3).

The Eastern Boundary is the downgradient boundary with respect to localised, lateral groundwater flow in
the epikarst, and is the point of intersection of the flow line boundaries coming from the north and south. Itis
estimated to be located 265 m east of the Anbally & District GWS borehole.

Inside the boundaries groundwater flow in the epikarst is expected to infiltrate directly to the borehole
annulus in the epikarst and via fractures providing minor inflows to the borehole. Outside the boundaries
groundwater flow in the epikarst is expected to flow to points of vertical recharge to the deep conduit system
or to the Clare River.

4.3 Recharge and water balance

The pumping rate observed on site on 18 June 2014 was 68 m3/day. The average daily usage between 18 June
and 16 September was 23.5 m®day. The current demand for the Anbally & District GWS is estimated at
69 m3/day based on the number of scheme connections (Section 2). Due to the lack of long term records to
confirm the scheme demand, the estimated demand has been doubled to 138 m3/day to give a conservative
value to use in the water balance calculations.

Recharge to the ZOC is estimated as 505 mm/year (see Table 2). At a recharge rate of 505 mm/yr the
138 m3/day abstraction rate requires a ZOC of 0.1 km? to capture the required volume of diffuse recharge to
balance the abstraction. Due to the high level nature of the assessment, the overlap between the regional
and epikarst ZOC component water balance calculations has been ignored.

4.3.1 Regional ZOC Component Water Balance

The area of the delineated regional ZOC component is 4.1 km?. This area could potentially contribute
5,670 m3/day of recharge to the regional groundwater flow system from diffuse infiltration. This could be
topped up by inflow of surface water at point recharge locations. The borehole is not considered to be
capable sustaining an abstraction of this magnitude. Rather the regional ZOC component reflects a likely
potential area from which the actual abstraction might derive.

4.3.2 Epikarst ZOC Component Water Balance

The delineated epikarst ZOC has an area of 0.1 km® and receives a diffuse recharge contribution equal to
138 m3/day. If there were an epikarst component to the abstraction it is considered likely that it would derive
from within the delineated area.
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5 Conclusions

The maps produced are based largely on the readily available information in the area, a field walkover
survey, and on mapping techniques which use inferences and judgements based on experience at other
sites. As such, the maps cannot claim to be definitively accurate across the whole area covered, and should
not be used as the sole basis for site-specific decisions, which will usually require the collection of additional
site-specific data.

The current abstraction for the Anbally & District GWS is conservatively estimated at 138 m*/day.

The ZOC delineation was based on a combination of hydrogeological mapping and the topographical
catchment of the borehole. The delineated ZOC has a regional component deriving from the deep conduit
flow system, and a localised component deriving from the perched epikarst system.

e A4.1km?area to the east and northeast of the source has been delineated within the regional scale
flow system. This regional ZOC component reflects a likely potential area from which the actual
abstraction might derive, and which has been prioritised for risk management.

e An area of 0.1 km? ZOC to the west-northwest of the source has been delineated within the
localised epikarst flow system. The delineated area conservatively encompasses a recharge area
equivalent to 138 m3/day. If there were an epikarst component to the abstraction it is considered
likely that it would derive from within the delineated area.

The groundwater vulnerability within the overall ZOC (i.e. combined regional and epikarst component areas)
is mapped as Extreme (X) (6%), Extreme (E) (56%), High (33%) and Moderate (5%). This categorisation will
enable the GWS to prioritise areas of risk when auditing or mapping potential hazards, or areas to
investigate if a pollution incident does occur.

The water quality data suggest the borehole is influenced by intermittent slugs of microbial contamination
that have a short residence time in the aquifer. The flashy turbidity data suggest that the conduit system is
likely to be partially infilled, and that sediments are mobilised during extreme flow events in the conduit
system. The chemical water quality appears to be good, with an overall downward trend in nitrate
concentrations.

6 Recommendations
Essential

A close fitting cap with openings for the rising main, cables and a dip meter should be fitted to the borehole
mouth. A water-tight, lockable lid should be fitted to the top of the borehole chamber. The trench/area of
ground subsidence adjacent to the borehole chamber should be reinstated and the ground contoured to
slope away from the borehole chamber.

The cumulative flow reading on the meter should be recorded along with the time and date of the reading on
a weekly basis.

Routine analysis of the untreated or raw water along with the existing analysis of treated water around the
distribution network should be undertaken. It is recommended that this is carried out on a monthly or
quarterly basis for a period of 12 months, and at least once after a rainfall event. If the water quality appears
generally stable during this period then the monitoring could be reduced.

The following water quality parameters are considered essential:

o total and faecal coliforms, pH, alkalinity, turbidity, hardness, electrical conductivity, nitrate, nitrite,
ammonia, iron, manganese, chloride, sodium and potassium.

It is also recommended to analyse for the following parameters:
e clostridium perfringens (cryptosporidium indicator)

e The basic untreated groundwater analytical suite used by the NFGWS in Summer 2014 should be
used for monitoring untreated water quality where more detailed assessments of water quality are
required (see Appendix 4).
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e A correctly functioning treatment and disinfection system that is fully effective at removing pathogens
in the treated water needs to be installed. Currently there is no pre-filter on the UV system. Diskin®
recommends the installation of a basic sand filter and a granular activated carbon (GAC) filter to deal
with excessive turbidity and colour in the abstracted water respectively, in order to ensure that the
UV treatment operates correctly.

Desirable
The GWS should seek advice with respect to undertaking a cryptosporidium risk assessment for this supply.

Tracer testing at surface karst features in the vicinity of the source (Figure 7) would be worthwhile as a
precaution to investigate if there is interaction between the borehole and local point recharge inputs to the
regional scale karst conduit system. If tracing shows the borehole to be connected to these locations, this
will reinforce the need for landuse management if the delineated regional ZOC component. If tracer tests
are to be carried out it may be economical to collaborate with the nearby Clough-Cummer GWS in the
planning and execution of the tests.

Comprehensive hazard mapping within the delineated ZOC should be undertaken. The location of some land
use activities within the local area has already been determined. Any risks of contamination to the supply can
be assessed by comparing these to the delineated ZOC and groundwater vulnerability map (Figure 4).

If there are any septic tank systems located within 60 m of the source they should be decommissioned and
replaced with an appropriate new system located at least 60 m from the source and preferably outside the
delineated ZOC. Any new, replacement system should comply with the EPA Code of Practice on
Wastewater Treatment and Disposal Systems for Single houses.

The untreated water rising main should be fitted with a turbidity and associated supply shut-off threshold and
alarm.

The following EPA guidelines may serve as future useful reference documents for the Anbally & District
GWS:

e EPA Drinking Water Advice Note No. 7: Source Protection and Catchment Management to Protect
Groundwater Sources. Of particular interest would be Section 4.1 — Step 2 — Hazard Mappingm.

e EPA Drinking Water Advice Note No. 8: Developing Drinking Water Safety Plans. This document
contains checklists for hazards which would assist in hazard mapping within the ZOC .
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8 Acronyms and glossary of terms

BGL

EPA

DEHLG

EQS

EU

GPz

GSI

GWB

GWD

GWS

IGI

MOD

MRP

NRG

NRWMC

PVC

SPz

TOT

TVs

uv

Z0C

WFD

Below Ground Level

Environmental Protection Agency
Department of Environment Heritage and Local Government
Environmental Quality Standard
European Union

Groundwater Protection Zone

Geological Survey of Ireland
Groundwater Body

Groundwater Directive (European Union)
Group Water Scheme

Institute of Geologist of Ireland

Metres Ordnance Datum
Molybdate-Reactive Phosphorus
National Grid Reference

National Rural Water Monitoring Committee
Polyvinyl Chloride

Source Protection Zones

Time of Travel

Threshold Values

Ultra-Violet

Zone of Contribution

Water Framework Directive (European Union)
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Glossary of Terms

Aquifer

A subsurface layer or layers of rock, or other geological strata, of sufficient porosity and permeability to allow
either a significant flow of groundwater or the abstraction of significant quantities of groundwater
(Groundwater Regulations, 2010).

Attenuation

A decrease in pollutant concentrations, flux, or toxicity as a function of physical, chemical and/or biological
processes, individually or in combination, in the subsurface environment.

Borehole
A particular type of well - a narrow hole in the ground constructed by a drilling machine in order to gain
access to the groundwater system.

Conceptual Hydrogeological Model

A simplified representation or working description of how a real hydrogeological system is believed to
behave on the basis of qualitative analysis of desk study information, field observations and field data.

Confined Aquifer

A confined aquifer occurs where the aquifer is overlain by low permeability “confining” material. Once all the
void space in the aquifer is full of water up to the confining layer, the addition of more water to the aquifer
causes the stored water to become pressurised and, the additional water is stored by compression, sealed in
by the overlying confining layer (the water is added upgradient where the confining layer is absent). Where a
borehole punctures the confining layer, the water will rise up into the borehole to equalise the confining
pressure.

Diffuse Sources

Diffuse sources of pollution are spread over wider geographical areas rather than at individual point
locations. Diffuse sources include general land use activities and landspreading of industrial, municipal
wastes and agricultural organic and inorganic fertilisers.

Direct Input

An input to groundwater that bypasses the unsaturated zone (e.g. direct injection through a borehole) or is
directly in contact with the groundwater table in an aquifer either year round or seasonally.

Doline

Or enclosed depressions are relatively shallow bowl or funnel shaped depressions that form in karst
landscapes, and serve to funnel or concentrate recharge underground. Their presence indicates that
subterranean drainage is in operation.

Dolomitisation

Is a process, whereby the calcite crystals in limestone is replaced by magnesium. This results in an increase
in the porosity and permeability of the rock. Dolomitised rocks are a highly weathered, yellow/orange/brown
colour and are usually evident in boreholes as loose yellow-brown sand with significant void space and poor
core recovery. Dolomitisation often occurs preferentially in both fault zones and purer limestones.

Down-gradient
The direction of decreasing groundwater levels, i.e. flow direction. Opposite of upgradient.

Dry Weather Flow (Receiving Water)
The minimum flow likely to occur in a surface water course during a prolonged drought.

Environmental Quality Standard (EQS)

The concentration of a particular pollutant or group of pollutants in a receiving water which should not be
exceeded in order to protect human health and the environment.

Enclosed Depression
See doline
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Fissure
A natural crack in rock which allows rapid water movement.

Good Groundwater Status

Achieved when both the quantitative and chemical status of a groundwater body are good and meet all the
conditions for good status set out in Groundwater Regulations 2010, regulations 39 to 43.

Groundwater

All water which is below the surface of the ground in the saturation zone and in direct contact with the ground
or subsoil (Groundwater Regulations, 2010).

Groundwater Body (GWB)

A volume of groundwater defined as a groundwater management unit for the purposes of reporting to the
European Commission under the Water Framework Directive. Groundwater bodies are defined by aquifers
capable of providing more than 10 m3/d, on average, or serving more than 50 persons.

Groundwater Protection Scheme (GWPS)

A scheme comprising two principal components: a land surface zoning map which encompasses the
hydrogeological elements of risk (of pollution); and a groundwater protection response matrix for different
potentially polluting activities (DELG/EPA/GSI, 1999).

Groundwater Protection Responses (GWPR)

Control measures, conditions or precautions recommended as a response to the acceptability of an activity
within a groundwater protection zone.

Groundwater Protection Zone (GPZ)

A zone delineated by integrating aquifer categories or source protection areas and associated vulnerability
ratings. The zones are shown on a map, each zone being identified by a code, e.g. SO/H (outer source area
with a high vulnerability) or Rk/E (regionally important karstified aquifer with an extreme vulnerability).
Groundwater protection responses are assigned to these zones for different potentially polluting activities.

Groundwater Recharge

Two definitions: a) the process of rainwater or surface water infiltrating to the groundwater table; b) the
volume (amount) of water added to a groundwater system.

Groundwater Resource

An aquifer capable of providing a groundwater supply of more than 10 m3/d as an average or serving more
than 50 persons.

Hydraulic Conductivity

The rate at which water can move through a unit volume of geological medium under a potential unit
hydraulic gradient. The hydraulic conductivity can be influenced by the properties of the fluid, including its
density, viscosity and temperature, as well as by the properties of the soil or rock.

Hydraulic Gradient

The change in total head of water with distance; the slope of the groundwater table or the piezometric
surface.

Igneous
Igneous rock is formed through the cooling and solidification of magma or lava.

Indirect Input

An input to groundwater where the pollutants infiltrate through soil, subsoil and/or bedrock to the
groundwater table.

Input
The direct or indirect introduction of pollutants into groundwater as a result of human activity.
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Karst

A distinctive landform characterised by features such as surface collapses, sinking streams, swallow holes,
caves, turloughs and dry valleys, and a distinctive groundwater flow regime where drainage is largely
underground in solutionally enlarged fissures and conduits.

Karstification

Karstification is the process whereby limestones are slowly dissolved by acidic waters moving through them.
This results in the development of an uneven distribution of permeability with the enlargement of certain
fissures at the expense of others and the concentration of water flow into these high permeability zones.
Karstification results in the progressive development of distinctive karst landforms such as caves, swallow
holes, sinking streams, turloughs and dry valleys, and a distinctive groundwater flow regime. It is an
important feature of Irish hydrogeology.

Pathway

The route which a particle of water and/or chemical or biological substance takes through the environment
from a source to a receptor location. Pathways are determined by natural hydrogeological characteristics
and the nature of the contaminant, but can also be influenced by the presence of features resulting from
human activities (e.g., abandoned ungrouted boreholes which can direct surface water and associated
pollutants preferentially to groundwater).

Permeability

A measure of a soil or rock's ability or capacity to transmit water under a potential hydraulic gradient
(synonymous with hydraulic conductivity).

Point Source

Any discernible, confined or discrete conveyance from which pollutants are or may be discharged. These
may exist in the form of pipes, ditches, channels, tunnels, conduits, containers, and sheds, or may exist as
distinct percolation areas, integrated constructed wetlands, or other surface application of pollutants at
individual locations. Examples are discharges from waste water works and effluent discharges from industry.

Pollution

The direct or indirect introduction, as a result of human activity, of substances or heat into the air, water or
land which may be harmful to human health or the quality of aquatic ecosystems or terrestrial ecosystems
directly depending on aquatic ecosystems which result in damage to material property, or which impair or
interfere with amenities and other legitimate uses of the environment (Groundwater Regulations, 2010).

Poorly Productive Aquifers (PPAs)

Low-yielding bedrock aquifers that are generally not regarded as important sources of water for public water
supply but that nonetheless may be important in terms of providing domestic and small community water
supplies and of delivering water and associated pollutants to rivers and lakes via shallow groundwater
pathways.

Preferential Flow

A generic term used to describe water movement along favoured pathways through a geological medium,
bypassing other parts of the medium. Examples include pores formed by soil fauna, plant root channels,
weathering cracks, fissures and/or fractures.

Saturated Zone

The zone below the water table in an aquifer in which all pores and fissures and fractures are filled with
water at a pressure that is greater than atmospheric.

Soil (topsoil)
The uppermost layer of soil in which plants grow.

Source Protection Area

The catchment area around a groundwater source which contributes water to that source (Zone of
Contribution), divided into two areas; the Inner Protection Area (SI) and the Outer Protection Area (SO). The
Sl is designed to protect the source against the effects of human activities that may have an immediate
effect on the source, particularly in relation to microbiological pollution. It is defined by a 100-day time of
travel (TOT) from any point below the water table to the source. The SO covers the remainder of the zone of
contribution of the groundwater source.
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Specific Yield
The specific yield is the volume of water that an unconfined aquifer releases from storage per unit surface
area of aquifer per unit decline of the water table.

Spring

A spring is a natural feature where groundwater emerges at the surface. Springs usually occur where the
rate of flow of groundwater is too great to remain underground. The position of a springs usually reflects a
change in soil or rocktype or a change in slope.

Subsoil
Unlithified (uncemented) geological strata or materials beneath the topsoil and above bedrock.

Surface Water

An element of water on the land‘s surface such as a lake, reservoir, stream, river or canal. Can also be part
of transitional or coastal waters. (Surface Waters Regulations, 2009.).

Swallow Hole
The point where concentrated inflows of water sink underground. They are found in karst environments.

Threshold Values (TVs)

Chemical concentration values for substances listed in Schedule 5 of the Groundwater Regulations (2010),
which are used for the purpose of chemical status classification of groundwater bodies.

Till
Unsorted glacial Sediment deposited directly by the glacier. It is the most common Quaternary deposit in
Ireland. Its components may vary from gravel, sands and clays.

Transmissivity

Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated thickness
of the aquifer.

Unsaturated Zone

The zone between the land surface and the water table, in which pores, fractures and fissures are only
partially filled with water. Also known as the vadose zone.

Vulnerability

The intrinsic geological and hydrogeological characteristics that determine the ease with which groundwater
may be contaminated by human activities (Fitzsimmons et al, 2003).

Water Table
The uppermost level of saturation in an aquifer at which the pressure is atmospheric.

Weathering
The breakdown of rocks and minerals at the earth's surface by chemical and physical processes.

Zone of Contribution (ZOC)
The area surrounding a pumped well or spring that encompasses all areas or features that supply

groundwater to the well or spring. It is defined as the area required to support an abstraction and/or overflow
(in the case of springs) from long-term groundwater recharge.
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Figure 1: Location Map (OSi Discovery Series Map. 1:50,000 Scale)
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APPENDIX 1

e Diskin, J., 2014. Anbally and District Group Water Scheme Infrastructure Report, March 2014. John
Diskin & Assoc. Consulting Engineers, Clarinbridge, Co. Galway.

e Well Solutions, 2010. Well Camera Survey Anbally and District, Group Water Scheme, Co. Galway.
Well Solutions, Thomastown, Co. Kilkenny.
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JOHN DISKIN & ASSOCIATES, CONSULTING ENGINEERS
stradbally Nt Clarinbridge Co Glawagy,

Telephone: 087 2257118, 091 796071.
Email: johndiskin @eircom.net

Anbally And District Group Water Scheme Infrastructure Report - March 2014

1) Executive Summary

d p ox. 13km south of
in heavy red line on

The Anbally and District Group Water Scheme is loca
Tuam town. The area supplied by the Group Scheme is outli

Group Scheme supplies water to approx 95 houses angdst :
area. The source of water for the Group Scheme is abore vaSidrilled in 1987

with the
Greup. Schéme is on the Pept of
Environment’s Annex 14 list of Group Schemes. Chemiga ly the Anbally and District
Group Water Scheme’s water has fail§ Kinig Water Regulations due to
high turbidity levels, high colour levelsand: ' :
been exceedences in E Coli and Total Coli
exceedences in Clostridia Pergnnges in 6'¢
failures one in 2011 and one
A Trcatmcm SySten for the Group Water Scheme’s water is
afc ed for the Group Water Scheme. That will

The water itself comes from a borehole located on the Anbally and District Group
Water Scheme's property, approx. 70 meters away from the public road. A submersible
pump in this borehole pumps the water directly to the consumers. There is no treated
water reservoir. The water is presently treated with Chlorine only.

The level, to Malin Head Datum, of the area served by the Anbally and District Group
Water Scheme varies from 27.00m Malin Head Datum to 45.00m Malin Head Datum.

3) Survey of the Group Water Scheme’s Pipe Lines
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A complete survey of the Anbally and District pipe lines will require the purchase
of the most up to date 1/5000 Roster maps, for the Group Water Scheme’s catchment area,
from the Ordnance Survey of Ireland

4) Leakage Levels in the Group Water Scheme

A full assessment of the existing leakage levels in the Anbally and District Group
Water Scheme will require the installation of a new Bulk Meter at the pumphouse and
strategic sluice valve on the network. The leakage survey could be carried out then.

Galway County Council’s standard for a leakage level that could trigger pipe line
replacement is a flow of 0.10 cubic meters per kilometre of pi hour or greater,
with all the connections on the said pipe line turned off. In jon the history of leak
repairs on the existing pipes needs to be catalogued and r ore any submission
for funding of pipe replacement could be made.

5) Details of the Existing Borehole

The source of water for the Anbally and District Gr
which was drilled in 1987. The bore hole is 99m deep.

The borehole head presently is not sealed. The head of the steel liner would need
to be extended upwards and then sealed up by an appropriate cap which would allow
for removal of the pump in the borehole for maintenance purposes. The possible option
of sealing the borehole down as far as 50m below ground level should be examined as
that would allow better ground water to be extracted from the lower level in the
borehole. Care would need to be taken that the current Water demand by the Water
Scheme from the lower 49m of the borehole is satisfactorily maintained after sealing
the top 50m.

Page 2 of 9 25


Peter Conroy
Typewritten text
25


6) Geological Survey of Ireland data relevant to the Aquifer from which the
Group Water Scheme’s water is taken.

As mentioned already, the source for the Anbally and District Group Water
Scheme is the local ground water which is abstracted via a borehole. The Aquifer itself is
located in the water body known as the Western River Basin. I attach, in Appendix C, a
copy of the following six Geological Survey of Ireland maps:

A * Aquifer Type at Annbally_District GWS Source”, scale 1:47211. The Aquifer is
designated as “Rkc” which is Regionally Important Aquifer- Karstfied”

B “National Draft Bedrock map near Anbally and District GWS borehole”.

C Karst features and Tracer Lines near Anbally an
You will see from this map that there is a Turlough¢ and 2.6km
from the source. There is a swallow hole within 4t rce. There

are also other under ground features, contigug
direct ingress of surface water to the ground
District gws get their water. As can be seen from sen tracer lines on the aforesaid

map the ground water flows in a sou i, Any pollution event north east
of the group water scheme’s borehol€ Shot 10 the Group Water Scheme.

D “Aquifer Vulnerability Contiguous,io the“aAnsg District Group Water
Scheme”, scale 1:42,788 Y | iy T4
You will see from samghatfhe Aqui o e borehole is designated as

from limestone™ seside the borehole there is no soil at all as it is “Bedrock

outcrop and subcrop”

7) Quality of the Existing Raw Water Source

I set out in Appendix D details of all tests results on Galway Co Council’s files
for the period 1992 to date. 1 set out below, in Table 3, a brief summary of the parameters
that need to be addressed by the Group Water Scheme so that their water complies with
the Drinking Water Regulations.
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Table 1 - test results between 13/05/1992 and 08/10/27 08/2013

Parameter | Max. | Units No of Test No of test | Average Maximum
Accep Results on failures Value recorded Value
table Co Co files
Level

Turbidy 0.2 |NTU 38 29 0.64 2.1

Total 2.0 mg/lt 6 6 3.37 44

Organic

Carbon

Colour Degrees 38 4 11.13 43.70

(Ha) Hazen

General 0 Number/ 39 18 | 816

Coliforms 100ml

Ecoli 0 Number/ 38 11 143

100m1
Clostridia 0 | Number/ 12 ; 3
Perfringes 100ml1 p

On looking at the test results spreadsheet in A
roughly a three month gap in the date

taken. There are no test results on file
Galway at end November and early Dec

likely return period of at least 100 years.
the Group Scheme's raw

the various paramete
On looking

Group Water Schéme
Group Wate

r Scheme

guarantee that surfaee
weather conditions. "l
water then it will poll

ew
for at least
d.
map ed “Karst
ole'"you will see t
url

bo

ast of th

lines

tween which th
riod durin

This wa
n

nths t

ix D you can see that there is
ious tests samples were
erious flooding in Co

exceptional flood with a

continuous monitoring of
that most of the spikes in

atures contiguous to Anbally and District

e area around the Anbally and District

s and one Swallow hole within a 4.6km
SI map indicate that the flow of the

t towards the south west. For that reason the existing
contaminated with contaminated surface water
_’ rehole. Similarilly any septic tanks, silage pits,
ich slurry has been spread north east of the borehole should

will not mix with the ground water given the appropriate
€ surface water picks up contaminants before it joins the ground
e the ground water. In the absence of continuous monitoring, I will

take the measured test result levels summarised on the table above as representative of the
likely water to be treated when designing a treatment plant for the Anbally and District

Group Water Scheme

8)

Recommended Treatment Plant

The average levels of Total Organic Carbon in the water is 3.37mg/lt, over 6 tests
with a peak of 4.40mg/Itr. At that concentration there is a possibility of forming THMs
when that water is dosed with chlorine. If a validated UV reactor is provided to disinfect

Page 4 of 9
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the treated water against a likely cryptosporidium risk, that level of TOC will make it
difficult for any UV system to fully disinfect the water

The recorded levels of Turbidity, as per the table above, exceeds the EPA
requirement of a maximum level of turbidity of 0.20 NTU for water going to disinfection
by UV on 29 of the 38 test results on file. High turbidity renders a UV system inefficient
and also makes it difficult to maintain a free chlorine residual of 0.2mg/Itr at the end of the
pipe lines. Turbidity levels can be significantly reduced using a basic sand filter.

The recorded levels of Colour, as per table above is an average of 11.13 degrees
Hazen with a peak of 43.7 degrees Hazen. A water with high Colour and high Total
Organic Carbon would require treatment before the water could go forward for
disinfection by UV and Chlorine. A Granular Activated Carbon filter could lower the
Colour and Total Organic Carbon levels. It will also take care of the Turbidity. Before one
could say for certain that the GAC filter would work efficiently d be necessary to
test a small pilot GAC filter on site. A budget cost for such a pilot GAC filter would be
€900.00 to €1,000.00

file for the Anbally and District Group water “ 16 s A lasg tests failed.
This should not have happened as an appropnatc chlorine illed that

_ resently there is no barrier to deal with the
LGroup Water Scheme. A validated UV reactor
by, would be required, provided the water gets the
V and chlorination is applied. As there is no treated
ischeme, the flow pumps are going 24 hours a day. These
pand and the minimum night flow demand. Any validated UV
system would havet@bedble to cope with that flow regime. As a UV reactor is not as
effective as a pump indealing with fluctuations in flow, there will be inefficiences in any
UV reactor provided‘in the absence of a treated water reservoir. A combined UV and
Chlorination system applied to the water which is pre-treated as outlined above, will make
the water comply with the Drinking Water Regulations and safe to drink.

9 Water Safety Plan for the and District GWS management

The Anbally and District Group Water Scheme management will need to prepare
a Safety Plan for the proper running of their Water Scheme into the future. This plan is
also necessary to guarantee the safety of their water. The following is a list of tasks that
the Group Water Scheme needs to carry out going forward. It should be reviewed at the
end of each year and updated as necessary
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1) Seal the top 50m of the borehole or pre-treat the water and install the
Validated UV Reactor disinfection system as outlined at item 8 above and
maintain same as per manufactures instructions.

2) Replace existing Chloros disinfection system. Make it flow proportional
and bund the chloros tanks

3) Provide a sealed container with a volume equivalent to 20 minutes flow
during peak flow to act as contact tank so that the Chlorine has had
sufficient contact time to fully disinfect the water before it reaches the first
consumer.

Tile the floor and
house and paint the rest
riate heater controlled

4) Clean out the pump house, dispose of any defun
walls (up to 1.1m high above floor level) of p
of the interior. Provide a frost thermostat
by the frost thermostat.

5) Define the zone of contribution forahc : e source is

difficult to establish this area exac _ elf is

at least a kilometre north east of the
bore hole source. Base: s. detailed at item 6 above, the
ground water seems to flow.f aStto.the South West. That
should mean the the Anb ' p Waler Scheme should take

particular note of any activity taking pla i East of their borehole
F Hlition, e.g. septic tank, farmyards.
ght up to best practice

ker would need to be informed of same
anpduring the days after the slurry spreading.
anagement should adopt a protocol for dealing
o their water and make sure their caretaker is aware

gramme for flushing out the scour valves. Target to aim for
gee per 4 weeks in summer and once per 6 to 7 weeks for the

7) ections to the Group Water Scheme pipe should be checked so that
no backflow into the Group Water Scheme’s water main is possible.
8) The Group Scheme should consider sealing off shallow water strikes in the

borehole. The first water strike in the borehole seems to be at a depth 51
metres below ground level. However, the major strike occurs at 96.8m
below ground level. There is water entering the borehole at 27m below
ground level which may be contaminated with surface water. The existing
ope on the 6 inch steel liner at approx depth of 2.5m below ground level
should be sealed. Quotations from specialist drill companies should be
sought as to how best to seal the top 50m of the bore hole without reducing
the yield from the borehole. The existing borehole head should be sealed to
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prevent insects, slugs, frogs and polluted matter entering the borehole while
at the same time allowing for the electric cable and water pipe.

9) Keep a daily log of the levels of Chlorine dosing at the pump house and of
the free Chlorine residual at the end of the pipe lines. Print out and keep a
graphical record of the continuously monitored Turbidity levels and UVI
levels produced at item b1 of Section 10 below. Other significant events
like pump failure, leak repairs, slurry spreading within 500m of the pump
house etc. should also be noted.

10 Budget Cost of suggested Upgrade Works to A

a  Exhaust the possibility of sealing off the
borehole from 0.00m below ground level
to 50m below ground level so that watér

bl Provide pressurised sand filter, duty andy &
stand-by with controls,..................... B €15,000.00 incl VAT

b2 Validated UV Reactor, T
Alarm system, cleaning sySte
Turbidity and UVI logger. Es

iater leaving pumphouse,
, duty and stand-by,
...................................... € 6,000.00 incl. VAT

ihe contact time of 20 minutes. Est.Cost.......... €3,000.00 incl. VAT

d Provide frost thermostat and appropriate heater-
controlled by frost thermostat in pumphouse.
57T e g e S APEMAR s s o SNy T €200.00 incl. VAT

e Based on the continuously logged turbidity
and Ultra violet intensity data recorded over
12 to 18 months at item bl and depending
on the success of item a above, provide two
GAC filters, duty and standby, complete
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with pump controls, back washing

facility, sBbICOBE.. sl s tadb i e s Sl €36.000.00incl VAT
f Build new treated water reServoIl....o.ovvvevrensinsecen €40,000.00 incl VAT
g Install ?? No additional scour valves in the

Group Water Scheme = € 77777 incl VAT
h Install 2?7? No extra air valve and 777 extra

sluice valves = € 7277777 incl VAT
i Install water control boxes cum meters on

each of the 777 CONNECLIONS ......cocvievuirinreannnnnes € 7777727 incl VAT

Seal the top existing bore head
Bst. Cospillis.. i . . osas sdincpiiingeyus vaidy ooy €300.00 incl. VAT

i

k Provide a free chlorine monitor and
end of the group water scheme’s pipe line which
will alarm the caretaker when chl
residual drops below 0.1mg/ltr..... T, ..... ..€5,000. . VAT

Phase 1

Provide items a, b1, kb 1.¢ j and k at Section 10 of the report above.
Cost as detailed abovell " :

Sub Total 1 = € 2222222 incl VAT

Phase 2

Provide items e
Sub Total 2= € 2222272 incl VAT

Phase 3

Following a water audit on the section of pipe deemed

to be leaking excessively and following an appropriate

leak repair mstory data bemg located replace the said ???

of pipe... SieesRhiats i el e s st aaen e T Incd VAT

Page 8 of 9
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Overall Total = €2?22222222 inc.VAT

tlltllnIl..t..t.tt..t...l..a..llll..llEnd ofreportncoqoaoolot‘tc.-lcoocol.oliollaulo.lcoi.o.lonln.nalu

John Diskin B.E.
21 March 2014
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Well Camera Survey
Anbally and District,
Group Water Scheme,

Co. Galway

Anbally and District GWS

\
Well- &

Solutions

Well Surveys and Rehabilitation

Email:wellsolutions@jsdrilling.ie
Tel: 0871776966 / 0877433451
Fax: 0567793887

Website: www.wellsolutions.ie
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Well Solutions Camera Survey Anbally and District GWS

Introduction

Well Solutions is pleased to present this report summarising the camera survey of the
group water scheme supply well for Anbally and District Group Water Scheme in Galway.
The survey was carried out on the 24™ March 2010 during a pump retrieval exercise
carried out by Well Solutions and the group water scheme.

The objectives of the camera survey were to determine the internal conditions of the well
and identify any notable features in the well.

Methodology

One of the most difficult aspects of determining the source of a particular problem in a
well is the inability to see into the well. Well Solutions has a specially adapted camera
system (see figure 1 below) which can be lowered into wells giving a full 360° view of
the well wall in addition to the ability to look down and back up the well. This enables us
to determine the quality of well construction and locate any damage caused to the casing
during or since installation. This is the first step to ascertaining the reason for water
contamination, yield decrease or pump problems in a well.

An added difficulty was encountered in this well, the ropes holding the pump had broken
and the pump was suspended from the electrical cable. The riser pipe was removed and
the camera system was used to guide the removal of the pump which had become stuck
at approximately 30 m below ground level (bgl). Once the pump was removed the
camera survey was carried out. The pump was then suspended from stainless steel wire
rope and lowered into the well with a new riser pipe and now sits at approximately 50m
bgl. A recording of the camera inspection of the wells is provided to the client with the
written report.

Figure 1 Specially adapted camera system

37


Peter Conroy
Typewritten text
37


Well Solutions Camera Survey Anbally and District GWS

Results of Camera Survey

Anabally and District Supply well was installed with 6 inch steel casing however due to
drilling difficulties 5 inch steel casing was driven inside this. The well cover was located
approximately 0.6m from the pump house wall with the casing approximately 0.2m
above ground level, no plug was present in the internal casing due to the difficulties with
pump removal therefore water ingress was potentially possible from the surface.

The camera survey showed steel casing running from 0 m btoc (below top of casing) i.e.
ground level to 27.5 m btoc. The casing was intact with the exception of between 2.0m
btoc and 2.2m btoc where a section of casing has been cut during previous attempts to
remove the pump. At 27.5m btoc water ingress can be seen into the well from outside
the casing. From 27.5 m btoc to 99.1 m btoc (the total depth of survey) the well was
cored limestone. The well was predominantly solid cored wall with the exception of
regular indentations around the circumference of the core, over 50 of these were noted
down the length of the core and these are most probably bedding planes in the
limestone. Some may have been smaller fractures and hence, potential minor water
feeds however heavy build up of calcite on the well wall makes them hard to definitively
identify. The following features recorded during the survey were thought to indicate the
location of the main water feeds for this well;

e 32.7m btoc water was encountered. Water is very cloudy and suspended solids
visible in the water column

e 51.1 m btoc water clears possibly due to proximity of water feed

¢ 51.5 m btoc weathered fracture around circumference of core - probable water
feed

e 60.4 m btoc fracture around circumference of core - probable water feed
e 64.4 m btoc fracture around circumference of core - probable water feed
e 73.3 m btoc fracture around circumference of core — probable water feed
e 75.3 m btoc fracture around circumference of core — probable water feed
e 87.3 m btoc fracture around circumference of core — probable water feed

e 96.8 m btoc very weathered fracture around circumference of core - probable
main water feed

At 95 m btoc the top of an old electric cable was encountered this was followed to 99.1m
where rope, electric cable and electrical tape is thought to possibly obscure an old pump
which was left to sink to the bottom of the well. The camera could not progress beyond
99.1m btoc.
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Discussion and Recommendations

According to Anbally and District GWS members the well was drilled in 1987 and the
pump has been replaced twice in this time. It appears that one of the pumps was not
removed but allowed to fall to the bottom of the borehole this may have been due to
difficulty in removing the pump. A clear picture could not be achieved of what was at the
base of the well however the presence of the electric cable and rope suggest that the
pump is also at the bottom of the well. At present this does not pose a problem for the
well, however if another pump were to fall to the bottom there is a strong possibility that
the main water feed to the well at 96.8m btoc would become obstructed.

It is recommended that in future when removing pumps all possible efforts are made to
retrieve old pumps, electric cables and ropes so as to ensure the free flow of water from
the main feed at 96.8 m btoc.

The water appears to have a high suspended solid content particularly in the upper 20m
of the water column. A possible explanation for the high suspended solid content is the
age of the well and the fact that it is drilled in limestone. The walls of the well are coated
in what appears to be a calcite deposit which is loosened during pumping and suspended
in the water. The water clarity shows improvement from 51.1m btoc to the bottom of the
borehole. This is thought to be because the main water feed is at 96.8m btoc and other
water feeds from 96.8 m btoc up to 51.5m btoc provide clearer water. The significant
calcite build up on the well walls would be unlikely to completely block water feeds to the
well however it is likely that it is reducing yield and plugging the smaller fractures
feeding the well. This is further supported by the cavitation which occurred in the well in
the summer of 2009. The cause of this drop in water level is suspected to be that the
well is producing water at or near capacity.

Well Solutions recommends that when the pump is next being removed or changed that
the inside of the well is cleaned using mechanical means such as jetting to remove the
calcite build up from the wall of the well in particular from the fracture zones feeding the
well. The encrustation which is removed from the walls of the well should then be lifted
from the base of the well. Initially it is recommended that the entire well is cleaned. This
should help to reduce the suspended solid concentration in the water in addition to
increasing the yield of the well. A methodology for jetting the well has been attached as
appendix 1. A complete jetting of the well should not be necessary for several years
after the initial cleaning, however, a regular jetting of the fracture zones every 2 years in
conjunction with a camera survey of the well to check the overall condition is
recommended to prevent a fall off in yield.

Water ingress was noted at 27.5m btoc from the outside of the steel casing. This is a
potential contamination issue as it increases the risk of faecal coliform and e coli entry
into groundwater.

The water ingress from the outside of the steel casing may become an issue, particularly
if bacteria counts in the water start to increase as this is the most likely entry point for
bacteria from surface waters. It is recommended that the well head area is reworked to
include a concrete plinth around the top of the well, a new upright cover that is at least
0.5 m above the surrounding ground level, a winch and wire tautening system be
included to aid in the removal of the pump when required and a water proof cover on the
well which allows the riser pipe, electric cable and suspension wires and nothing else to
pass into the well.
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A pump upgrade will be required for this scheme in the future. Information is provided
on a variable speed pump, which is the recommended upgrade for the Anbally and
District Group Water Scheme. The correct pump size was investigated for the scheme at
its current usage and factoring in the addition of future members over the coming years.
A 3-phase, 7.5 horse power Grundfos, variable speed pump is thought to be the best
option for the scheme. This has been successfully installed in a scheme supplying 140
households where it is working efficiently and is recommended as the best option in this
case. The price for this pump and accessories is included as appendix 2 (note this is for
information only and is not intended as an immediate recommendation). The
replacement of the pump will not be necessary until problems are encountered with the
pump in place or demand exceeds capabilities of the pump currently in place.

It is recommended that a schedule of works be organised for the next 12- 24 months to
complete this work.

Limitations

Well Solutions prepared this report for the sole use of Anbally and District Group Water
Scheme. This report is intended to assist Anbally and District Group Water Scheme in
understanding the issues identified in relation to the water supply well on site. Field
investigations carried out by Well Solutions were restricted to a level of detail
appropriate to the presented assessment. It is important that these limitations be
clearly recognised when the findings of this report are being interpreted.

To the best of our knowledge information contained in this report is accurate at the time
of issue. Subsurface conditions may vary with time. This should be borne in mind if the
report is used without further confirmatory testing after significant delay.
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s ool Geological & Enironmental Driling Contractors 20.The Belfy.

ST e Y2  Waterwell rehabilitation services . ’
E-mal!. |m@.sdr|lllling.|.e We' -(‘;-: Mobile: 0871776966 Chapel Lane,
Website: www jsdrilling.ie - Email: wellsolutions@sdrilling.ie Thomastown,
Vat. No: |BE6431197F S (0] I u tl ONS Website www wellsolutionsie Co. Kilkenny.

Methodology for Jetting Wells

The winch system for lowering the jetting tools into the well is set up over the well.
Jetting relies on the erosional effects of thin but fast flowing water jets. High-pressure
jetting features a tool with an adjustable, multi-head, water-powered jet that is rotated
as it is lowered into the well and injects water at a high pressure, dislodging debris from
the well. The well is cleaned section by section as the jetting nozzle is lowered into the
well.

Once the sediment has been dislodged the jetting equipment is removed from the well
and a Venturi apparatus is used to lift the heavy sediment out of the well. The well will
then be developed and suspended solids will be pumped from the well.

When the jetting is completed the well will be inspected using the underwater borehole

viewing camera system to ensure that all sections of the well have been adequately
cleaned.
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APPENDIX 2
Pump information
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Supply and install;

Size: 7.5 HP

Power: 3 phase

Make: Grundfos

Type: Variable speed pump
Diameter: 4 inch

This price includes removal of existing pressure tank and fittings and installation of new pressure
system, electrical cable and pipe.

Propose to install at 75m below ground level.

Price €7,500

5HP pump not considered suitable for this scheme not quoted
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APPENDIX 2

Groundwater Vulnerability
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Introduction

The term ‘vulnerability’ is used to represent the intrinsic geological and hydrogeological characteristics that
determine the ease with which groundwater may be contaminated by human activities (DELG et al., 1999).
The vulnerability of groundwater depends on:
e the time of travel of infiltrating water (and contaminants)
o the relative quantity of contaminants that can reach the groundwater
e the contaminant attenuation capacity of the geological materials through which the water and
contaminants infiltrate.

All groundwater is hydrologically connected to the land surface; the effectiveness of this connection
determines the relative vulnerability to contamination. Groundwater that readily and quickly receives water
(and contaminants) from the land surface is more vulnerable than groundwater that receives water (and
contaminants) more slowly and in lower quantities. The travel time, attenuation capacity and quantity of
contaminants are a function of the following natural geological and hydrogeological attributes of any area:

o the type and permeability of the subsoils that overlie the groundwater

e the thickness of the unsaturated zone through which the contaminant moves

e the recharge type — whether point or diffuse.

In other words, vulnerability is based on evaluating the relevant hydrogeological characteristics of the
protecting geological layers along the pathway, and the possibility of bypassing these layers. In summary,
the entire land surface is divided into four vulnerability categories: Extreme, High, Moderate and Low, based
on the geological and hydrogeological characteristics. Further details of the hydrogeological basis for
vulnerability assessment can be found in ‘Groundwater Protection Schemes’ (DELG et al., 1999).

The Groundwater Vulnerability Map shows the vulnerability of the first groundwater encountered, in either
sand/gravel or bedrock aquifers, by contaminants released at depths of 1-2 m below the ground surface.
Where the water-table in bedrock aquifers is below the top of the bedrock, the target needing protection is
the water-table. However, where the aquifer is fully saturated, the target is the top of the bedrock. The
vulnerability map aims to be a guide to the likelihood of groundwater contamination, if a pollution event were
to occur. It does not replace the need for site investigation. Note also that the characteristics of individual
contaminants are not considered.

Except where point recharge occurs (e.g. at swallow holes), the groundwater vulnerability depends on the
type, permeability and thickness of the subsoil.

The groundwater vulnerability map is derived by combining the permeability and depth to bedrock maps,
using the three subsoil permeability categories: high, moderate and low; and four depths to rock categories:
<3m, 3-5m, 5-10m and >10m. The resulting vulnerability classifications are shown in Table 1.

Table 1 Vulnerability mapping guidelines (adapted from DELG et al, 1999)

Thickness of Hydrogeological Requirements for Vulnerability Categories
. Diffuse Recharge Point Recharge | Unsaturated
Overlying Zone
Subsoils . —
Subsoil permeability and type
High moderate low permeability | (swallow holes, | (sand & gravel
permeability permeability (clayey subsoil, | losing streams) aquifers only)
(sand/gravel) (sandy subsoil) | clay, peat)
0-3m Extreme Extreme Extreme Extreme Extreme
(30 m radius)
3-5m High High High N/A High
5-10 m High High Moderate N/A High
>10m High Moderate Low N/A High
Notes: (i) N/A = not applicable.
(i) Release point of contaminants is assumed to be 1-2 m below ground surface.
(iii) Permeability classifications relate to the engineering behaviour as described by BS5930.
(iv) Outcrop and shallow subsoil (i.e. generally <1.0 m) areas are shown as a sub-category of extreme vulnerability
(amended from Deakin and Daly (1999) and DELG/EPA/GSIa (1999))
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Sources of Vulnerability Data

Specific vulnerability field mapping and assessment of previously collected data were carried out as part of
this project. Fieldwork focused on assessing the permeability of the different subsoil deposit types (Figure 3),
so that they could be subdivided into the three permeability categories. This involved:

Describing selected exposures/sections according to the British Standard Institute Code of Practice
for Site Investigations (BS 5930:1999).

Collection of subsoil samples for laboratory particle size analyses

Assessing the recharge characteristics of selected sites using natural and artificial drainage,
vegetation and other recharge indicators.

The following additional sources of data were used to assess the vulnerability and produce the map:

Subsoils Map (EPA/Teagasc Subsoil Map, 2006), which is the basis for the main permeability
boundaries. ‘Clean’ sands and gravels are usually high permeability. Alluvium deposits are either
moderate or low permeability.

Depth to bedrock map, compiled by the mapping team for the current project in the Geological
Survey of Ireland, using data compiled from GSI, consultant and county council reports, along with
purpose-drilled auger holes

Geological Survey of Ireland Bedrock Geology Map

Geological Survey of Ireland well and karst database, which supplied information on well yields and
depth to bedrock, as well as locations of point recharge.

General Soils Map of Ireland (Gardiner and Radford, 1980). This gives additional, indirect
information on subsoil permeability in the areas mapped by Teagasc as ‘ill’.

Thickness of the Unsaturated Zone

The thickness of the unsaturated zone, or the depth of ground free of intermittent or permanent saturation, is
only relevant in vulnerability mapping over unconfined sand and gravel aquifers. As described in Table 6.1, the
critical unsaturated zone thickness is 3m; unconfined gravels with unsaturated zones thicker than 3m are
classed as having a ‘high’ vulnerability, while those with unsaturated zones thinner than 3m are classed as
having an ‘extreme’ vulnerability.
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Groundwater Recharge
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Introduction

The term ‘recharge’ refers to the amount of water replenishing the groundwater flow system. The recharge rate is generally estimated on an annual basis, and is
assumed to consist of the rainfall input (i.e. annual rainfall) minus water loss prior to entry into the groundwater system (i.e. annual evapotranspiration and
runoff). The estimation of a realistic recharge rate is critical in source protection delineation, as this dictates the size of the zone of contribution to the source (i.e.
the outer Source Protection Area).

The main parameters involved in the estimation of recharge are: annual rainfall; annual evapotranspiration; and a recharge coefficient (Table 1). The recharge
coefficient is estimated using Guidance Document GW5 (Groundwater Working Group 2005).

Table 2: Recharge coefficients for different hydrogeological settings.
Vulnerability Hydrogeological setting Recharge coefficient (rc)
category Min (%) Inner Range Max (%)*
Extreme 1. Areas where rock is at ground surface 60 80-90 100
1. Sand/gravel overlain by ‘well drained’ soil 60 80-90 100
Sand/gravel overlain by ‘poorly drained’ (gley) soil
1.iii Till overlain by ‘well drained’ soil 45 50-70 80
1.iv Till overlain by ‘poorly drained’ (gley) soil 15 25-40 50
1.v Sand/ gravel aquifer where the water table is < 3 m below surface 70 80-90 100
1.vi Peat 15 25-40 50
High 2.i Sand/gravel aquifer, overlain by ‘well drained’ soil 60 80-90 100
2.ii High permeability subsoil (sand/gravel) overlain by ‘well drained’ soil 60 80-90 100
2.iii High permeability subsoil (sand/gravel) overlain by ‘poorly drained’ soil

2.iv Moderate permeability subsoil overlain by ‘well drained’ soil 35 50-70 80
2.v Moderate permeability subsoil overlain by ‘poorly drained’ (gley) soil 15 25-40 50
2.vi Low permeability subsoil 10 23-30 40
2.vii Peat 0 5-15 20
Moderate 3. Moderate permeability subsoil and overlain by ‘well drained’ soil 25 30-40 60
3.ii Moderate permeability subsoil and overlain by ‘poorly drained’ (gley) soil 10 20-40 50
3.iii Low permeability subsoil 5 10-20 30
3.iv Basin peat 0 3-5 10
Low 4. Low permeability subsoil 2 5-15 20
4.ii Basin peat 0 3-5 10
High to Low 5.i High Permeability Subsoils (Sand & Gravels) 60 85 100
5.ii Moderate Permeability Subsoil overlain by well drained soils 25 50 80
5.iii Moderate Permeability Subsoils overlain by poorly drained soils 10 30 50
5.iv Low Permeability Subsoil 2 20 40
5.v Peat 0 5 20

Acknowledgement: many of the recharge coefficients in this table are based largely on a paper submitted by Fitzsimons and Misstear (in press).
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APPENDIX 4

Anbally & District GWS Borehole Untreated Water Quality Data
Anbally & District GWS Borehole Treated Water Quality Data
Anbally & District Treated Water Quality Graph

Untreated Groundwater Quality Monitoring Parameter Suite
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Anbally District GWS - Untreated Water Quality 2000 to 2014

Parameter Colour Turbidity Conductivity pH Ammonia Nitrate Nitrite Aluminium Iron Manganese | Total Coliform | Faecal Coliform BOD
Units Hazen NTU uS/cm 6to9 mgN/I mgN/I mgN/I ug/| ug/| ug/| cfu/100ml cfu/100ml mg/I
S12780f 2007 - DWS 20 Hazen 4 1500 6to9 0.23 11.3 0.15 200 200 50 0/100ml 0/100ml
Nov-00 10 1.04 660 6.76 2 2 0.05 28 26 <6 480 <1
Dec-00 2.5 1.3 653 6.85 0.1 0.1 0.05 8 10 <6 <1 <1
Jan-01 5 0.79 639 6.94 0.1 2 0.05 <4 14 <6 310 <1
Feb-01 7.5 0.83 694 6.74 0.2 3.5 0.05 <4 8 <6 <1 <1
May-01 30 1.07 666 6.84 0.15 1.4 0.003 16 8 <6 2 1
Jun-01
Jul-01 25 1.78 694 7.37 0.15 1.4 0.003 15 69 <6 <1 <1
Aug-01 40 6.24 663 7.15 <0.1 0.7 0.003 50 167 22 6 3
Sep-01 25 1.35 667 7.35 <0.1 1.5 0.004 12 62 6 <1 <1
Oct-01 7.5 1.48 701 7.2 <0.1 2.4 0.003 20 19 <6 <1 <1
Nov-01 10 0.98 688 7.21 0.25 2 0.003 8 27 <6 1 1
21-Aug-13 187 36
27-Aug-13 79 15
02-Sep-13 162 9.8
Count 10 10 10 10 10 10 10 10 10 10 13 13 0
Average 16.3 1.7 673 7.0 0.42 1.7 0.02 19.6 41 14 153 11 #DIV/0!
Max 40.0 6.2 701 7.4 2.00 3.5 0.05 50.0 167 22 480 36 0.0
Min 2.5 0.8 639 6.7 <0.1 0.1 0.003 8.0 8 6 <1 <1 0.0
Copper,
Parameter coD Alkalinity Sodium Chloride | Dissolved 02 | Potassium, Total | Hardness, Total | Magnesium Total Silica Sulphate | Orthophosphate | Calcium, Total |Dissolved
Units mg/I mg/l as CaCO3 mg/I mg/I % Sat mg/I mg/l as CaCO3 mg/I mg/| as Si02 mg/I mg/| as PO4-P mg/I ug/|
S12780f 2007 - DWS 200 250 250 2000
Nov-00
Dec-00
Jan-01
Feb-01
May-01
Jun-01
Jul-01
Aug-01
Sep-01
Oct-01
Nov-01
Count 0 0 0 0 0 0 0 0 0 0 0 0 0
Average #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Max 0.0 0 0 0.0 0.0 0.0 0 0 0.0 0.0 0 0 0
Min 0.0 0 0 0.0 0.0 0.0 0 0 0.0 0.0 0 0 0
Chromium, Nickel, Cadmium, Arsenic, Barium, Clostridium Potassium:
Parameter Lead, Dissolved Dissolved Dissolved Dissolved Dissolved Zinc, Dissolved Dissolved TOC Perfringens | Strontium Fluoride Sodium
Units ug/l ug/l ug/l ug/l ug/l ug/l ug/l mg/| cfu/100ml ug/l mg/| Ratio
S12780f 2007 - DWS 10 50 20 5 10 NAC 0.8
Nov-00
Dec-00
Jan-01
Feb-01
May-01
Jun-01
Jul-01
Aug-01
Sep-01
Oct-01
Nov-01
Count 0 0 0 0 0 0 0 0 0 0 0 0
Average #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
Max 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0.00
Min 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0.00
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Anbally GWS Drinking Water Quality - Treated Water Quality 2002 to 2014

Date 13/05/1992 06/02/1995 23/04/1996 11/06/1996 25/06/1996 03/03/1997 10/03/1997 24/03/1997 11/05/1998 06/07/1998 03/02/1999
SI2 /80t
Location :X‘SI:Zme g 2007 - .
DWS| Count| Average Max Min
1,2-dichloroethane ug/| 3 3 0.10 0.10 <0.1
Acrylamide 0
Aluminium ug/l 200 26 15.37| 64.00] <0.006
Ammonium mg/| 0.3 40 0.03 0.09( <0.025 0.03 <0.025
Antimony ug/l 5 3 0.10 0.10 0.10
Arsenic ug/l 10 5 0.43 0.51 0.40
Benzene ug/l 1 3 0.10 0.10 <0.1
Benzo(a)pyrene ug/l 0.01 3 0.003| 0.003| <0.003
Boron mg/| 1 3 0.02 0.02| <0.02
Bromate ug/l 10 4 2.63 5.00 1.00
Cadmium ug/l 5 3 0.10 0.10 <0.1
Chloride mg/| 250 7 18.31( 21.30| 15.30
Chromium ug/l 50 3 1.00 1.00 <1.0
Clostridium Perfringens no/100 ml 0 26 0.38 3.00 0.00
Coliform Bacteria no/100 ml 0 53 25.13| 816.00 0.00 13.00 1.00 132.00 120.00 6.00 0.00 1.00 1.00 0.00 0.00 0.00
Colony Count @ 22°C no/100 ml 1 0.00 0.00 0.00
Colour Hazen AC & NAC 44 12.06( 43.70 2.50 10.10 3.70
Conductivity uS/cm 2500 43 642 852 505 680 694
Copper mg/| 2 5 0.03 0.07| 5E-05
Cryptosporidium 16
Cyanide ug/l 50 3 5.00 5.00 <5.0
E. coli no/100 ml 0 52 7.15| 144.00 0.00 12.00 1.00 120.00 70.00 1.00 0.00 1.00 1.00 0.00 0.00 0.00
Enterococci no/100 ml 0 5 0.00 0.00 0.00
Epichlorohydrin 16
Fluoride mg/| 0.8 5 0.14 0.20 0.10
Free Chlorine mg/| 6 0.11 0.28 0.01
Giardia 16
Hardness mg/l as CaCO3 3| 385.00| 401.00| 367.00
Iron ug/l 200 41 51.19| 109.20 7.00 <50 <50
Lead ug/l 10 5 0.90 1.66 0.38
Manganese ug/l 50 37 8.30| 24.00 1.00 <50 <20
Mercury ug/l 1 3 0.02 0.02( <0.02
Nickel ug/l 20 5 2.07 2.92 <0.5
Nitrate mg/| 50 39 10.17| 25.30 0.10 13.40 11.40
Nitrite (at tap) mg/| 0.5 35 0.01 0.05| <0.02 0.0200 <0.02
Nitrites (at WTW) 16
Odour AC & NAC 22 0.00 0.00 0.00
Oxidisability 16
PAH ug/l 0.1 3 0.01 0.01f <0.01
Pesticides - Total ug/l 0.5 3 0.01 0.01f <0.01
pH [-] 6.5-9.5 44 8.69| 73.00 6.60 7.20 7.10
Selenium ug/l 10 5 1.00 1.68 0.57
Sodium mg/| 200 5 11.46( 12.78| 10.52
Sulphate mg/| 250 8 8.40| 13.90 1.00
Taste AC & NAC 6 0.00 0.00 0.00
Tetrachloroethene & Trichloroethene ug/l 10 6 3.06 5.00 0.10
Total Chlorine 16
Total Indicative Dose 16
Total Organic Carbon mg/| NAC 7 3.48 4.40 2.24
Trihalomethanes(Total) ug/l 100 10 16.28| 30.60 5.00
Tritium 16
Turbidity (at tap) NTU AC & NAC 43 0.76 2.20 0.01 0.62 1.10
Turbidity (at WTW) 16
Vinyl Chloride 16
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Anbally GWS Drinking Water Quality - Treated Water Quality 2002 to 2014

19/04/1999 25/01/2000 05/09/2000 12/01/2000 20/11/2001| 08/05/2002 24/07/2002 04/09/2002 22/01/2003 07/04/2003 17/07/2003 17/10/2003 21/01/2004 19/04/2004 13/07/2004 18/10/2004 13/01/2005
Goaley -external tap Goa|ey_ext tap Goaley, private dwelling, Ext Tap
6 17 11 8 10 <0.006 0.012 0.023 10
0.09 <0.025 0.04 <0.025 <0.025 <0.025 <0.025 <0.025 0.01 0.01 0.01 0.01 0.01 <0.01 <0.01 0.02 0.01
0 2 3 2 0 0 0 0 0
0.00 0.00 0.00 0 1 9 0 0 0 0 0 0 2 0 0
<2.0 5.40 19.50 6.50 8.70 10.7 14.9 18.2 7.5 10 15 20 2.5 10 40 2.5 2.5
778 698 628 659 695 678 707 681 603 577 665 636 620 599 602 640 604
0.00 0.00 0.00 0 0 5 0 0 0 0 0 0 0 0 0
<50 <50 67.00 <50 57.00 <50 <50 84 7 57 75 33 15 14 85 55 25
<20 <20 <20 <20 <20 <20 <20 24 2 3 11 3 2 <2 6 3 2
15.00 12.20 4.30 12.90 11.00 11.3 8.2 7.7 4.4 1.5 3.4 7.2 20.6 14.6 6.5 0.1 16.4
<0.02 <0.02 <0.02 <0.02 <0.02 <0.020 <0.020 <0.020 0.004 0.004 0.01 0.007 0.008 0.012 0.001 0.001 0.001
None None None
7.50 7.30 7.30 7.30 73.00 7.5 7.3 7.2 6.99 7.01 7.26 7.1 7.33 6.92 7.17 7.08 6.93
0.50 0.45 0.84 2.10 0.70 0.6 0.6 1.83 0.01 0.97 0.01 0.37 2.01 <0.01 <0.01 0.01 0.01
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Anbally GWS Drinking Water Quality - Treated Water Quality 2002 to 2014

17/10/2005 12/10/2005 06/11/2006 28/11/2006 28/08/2007 09/10/2007 19/11/2007 18/02/2008 03/07/2008 23/07/2008 09/10/2008 21/04/2009 07/05/2009 12/05/2009 12/06/2009 26/06/2009 02/11/2009
Goaley Goaley Mullins Mary Ann Fergh's House| IMlorans House | Morans private house| Kearneys House| Morans Private House [ ANNIE COENS HOUSE [ Jason Woods House[ ANNIE COENS HOUSE [ Jason Woods House Jason Woods House
<0.1 0.1 0.1
<5.0 20 20 7.5 64 12.13 20 28
<0.025 <0.03 <0.03 0.08 <0.03 <0.03 0.03 0.06 0.083 0.03 0.042 0.03 0.03
0.1 0.1 0.1
0.4 0.4 0.507
<0.1 0.1 0.1
<0.003 0.003 0.003
<0.02 0.02 0.02
3.5 1 1
<0.1 0.1 0.1
21.3 19.3 20
<1.0 1 1
0 0 0 0 0 0 0 0 0 0
1 1 1 0 0 0 18 0 0 0 0 0 201 0 0 0 0
0
22.6 5 4.2 11.1 23.7 16.9 4.7 5.8 11.3 4.4 11.9 7.9 4 5.9
609 635 620 649 614 638 625 630 640 647 635 691 638
0.050 0.000047 0.068
<5.0 5 5
1 1 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0
0 0 0
0.12 0.12 0.1
0.02 0.03 0.25 0.28
401 367 387
100 <50 <50 30.0 83 98 50 50 36.4 50 37.38 50 10 52
1.7 1.3 0.677
<20 <20 <20 1.9 <20 <20 20 20 2.4 20 1 20 <5 20
<0.02 0.02 0.02
<0.5 2.2 1.733
7.8 14.8 25.3 11.71 8.8 11.4 14.1 11.3 8.34 15 9.56 9.3 8.94 8.8
<0.020 <0.02 0.04 <0.043 <0.02 <0.02 0.000043 0.046 0.02 0.021 0.02
None 0 0 None None None 0 0 0 0 0 0 0
<0.01 0.01 0.01
<0.01 0.01 0.01
7.5 7 7.2 7.1 7.1 7.3 7.1 7.1 7.4 7.1 7.3 7.3 6.6 7
0.6 0.6 1.679
12.3 10.7 12.78
13.9 1 9.73 10.56
0 0
<0.2 5 5 0.2 5 0.1
4.1 4.4 3.1
23.8 7 19 5 10 5
1.1 1.4 0.5 0.81 0.8 2.2 0.7 0.9 1.66 0.4 0.37 0.5 0.01 0.9
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Geological Survey of Ireland
Anbally GWS Zone of Contribution

Anbally GWS Drinking Water Quality - Treated Water Quality 2002 to 2014

01/03/2010 13/04/2010 07/10/2010 13/01/2011 26/05/2011 10/11/2011 10/02/2012 14/03/2012 17/09/2012 25/04/2013 09/07/2013 21/08/2013 27/08/2013 02/09/2013
Majella Coen s House | Jason Woods House|Jason Woods House| Lawless Residence|Jason Woods House|Jason Woods House Treated (NUIG) [ Treated (NUIG) [ Treated (NUIG)
12.74 24.61 18 9 5 12.2 8 8.7 37
0.042 0.03 0.032 <0.01 0.011 0.01 0.01 0.031
0.421 0.421
5
15.3 16.7 17.6 18
0 0 0 0 1 0 2
0 0 0 0 6 0 1 816 1 0
16.9 3.7 9.8 6.3 43.7 7 10.1 10.4 17.4 <2.5 34.1
621 623 595 555 545 628 593 505 762 620 852
0.012 0.023
0 0 0 0 3 0 144 0 0
0 0
0.2 0.18
0.07 0.01
109.2 33 12.23 77 44 35 58 49
0.475 0.376
2.47 1.036 1.2 <1.0
2.916 1.432
7.28 11.1 10.2 7.13 6.09 7.59
<0.017 <0.043 <0.017 <0.043 <0.017
0 0 0 0 0 0
7.3 7.2 7.1 7.2 7 7.1 7.4 7.9 7.2 7.1 7.1
0.939 1.195
10.52 10.99
12.3 7.1 7.5 5.1
0 0 0 0
3.5 3.4 3.59 2.24
30.6 15.9 19.85 26.68
0.5 1.1 0.49 1.4 0.9 0.5 0.46 0.2 0.4 0.3
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Chloride, Nitrate, Turbidity

Anbally & District GWS - Parameter Trends
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Geological Survey of Ireland
Anbally & District GWS Zone of Contribution

Raw Water Analysis Parameters Required for ZOC Delineation

Turbidity

pH

Conductivity @20C

Alkalinity, total

Sodium, total

Chloride

Ammonium as NH4

Nitrate as NO3

Dissolved Oxygen (%)

Iron, total

Potassium, total

Total Hardness (Kone)

Magnesium, total

Colour, apparent

Sulphate

Orthophosphate as PO4-P

Manganese, total

Calcium, total

TOC

E coli (Filtration) (Environmental Waters)

Total Coliforms (Filtration) (Environmental Waters)

Optional Extras:

Additional metals: Al, As, Cd, Cr, Cu, Pb, Ni, Zn, Ba, Sr

Fluoride (by lon Selective Electrode)

Nitrite as N

Silica

BOD (incl. separate COD analysis prior to BOD),

Clostridium perfringens

Onsite filtration kit is required for additional metals consisting of ziplock bag containing
luer/lock syringe for trace metals, 0.45um syringe filter, 50ml sample tube)

Note: Sampler needs to wear clean pair of powder free gloves before touching any of the
items in the bag to prevent cross contamination.
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Anbally & District GWS Zone of Contribution

APPENDIX 5

Regional Hydrogeology Summary
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1 The Study Area

The group water schemes (GWS) at Claretuam, Belclare, Rusheens, Anbally and Carheenlea are under
consideration for this study. They are located in central Galway between Tuam and Claregalway (Figure A).

2 Historical Drainage and Regional Scale Groundwater Flow

The present day drainage system within the study area has been greatly altered by artificial drainage works
over the last 150 years. The original, natural, drainage system that existed in the area in the late 1700s is
shown in Figure B (Coxon and Drew, 1983), which shows the entire Clare River sinking to groundwater. The
current altered state of the drainage system in comparison to the condition in the late 1700s is shown in
Figure C. Handwritten notes on the GSI 6” historical field sheets for the area indicate that the Clonkeen Lake
area is “rarely flooded since Board of Works Operations in 1848”.

The artificial drainage was intensified by an OPW arterial drainage scheme in the 1950s and 1960s, which
was designed to provide basic conditions for increased crop production and improvement of stock by
drainage of 135,000 km® of wetlands for agricultural use (Ryan Hanley, 2010). The scheme involved
continuous channel excavation along the whole length of the Clare River involving deepening and widening
or both, and creating the deep rock cuts at Lackagh, Corofin and Conagher (above Milltown)
(Ryan Hanley, 2010).

In large river catchments groundwater within the river catchment is expected to flow towards the river and
discharge to it as baseflow. This may be only partly true for the Clare River within the study area due to the
strong interaction that evolved between the original drainage system and the underlying karstified
limestone bedrock aquifer (Box 1). The following paragraphs elucidate this point.

Box 1. Bedrock Aquifer

The limestone bedrock aquifer in the study area is
classified as a Regionally Important Karstified
Aquifer dominated by Conduit Flow (Rk.). These
rocks are generally devoid of intergranular
permeability. Groundwater flows through fissures,
faults, joints and bedding planes. In the pure
bedded limestones which occur in the study area
these openings are enlarged by Kkarstification
(i.e..rock gets dissolved by the flowing
groundwater) which significantly enhances the
permeability of the rock. Most groundwater flows
in a highly permeable epikarst (Box 2) layer a
couple of metres thick at the top of the rock, and in
a zone of interconnected Kkarstification-enlarged
fissures and conduits that extends approximately
30 m below this. Deeper inflows can occur in areas
associated with faults or dolomitisation (i.e.
magnesium limestone) (GSI, 2004).

Box 2. Epikarst

Epikarst is likely to form at the top of the limestone
aquifer wherever rock is close to surface or where
permeable subsoils occur, such that rainfall
infiltrates freely. The epikarst can be visualised as a
perched aquifer system channelling infiltrating
water to points of entry into the deeper
groundwater flow system (CDM, 2012). The water
penetrates vertically where vertical fissures occur.
The water flow enlarges the fissures in a positive
feedback loop which creates preferential vertical
flow paths. Deeper Underground, the waters from
the preferential vertical pathways and any networks
of smaller fissures unite to form small streams and
in turn these join and excavate correspondingly
large conduits and even cave systems.

Extensive karst conduit systems exist in the
limestone bedrock in the study area, as exemplified
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Central Galway Group Water Scheme ZOCs - Regional Hydrogeology Summary
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by the Ballyglunin Cave system. The mapping of this system indicates conduit development along north to
south and west to east joint sets, with an overall dip to the west (Drew and Daly, 1993).

Overall, groundwater flow will be westwards towards the River Clare and L. Corrib, but the highly karstified
nature of the bedrock means that locally groundwater flow directions can be highly variable (GSI, 2004). Dye
tracing tests between swallow holes and springs within the study area show that groundwater can flow
across the surface water divides and beneath surface water channels, e.g. the traced groundwater
connection between Ballyglunin Cave and Aucloggeen Spring, which passes underneath both the Abbert and
Clare Rivers (Drew & Daly, 1993). Connections proven by dye traces between swallow holes and springs in

III

the study area are shown in Figure D. Details of the individual “tracer-tests” are also shown on Figure D.
The flow paths exemplified by these tests are regional in scale, e.g. Ballyglunin to Aucloggeen is a straight
line distance of 9.6 km. High groundwater flow velocities occur along the corresponding karst conduits. The
data provided on Figure D indicates that groundwater velocity from traces bearing north to south range from
6 m/hr to 35 m/hr (144 to 840 m/d) whereas traces bearing east to west have velocities ranging from
15 m/hr to 200 m/hr (360 to 4800 m/d). Regionally the data suggest that velocities are larger in the east to
west direction compared to the north south direction (GSI, 2004). By inference, conduit sizes follow the

same trend.

Figure D shows a strong correlation between the tracer-tests proving east to west connections, and areas
where the current Clare River did not exist under the original drainage system, i.e. Clonkeen Lake and
Turloughmore. In these areas, in line with the tracer-test results, it seems likely that the original drainage
system had evolved underground drainage pathways which allowed water to drain westwards along
preferential karst conduit pathways from Clonkeen and Turloughmore/Ballyglunin to Lough Corrib. The fact
that these pathways have been proven by tracer-tests under the modern drainage regime shows that the
pathways are still active in the present day.

In terms of the hydraulic connectivity of the modern Clare River system and the underlying bedrock aquifer
therefore, the conventional model of discharge of groundwater as baseflow to the river is unlikely to provide
the full picture.

It is expected that with the OPW arterial drainage works, extensive hydraulic continuity may have been
established between the Clare River and the underlying limestone bedrock aquifer, particularly where deep
rock cuts were made. It is likely that this hydraulic continuity is chiefly between the river and the epikarst
layer at the top of the bedrock. As such, it is likely that the Clare River may act as a drain for the epikarst
layer, with the epikarst saturated to at least the elevation of the river. The saturated epikarst will still be
connected to the underlying deep karst conduit system by preferential vertical infiltration points (Box 2).

When the water pressure in the conduit system is lower than in the epikarst, the shallow groundwater will
drain down to the deeper system, while (presumably) simultaneously draining laterally to the Clare River.
Where the Clare River bed intersects a swallow hole from the original Clonkeen Lake or Turloughmore
systems, some river water is also likely to sink down to the deep conduit system. When the pressures are
reversed the deep conduit system is likely to discharge some groundwater to the epikarst and river via the
same pathways, in reverse. In both scenarios, the deep conduit system is likely to continue discharging
westwards at depth towards the lowest head in the system at Lough Corrib, irrespective of the type of
interaction with the overlying shallow groundwater and river catchments.
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The implications of the system described above for GWS borehole sources in the study area are outlined in
Box 3.

Box 3. Implications for GWS Borehole Sources

Based on the system of surface water/groundwater interactions occurring in the Clare-Corrib Catchment, the
following scenarios may be relevant where a GWS borehole source has been drilled into the system:

e Borehole only intersects a shallow epikarst water strike:

o Borehole distant from Clare River — Borehole vyield is likely to be moderate to good. Pumping drawdown
likely to induce localised inflow from the epikarst. Drawdown likely to dewater the strike before
abstraction can increase sufficiently to establish a gradient generating leakage from the river to the
borehole. ZOC likely to be localised.

o Borehole close to the Clare River — Borehole yield may be good. Pumping drawdown likely to induce
localised inflow from the epikarst. Drawdown might establish a gradient generating leakage from the river
to the borehole which would allow increased abstraction. ZOC likely to be localised but partial contribution
from surface water catchment is possible.

e Borehole only intersects a deep water strike (epikarst sealed off by grout):

o Borehole intersects a small fissure — may result in a moderate yield. Abstraction drawdown will increase
the downwards vertical gradient from the overlying epikarst. Drawdown might reverse the gradient
between the fissure and conduits in the same area, with some potential for a minor partial contribution by
leakage from the conduits back along the fissure to the borehole, depending on the proximity of the
conduit. ZOC likely to be localised and fed by downward leakage from the epikarst through the fissure, but
a partial contribution from the conduit system is possible.

o Borehole intersects a conduit — may result in a good to excellent well. Abstraction will mainly derive from
the regional scale conduit system upgradient of the borehole. The zone of contribution may extend
beyond the immediate surface water catchment. There may also be partial contributions from losing
reaches of local and distant surface water courses that contribute to the regional conduit flow. Localised,
indirect epikarst input is also likely to occur via natural vertical pathways that contribute to the conduit.

e Borehole intersects a deep water strike and epikarst not sealed off:

o This situation is likely to result in a mix of the previous scenarios.

3 Data Relevant to Groundwater Flow Conceptualisation at each GWS

3.1 Geological Data from GSI 6” Field Sheets
Table 1 summarises the most relevant site specific annotations on the 6” Field sheets in the vicinity of
Claretuam, Belclare, Rusheens, Anbally and Carheenlea.

3.2 Groundwater Elevation Data

EPA groundwater monitoring locations are shown on Figure E. Three of the locations shown within the study
area are boreholes with long term groundwater level monitoring records available, i.e. Tuam, Lackagh and
Corbally. There are no borehole construction data available for the boreholes, except for Corbally which is
noted to be 80 m deep in the relevant EPA groundwater monitoring point site (GWMP) folder.

The available groundwater level data for the three EPA boreholes and the five GWS boreholes are shown in
Graph 01, along with the elevation of the Clare River bed at Corofin and the high water elevation for Lough
Corrib.
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Table 1. Summary of relevant data from GSI 6” field sheets

Dataset | Claretuam & Belclare Rusheens Anbally Carheenlea
GSI 6” Well exposed dark grey to Outcrop to SE Outcrop at Map for immediate
Hist black limestone (Lst) Crags flat to dipping | Turloughcartron to ENE = | area not available to
and outcrop to south, dips flat | W and NW dark grey thin bedded download.
to 3 degrees to SSE; N (6°?). Lst, full of calcite infilled NW at Lackaghbeg,
weathered and much-jointed cells about potato sized.
. i . To the SE at large outcrop shows
n pIaces‘; in some places joints Turloughour = | Just SE of source dark blue Lst, dip 3° to
noted oriented NNW; well bedded modern note says “3 SE, joints N6OW, cross
Outcrop to east of old course dark grey Lst, bores failed here due to | joints, irregular.
in Cloonmore dips flat to west | dip SSW clay in Lst solution

at 3 to 5 degrees, beds approx
18” thick, “this band of
exposed rock stretches for
nearly 100 yds w/o a single
crack or joint and is perfectly
smooth — Glacial action?”;

Clonkeen Lough callow semi
drained — noted to be peat
and chiefly shell marl, old
course of Clare R. has peat and
marl.

Large bog to north & NE of the
sources to north of
Polldarragh.

fissures”.

Dark grey beds to SE at
Tonmace; white bed,
dips east to ESE at 3 to
5°.

Bore at Dawros 83, WL
18.5m.

Large outcrop to W at
Cahernavoley most dips
SSE at 3 to 10°; dip of 3°
NE at south end of
outcrop.

Dolomite Lst at
Corrandrum 2km SSW

Faults & calcite spar
veins noted nearby to
NE at Clare R. in
Lackaghmore.

Just E Kilskea dip NNW
at 3 to 5°, angular
cross joints N15E, and
nearby joints N8OE &
N10E, N70W & N20E

To the N at
Laraghmore outcrop
dip 3°W and full of
irregular cross joints
N10W and N75E

The Tuam groundwater level (GWL) data are significantly higher than all of the other level data. The Tuam
borehole is on the east side of the Clare River, i.e. upgradient in terms of the nominal regional hydraulic
gradient. On the basis of Section 2, it is considered that the Tuam borehole probably intersects the epikarst
only. The GWL in this layer is likely to be controlled by the head in the Clare River, with the head in the
epikarst reflecting the gradient needed to drive groundwater through the epikarst to discharge to the river.
The GWL range in the Tuam borehole is not particularly flashy, which suggests GWL buffering by storage in
the epikarst and a high permeability.

The Lackagh and Corbally boreholes are on the west side of the Clare River, i.e. nominally downgradient.
The two boreholes have a GWL range of approximately 16 m. They follow very similar flashy trends
suggesting they are part of the same groundwater system. The high GWL range and flashy water level
response suggests the boreholes may be in hydraulic continuity with a karst conduit system with low storage
capacity and influenced by point recharge'. The GWLs are much lower than at the Tuam borehole. In line
with Section 2 this further suggests interaction with a deep conduit system (as opposed to the perched
epikarst system).

The Clare River bed level at Corofin is 22.2mOD (Ryan Hanley,2010).
Lackagh and Corbally) exceeds all but the peak flashy water levels at Lackagh and Corbally. This suggests

This bed level (halfway between

that the deeper karst system generally operates at a lower pressure head than the epikarst-Clare River

! Point recharge means rapid transmission of surface water into the groundwater system, e.g. by a stream sinking at a
swallow hole.
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Groundwater ELevation (mOD)

Graph 1. Groundwater Level Data in Vicinity of GWS Sources
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system and therefore would generally receive leakage from any vertical pathways connecting the two
systems. The leakage direction would only be reversed during times of peak GWL in the conduit system.
The generally lower head in the conduit system compared to the river also means that hydraulically it should
be more favourable for deep groundwater in conduits east of the Clare River to flow on westwards in
conduits beneath the river, rather than to discharge upwards to the river. The maximum water elevation at
Lough Corrib of 6.44 mOD is the lowest in the system, and therefore also favours this scenario. This is in
agreement with the indications from tracer tests as discussed in Section 2.

3.2.1 Groundwater Levels at the GWS Source Boreholes

The spot GWL measurements at the five GWS sources are also shown on Graph 01. Some inferences have
been drawn from these data; however one measurement per source is insufficient to draw any firm
conclusions with respect to any or all of the sources.

Furthermore the GWLs depicted for Claretuam and Belclare are estimated rest GWLs based on short
recovery periods monitored at each source; the GWL for Rusheens is the water level in an observation well
30 m from the GWS source borehole, while source well was pumping; the GWL for Anbally was taken when
the pump was off and may be close to the rest GWL; and the GWL for Carheenlea is a pumping GWL.

The time series data for the Lackagh and Corbally boreholes runs to 17 June 2014 and shows that the GWLs
in the boreholes (and therefore the conduit system) were in the basal reach of the known GWL range. The
site visit measurements were taken on 18 June 2014 (i.e. the next day) and there was no rainfall on the 17"
or 18", As such the conduit system would have remained in its basal GWL reach during the GWS readings.

3.2.1.1 Claretuam, Belclare and Rusheens

The GWLs measured at Claretuam, Belclare and Rusheens on 18 June 2014 are estimated to be within the
upper reach of the conduit system GWL range (but well below the epikarst level seen at Tuam borehole).
This suggests these three boreholes intersect minor fissures facilitating drainage from localised, overlying
epikarst to the regional conduit system. The transmissivity of the minor fissures is likely to be low, such that
a significant gradient may be need to drive leakage from the epikarst to the conduits via such fissures. As a
result the rest GWL at a borehole intersecting a minor fissure will be somewhere between the epikarst and
conduit extremes, and represents the head loss along the fissure as water is driven from epikarst to fissure.
In more descriptive terms, the GWL reflects the relatively slow draining of water from epikarst to conduit via
the low yielding minor fissure pathways when conduit water levels are low, and is analogous to groundwater
baseflow to a stream in a conventional (non-karst) groundwater setting.

In this context the three GWS sources would be expected to be moderate (40 to 100 m?/day) to good (100 to
400 m>/day) yielding boreholes with localised ZOCs drawing on leakage from the overlying epikarst.

Where a borehole intersects a large fracture, clogging of the fractures with moderate or low permeability
sediment could give similar hydraulic characteristics to those outlined for a small fissure. The permeability
of the infill would have a significant impact on the water level response of the borehole.

The original pump test for Claretuam GWS suggested a yield of 43 m*/day for a 7 m steady drawdown.
Current estimates by the GWS suggest a maximum vyield of 108 m*/day. This would be a moderate to
borderline-good yield. The well depth is 72 m.

The current abstraction rate at Belclare GWS is approximately 157 m*/day, which would be at the low end of
the range for a good yield (100 to 400 m>/day). The well depth is approximately 46 m.
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The driller’s yield estimate for the Rusheens GWS current source borehole (drilled in October 2012) was
216 m*/day. Instantaneous flow rates displayed on the flow meter on 18 June 2014 were of the order of
8.2 m*/hr (197 m®/day). This would be a good yield. The well depth is 64 m. The current Rusheens borehole
has a grout seal in the borehole annulus to a depth of 30 mbgl, which should seal off and direct epikarst
inflow to the borehole. The only inflow to the open section of the well was logged between 49 m and
54 mbgl as very broken rock with a large, sandy inflow. This may be a case where a large fracture has been
clogged by infill that restricts its interaction with the regional conduit system. The pumping water level was
approximately 9 m above the GWL in the regional conduit system as seen at the nearby Lackagh borehole.
The strong gradient from the borehole to the conduit system suggests that there is unlikely to be leakage out
of the conduit system to the borehole under rest or pumping conditions at the borehole. Overall therefore,
a localised ZOC drawing on leakage from the epikarst seems likely.

3.2.1.2 Anbally and Carheenlea

The GWLs measured at Anbally and Carheenlea on 18 June 2014 are in the basal GWL range of the regional
conduit system. This suggests that these two boreholes are in good hydraulic continuity with the deep,
regional conduit system.

In this context the two GWS sources would be expected to have good to excellent yields and to have ZOCs
reflecting both a localised contribution by “baseflow” leakage from the epikarst, but also a regional
component reflecting a probable significant inflow from the conduit system upgradient of the pumping
boreholes.

There is no data on the long term daily abstraction rate at Anbally GWS. Instantaneous flow meter readings
on 18 June 2014 suggest a pumping rate of 2.6 m*/hr (63 m>/day). Diskin (2014) indicates that the scheme
has 95 domestic connections plus approximately 20 additional connections to agricultural land. Assuming a
demand of 1.2 m*/day per connection (i.e. 6 PE at 0.2 m*/PE/day) would suggest a demand of 138 m®/day.
This would be a moderate to good yield. A report on a camera survey of the well by Well Solutions (2010)
made reference to anecdotal reports of a low water level at the borehole during the summer of 2009, and
suggests the borehole may be operating close to its sustainable yield (Well Solutions, 2010). The well is
approximately 99 m deep and has its main water strike at approximately 97 mbgl. Three trial boreholes for
the scheme in the nearby village failed due to “clay in the limestone solution fissures” (Table 1). The fact
that the borehole appears to only have a moderate to good yield suggests that its hydraulic continuity with
the conduit system may be limited. This may be due to clay infill in conduits in the area, as seen at the failed
trial boreholes. This in turn may suggest a localised ZOC; however a component of regional flow cannot be
discounted.

The borehole source at Carheenlea GWS was drilled to 61 mbgl and is reported by the GWS to have a yield
of 216 m*/d. This is a good yield but is less than would be expected in a borehole with good hydraulic
continuity with the regional conduit system. The corresponding GWL in Graph 01 is a pumping water level.
It may be that the abstraction generates a large drawdown and that the borehole rest water level resides in
the upper reach of the regional karst conduit range, similar to Claretuam and Belclare; alternatively clay
infilling of conduits in the vicinity could be the cause of the relatively low yield. Overall a localised ZOC is
plausible; however a component of regional flow cannot be discounted.

GSI (2004) suggests that there may be an increase in borehole yield form south to north across the study
area, which would correlate with clay infilling of conduits in the vicinity of Rusheens, Anbally and
Carheenlea.
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3.2.2 OPW turlough level data

Some data on turlough flood elevation in the vicinity were obtained from available OPW flooding records.
Just northeast of Belclare GWS the flood water level at Turloughnaroyer on 10 April 1995 was recorded as
101.4 ft OD (Poolbeg). This is equivalent to 28.2 mOD. This is above the observed water levels at the
Belclare borehole and is above the maximum GWL observed in the Lackagh and Corbally boreholes.
Therefore, when the turlough has been flooded by inflow from the regional conduit system there is a strong
lateral hydraulic gradient between the flooded turlough and the nearby GWS boreholes. It is possible that
some of the turlough water could migrate laterally to the borehole via the epikarst, when the borehole is

pumping.

3.3 Spring Flow Data and EPA GWMP ZOCs

Two large springs monitored by the EPA, Bunatubber and Corrandulla, are located to the southwest of the
GWS source boreholes (Figure E). Bunatubber has a yield of up to 1,000 I/s (86,000 m3/day), while
Corrandulla has a mean yield estimated at 7,000 m*/day. Both springs are considered to be focal points for
discharge from the regional scale karst conduit system which stretches to the northeast across the study
area. The EPA have delineated preliminary ZOCs for the springs (Figure E). The Claretuam, Belclare and
Rusheens borehole sources are contained within the Bunatubber ZOC. The Anbally source borehole is
contained within the Corrandulla ZOC. The Carheenlea borehole is not within a delineated area.

The preliminary EPA ZOCs give an indication of the large areas that may provide partial contributions to
groundwater discharges supplied by a regional scale karst conduit system. For Claretuam, Belclare,
Rusheens and Anbally the extent of the EPA ZOCs up gradient of the individual sources is a reasonable
estimate of the additional ZOC where it is suspected that there may be a partial contribution to the source
from the conduit system, over and above localised leakage from the overlying epikarst.

3.4 Well Yields
The GSI well database was interrogated for data points within the study area. Figure F shows the trends in
excellent, good, moderate and poor well yields in the area based on the available data.

Within the EPA delineated ZOCs for Bunatubber and Corrandulla there were 81 records, of which 60 had
accompanying yield data. Those records included 5 boreholes with excellent yields and 33 boreholes with
good yields (100 to 400m3/d). Figure F shows a noticeable alignment of good and excellent yielding wells
along lines heading roughly northeast to southwest towards Bunatubber and Corrandulla springs. This
correlates with the tracer test data which suggest that the predominant flow direction and highest flow
velocity is in the northeast to southwest direction.

The remaining yield data indicate the presence of 7 boreholes with moderate yield (40-100 m3/d BH) and
15 boreholes with poor yield (<40 m®/day). These are generally scattered amongst the good wells; however
there does appear to be a small NNE to SSW oriented cluster in the vicinity of the artificial reach of the
Abbert River (between Anbally and Carheenlea), which may indicate a zone of low transmissivity in that
area.

The good and excellent borehole yield data in the vicinity of Carheenlea GWS show similar trends.

3.5 Karst Features & Floods (Dbase, OSi Hist, OPW)
Table 2 shows the karst features in the vicinity of the GWS sources, identified from the GSI karst database,
OSi historical mapping and OPW flood mapping. The locations of the features are shown on Figure G.
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Table 2. Karst Features Data

Dataset

Claretuam (CT) Belclare (BC)

Rusheens (RSH)

Anbally (ANB)

Carheenlea (CHL)

OSi Hist

Map of surface water courses from late 1700s in Ryan Hanley (2010) shows a large lake in Monivea (north of Corofin); A huge
turlough at Turloughmore which has no outflow, i.e. no Clare River south of the Turloughmore; no Abbert River west of
Ballyglunin (i.e. it sinks and doesn’t link to the Turloughmore). Rivers rise again along spring line east of Lough Corrib, e.g.

Bunatubber and Corrandulla.

6” Hist map shows extensive “liable to flooding” east of Claretuam & Rusheens (Cloonmore, Clonkeen Lough) down to Corofin.
Numerous turlough & karst townlands: CT & BC — Turloughnaroyer, Pollaturk (Newgarden), Polldarragh; RSH & ANB —
Turloughour, Turloughcartron, Turloughmartin, Turloughrevagh; CHL — Turloughmore. No Abbert River in area south of Corofin

and modern Clare River not constructed yet

25” map provides similar picture to 6” map. More individual turloughs delineated — these have been picked up by the GSI karst
database. Modern Courses or Clare and Abbert Rivers in place.

6” map shows main path of R. Clare flows along the now redundant
watercourse through Cloonmore, past Lackagh BH, and discharges into mid
west boundary of Clonkeen Lough. By 25” map R. Clare created, Clonkeen
Lough drained and old Cloonmore channel reduced to a drain. 25” flow
arrows show drain flows south (arrow at Rusheens North) towards Lackagh

BH area, to 3 dead end channels.

GSI Karst Dbase

CT & BC — Turloughnaroyer.

Turloughour 2.8km SE,
Tobernamucka Sp 2 km
SSW; Cave 1.5km
South; (they are all
about the same
distances but North
from Anbally).

Numerous Turloughs
and springs to SW at
Bunatubber.

9 turloughs to SE @1.3
to 4km distance —
Pollakilleen, Meelick,
Pollnacloya, Cloghdo,
Turloughnarevagh + 4
unnamed. 3 Springs —
Pollabullaun, Betty’s
Hole + 1 unnamed.

BallygluninCave &
Swallow holes ~5km E.
Auclogeen SP to WSW.

Tobar Suibne Sp 2.7km
West; Turloughmore
Common 2.8km NW;

3 EncDep 3km East &

8 Enc Dep 2 to 3 km NE.

Claregalway GWS SP &
Intermediate Sp to
WSW at Claregalway.

OPW

Large swathes of land on either side of Clare River in the vicinity of these sources mapped as
benefitting lands (BL) - following flood plains of Clare River plus tributaries.

For Claretuam and Belclare the BL extends around to the north and northwest and includes

Benefitting Lands
immediately adjacent
to source (at Flood ID
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Dataset

Claretuam (CT) Belclare (BC) Rusheens (RSH) Anbally (ANB)

Carheenlea (CHL)

Turloughnaroyer, Pollaturk and Polldarragh. The BL is typically 0.4 to 1km distant.

For Rusheens the most significant BL is the sinking distributary (original channel of Clare River) &
former Clonkeen Lough area in the Rusheens/Cloonmore townland areas 1 km east of the source. This
area is also less than 1 km east of Claretuam.

At Anbally the former full extent of Turloughmore extends north to Corofin and sits approximately
1 km east of the source.

Karst related flood points (Flood ID) include:

CT & BC: Pollaturk (575); Turloughnaroyer (968); N17 Headford Tuam Rd/Claretuam (1808); Carrowbeg
(1826); Headford Road Jn (1853);.

RSH: Cummer Turlough (628); Turloughour (1017); Curry Eighter (1807); Ballybanagher Corofin (10801)

ANB: Pollakilleen Turlough (1005); Meelick Turlough (1006); Pollnacloya Turlough (1007); Cloghdo
Turlough (1008); Tonmace Turlough (1012); Corrandrum Turlough (1013); Turloughrevagh (1014);
Turlough — Common (1015); Ballaun Turlough (1016); Ballyglooneen area Recurring (1803); Clare
Corbally Recurring (1806); Flooding at Ardskeaghmore, Corofin Co. Galway Nov2009 (10800); Flooding
at Ballyglunin Corofin Co Galway November 2009 (10802); Flooding at Annagh Corofin Co Galway in
November 2009 (10803); Flooding at Bullaun Corofin Co Galway Nov 2009 (10804).

1878). Clare River BL
approx 2.5 to 3km
West.

Karst related flood
points (Flood ID)
include:

Lackagh Beg (630);
Turloughmore Common
(1009); Ballynasheoge
Recurring (1877);
Rathlee Recurring
(1878).

Rathlee (1878) — Floods
every year after heavy
rain. The water flows off
high land. Large area
can be flooded to an
estimated depth of 6 to
8 feet. (GWS identified
this as a Turlough).
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Figure G shows the intensity of major surface karst features in the vicinity of the sources, which is an
indication of the subsurface intensity of karst conduits. It is likely that karst conduits operate in the vicinity
of each of the GWS source boreholes.
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Project description

Since the 1980s, the Geological Survey of Ireland (GSI) has undertaken a considerable amount of
work developing Groundwater Protection Schemes throughout the country. Groundwater Source
Protection Zones are the surface and subsurface areas surrounding a groundwater source, i.e. a
well, wellfield or spring, in which water and contaminants may enter groundwater and move
towards the source. Knowledge of where the water is coming from is critical when trying to interpret
water quality data at the groundwater source. The ‘Zone of Contribution’ also provides an area in
which to focus further investigation and is an area where protective measures can be introduced to
maintain or improve the quality of groundwater.

This report has been prepared for Balrobuckbeg Group Water Scheme as part of the Rural Water
Programme funding initiative of grants towards specific source protection works on Group Water
Schemes (DECLG Circular L5/13 and Explanatory Memorandum).

The report has been prepared in the format developed during an earlier pilot project ‘Establishment
of Zones of Contribution’ which was undertaken by the Geological Survey of Ireland (GSI), in
collaboration with the National Federation of Group Water Schemes (NFGWS), and with support
from the National Rural Water Services Committee (NRWSC).

The methodology undertaken by the GSI included: liaising with the GWS and NFGWS to facilitate
data collection, a desk study, a site visit to inspect the supply, the local area, and to record
groundwater level(s). The data was then analysed and interpreted in order to delineate the ZOC.

The maps produced are based largely on the readily available information in the area, a field
walkover survey, and on mapping techniques that use inferences and judgements based on
experience at other sites. As such, the maps cannot claim to be definitively accurate across the
whole area covered, and should not be used as the sole basis for site-specific decisions, which will
usually require the collection of additional site-specific data.

The report and maps are hosted on the GSI website (www.gsi.ie).


http://www.gsi.ie/
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1 Overview: Groundwater, Groundwater Protection and Groundwater
Supplies

Groundwater is an important natural resource in Ireland. It originates from rainfall that soaks into the ground.
If the ground is permeable, the rainfall will filter down until it reaches the main body of groundwater, which is
usually within either the bedrock, or a sand/gravel deposit. If the bedrock or sand/gravel deposit can hold
enough groundwater and allow enough flow to supply a useful abstraction, it is referred to as an aquifer.

In Irish bedrock aquifers, groundwater predominantly flows through interconnected fractures, fissures, joints
and bedding planes, which can be envisaged as a ‘pipe network’, of various sizes, with varying degrees of
interconnectivity. The speed of flow through this network is relatively fast, delivering groundwater, and a
large proportion of the contaminants present in the groundwater, to its destination e.g. borehole, spring, river
and sea.

In sand/gravel aquifers, the groundwater flows in the interconnected pore spaces between the sand/gravel
grains. Generally, this is equivalent to a filter system that may physically filter out contaminants to varying
degrees, depending on the nature of the spaces and grains. It also slows down the speed of flow giving more
time for pathogens to die off before they reach their destination e.g. borehole, spring, river and sea.

Further filtration of contaminants may occur where the aquifers are protected by overlying soil and subsoil;
thick, impermeable clay soil and subsoil provide good protection while thin, very permeable gravel will
provide limited protection. Therefore, variations in subsoil type and thickness are important when
characterising the ‘vulnerability’ of groundwater to contamination.

The karst limestone aquifers provide significant and important groundwater supplies in Ireland. Karst
landscapes develop in rocks that are readily dissolved by water e.g. limestone (composed of calcium
carbonate). Consequently, conduit, fissure and cave systems develop underground1. Groundwater typically
travels very fast in karst aquifers, which has a significant impact on the water quality; neither filtration nor
pathogen die-off are associated with these aquifers.

The interaction between abstraction and geology is shown in Diagram 1. In this scenario, a borehole is
pumping groundwater from the bedrock aquifer. As the water is abstracted through the well, the original
water table (a), is drawn down to level (b), where it induces a drawdown curve of the natural water table (c).
The shape of this curve depends on the properties of the aquifer, for example, if the borehole is intersecting
an aquifer with few fractures that are poorly interconnected, the groundwater from that system will soon be
exhausted, and therefore the pumping will have to pull from deeper depths to maintain supply, which results
in the steep, deep drawdown curve. Alternatively, if the borehole is intersecting an aquifer with a large
number of well connected groundwater-filled fractures, the abstraction will be met by pulling water from
farther away, at a shallower depth, resulting in a shallow, wide drawdown curve.

By knowing the rate of abstraction (output), how much rainfall there is (input), and by assessing the
geological elements outlined above (nature of the bedrock fractures or sand/gravel deposit; how permeable
the soil and subsoil are) to determine what happens in between input and output, the catchment area, or
‘Zone of Contribution’ (ZOC), to any groundwater water supply can be determined.

Balrobuckbeg GWS is supplied by a borehole in a regionally important aquifer with karstfied
conduit flow (Rk.). The current abstraction rate is 214 m*/d.

! Geological Survey of Ireland, 1999.
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Diagram 1. Rural Landscape Highlighting Interaction between Surface Water, Groundwater and
Potential Land Use Hazards.

2 Location, Site Description, Well Head Protection and Summary of
Borehole Details

The Balrobuckbeg Group Water Scheme (GWS) is supplied from a borehole that lies in the townland of
Balrobuckbeg, County Galway (Figure 1). The current scheme demand is 214 m®/d, which provides water to
190 domestic houses and has 340 metered connections in total.

The GWS is located in central County Galway: 8 km southeast of Headford, 15 km southwest of Tuam and
17 km north of Galway city centre. The borehole sits on the western side of a local road located c¢.1.5 km
east of the N84.

The borehole wellhead sits inside 2.5 m by 2.5 m roofed pumphouse. The wellhead offers good protection to
the borehole. The upper section of the borehole is lined with six inch steel casing, which is flush with floor
level within the pumphouse. The borehole top is covered with a 0.3 m cube-shaped steel frame. A split
galvanised sheet rests on the borehole top. The concrete pumphouse floor is in good condition and is
marginally above road level. A 50 mm stainless steel rising main and power cable exit the chamber through
a hole in the galvanised cover sheet (Photos 1 and 2).

The GWS site was originally a spring sump that was historically used as a bucket collection drinking water
supply by locals. Galway County Council subsequently installed a handpump. The base of the spring is 1.5
m below pumphouse floor and is dry which suggests current borehole pumping has reduced water level
below spring base level).

The current borehole was installed in 1974 and is 6 m deep. A 100 mm variable speed borehole pump
supplies directly to the mains. Abstracted water passes through a cumulative flowmeter and is treated by
chlorination and ultra-violet treatment.
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A small laneway passes in front of the borehole door and provides access to an agricultural field to the west.
To the rear of the pumphouse is an unused plot, behind which is a heavily vegetated wooded area. A large
spring (Bunatober) exists 300 m to the northwest, and is used to support a local fish-farming industry.

The caretaker reports that during prolonged rainfall, groundwater levels rise to ground surface on the
opposite side of the road and flow southwest, often overflowing a culvert beneath the local road.

Diagram 2 presents a schematic plan of the immediate area surrounding the source. Photos of the
pumphouse and borehole chamber can be seen in Photos 1 to 4 below. Table 1 provides a summary of
existing information relating to the borehole. There is no drilling log available for the borehole, nor is there
any record of a pumping test having been carried out.

N s o Millpond Spring/Bunatober

Turlough

Depressed
heavily-
vegetated R e g \t‘\(
area

Balrobuckbeg =

GWS Source - \

Borehole & - Private Well
Pumphouse Farmyard

Diagram 2. Schematic Plan of the GWS Site
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Photo 1: Borehole headworks

T RIS G i
Photo 3: Borehole location on side of road Photo 4: Unused lands to rear of pumphouse
(viewing southwest)
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Table 1. Supply Details

Balrobuckbeg Borehole

Grid reference

132,892 m Easting; 241,845 m Northing

Townland Balrobuckbeg
Source type Borehole
Drilled 1974

Drilling Contractor

Original borehole by Galway County Council.

Owner

Balrobuckbeg GWS

Elevation

Ground level = 12.36 mOD Malin

Total depth (m)

6.5m

Construction details

150 mm steel casing to ~ 5.0 mbgl;
Assume open hole 5.0 — 6.5 mbgl

Depth to rock (m
bgl)

Rock at surface in several locations close to borehole

Static water level
(SWL)

Unknown.
(SWL 19/08/2014 = maximum water level observed following 20 minutes recovery = 5.06 mbgl;
however water level still rising so of limited relevance). Local groundwater elevations suggest
non-pumping groundwater level may be around 9.0 mOD (3.3 mbgl).

Pump intake depth
(m bgl)

6.0m

Current abstraction

1,500 m* per week (+ or - 30 m3)

rate (GWS) (equivalent to 214 m°/d; 2.5 I/s)
Unconfirmed, no long-term pumping test has been performed.
The pump is just off the base of the borehole and amount of water above the pump is minimal.
Reported vield Caretaker reports that following dry spells or prolonged periods of frost the groundwater level
(mgd) y drops to the pump level. Therefore, the well is assumed to be pumping at it's capacity and

there is no scope to increase the current abstraction rate.
The scheme is currently exploring feasibility of installing a second deeper borehole in the
vicinity of the pumphouse.
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3 Physical Characteristics and Hydrogeological Considerations

3.1 Physical Characteristics of the Area

Table 2. Physical Characteristics of the Area of Interest

Caherlea .

el Description/Comments
,(’-\nr11rr:]lj)al Rainfall 1167 Met Eireann average annual rainfall data 1981-2010
Annual

Evapotranspiration
Losses (mm)

487.5 mm PE (average annual potential evapotranspiration data, Galway SWS,
463 1961-1990).

463 AE (Actual Evapotranspiration, assumed to be 95% of PE).

Annual Effective
Rainfall (mm)

704 Annual rainfall less annual evapotranspiration losses

Topography
(Figure 1)

Lands in the wider area slope gently down to the west-southwest from a hilltop at Knockmaa (162
mOD) 7 km to the north, and from a local hummock at Carrownaherick (50 mOD). Approaching the
site, slopes become slightly steeper, with some undulations, before flattening out again approaching
Lough Corrib. The well itself is in a slight topographical depression, with lands to the north, east and

south being slightly higher. Ground continues to fall away into a minor valley to the southwest,
which after a short distance turns northwest to a local stream. To the immediate west of the site
lands are depressed in what appears to be an isolated hollow.

Land use

Land in the area is predominantly used for moderate intensity agriculture. The borehole is situated
on the edge of an unused grassland field. The pumphouse is fronted by a junction between two
local roads. Several farmyards and dwellings are located within 300 m of the borehole. A fish farm
is 350 m to the northwest.

Surface Hydrology
(Figure 2)

The many localised breaks in slope in the area give rise to a high density of features in quite a small
area. Within a 1 km radius of the GWS, turloughs are present in topographical hollows (240 m east,
420 m southwest, 570 m southeast and 770 m to the southwest).

Similarly a number of springs rise where lands fall below regional groundwater level. These tend to

be on a north-south orientation between springs at Ballycasey 3.3 km to the north, and Corrandulla

4.5 km to the southeast. The most significant of these is Millpond Spring (jBunatober) 350 m to the
northwest, which has an estimated discharge of 1 m/s.

There are no surface watercourses between the GWS and the Clare River, 10 km to the east. The

local springs form the headwaters of several local streams which join together, flowing west beneath
the N84 before entering Lough Corrib, 2.3 km southwest of the GWS.

Topsoil

The region is dominated by deep, well-drained basic mineral soils, which become thinner on
elevated ground/where bedrock outcrops. Lacustrine deposits are mapped in hollows (turloughs).
Some soils on low-lying lands adjacent to streams are permanently waterlogged and have degraded
to peats. Alluvial deposits are mapped as flanking some stream sections.

Subsoil (Figure 3)

Carboniferous limestone till (Teagasc, 2006). Subsoils may not be present where bedrock is close

to surface.
Groundwater Extreme (E) immediately around the borehole, and pockets throughout the wider area, indicating
Vulnerability rock is close to surface. Presence of High (H) and moderate (M) vulnerability in the minor valley
(Figure 4) feature to the south and west of the GWS. See Appendix 2.
Geology Dinantian Pure Bedded Limestones. Bedrock formation is the Knockmaa Formation which is a
Formation: thick-bedded pure limestone. GSI 6” field sheets indicate outcrops are weathered and jointed.
Rock Unit Group Regionally, north-south and east-west joint sets are expected to occur (Gatley et al., 2006).
(Figure 5)
Aquifer The DPBL limestones are classified by the GSI as a Regionally Important Karstified Bedrock
(Figure 6) Aquifer, dominated by conduit flow (Rkc). Mapped surface karst features are shown in Figure 6.
Groundwater Body . . . . ,
(Appendix 3) Clare-Corrib GWB (GSI, 2004) Categorised as having a ‘poor’ status.
Recharge . , . . -
Coefficient 80 % Low d.ralnage density, weII-dralln.ed soils, m.oderate perm_eablllty

. subsoils, and extreme vulnerability, plus point recharge via karst

(Appendix 4) : -

features suggest a high recharge coefficient.
Recharge (mm) 563
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3.2 Hydrochemistry and water quality

Table 3: Water Quality Data

Untreated Water Treated Water 2007-2011
Parameter Number of Result Number of Mean Parametric Value
Values (24/07/14) Values
pH (lab.) 1 7.2 12 7.2 6.5<pH<9
Electrical Conductivity (lab.)
(uS/cm) 1 551 12 623 800
Colour (PtCo units) 1 <4 7 7.4 acceptable to consumers
and no abnormal change
Turbidity (NTU) 1 0.2 8 0.71
Nitrate (mg NOs/l) 1 9.03 10 9.83 375
Nitrite (mg NO/I) 1 <0.017 6 0.014 0.375
Orthophosphate (mg PO4-P/l) 1 0.036
Hardness (mg/l as CaCOQO3) 1 367
Ammonium (mg NH,/l) 1 <0.01 10 0.03 0.3 (Sl 278 2007)
Iron (ug Fe/l) 1 19 7 36.6 200 (S 278 2007)
Manganese (ug Mn/l) 1 <5 6 13.7 50 (Sl 278 2007)
Aluminium (Ug A|/|) 1 9 18.2 200 (S1 278 2007)
E.coli (cfu/100 ml) 1 0 12 0
Total coliforms (cfu/100 ml) 1 0 12 0
Table 4 — NUIG Microbial Sampling Data 2013
Date Sample | Microbiological | MPN/100 ml VTEC
Type parameter
02/10/13 Raw total coliforms 67.7 0157 & 026 detected.
e. coli 1 VTX 1+2 toxin genes
Treated total coliforms 0
. none detected
e. coli 0
14/10/13 Raw total coliforms 496 0157 detected. VTX
e. coli 5.1 1+2 toxin genes
Treated total coliforms 0
. none detected
e. coli 0
23/10/13 Raw total coliforms 410.6 0157 & 026 detected.
e. coli 238.2 VTX 1+2 toxin genes
Treated total coliforms 0 none detected
e. coli 0
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One untreated water sample was collected for the Balrobuckbeg GWS borehole on 24/07/2014 and analysed
by CLS, Ros Muc, Co. Galway (Appendix 5). A dataset containing results taken at various points of network
between 2008 and 2011 was also referred to. Four sample sets (consisting one sample of raw water and one
sample of treated water per set) were also collected and analysed by NUIG during 2013/2014 as part of a
study into microbial contamination.

Existing laboratory results have been compared to the European Communities Environmental Objectives
(Groundwater) Regulations 2010, which were recently adopted in Ireland under S.1. No. 9 of 2010 or with the
drinking water standard (S| 278 of 2007) where no environmental objective has been set.

Some parameters were measured in the field on 19/08/14. Electrical conductivity measured 678 uS/cm; pH
measured 7.5; temperature measured 11.9°C.

The available water quality data show that the water is moderately hard and has a slightly alkaline pH, which
reflects the limestone bedrock.

Nitrate concentrations are relatively low which is consistent with the low to moderate intensity farming in the
area. Orthophosphate levels are slightly elevated, suggesting possible contamination from landspreading,
leaky underground slurry storage tanks, improper septic tanks or inadequate percolation areas.

Microbial analysis shows faecal contamination was detected in the raw water supply on each sampling
occasion, which would reinforce that grazing animals, landspreading, underground slurry tanks septic tanks
and percolation areas are potentially a source of ongoing contamination. The microbial contamination, which
in one instance was indicative of a gross contamination event, also supports that the supply borehole is
abstracting from a shallow groundwater system.

All microbial samples were collected in the month of October. Year round sampling would be needed to
confirm any seasonality.

Where coliform contamination was detected in the raw water sample it had been removed following
treatment. This confirms that the chlorination and ultraviolet treatment system is effective, when working.

VTECs (verocytotoxigenic Escherichia coliforms) are a more virulent and aggressive form of microbial
contamination. VTEC O157 and 025 were detected in the raw water supply, the sources of these being
cattle, sheep and goat faeces. VTEC were not detected in the treated water entering the supply line.

The nearby GWS at Clough Cummer detected VTEC in their borehole, which is 30 m deep. This would
suggest that VTEC are present in the upper groundwater regime. It is not evident that the source of VTEC is
the groundwater flow at depths of greater than 30 m.
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4 Zone of Contribution

4.1 Conceptual model

It is recognised that the scale of this study (i.e. predominantly desk study) cannot delineate a definitive ZOC
for the Balrobuckbeg GWS supply borehole with a high degree of confidence, due to the complicated nature
of the karst aquifer in this region. However, based on the analysis of the available information, the current
understanding of the geological and hydrogeological setting is given as follows (see Diagram 3).

The location of the borehole and local springs, regional drainage and topography patterns, as well as this?
and previous3 groundwater investigations, suggests that groundwater flow emanates from the east-
northeast. A large proportion of the rainfall (c.80%) is considered to infiltrate to groundwater as both ‘diffuse’
recharge, through any soils/subsoils across the entire land surface, and ‘direct’ recharge, at specific karst
points of entry (such as swallow holes in turloughs and enclosed depressions, known as dolines).

Once the infiltrating rainfall reaches the limestone bedrock aquifer, it will flow southwestwards through
interconnected joints, fissures and fractures, which are likely to have been enlarged or ‘karstified’ (by rainfall
slowly dissolving some of the limestone). These interconnected joints, fissures and fractures are frequently
found to be much more numerous and dense in the upper, more weathered zone of the limestone bedrock
aquifer (e.g. upper c.3-10 m), which is known as the ‘epikarst’ layer.

The borehole, which is developed on the site of a naturally occurring spring, intercepts the groundwater that
is moving through this epikarst zone. It is considered that flow through the epikarst is likely to be supplying
the majority of the abstraction, which will probably have a relatively small, localised catchment area (or Zone
of Contribution; ZOC). It is considered that recharge from within the catchment can reach the borehole within
100 days, as evidenced by the frequent presence of coliforms in the untreated water.

The relatively small ZOC would explain why the water level in the borehole decreases during drier/frosty
periods. However, given the complex nature of the karstifed aquifer, and results of previous groundwater
studies in the local area’, there is a possibility that deeper groundwater may also be contributing to the
abstraction. If this is the case, it would significantly alter the ZOC, which would become considerably larger.

ZA regional well survey performed on 6" September 2014 indicated that groundwater flow is towards the southwest,
driving discharges towards Lough Corrib, and a series of springs on it's periphery.

3 Tracing studies performed previously by the GSI showed that some water is leaked from the River Clare and
discharges at the Millpond Spring.
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4.2 Boundaries

The boundaries of the area contributing to the source are based on hydrogeological and topographical
setting, and are considered below. Inside the boundaries groundwater flow in the upper groundwater flow
regime is expected to reach the borehole. The current ZOC has been delineated on the basis of the epikarst
supplying the borehole. The potential zone of contribution is shown in Figure 7.

The northeastern boundary is the uphill (upgradient) boundary and is based on the local topographic divide
in Parknaliddaun. Groundwater in the epikarst layer flows southwest from this boundary towards Bunatober
Spring, Balrobuckbeg, and ultimately Lough Corrib. The emergence of springs in the area is due to the
break in slope, where elevation drops quite significantly relative to the upgradient area.

The northwestern and southeastern boundaries are based on the assumed groundwater flow direction,
which is inferred from a survey of wells and turloughs. The turlough to the southeast of the GWS has also
been included in the ZOC. The width of the ZOC is assumed to be influenced by the local topography
around the well itself i.e. that it is located in a minor valley.

The southwestern boundary extends downhill (downgradient) of the borehole, which delineates the area
from which groundwater will be drawn back into the well. This has been based on the local topography,
although hydrogeological equations were also applied as a cross reference (Appendix 6 and water balance).
The downgradient distance of 764 m (as calculated in Appendix 6) is deemed to be unrealistic due to the
short duration of the pumping test, and fracture flow influences, which yielded a low T value. Tracing tests
carried out in the past suggest much higher T values in this area. The survey of local groundwater levels
shows upgradient hydraulic head to be greater than the downgradient head. This differential results in the
majority of groundwater supplying the well being sourced from the upgradient (northeast) area.

The abstraction at Balrobuckbeg is not deemed to have an impact on Millpond Spring at Bunatober.

Based on the collection and analysis of the available data for this project, it is recognised that this scale of
study (i.e. predominantly desk study) cannot delineate a definitive ZOC for the Balrobuckbeg GWS borehole
with a high degree of confidence, due to the complicated nature of the karst aquifer in this region. Therefore,
the analysis has been used to identify an area that is highly likely to be supplying the borehole. It is possible
that additional areas are also contributing to the borehole (depending on the flow regime in operation) so the
GWS may want to consider further hydrogeological work/ measures if water quality issues persist, which will
provide supporting evidence as to the most likely areas that should be included within the ZOC.

10
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Diagram 3: Schematic Cross Section and Conceptual Model
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4.3 Recharge and water balance

The current demand for the Balrobuckbeg GWS is 214 m%d. The abstraction is close to maximum
sustainable yield that the borehole can provide. In order to accommodate periods of drier weather, 150% of
the current demand has been used in the water balance calculations, i.e. 321 m%/d.

Recharge to the ZOC is estimated as 562 mm/yr (see Table 2). At a recharge rate of 562 mm/yr the
321 m%d abstraction rate requires a ZOC of 0.2 km? (208,442 mz) to capture the required volume of diffuse
recharge to balance this abstraction.

Based on hydrogeological setting and topography, the delineated zone of contribution was estimated as
having an area of 0.3 km®. The water balance shows that the zone of contribution delineated is adequate to
supply the borehole abstraction.

5 Conclusions

The current abstraction for the Balrobuckbeg GWS borehole is 214 m%d. This is a shallow well, which is
thought to be supplied by the upper weathered zone (epikarst) of the underlying limestone bedrock aquifer.

The ZOC delineation was based on hydrogeological mapping and it is considered to be large enough to
ensure the long-term sustainability of the supply, although the general indications are that the current
abstraction is already towards the maximum yield that the well can supply.

The groundwater vulnerability within the ZOC is predominantly mapped as either Extreme (X — rock close to
surface or karst) or Extreme (E). This categorisation will enable the GWS to prioritise areas of risk when
auditing or mapping potential hazards, or areas to investigate if a pollution incident does occur.

Recent data for the borehole suggests that the supply is highly susceptible to bacterial contamination.

The difficulties of delineating definitive ZOC boundaries due to the hydrogeological complexity of this area
and the limited scale of this study (i.e. predominantly desk study) have already been noted. Based on the
available information, the most likely area contributing to the borehole supply has been identified, which will
allow the GWS to focus appropriate landuse management with the aim of improving the water quality.
However, the maps cannot claim to be definitively accurate across the whole area covered, and should not
be used as the sole basis for site-specific decisions, which will usually require the collection of additional
site-specific data.

12
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6 Recommendations

Essential:

Desirable

Routine water quality monitoring should be carried out on raw water at the source. The monitoring
programme should include a regular survey of water quality parameters that would include coliforms
(total and faecal), pH, alkalinity, hardness, electrical conductivity, nitrate, ammonia, chloride, iron,
manganese, potassium and sodium. This survey should be taken on a monthly basis for the first
year and should incorporate samples following a variety of wet and dry rainfall conditions in the
preceding week. The chemistry results should be reviewed and if the parameters are generally
stable, the frequency (and possibly the list of analytes) could be reduced to quarterly or biannually.

The GWS should liaise with NFGWS regarding the completion of a cryptosporidium risk assessment.

Comprehensive hazard mapping within the delineated ZOC should be undertaken. Specific points of
interest within the ZOC are a turlough, three farmyard and farm dwellings, and four houses
constructed within the last 5 years. Balrobuckbeg GWS should consider liaising with the farmyards
within the ZOC to ensure risk from underground slurry storage tanks, silage clamps, and septic tanks
is minimised.

The GWS need to consider restricting cattle access and application of inorganic and organic
fertilisers within the vicinity of the turlough to the east. The necessity of this could be confirmed by
undertaking dye tracer testing from the turlough to the well (see Desirable Recommendations
below).

The borehole abstraction should continue to be measured on a cumulative flowmeter inside the
pumphouse on a daily/weekly basis. This is to ensure that the delineated ZOC remains appropriate.

The GWS have stated their intention to install a new borehole. Prior to drilling, the GWS should
consult with a hydrogeologist and/or the GSI to determine appropriate locations, depths and well
construction or advise on alternative options, e.g. mixing different sources of water, in order promote
a wholesome, sustainable supply. Generally, targeting the deeper groundwater system often results
in improved water quality, but this may not be the case in more complicated karst aquifer
environments, such as around the Balrobuckbeg GWS.

Further to the previous point, if there are changes to the supply, such as increasing the abstraction
or drilling another borehole, or water quality issues are found to persist even after remedial action is
taken, a more in-depth hydrogeological assessment should be undertaken. Any further assessments
should be karst-specific and in particular examine the likelihood of deeper inflow, which are likely to
be at a regional scale.

Installation of a fenced compound (e.g. 10 m x 10 m) is recommended to provide sanitary protection
for the borehole area.

Ideally the pumphouse floor level would be raised a minimum of 0.15 m above surrounding ground
level. The steel casing should also protrude above pumhouse finished floor level by a further
minimum of 0.15 m. This will mitigate against local flooding or internal spillages.

Karst assessments in the catchment area, which would include a) feature mapping (in particular,
enclosed depressions with potential swallow holes) and b) dye tracer testing from any appropriate
features, such as the already mapped turlough. The tracer test would examine any connection
between the turlough (or other features) and the GWS well, as well as further refine the groundwater
flow directions.

A baseline survey of all the major and minor ions should be undertaken once every 2-3 years and
would provide valuable information on the background water chemistry and quality.

13



Geological Survey of Ireland
Balrobuckbeg GWS Zone of Contribution

Other:
e The following guidelines may serve as future useful reference documents for the Balrobickbeg GWS:

o EPA Drinking Water Advice Note No. 7: Source Protection and Catchment Management to
Protect Groundwater Sources. Of particular interest would be Section 4.1 — Step 2 — Hazard
Mapping*.

o EPA Drinking Water Advice Note No. 8: Developing Drinking Water Safety Plans. This
document contains checklists for hazards which would assist in hazard mapping within the
Zoc®.

o EPA Drinking Water Advice Note No. 14. Borehole Construction and Wellhead Protection®

o European Union (Good Agricultural Practice for Protection of Waters) Regulations 2014 —
Part 4

o the EPA Guidance Note 11: Technical guidance in relation to proposing landspreading
exclusion zones
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8 Acronyms and glossary of terms

BGL

EPA

DEHLG

EQS

EU

GPz

GSI

GwWB

GWD

GWS

IGI

MOD

MRP

NRG

NRWMC

PVC

SPZ

TOT

TVs

uv

Z0C

WFD

Below Ground Level

Environmental Protection Agency
Department of Environment Heritage and Local Government
Environmental Quality Standard
European Union

Groundwater Protection Zone

Geological Survey of Ireland
Groundwater Body

Groundwater Directive (European Union)
Group Water Scheme

Institute of Geologist of Ireland

Metres Ordnance Datum
Molybdate-Reactive Phosphorus
National Grid Reference

National Rural Water Monitoring Committee
Polyvinyl Chloride

Source Protection Zones

Time of Travel

Threshold Values

Ultra-Violet

Zone of Contribution

Water Framework Directive (European Union)
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Glossary of Terms

Aquifer

A subsurface layer or layers of rock, or other geological strata, of sufficient porosity and permeability to allow
either a significant flow of groundwater or the abstraction of significant quantities of groundwater
(Groundwater Regulations, 2010).

Attenuation

A decrease in pollutant concentrations, flux, or toxicity as a function of physical, chemical and/or biological
processes, individually or in combination, in the subsurface environment.

Borehole

A particular type of well - a narrow hole in the ground constructed by a drilling machine in order to gain
access to the groundwater system.

Conceptual Hydrogeological Model

A simplified representation or working description of how a real hydrogeological system is believed to
behave on the basis of qualitative analysis of desk study information, field observations and field data.

Confined Aquifer

A confined aquifer occurs where the aquifer is overlain by low permeability “confining” material. Once all the
void space in the aquifer is full of water up to the confining layer, the addition of more water to the aquifer
causes the stored water to become pressurised and, the additional water is stored by compression, sealed in
by the overlying confining layer (the water is added upgradient where the confining layer is absent). Where a
borehole punctures the confining layer, the water will rise up into the borehole to equalise the confining
pressure.

Diffuse Sources

Diffuse sources of pollution are spread over wider geographical areas rather than at individual point
locations. Diffuse sources include general land use activities and landspreading of industrial, municipal
wastes and agricultural organic and inorganic fertilisers.

Direct Input
An input to groundwater that bypasses the unsaturated zone (e.g. direct injection through a borehole) or is
directly in contact with the groundwater table in an aquifer either year round or seasonally.

Doline

Or enclosed depressions are relatively shallow bowl or funnel shaped depressions that form in karst
landscapes, and serve to funnel or concentrate recharge underground. Their presence indicates that
subterranean drainage is in operation.

Dolomitisation

Is a process, whereby the calcite crystals in limestone is replaced by magnesium. This results in an increase
in the porosity and permeability of the rock. Dolomitised rocks are a highly weathered, yellow/orange/brown
colour and are usually evident in boreholes as loose yellow-brown sand with significant void space and poor
core recovery. Dolomitisation often occurs preferentially in both fault zones and purer limestones.

Down-gradient
The direction of decreasing groundwater levels, i.e. flow direction. Opposite of upgradient.

Dry Weather Flow (Receiving Water)
The minimum flow likely to occur in a surface water course during a prolonged drought.

Environmental Quality Standard (EQS)

The concentration of a particular pollutant or group of pollutants in a receiving water which should not be
exceeded in order to protect human health and the environment.

Enclosed Depression
See doline
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Fissure
A natural crack in rock which allows rapid water movement.

Good Groundwater Status

Achieved when both the quantitative and chemical status of a groundwater body are good and meet all the
conditions for good status set out in Groundwater Regulations 2010, regulations 39 to 43.

Groundwater

All water which is below the surface of the ground in the saturation zone and in direct contact with the ground
or subsoil (Groundwater Regulations, 2010).

Groundwater Body (GWB)

A volume of groundwater defined as a groundwater management unit for the purposes of reporting to the
European Commission under the Water Framework Directive. Groundwater bodies are defined by aquifers
capable of providing more than 10 m3/d, on average, or serving more than 50 persons.

Groundwater Protection Scheme (GWPS)

A scheme comprising two principal components: a land surface zoning map which encompasses the
hydrogeological elements of risk (of pollution); and a groundwater protection response matrix for different
potentially polluting activities (DELG/EPA/GSI, 1999).

Groundwater Protection Responses (GWPR)

Control measures, conditions or precautions recommended as a response to the acceptability of an activity
within a groundwater protection zone.

Groundwater Protection Zone (GPZ)

A zone delineated by integrating aquifer categories or source protection areas and associated vulnerability
ratings. The zones are shown on a map, each zone being identified by a code, e.g. SO/H (outer source area
with a high vulnerability) or Rk/E (regionally important karstified aquifer with an extreme vulnerability).
Groundwater protection responses are assigned to these zones for different potentially polluting activities.

Groundwater Recharge

Two definitions: a) the process of rainwater or surface water infiltrating to the groundwater table; b) the
volume (amount) of water added to a groundwater system.

Groundwater Resource

An aquifer capable of providing a groundwater supply of more than 10 m3/d as an average or serving more
than 50 persons.

Hydraulic Conductivity

The rate at which water can move through a unit volume of geological medium under a potential unit
hydraulic gradient. The hydraulic conductivity can be influenced by the properties of the fluid, including its
density, viscosity and temperature, as well as by the properties of the soil or rock.

Hydraulic Gradient

The change in total head of water with distance; the slope of the groundwater table or the piezometric
surface.

Igneous
Igneous rock is formed through the cooling and solidification of magma or lava.

Indirect Input

An input to groundwater where the pollutants infiltrate through soil, subsoil and/or bedrock to the
groundwater table.

Input
The direct or indirect introduction of pollutants into groundwater as a result of human activity.
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Karst

A distinctive landform characterised by features such as surface collapses, sinking streams, swallow holes,
caves, turloughs and dry valleys, and a distinctive groundwater flow regime where drainage is largely
underground in solutionally enlarged fissures and conduits.

Karstification

Karstification is the process whereby limestones are slowly dissolved by acidic waters moving through them.
This results in the development of an uneven distribution of permeability with the enlargement of certain
fissures at the expense of others and the concentration of water flow into these high permeability zones.
Karstification results in the progressive development of distinctive karst landforms such as caves, swallow
holes, sinking streams, turloughs and dry valleys, and a distinctive groundwater flow regime. It is an
important feature of Irish hydrogeology.

Pathway

The route which a particle of water and/or chemical or biological substance takes through the environment
from a source to a receptor location. Pathways are determined by natural hydrogeological characteristics
and the nature of the contaminant, but can also be influenced by the presence of features resulting from
human activities (e.g., abandoned ungrouted boreholes which can direct surface water and associated
pollutants preferentially to groundwater).

Permeability

A measure of a soil or rock's ability or capacity to transmit water under a potential hydraulic gradient
(synonymous with hydraulic conductivity).

Point Source

Any discernible, confined or discrete conveyance from which pollutants are or may be discharged. These
may exist in the form of pipes, ditches, channels, tunnels, conduits, containers, and sheds, or may exist as
distinct percolation areas, integrated constructed wetlands, or other surface application of pollutants at
individual locations. Examples are discharges from waste water works and effluent discharges from industry.

Pollution

The direct or indirect introduction, as a result of human activity, of substances or heat into the air, water or
land which may be harmful to human health or the quality of aquatic ecosystems or terrestrial ecosystems
directly depending on aquatic ecosystems which result in damage to material property, or which impair or
interfere with amenities and other legitimate uses of the environment (Groundwater Regulations, 2010).

Poorly Productive Aquifers (PPAs)

Low-yielding bedrock aquifers that are generally not regarded as important sources of water for public water
supply but that nonetheless may be important in terms of providing domestic and small community water
supplies and of delivering water and associated pollutants to rivers and lakes via shallow groundwater
pathways.

Preferential Flow

A generic term used to describe water movement along favoured pathways through a geological medium,
bypassing other parts of the medium. Examples include pores formed by soil fauna, plant root channels,
weathering cracks, fissures and/or fractures.

Saturated Zone

The zone below the water table in an aquifer in which all pores and fissures and fractures are filled with
water at a pressure that is greater than atmospheric.

Soil (topsoil)
The uppermost layer of soil in which plants grow.

Source Protection Area

The catchment area around a groundwater source which contributes water to that source (Zone of
Contribution), divided into two areas; the Inner Protection Area (SI) and the Outer Protection Area (SO). The
Sl is designed to protect the source against the effects of human activities that may have an immediate
effect on the source, particularly in relation to microbiological pollution. It is defined by a 100-day time of
travel (TOT) from any point below the water table to the source. The SO covers the remainder of the zone of
contribution of the groundwater source.
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Specific Yield
The specific yield is the volume of water that an unconfined aquifer releases from storage per unit surface
area of aquifer per unit decline of the water table.

Spring

A spring is a natural feature where groundwater emerges at the surface. Springs usually occur where the
rate of flow of groundwater is too great to remain underground. The position of a springs usually reflects a
change in soil or rocktype or a change in slope.

Subsoil
Unlithified (uncemented) geological strata or materials beneath the topsoil and above bedrock.

Surface Water

An element of water on the land'‘s surface such as a lake, reservoir, stream, river or canal. Can also be part
of transitional or coastal waters. (Surface Waters Regulations, 2009.).

Swallow Hole
The point where concentrated inflows of water sink underground. They are found in karst environments.

Threshold Values (TVs)

Chemical concentration values for substances listed in Schedule 5 of the Groundwater Regulations (2010),
which are used for the purpose of chemical status classification of groundwater bodies.

Till
Unsorted glacial Sediment deposited directly by the glacier. It is the most common Quaternary deposit in
Ireland. Its components may vary from gravel, sands and clays.

Transmissivity

Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated thickness
of the aquifer.

Unsaturated Zone

The zone between the land surface and the water table, in which pores, fractures and fissures are only
partially filled with water. Also known as the vadose zone.

Vulnerability

The intrinsic geological and hydrogeological characteristics that determine the ease with which groundwater
may be contaminated by human activities (Fitzsimmons et al, 2003).

Water Table
The uppermost level of saturation in an aquifer at which the pressure is atmospheric.

Weathering
The breakdown of rocks and minerals at the earth's surface by chemical and physical processes.

Zone of Contribution (ZOC)
The area surrounding a pumped well or spring that encompasses all areas or features that supply

groundwater to the well or spring. It is defined as the area required to support an abstraction and/or overflow
(in the case of springs) from long-term groundwater recharge.
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Figure 2: Topography and Drainage
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Figure 3: Subsoils Map
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Figure 5: Rock Unit Group Map
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A brief pumping test was carried out on 19/08/14. Flow rate was measured intermittently and appeared
stable, although the output from the variable speed pump is controlled by demand in the system. The
pumping cycle was halted when water level was deemed to be approaching the pump. For the test period
the pumping period was 22 minutes, followed by a non-pumping recovery period of 20 minutes.
duration of the test, combined with the high discharge rate, is deemed adequate to overcome influence of
well storage on interpretation. A limitation of the pumping test is that it did not commence at static water
level. Depth to groundwater level was recorded at intervals throughout; recorded results are shown in Table

A1,
Table A1 — Mini-Pumping Test Data
T (secs) Depth to water | Drawdown Groundwater
table (mbtoc) (m) elevation (mOD)
Pumping @ 2.67 I/s = 231 m*/d

0 5.036 0 7.324
5 5.047 0.011 7313
10 5.09 0.054 7207
15 5.106 0.07 7.254
25 5.155 0.119 7.205
30 5.17 0.134 719
35 51.8 0.144 718
40 5.181 0.145 7179
45 5.188 0.152 7172
50 5.195 0.159 7.165
55 5.20 0.164 716
60 5.205 0.169 7.155
70 5.212 0.176 7.148
80 5.222 0.186 7.138
90 5.23 0.194 713
100 5.235 0.199 7.125
110 5.244 0.208 7.116
120 5.253 0.217 7107
130 5.258 0.222 7.102
150 5.271 0.235 7.089
180 5.292 0.256 7.068
210 5.307 0.271 7.053
240 5.317 0.281 7.043
270 5.331 0.295 7.029
300 5.34 0.304 7.02
480 5.397 0.361 6.963
600 5.424 0.388 6.936
660 5.433 0.397 6.927
720 5.444 0.408 6.926
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T (secs) Depth to water | Drawdown Groundwater
table (mbtoc) (m) elevation (mOD)
780 5.457 0.421 6.903
840 5.465 0.429 6.895
900 5.47 0.434 6.89
960 5.48 0.444 6.88
1020 5.485 0.449 6.875
1080 5.492 0.456 6.868
1200 5.501 0.465 6.859
1320 5.509 0.473 6.851
Recovery
0 5.509 0.473 6.851
5 5.47 0.434 6.89
10 5.46 0.424 6.90
15 5.452 0.416 6.908
20 5.445 0.409 6.915
30 5.439 0.403 6.921
40 5.427 0.391 6.933
50 5.423 0.387 6.937
60 5.415 0.379 6.945
70 5.407 0.371 6.953
80 5.40 0.364 6.96
90 5.397 0.361 6.963
100 5.391 0.355 6.969
110 5.386 0.35 6.974
120 5.38 0.344 6.98
130 5.378 0.342 6.982
140 5.375 0.339 6.985
150 5.367 0.331 6.993
180 5.355 0.319 7.005
210 5.345 0.309 7.015
240 5.333 0.297 7.027
270 5.324 0.288 7.036
300 5.314 0.278 7.046
330 5.309 0.273 7.051
360 5.299 0.263 7.061
390 5.294 0.258 7.066
420 5.285 0.249 7.075
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T (secs) Depth to water | Drawdown Groundwater
table (mbtoc) (m) elevation (mOD)
450 5.277 0.241 7.083
480 5.272 0.236 7.088
510 5.266 0.230 7.094
540 5.259 0.223 7.101
570 5.253 0.217 7.107
600 5.246 0.21 7.114
630 5.236 0.20 7.124
660 5.20 0.164 7.16
1200 5.057 0.021 7.303

Time was plotted on a logarithmic scale against drawdown incurred during pumping as shown in Graph A1.

Graph A1 — Mini-Pumping Test Data
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Transmissivity is then calculated using Jacob’s Method (Cooper and Jacob, 1946), using a relationship
between discharge and the drawdown over one log cycle of time (equal to 0.25 m in this test):

T=(23xQ)/(4xT1XAS)
T=(23x231m>d") /(4 xTx0.25m)
T=531.3m*d"/3.142m
T=169m*d"
The calculated transmissivity value of 169 m? d™' is considered to be low for a regionally important karst
aquifer. Tracing studies in the area have shown groundwater flow velocities in the range 360 m/d — 4800

m/d. The potential error is likely due to the duration of the mini-pumping test, which is too short to overcome
storage in surrounding fractures.

31



Geological Survey of Ireland
Balrobuckbeg GWS Zone of Contribution

APPENDIX 2

Groundwater Vulnerability

32



Geological Survey of Ireland
Balrobuckbeg GWS Zone of Contribution

Introduction

The term ‘vulnerability’ is used to represent the intrinsic geological and hydrogeological characteristics that
determine the ease with which groundwater may be contaminated by human activities (DELG et al., 1999).
The vulnerability of groundwater depends on:
e the time of travel of infiltrating water (and contaminants)
o the relative quantity of contaminants that can reach the groundwater
e the contaminant attenuation capacity of the geological materials through which the water and
contaminants infiltrate.

All groundwater is hydrologically connected to the land surface; the effectiveness of this connection
determines the relative vulnerability to contamination. Groundwater that readily and quickly receives water
(and contaminants) from the land surface is more vulnerable than groundwater that receives water (and
contaminants) more slowly and in lower quantities. The travel time, attenuation capacity and quantity of
contaminants are a function of the following natural geological and hydrogeological attributes of any area:

o the type and permeability of the subsoils that overlie the groundwater

e the thickness of the unsaturated zone through which the contaminant moves

e the recharge type — whether point or diffuse.

In other words, vulnerability is based on evaluating the relevant hydrogeological characteristics of the
protecting geological layers along the pathway, and the possibility of bypassing these layers. In summary,
the entire land surface is divided into four vulnerability categories: Extreme, High, Moderate and Low, based
on the geological and hydrogeological characteristics. Further details of the hydrogeological basis for
vulnerability assessment can be found in ‘Groundwater Protection Schemes’ (DELG et al., 1999).

The Groundwater Vulnerability Map shows the vulnerability of the first groundwater encountered, in either
sand/gravel or bedrock aquifers, by contaminants released at depths of 1-2 m below the ground surface.
Where the water-table in bedrock aquifers is below the top of the bedrock, the target needing protection is
the water-table. However, where the aquifer is fully saturated, the target is the top of the bedrock. The
vulnerability map aims to be a guide to the likelihood of groundwater contamination, if a pollution event were
to occur. It does not replace the need for site investigation. Note also that the characteristics of individual
contaminants are not considered.

Except where point recharge occurs (e.g. at swallow holes), the groundwater vulnerability depends on the
type, permeability and thickness of the subsoil. The groundwater vulnerability map is derived by combining
the permeability and depth to bedrock maps, using the three subsoil permeability categories: high, moderate
and low; and four depths to rock categories: <3m, 3-5m, 5-10m and >10m. The resulting vulnerability
classifications are shown in Table 1.

Table 1 Vulnerability mapping guidelines (adapted from DELG et al, 1999)

Thickness of Hydrogeological Requirements for Vulnerability Categories
: Diffuse Recharge Point Recharge Unsaturated
Overlying
Subsoils Zone
Subsoil permeability and type

High moderate low permeability | (swallow holes, | (sand & gravel
permeability permeability (clayey subsoil, | losing streams) aquifers only)
(sand/gravel) (sandy subsoil) | clay, peat)

0-3m Extreme Extreme Extreme Extreme Extreme

(30 m radius)

3-5m High High High N/A High

5-10 m High High Moderate N/A High

>10m High Moderate Low N/A High

Notes: (i) N/A = not applicable.

(i) Release point of contaminants is assumed to be 1-2 m below ground surface.

(iii) Permeability classifications relate to the engineering behaviour as described by BS5930.

(iv) Outcrop and shallow subsoil (i.e. generally <1.0 m) areas are shown as a sub-category of extreme vulnerability
(amended from Deakin and Daly (1999) and DELG/EPA/GSIa (1999))
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Sources of Vulnerability Data

Specific vulnerability field mapping and assessment of previously collected data were carried out as part of
this project. Fieldwork focused on assessing the permeability of the different subsoil deposit types (Figure 3),
so that they could be subdivided into the three permeability categories. This involved:

Describing selected exposures/sections according to the British Standard Institute Code of Practice
for Site Investigations (BS 5930:1999).

Collection of subsoil samples for laboratory particle size analyses

Assessing the recharge characteristics of selected sites using natural and artificial drainage,
vegetation and other recharge indicators.

The following additional sources of data were used to assess the vulnerability and produce the map:

Subsoils Map (EPA/Teagasc Subsoil Map, 2006), which is the basis for the main permeability
boundaries. ‘Clean’ sands and gravels are usually high permeability. Alluvium deposits are either
moderate or low permeability.

Depth to bedrock map, compiled by the mapping team for the current project in the Geological
Survey of Ireland, using data compiled from GSI, consultant and county council reports, along with
purpose-drilled auger holes

Geological Survey of Ireland Bedrock Geology Map

Geological Survey of Ireland well and karst database, which supplied information on well yields and
depth to bedrock, as well as locations of point recharge.

General Soils Map of Ireland (Gardiner and Radford, 1980). This gives additional, indirect
information on subsoil permeability in the areas mapped by Teagasc as ‘ill’.

Thickness of the Unsaturated Zone

The thickness of the unsaturated zone, or the depth of ground free of intermittent or permanent saturation, is
only relevant in vulnerability mapping over unconfined sand and gravel aquifers. As described in Table 6.1, the
critical unsaturated zone thickness is 3m; unconfined gravels with unsaturated zones thicker than 3m are
classed as having a ‘high’ vulnerability, while those with unsaturated zones thinner than 3m are classed as
having an ‘extreme’ vulnerability.
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The main aquafer category i thas GWE is:

Bk": Begionally importand karstified aquifer domanoted by condut flow

There ane some small arcas (m the vicinity of Headford) with an aquifer category of:

LI: Locally mmportant pqusfer which s moderately productive only in local rones.

This GWH is composed primartly of Dinantian Pure Bedded Limvestones. There are some small areas {10 the vecinaty
of Headberd) of Dimantian Pure Unbsedded Limestones.

Few faalts are mapped i this arex; this may reflect the lack of mapor variatien in the mock Lithelegy. The dips over
the {3%WH area are generally less than 10°, exoepl near funlls, where sieeper dips result from faull dmg. Shallow
sviclines aligned with the axes m an E-W direction cross the GWH

Kurstification i widespread m this GWE. Recorded karst features  number 219, but are considered 10 represent
oaly o fmction of existing {eatures. A histogram showing the dilterent types of karst festures currently in the
Uatabase = provided n Figun: 3.

Tramsmissivity and Storativity: Well vields are varmahle, being distributed through all the well yickd cotegories.
Using 60 wells localed m the GWH, 59% are etther “excellent™ (=40 m"."dfl ar "Fnud" | 1O k=40 m-'l'd'l, and 23% are
cither “poor™ | =<dil o) or “Eailed”, with the remainder “mederabe” (40100 m'/d). The mdian yield is 131 mi'id.
Hastogrums showing the distribution of well yields and productivity are given in Figures 4 and 5. Note: productivity
is am index relatmg specilic capaeity b yield - the higher the productivity the higher the transmissavaty. Froduetivity
vitlwes are distribaled throughout all the prosdectivity categomnes, indicating the varahility of the aquifer properibes
throngheat the GWE. Analysis of the areal distibution of the data sugeests that it ix difficull to predict the aguifer
praperiies in any parscular place, with o few possible exceplions. For instance, in the vicinity of Toam the well

yields thal are “excellent™ ane pccompanaed by several large springs. and just north of Monivea there 15 a closter of

“failed”™ wells falso doe in part e silting up of the borcholes) which sugpesis that there may be an merease o yicld
from sionth (o marth across the GWE. Water table levels have high annual vanalions, which mdicates that the storage
iz low - opprocimmately 000-0002 (Daly, 1985). The springs in the (OWE alzo reflect the low sturativity us many of
the spring fows nse and foll quickly in response to rainfall events, Furthermore during prolonged drought mamy
| springs cease o flow and well viclds drop signaficomtly.

Groundwater yeloeity: Tracer tests indiczte vanahle groundwater velocities, Furthermore, tracer best data sllustrobes
mnisalrapy in the ronsmissivity, with higher eastowest Imnsmassivity. Croowndwater velocities in the E-W domain ore
im the order of DH0=450 m'hs, ax evidenced by the followang tests: Lassanony Swallow hele 1o Ballyhaunis spring
{4 tmu'hrl; Ballyglmin Cave 1o Auclogeeen Spring {200m'hr). Groundwater velooties m the N-5 domain are i the
onder of §:35m'br, as evidenced by the following tests: L. Hackett to Kilcoonn speng (35mibrl; Polinahallia ta
Bunalober sprimy [fandhry. Extensive conduil systoms oxist, as exemplified by the Ballyplunin Cave system. The
mipping of this system midicates conduit development along the M-5 and W-E joant sets, with an overadl dip te the

west {Drew ond Draly, 1993),
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r Deaft Clare-Corrilh GWE Description June 2004

Thickness
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Till 15 the dominant subsoil ype, coverng approxmmalely 63% of the OWE. Cutover Peat comprises 23% of the
area, snilgravel covers appraximately 3% amd alleviom 2%, A fall breakdown of the subsml hthelegy 1= given in
Table 1. A large proportion of the sand/grovel forms o random hemmocky - topography, althosgh long sinuous,
brodded ridges of sand‘gravel (eskers] have also been doposated especiolly i the casl. A small partzon of the marth
eastern area of the GWE arcand Cleondad 15 descnbed under the Roscommon Groandwater Prolection Scheme {Lee
and Daby, 2003y The wll in this area is described o “SILTT (3% 59300, and is classed a5 “Modermbe™ permeahility,
There ane alse areas of “clayey™ dll, often underdying arcas of mised bog (Drew and Daly, 19925, The thin till cover

Thickness

o aren agailer

East of o line linking Athenry — Tuam — Danmore, the subsoal s “generully thicker™ iDaly, 1985; Drew and Daly,
1953, This is supported by the ovearrence of rack al or near surface, which is genemily restricted to the western ansd
southwestern part of the GWH. Amalysis of the available depth (o bedrock borehole data is limted as most of the
data are clustered i three main oress: western, nontheastern and central (urea around Tuum) parts of the GWE,
Mevertheless the dala show u gemeral increase in subsodl thickness in 2n caslerdy direchon: average depth o bedrnck
increases from 4 m o 9 m from the west to cast. In addition, there are mstonces of depih bo bedrock greater than
20 m around Dnmose |northeast of GWE). However, there ore also pockets of deeper il in the southwestenn part of
the GWE.

50% of the (WH ta the west of the lme Athenry - Tuam - Dunmore is only covened by shallow il 4% of the toial

mear surface GWH area has rock al or near surface.

Vulmerability The vulnerahility for a small partion of the north eastern anea of the GWH arvand the area of Cloonfad is described
in the County Eosconmon Groundwater Protection Scheme (Lee omd Daby, 03], In this area the swulnembility
classification is varinble dependendt on the depth o bedmock.

For the rest of the arca. /frfoemartion i fe aoden af o foner dane)
Main "’:’J“""* Both poant and diffuse recharge occur incthis GWE. Diffise rechange accurs over the GWE via raiofall percalating
mechanizms through the permeable subsoil. Despaie the presence of peal and Gl point recharge (o the underdying aguifer accwrs
] by means of swallow holex and collapee Features/dolines. Dolines have been recerded even in aneas of thick peal
deposits {Hickey et al, 2102} Poant recharge ocears via many small sinks that are present i the low perneeahility fall
areas where the subsedl @5 breached. Recharge also oceurs along “loxing’ sections of streams. There are well defined
= streiches of the River Clare, Sinking River unil Abbert River thut are losing (Daly, 1985; Drew and Daly, 1993

Est. rechirge [infaramiian i fre added o o lefer date]

rles

Large springs Large Springs: Corrandulla GWS (6764 m /i) Kilhannon GWS {5995 ru“.'d].

undl lsrpe Mulluculira GWS (12370 m‘-'.:l:- Barnaderg Group Scheme {5000 m'ad),

Emrwn Ballyhaunis WSS | | 2000 m™/dp Tabezmuanny,

uhstructions Ciorigarroa Lettera

[n‘l."rlj Large knoown barchole ahsractions:

w Tallagh GWS | 523 m /) Fu=luwens Tuarn'lG.'ﬂn'E 4 il
Roadstone Lid {277 m fdp Belclore (114 m di.
(i) Jntarmution fo be added to and checked )
) B ik
= Main discharge | Ty main groondwater discharges are o lbe streams, rivers and large springs found within be body. The large
mechanisms

springs at Kilcoona, Bunatober and Awcloggeon amid athers issue from the botivmn of a himestone scarp that o5 thoughi

o represent an ancient shareline of L Corrib, Further these springs are likely fe represent overllow springs ansd

deeper groundwater Now discharges o outlets beneath the present day L. Comb (Drew, 1983, In winter

proundwater will fill the turloughs found in the area ond pestly dischorge via the artificaal channels that were
imstalled o alleviate Nooding.
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Hydrochemical
Sigmuture

I Draft Clare-Corrib GWE Description June 2004

The groundwater has o calcium bicarhomale signature. Two groundwaler provinoes are suggested by Direw and Daly
(19935, Firdly, there is a shallvw grosndwater component that is charactensed by high suspended soluds and
relatively low elecimeal conductvibies (30HMI0 pSicm). Sprngs that are fed by this component typically have a
“flashy” throughput and oflen cease o flow dunng predenged drought. Secomdly, there is a decper groundwater
compoenent that is charactenised by relatively noneturhid  groundwater with higher electrical  conductivities
(=450 w’ 'cm). Springs fid by this deeper component often have smoother hydrographs where there 15 a gradual
change in discharge. Several large springs comgprise hoth flow components, examples are Letters, Tobermanny and
Bunatober springs.

Groundwater Flow
Paihs

These rocks are penerally devosd of mtergramular permeahility. Growndwater flows through fissures, faults, joints
and bedding planes. In pure bedded limesiones these openings are enlarged by karstification which significantly
enhances the permeability of the rock. Karstilication can be accenbuabed along structural features such as fold axes
and fimalts. Groundwater How through kard areas is extremely complex and difficult b predsct. As flow pathways ane
ofien determined by discrete condwils, actuml flow directsons will not necessarily be perpendscular 1o the s umed
water table contours, as shawn by several trocing studies (Drew and Daly, 1993} The tracer tests show bt
graundwater can flow across surfuce water catchment divides amd beneath surface waler channels, Flow velocnises
can he rapid and variable, bath spatially and temporally. Rapad groundwater fow velociises indicate that a large
praopartion of groundwater flow ecours in enlarged condust systems. Groundwater flow in highly permeable
kamstified limestones is of a regional scale. Flow path lengths can be up 10 a several kilometres, for example %6 km
from Ballyglunm Cave to Aucloggeen Spnng. Overall, groundwater flow will be towards the River Clare and L.
Cuoarab, but the highly karstified natare of the bedrock means that locally groundwater How directions can be haghly
wariable.

Groundwater & Surface
willer imteructions

The arca is draimed by the Emver Clare and ils imbutaries, however the present day drainage network has been
chanped significantly by antenal draomage that ook place early in the nineleenth century. Figures 1 and 2 show the
predpast arlenal drainage metwaork. Acconding e Coxon amd Drew (1983), much of the current stream network s a
st nanoff system that s inactive dunng summer months, Thus, prier o drainage, streams sank anderground via
the wrlvughs present in the GWEH. Many of the streams have well defined losing siretches when: they hose water 1o
the undergroand system | Daly, 1985).

There is a high degree of mterconnection between groundwater and surface water in karstified limestone aneas such
as in this GWE. Even though large arcas of peat and nlls overlie the body, collapse features in these arcas pravide a
direet comnection between the surface and the groundwater systems. The clese interacizon between surface water ard
proundwater in karstified agquifers is reflected in ther closely linked water guality. Any contamination of surface
wiatter 15 rapidly transported into the groundwater system, and vice wersa. Furthermore, there are a2 number of
lerresinal ecoxystems within this G'WEH with varving dependence on groundwater.
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5 Draft Clare-Corrile GWE Description June 2004

Crangepbual maoaled

Attachmenis

The porih, south and west groondwater divides of this (0WE are topographse bighs that coincibe with surlisce waber catchment
benen iBaries Bt is banided bo the enst by Lovgh Corrib

The fopegmphy s ondulabme with ground elevations rengine om 10160 mAOD. A large propodion of the body 15 overlmm
by el which thickens in an casterly direciion

The area is primcipally druined by the River Clare and tx eributanive, bowever the present day drainage network hac been
changed =1gnilcant |y by adenal draosege thad ook place early in the nimeteenth century, Much of the cement stream network
15 a storm runoff swyshem and 3o machyve dunng sommer mooths. Prior to arhihical drainage, strcams sank mmderground sia o
few: turlough sinks an the GWE.

Within the GWE, surface waler catchments are aften bypasssd by groandwater owing bereath surface water chanmels and
neress surfece water catchment divides,

A large numbser of kars features coour withi the body. These inchade tarlsughe, coves, dolimes, swallew boles and springs.
The GWE is composed primanly of high tmmsmissivity karstified limestone |RRY, Trunsmassiviey and well yields ane
variable, Storage m the OWH i hew,

Cinoumdweiber Aows tiroaeh o network of solutivnally eniarged beddig planes. Assurnes and conduwits.

Rapidl groundwaler How velocies have been recorded ibrouph groondwaiter bracing. The micmg mdicabes an amsofropy i e
Iransmissiy ity wikh faster groondwater fiow velocities and hagher Eransmissavaly moon E0W diseciion, whach may be hinded 1o
shulloay B W trendime synelinal aves and steeper E-W hsdraalse gradents.

Recharge in this GWE ocoars via losing sireams, pomt aml difhose mechamisms. Despile the presence of peat amd @ll, pomnt
recharge bo the underiyig aguiler oeeurs by nseams oFsaallva hales amd eallapse feabure ' dalbires.

The promndwater im0 this bodw 15 geresally inconfined bat may become |ocally confined beneath thick, low permeakalily
subsoil, Most of the groandwater flow ecouc in the upper epikarstic laver and ina eene of mitercommected soluizonally enlaroe
beed ding plames and Bssures, peoemally extending b o depth of 30 m.

I generl, the degree of inlepcomnection in karstic systems s high and they suppost rogsonal scale Qow sysems, Flow paths
haw e bren measured wup ie 10 Blametnes m length.

Some areas 18 this GWH ae of cxtreme wulnembality due 1o tbe thin soture of the subsoil, as well as the frequency of karst
featuree, pllowing poamt recharge. Groundwater storage mo karsified bedrock =2 low and the potentisl for contaminom
alemmabion m swch aquifers g lmited.

Thiz mumn dizcharges ure to the rivers, lurge spongs amd L. Cosh. In winter proumdweater discharges 1o the muey arloughs and
trans=mitied via the artificial channels that were installed to alleviate fooding.

There is a high degree of mernction between surface water and groundwater in thas GWH. There are 0 namber of termestial
cepaystemes within this GWE which have varying dependence oo groundwater.

There are polentially bwo gronndwater provinces withan the GWE bat fhis i€ onceriom. The groandwater has a calcim
bgart=onade signature.

Figunés 1, 2, 3,4 and 5.

Instrumentation

Strenm gaages: 002, MEHER, 3000, 06, 3007, 000, 011, ME001LE 3001 3, 300614, 30013, 30020, 30022, M023,
0024, F00TSE, 30026, F00I0 ZO0ME 30022, 300Mk, F0IEE, 30053, 30055, 300TI, 3010], 3a]03.

EPA Water Level Moaitoring hercholess Lackagh, GALIET, Tuum (Coca Cola}, GALIIE, Shrule, MAYOES

EFA Representntive Maonitoring puints:

Information
Sources

Daly, L (19950 4 seport on the Slooding  the Glearmaddy area. Gronndwaler Section Bepor File 2.2.7. Mpp.

Daly. D { 19921 A reporr an the Flooding @ the Cloregaway area Croandwater Scedon Repont File 2.2.7. 12pp.

Daly, D {1985 Graawndhvater dn Cosviy Galway witk pariicalar reference i Provecton o Pelfucion, Geeleoical
Surwey of Ireland report for Galwery Coanty Cowncil, 98pp.

Drew DUP, and Daly Dv. (1093) ronmatwaner and Kerstiffeacon o M- Gialoay, Souck Mave and Norok Clare, A Joimt
Report: Departmeent of Geography, Trnity College Dublin and Croumdwaler Secton, Geological Survey of Ineland.
Geclomcal Burvey of Irelund Reopen Su2rses 937 (Groundwater), 86 pp

Dvew, VP, 4197 Jah Mvarogeedony of de merike Co. Galway —sowdh Co, Wove lovwlamd kevst area, Wesiern femlamd,
Internatiomal Spelecdogy 1973 18 Sub —secthnn Ca

Drew, VP, {19730, Brlfyglanin core Co, Gafwaey wad die fvdrology of the arerounaing erea. Insh Geography Vol & Mo,
A Bl Dt L7

Dur:g. M, (FU95} The Finnerabulity fo Pollniar amd Hedrecheracsl Panetion of Elevern Sprangy (Cateimeents) v ihe Kol
Lowdarals af the Wesd of frefamd. Unpublisbed M Se. thesis, $ligo Regional Tochaical College.

Hickey, C. Lec, M., Direw, [}, Mechan., B. and Daly DL (2002 Lovdamd Kavet af Novek Borcammon enad Westmeat.
Intemnatiomod Association af Hydrogeologisis Insh Group. Karst Fieli$l Top Oclober 2002, Unpublished LA Report.

Lue. b d&& Duly I (2003 ) Coamery Reccompror Grosmdwmer Provecion Sokeme. Main Report. Rescommon County
Coumncid & Geological Sarvey of Ireland, Sd4pp.

Hickey, T, Lee, M., Direw, 3. Mechan, R. amd Daly 1. {2002} Lowland Kacst af Sorth Roscommen and Westimeath.
Inlemaliomnl Associationaf Hydn isls Irish Group. Karst Field Top Oclober 2002, Unpublished LA Be

Driwcluimer

Wigte that all calenlstsen and mtcrpretasns presenbed m this repon represnl estimaticns Bosed an thic mformatian sonrces
described ahene and established hydroge el pmcal formmlse,
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I Draft Clare-Corrib GWE Description June 2004

Figure 1 Pre Arterial Drainage.
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I Draft Clare-Corrib GWE Description June 2004

Figure 2 Post Arterial Dralnage
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Groundwater Recharge
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Introduction

The term ‘recharge’ refers to the amount of water replenishing the groundwater flow system. The recharge rate is generally estimated on an annual basis, and is
assumed to consist of the rainfall input (i.e. annual rainfall) minus water loss prior to entry into the groundwater system (i.e. annual evapotranspiration and
runoff). The estimation of a realistic recharge rate is critical in source protection delineation, as this dictates the size of the zone of contribution to the source (i.e.
the outer Source Protection Area).

The main parameters involved in the estimation of recharge are: annual rainfall; annual evapotranspiration; and a recharge coefficient (Table 1). The recharge
coefficient is estimated using Guidance Document GW5 (Groundwater Working Group 2005).

Table 2: Recharge coefficients for different hydrogeological settings.
Vulnerability Hydrogeological setting Recharge coefficient (rc)
category Min (%) Inner Range Max (%)*
Extreme 1. Areas where rock is at ground surface 60 80-90 100
1. Sand/gravel overlain by ‘well drained’ soil 60 80-90 100
Sand/gravel overlain by ‘poorly drained’ (gley) soil
1.iii Till overlain by ‘well drained’ soil 45 50-70 80
1.iv Till overlain by ‘poorly drained’ (gley) soil 15 25-40 50
1.v Sand/ gravel aquifer where the water table is < 3 m below surface 70 80-90 100
1.vi Peat 15 25-40 50
High 2.i Sand/gravel aquifer, overlain by ‘well drained’ soil 60 80-90 100
2.ii High permeability subsoil (sand/gravel) overlain by ‘well drained’ soil 60 80-90 100
2.iii High permeability subsoil (sand/gravel) overlain by ‘poorly drained’ soil

2.iv Moderate permeability subsoil overlain by ‘well drained’ soil 35 50-70 80
2.v Moderate permeability subsoil overlain by ‘poorly drained’ (gley) soil 15 25-40 50
2.vi Low permeability subsoil 10 23-30 40
2.vii Peat 0 5-15 20
Moderate 3. Moderate permeability subsoil and overlain by ‘well drained’ soil 25 30-40 60
3.ii Moderate permeability subsoil and overlain by ‘poorly drained’ (gley) soil 10 20-40 50
3.iii Low permeability subsoil 5 10-20 30
3.iv Basin peat 0 3-5 10
Low 4. Low permeability subsoil 2 5-15 20
4.ii Basin peat 0 3-5 10
High to Low 5.i High Permeability Subsoils (Sand & Gravels) 60 85 100
5.ii Moderate Permeability Subsoil overlain by well drained soils 25 50 80
5.iii Moderate Permeability Subsoils overlain by poorly drained soils 10 30 50
5.iv Low Permeability Subsoil 2 20 40
5.v Peat 0 5 20

Acknowledgement: many of the recharge coefficients in this table are based largely on a paper submitted by Fitzsimons and Misstear (in press).
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Complete Laboratory Solutions
Ros Mucg, Co. Galway.

[Tel] 091 574355

[Fax] 091 574356

[Email] services@cls.ie

Complete Laboratory Solutions [web] www.completelabsolutions.com
Client ¢ Mary Burke Report No. 1 234456
Balrobuckbeg GWS Date of Receipt : 24/07/2014
Ballybeg Start Date of Analysis t 24/07/2014
Corrandulla Date of Report ¢ 18/08/2014
Co. Galway Order Number '
Sample taken by ;. CLS
CERTIFICATE OF ANALYSIS
| _LabNo | _ Sample Description Test Result Units
531907 | Balrobuckbeg GWS. 24/07/14 BOD <1 mg/|
coD <10 ma/
| Turbidity 0.2 N.T.U.
pH 7.2 pH Units
Conductivity @20C 551 u
Alkali | 339 ma/l CaCo3
i 14 ma/
Chloride 21.1 ma/
Ammonium as NH4 <0.01 my/
| Nitrate as NOJ 9.03 mg/
Nitrite as NO2 <0.017 | ma/
Dissolved Oxygen (%) - YoSat
| Potassium, total 4 mg/!
| Total Hardness (Kone) 367 mg/l CacOd
Magnesium, total [: ma/
Colour, apparent <4 mg/l Pt Co
| 10.9 mg/!
| Orthaphosphate as PO4-P 0.036 ma/
Calcium, total 119 m
Aluminium, dissolved E ug/
Iron, dissolved 19 ug/
an Iss0lvi <35 ug/!
Copper, dissolved 4 ug/
Lead, dissolved <0.5 ug/|
=0.5 ug/!
Nickel, dissolved g ug/!
Cadmium, dissolved <0.5 ugy/
<0.5 ug/!
Zinc, dissolved ug/
Silica 1.97 ma/|
| Barium, dissolved 22 ug/!
TOC 1.36 mag/L
Clastridium Perfringens in Water 0 cfu/100ml
Strontium, dissolved 436 ug/!
E coli (Filtration) (Environmental Waters) 0 cfu/100ml
Total Coliforms (Filtration) (Environmental Waters) 0 cfu/100ml
Flugride by 1SE 0.2 mag/|
Approved by: 6
Barbara Lee

OFIALED W SCOME ARG O, VOB

Page 1 of 2 of Report 234456

Environmental Scientist

See page 2 for test specifications and accreditation status
This report only relates to items tested and shall not be reproduced but in full with the permission of

Complete Laboratory Solutions.
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APPENDIX 6

Zone of Contribution Boundary Calculations
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Downgradient Distance

The abstraction itself will invoke a cone of depression which may draw groundwater deemed to be
downgradient into the borehole. The calculation uses the uniform flow equation (Todd, 1980), which is:

Down-gradient distance = Q/ (2m* T *i)

where
Q is the daily pumping rate: 321 m®/d. (This allows for 50% increase in the current rate of 214 m?® d'1).
T is Transmissivity* (calculated as 169 m® d” based on results of mini-pumping test).

i is the background non-pumping hydraulic gradient, taken as that between Caherlea and
Cahermorris-Glenreevagh (0.0004 m m'1).

Downgradient distance is estimated to be approximately 764 m.

4 Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated thickness of the aquifer. The
hydraulic conductivity of the aquifer is defined as the volume of water that will move through a unit area of aquifer perpendicular to the
flow direction in unit time under a unit hydraulic gradient, and has units of length / time, e.g. m/day.
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Project description

Since the 1980s, the Geological Survey of Ireland (GSI) has undertaken a considerable amount of
work developing Groundwater Protection Schemes throughout the country. Groundwater Source
Protection Zones are the surface and subsurface areas surrounding a groundwater source, i.e. a
well, wellfield or spring, in which water and contaminants may enter groundwater and move
towards the source. Knowledge of where the water is coming from is critical when trying to interpret
water quality data at the groundwater source. The ‘Zone of Contribution’ also provides an area in
which to focus further investigation and is an area where protective measures can be introduced to
maintain or improve the quality of groundwater.

This report has been prepared for Caherlea Group Water Scheme as part of the Rural Water
Programme funding initiative of grants towards specific source protection works on Group Water
Schemes (DECLG Circular L5/13 and Explanatory Memorandum).

The report has been prepared in the format developed during an earlier pilot project ‘Establishment
of Zones of Contribution’ which was undertaken by the Geological Survey of Ireland (GSI), in
collaboration with the National Federation of Group Water Schemes (NFGWS), and with support
from the National Rural Water Services Committee (NRWSC).

The methodology undertaken by the GSI included: liaising with the GWS and NFGWS to facilitate
data collection, a desk study, a site visit to inspect the supply, the local area, and to record
groundwater level(s). The data was then analysed and interpreted in order to delineate the ZOC.

The maps produced are based largely on the readily available information in the area, a field
walkover survey, and on mapping techniques that use inferences and judgements based on
experience at other sites. As such, the maps cannot claim to be definitively accurate across the
whole area covered, and should not be used as the sole basis for site-specific decisions, which will
usually require the collection of additional site-specific data.

The report and maps are hosted on the GSI website (www.gsi.ie).


http://www.gsi.ie/
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1 Overview: Groundwater, Groundwater Protection and Groundwater
Supplies

Groundwater is an important natural resource in Ireland. It originates from rainfall that soaks into the ground.
If the ground is permeable, the rainfall will filter down until it reaches the main body of groundwater, which is
usually within either the bedrock, or a sand/gravel deposit. If the bedrock or sand/gravel deposit can hold
enough groundwater and allow enough flow to supply a useful abstraction, it is referred to as an aquifer.

In Irish bedrock aquifers, groundwater predominantly flows through interconnected fractures, fissures, joints
and bedding planes, which can be envisaged as a ‘pipe network’, of various sizes, with varying degrees of
interconnectivity. The speed of flow through this network is relatively fast, delivering groundwater, and a
large proportion of the contaminants present in the groundwater, to its destination e.g. borehole, spring, river
and sea.

In sand/gravel aquifers, the groundwater flows in the interconnected pore spaces between the sand/gravel
grains. Generally, this is equivalent to a filter system that may physically filter out contaminants to varying
degrees, depending on the nature of the spaces and grains. It also slows down the speed of flow giving more
time for pathogens to die off before they reach their destination e.g. borehole, spring, river and sea.

Further filtration of contaminants may occur where the aquifers are protected by overlying soil and subsoil;
thick, impermeable clay soil and subsoil provide good protection while thin, very permeable gravel will
provide limited protection. Therefore, variations in subsoil type and thickness are important when
characterising the ‘vulnerability’ of groundwater to contamination.

The karst limestone aquifers provide significant and important groundwater supplies in Ireland. Karst
landscapes develop in rocks that are readily dissolved by water e.g. limestone (composed of calcium
carbonate). Consequently, conduit, fissure and cave systems develop underground1. Groundwater typically
travels very fast in karst aquifers, which has a significant impact on the water quality; neither filtration nor
pathogen die-off are associated with these aquifers.

The interaction between abstraction and geology is shown in Diagram 1. In this scenario, a borehole is
pumping groundwater from the bedrock aquifer. As the water is abstracted through the well, the original
water table (a), is drawn down to level (b), where it induces a drawdown curve of the natural water table (c).
The shape of this curve depends on the properties of the aquifer, for example, if the borehole is intersecting
an aquifer with few fractures that are poorly interconnected, the groundwater from that system will soon be
exhausted, and therefore the pumping will have to pull from deeper depths to maintain supply, which results
in the steep, deep drawdown curve. Alternatively, if the borehole is intersecting an aquifer with a large
number of well connected groundwater-filled fractures, the abstraction will be met by pulling water from
farther away, at a shallower depth, resulting in a shallow, wide drawdown curve.

By knowing the rate of abstraction (output), how much rainfall there is (input), and by assessing the
geological elements outlined above (nature of the bedrock fractures or sand/gravel deposit; how permeable
the soil and subsoil are) to determine what happens in between input and output, the catchment area, or
‘Zone of Contribution’ (ZOC), to any groundwater water supply can be determined.

Caherlea GWS is supplied by a regionally important aquifer in with karstified flow in enlarged
conduits (Rkc). The current abstraction rate is 27 m®*d.

! Geological Survey of Ireland, 1999.
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Diagram 1. Rural Landscape Highlighting Interaction between Surface Water, Groundwater
and Potential Land Use Hazards.

2 Location, Site Description, Well Head Protection and Summary of
Borehole Details

The Caherlea Group Water Scheme (GWS) is supplied from a borehole in the townland of Caherlea, County
Galway (Figure 1). The current scheme demand is 27 m®d, which provides water to 20 domestic
connections and 4 farms. Users are not currently metered at point of supply. A 100 mm borehole pump
supplies directly to the mains via a 360 litre pressure chamber. There is no estimate of potential maximum
borehole yield. The scheme uses chlorination for treatment.

The GWS is located in central Galway: 4 km south of Belclare. The borehole sits adjacent to the northern
side of a local road that runs southeast-northwest between the N17 at Clogh, and the R333 near
Caherlistrane. The GWS pumphouse is a small 2.9 m by 2.6 m roofed structure situated in the southeastern
corner of an agricultural field, set back 10 m from the road (Diagram 2).

The borehole wellhead sits outside the pumphouse, within a 1.25 m by 1 m enclosure built to a height of 0.3
m above surrounding field level using concrete blocks. Two concrete pillar caps are used as a cover on the
wellhead. The chamber floor is 0.15 m below field level and is comprised of rough concrete. Inside the
chamber, the top of the steel casing sits 0.02 m above the chamber floor. Within the chamber the borehole is
uncovered. The rising main and cables exit the chamber through a hole in the pumphouse/chamber wall.

The GWS borehole was an old agricultural supply source, and no improvement works appear to have been
carried out since its installation in the 1970s. The meter measuring total abstraction entering the supply
system is located outside of the chamber and pumphouse, and is exposed to poaching by livestock.

Photos of the pumphouse and borehole chamber can be seen in Photos 1 to 4 below. Table 1 provides a
summary of existing information relating to the borehole. There is no drilling log available for the borehole,
nor is there any record of a pumping test having been carried out.
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Diagram 2. Schematic Plan of the GWS Site
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Table 1. Supply Details

Caherlea Borehole

Grid reference

138,678 m Easting; 245,313 m Northing

Townland Caherlea
Source type Borehole
Drilled pre — 1990

Drilling Contractor

Mulcairs Well Drilling, Loughrea, Co. Galway

Owner

Caherlea GWS

Elevation

47.20 mOD Malin

Total depth (m)

Unconfirmed — assumed to be approximately 60 m

Construction details

No data
Assumed 200 mm steel casing from 0.02 m above ground level to 1 m below bedrock;
Assume open hole within rock.

Depth to rock (m
bgl)

Unconfirmed. Depth to rock at Rusheens GWS, 1.3 km to northeast, is 6.1 m.

Static water level
(SWL)

On 19/08/14, when pumping intermittently at rate of 40 m*/d, groundwater level fluctuated
between 36.75 mbgl (10.45 mOD) during pumping and 35.5 mbgl (11.73 mOD) during brief
recovery.

No report of depth water strike encountered during drilling.

Main inflow at Rusheens GWS, 1.4 km NE, noted at 50 mbgl (-16.22 mOD).

Main inflow at 3 party well, 1.2 km N, noted at 77 mbgl (-38.55 mOD).

Main inflow at 3" party well 1.4 km NW, noted at 91 mbgl (-32.45 mOD).

Pump intake depth
(m bgl)

52 m bgl (-4.8 mOD)

Current abstraction

Total daily abstraction = 27 m%d
On 19/08/14, pump was working on a pumping cycle of 25 seconds at a rate of 40.3 m®/d,
followed by a recovery period of 70 seconds. The timings of this intermittent cycle are

rate (GWS) dependent upon demand and pressure in the distribution network.
Reported vield Unconfirmed, no long-term pumping test has been performed. Mini-pumping test performed
( Sd) y during site visit was not of sufficient duration to overcome well storage effects. Maximum

potential yield likely to be significantly greater than 40.3 m>/d
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3 Physical Characteristics and Hydrogeological Considerations

3.1 Physical Characteristics of the Area

Table 2. Physical Characteristics of the Area of Interest

(el Description/Comments
Borehole
'(Ar;]rr;l‘)'al Rainfall 1175 Met Eireann average annual rainfall data 1981-2010
Annual 487.5 mm PE (average annual potential evapotranspiration data, Galway SWS,

Evapotranspiration
Losses (mm)

463 1961-1990).
463 AE (Actual Evapotranspiration, assumed to be 95% of PE).

Annual Effective
Rainfall (mm)

712 Annual rainfall less annual evapotranspiration losses

Topography
(Figure 1)

Ground level at the source is 47.20 mOD. 3.7 km NW, the SW-NE orientated Knockmaa-
Knocknacarrigeen ridge reaches 167 moD. From here surface elevation falls very gradually
southeast towards the Clare River. Low-lying hills in the area are Garraun North (63 mOD, 1.5 km
NW) and Carrownaherick (50 mOD, 1.7 km west) from which land falls away radially.
Enclosed depressions (dolines) are present in the area, most locally:

1. 33 m to east of borehole (diameter = 19 m, centre 1.0 m below surface);

2. 210 m southeast of borehole (diameter = 27 m, centre 1.5 m below surface).

Land use

Land in the area is predominantly used for moderate intensity agriculture. Much of this land has
been improved, having originally had significant bedrock at surface. The borehole is situated within a
grassland field. There is evidence of cattle poaching near the entrance gate, possibly from a
temporary feeding trough. There is no fence surrounding the pumphouse or borehole chamber.
Local houses are serviced by septic tanks. Local farmyards are sited 80 m west and 400 m SE.

Surface Hydrology

Apart from the Clare River, there are no surface drains or watercourses in the area. The River Clare
runs roughly N-S and passes 4.1 km east of the GWS at its closest point. This section of the River
Clare is man-made, having been excavated as part of a historical arterial drainage scheme. A now

(Figure 2) isolated section of the original course of the Clare River runs through Cloonmore and Cummer
2.2 km northeast. Turloughour turlough is located 2.9 m east (this appeared dry on day of survey).
The eastern shore of Lough Corrib is 9 km SW of the GWS at its nearest point.
. The area is dominated by deep, well-drained basic mineral soils, which become thinner on elevated
Topsoil
ground and where bedrock outcrops at surface.
: Carboniferous limestone till (‘boulder clay’) (Teagasc, 2006). Subsoils may not be present where
Subsoil ) ) . :
Figure 3) bedrock is close to surface. There are no mapped peats or alluvium deposits flanking the man-
(Fig made stretch of the Clare River.
Groundwater Extreme (E) vulnerability covers the area, with Extreme (X) indicating rock at or close to surface.
Vulnerability Presence of High (H) and Moderate (M) vulnerability 1 km to west and 1 km to north indicates
(Figure 4) thicker subsoil cover in those locations. See Appendix 1.
Geology The GWS source and wider area are underlain by the rock unit group Dinantian Pure Bedded
Formation: Limestones. These are thick-bedded pure limestones. Limestone layers generally dip southeast at
o 3-4°. There are no mapped faults in the area. GSI 6” field sheets indicate outcrops are weathered
Rock Unit Group and jointed with joints orientated north-northwest in some places on the ridge to the northwest.
(Figure 5) Regionally, north-south and east-west joint sets are expected to occur (Gatley et al., 2006).
Ac!uifer The limestones are classified by the GSI as a Regionally Important Karstified Bedrock Aquifer,
(Figure 6) dominated by conduit flow (Rkc). Known surface karst features in the area are shown in Figure 6.

Groundwater Body

Clare-Corrib GWB Categorised as having a ‘poor’ status. See
http://www.gsi.ie/Programmes/Groundwater/Projects/Groundwater+Body+Descriptions.htm

Recharge . . . . -
Coefficient 80 % Low drainage density, well-drained soils, moderate permeability
(Appendix 2) subsoils, and extreme vulnerability, plus point recharge via karst
Rech (mm) 570 features suggest a high recharge coefficient.

echarge (mm
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3.2 Hydrochemistry and water quality

One untreated water sample was collected for the Caherlea GWS borehole on 01/10/2013 and analysed by
CLS, Ros Muc, Co. Galway (Table 3; Appendix 3). Three sample sets (consisting one sample of raw water
and one sample of treated water per set) were also collected and analysed by NUIG during 2013 as part of a
study into microbial contamination (Table 4).

Existing laboratory results have been compared to the drinking water limits from the Drinking Water
Regulations (Sl No. 122 of 2014) and, where relevant, average values have been compared to the Threshold
Levels in the European Communities Environmental Objectives (Groundwater) Regulations 2010 adopted in
Ireland (S.I. No. 9 of 2010).

Table 3: Water Quality Data

Parameter Number of Result Parametric Value
Values (01/10/13)

pH (Iab.) 1 7.2 6.5<pH<9

Electrical Conductivity (lab.)

(uS/cm) ! 614 800

Colour (PtCo units) 1 <4 acceptable to consumers

and no abnormal change

Turbidity (NTU) 1 04

Nitrate (mg NO/I) 1 12.1 375
Nitrite (mg NO_/I) 1 <0.017 0.375
Hardness (mg/l as CaCO3) 1 355

Ammonium (mg NH,/l) 1 <0.01 0.3 (SI 122 2014)
Iron (ug Fe/l) 1 12 200 (SI 122 2014)
Manganese (ug Mn/l) 1 <3 50 (SI 122 2014)
Aluminium (ug Al/l) 1 3 200 (SI 122 2014)

Some hydrochemistry parameters were measured in the field on 19/08/14. Electrical conductivity measured
713 uS/cm; pH measured 7.6; temperature measured 12.3 °C.

The available water quality data indicate that the water is very hard and is alkaline, a signature of
groundwater that has travelled through limestone bedrock. The level of dissolved minerals in the
groundwater indicates that the groundwater has been in contact with the rock for some time and is from the
deeper parts of the aquifer (e.g., Drew and Daly, 1993).

Nutrient concentrations are low which is consistent with the low to moderate intensity farming in the area.
The caretaker reported that the field within which the borehole lies is used for grazing only; there is no
application of slurry, and perhaps minimal application of artificial fertiliser.

Concentrations of metals analysed are below the threshold limits in the Drinking Water Guidelines and are
deemed to be satisfactory.

Microbial analysis (Table 4) shows microbial contamination was detected on occasion. No faecal
contamination was detected in any of three samples retrieved during October 2013, which suggests that
septic tanks, percolation areas, and underground slurry tanks are not a source of ongoing contamination.
Landspreading and grazing animals are a potential source. Year round sampling would be needed to
confirm this.

Coliforms were detected on two of the three sampling events, although in low numbers. The source of these
is unclear. Where coliform contamination was detected in the raw water sample it had been removed
following treatment. This confirms that the chlorination treatment system is effective, when working.
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Table 4: NUIG Microbial Sampling Data 2013

Date Sample | Microbiological | MPN/100 VTEC Comments
Type parameter ml
25/09/13 Raw total coliforms 0
. none detected
e. coli 0
Treated total coliforms 0
. none detected
e. coli 0
16/10/13 Raw total coliforms 1 0157 detected, late Raw and treated
; detection. VTX 1+2 ;
e. coli 0 water essentially the
not detected same as chlorine
Treated total coliforms 0 026 detected, late pump had been
i detection. VTX 1+2 | turned off some hours
e. coli 0 not detected prior to sampling
30/10/13 Raw total coliforms 592 none detected
e. coli 0
Treated total coliforms 0 none detected
e. coli 0

VTECs (verocytotoxigenic Escherichia coli.), a more virulent and aggressive form of microbial contamination,
were detected in the treated water entering the supply line. VTEC 0157 and 025 were detected, the
sources of these being cattle, sheep and goat faeces. It is perhaps unusual that e.coli were not detected in
the same samples. It was noted by the sampler that the chlorine pump was not working at the time of
sampling, so it is not clear if the dosing regime at this source is adequate. In any case, the fact that the
chlorine pump was not working represents a flaw in the dosing method, and a clear risk to consumers
occurred.

The nearby GWS at Clough Cummer detected VTEC in their borehole, which is 30 m deep. This would
suggest that VTECs are present in the shallower groundwater. It is not evident that the source of VTECs is
the deeper groundwater flow regime.

4 Zone of Contribution

4.1 Conceptual model

The current understanding of the geological and hydrogeological setting is presented as a vertical cross-
section in Diagram 3.

A large proportion of the effective rainfall is assumed to infiltrate to groundwater and recharge it, either
percolating diffusely through the bare rock, thin soils and subsoils, or via point recharge at surface karst
features (dolines and swallow holes).

Several interconnected groundwater flow zones are envisaged: (i). flow in the extensively karstified ‘epikarst’
zone in the top few metres of the bedrock; (ii) flow in a number of interconnected fractures and joints; (iii)
larger flows associated with conduits of large water-carrying capacity.

The infiltrating water generally percolates downwards in fissures, until it reaches the body of groundwater
flowing through conduits and fractures. However, in some cases, the water flows laterally in the very
shallowest parts of the bedrock (the ‘epikarst’).
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The direction of flow in the shallow groundwater (i.e. epikarst and jointing) is likely to reflect the local
topography. The local well survey (6th September 2014) indicates shallow groundwater flow from northwest
to southeast. It is likely that Turloughour Turlough acts as a sink for this groundwater. The swallow hole
within the turlough provides a rapid pathway delivering the shallow groundwater to conduits.

Three surrounding boreholes surveyed encountered major water strikes at 50 — 91 metres below ground
(equivalent to between -16 and -38.5 metres below ground). Each of these boreholes penetrated water-
bearing zones at different depths. Given the depth of the Caherlea borehole, it is assumed it encountered a
water strike within this range. A regional well survey performed on 6" September 2014 showed that regional
groundwater flow is towards the southwest into Lough Corrib, and a series of springs on its periphery. The
potential area contributing to the regional groundwater flow regime is significant.

The different flow paths make it difficult to apply a single zone of contribution with confidence to the well.
Overall, though, a reasonable approach is to consider that the primary abstraction from the borehole is
supplied from the deeper fractures. Due to the unlined construction of the borehole it likely receives an
inflow, though not as great, from the upper fractures and joints and epikarst.

4.2 Boundaries
The boundaries of the area contributing to the source are considered to be as follows (Figure 7):

The northwestern Boundary is an upgradient boundary. It extends to a distance of 300 m from the borehole
in the direction of a local hummock in Carrownaherick West. Groundwater from this raised area flows
southeast toward the Clare River. The distance from the source to the upgradient boundary is determined
by balancing the GWS abstraction rate with the recharge entering the groundwater (Section 4.3). As the
borehole is thought to be completely unlined in the bedrock, shallow groundwater flows will enter the
borehole freely.

The northeastern boundary is also an upgradient boundary and takes into account the regional groundwater
flow direction which is from northeast to southwest, i.e. from Clare River to Lough Corrib. This connection
was previously confirmed in a tracer study by the GSI. This boundary incorporates a nearby surface
depression (doline).

The southwestern and southeastern boundaries are flow line boundaries. The orientation of the flow
lines is based on the groundwater flow direction.

The southern boundary extends downgradient. The abstraction will induce a cone of depression which
pulls water back towards the borehole against the natural direction of flow. It is estimated to be
approximately 128 m based on calculations using data from the desk study (Appendix 4).

Inside the ZOC boundaries, groundwater is expected to enter the borehole. Outside the boundaries,
groundwater is expected to flow towards Turloughour Turlough and/or Lough Corrib.

There is likely to be groundwater flowing from the northeast that the borehole intercepts. However, due to the
highly complicated and regional scale of the groundwater flow system, it is not possible to fully delineate a
ZOC for this component of the groundwater flow.
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Diagram 3: Schematic Cross Section and Conceptual Model of groundwater flow
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4.3 Recharge and water balance

The current demand for the Caherlea GWS is 27 m®/d. The maximum sustainable yield for the borehole is
not known but is considered to be in the order of several hundred cubic metres per day In order to
accommodate potential peak abstraction rates above the average long term demand of 27 m °/d, 150% of the
current demand has been used as the abstraction rate in the water balance calculations, i.e. 40.5 m®d".

Recharge to the ZOC is estimated as 570 mm/yr (see Table 2). At a recharge rate of 570 mm/yr the
40.5 m°/d abstraction rate requires a ZOC of 0.025 km? (2.54 ha; 6 V4 acres) to capture the required volume
of diffuse recharge to balance this abstraction.

Based on hydrogeological settlng and topography, the delineated zone of contribution was estimated as
having an area of 0.063 km®. The water balance shows that the zone of contribution delineated is adequate
to supply the borehole abstraction.

5 Conclusions

The current abstraction for the Caherlea GWS is 27 m*/d. The borehole is capable of providing a maximum
yield significantly in excess of 40 m®/d.

The ZOC delineation was based on a combination of hydrogeologlcal mapping, and the topographical
catchment to the borehole. For a daily abstract|on rate of 40.5 m*/d (i.e. actual abstraction rate plus 50%),
the estimated ZOC covers an area of 0.063 km? (15.5 acres).

The groundwater vulnerability within the ZOC is mapped as Extreme (E). Two dolines have been included in
the ZOC and these are considered to have vulnerability classification of Extreme (X). This categorisation will
enable the GWS to prioritise areas of risk when auditing or mapping potential hazards, or areas to
investigate if a pollution incident does occur.

Recent data for the borehole suggests groundwater quality in the study area is not subjected to high nutrient
loads from agriculture. Instances of microbial contamination have been detected on occasion.

Based on the collection and analysis of the available data for this project, it is recognised that this scale of
study (i.e. predominantly desk study) cannot delineate a definitive ZOC for the Caherlea GWS borehole with
a high degree of confidence, due to the complicated nature of the karst aquifer in this region. Itis
possible that additional areas are also contributing to the spring so the GWS may want to consider further
hydrogeological work/ measures if water quality issues persist, which will provide supporting evidence as to
the most likely areas that should be included within the ZOC.

6 Recommendations
Essential

¢ Routine water quality monitoring should be carried out on raw water at the source. The monitoring
programme should include a regular survey of water quality parameters that would include coliforms
(total and faecal), pH, alkalinity, hardness, electrical conductivity, nitrate, ammonia, chloride, iron,
manganese, potassium and sodium. This survey should be taken on a monthly basis for the first
year and should incorporate samples following a variety of wet and dry rainfall conditions in the
preceding week. The chemistry results should be reviewed and if the parameters are generally
stable, the frequency (and possibly the list of analytes) could be reduced to quarterly or biannually.

o Ultra-violet sterilisation unit to be added to treatment system.
e Ensure chlorination is continuous, and includes a back-up system.

e The wellhead chamber wall should be raised to a height of 0.5 m above ground level using either
shuttered concrete wall or rendered concrete block wall.

10
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The wellhead chamber floor should be filled with finished, levelled concrete to form an impermeable
seal between the steel borehole casing and chamber wall.

The steel borehole casing should be extended so that it is raised above surrounding field level.

The steel borehole casing should be covered with a watertight plate. A dipping tube should be
accessible through the borehole cover.

Ensure hole transmitting cables and rising main into pumphouse is watertight.

Desirable

Other:

The GWS should liaise with NFGWS regarding the completion of a cryptosporidium risk assessment.

Comprehensive hazard mapping within the delineated ZOC should be undertaken. Within the ZOC
to Caherlea GWS are 2 doline, 1 farmyard and farm dwelling, and several houses. Caherlea GWS
should consider liaising with the local upgradient farmyard to ensure risk from underground slurry
storage tanks, silage clamps, and septic tanks is minimised.

Application of inorganic and organic fertilisers should be restricted around the doline to the
immediate east of the borehole. A buffer zone of 15 metres around the doline should apply.

Application of inorganic and organic fertilisers should be restricted where possible along the
southwestern boundary of the field within which the borehole is sited.

All connections within the scheme should be metered.

The borehole abstraction should be measured on a cumulative flowmeter inside the pumphouse on a
daily/weekly basis. This is to ensure that the delineated ZOC remains appropriate.

Consideration should be given to casing and grouting the upper 40 m of the borehole. This would
prevent any groundwater inflows entering from the epikarst, or upper fractures and joint network.
This is considered essential given the evidence that VTECs appear to be sourced from this upper
zone. This would require sealing the annulus between a centralised small diameter PVC pipe
(125 mm) and the rock face using cement grout above a packer or basket.

It should be noted that the potential zone of contribution to the deeper groundwater system is very
large, and that sourcing groundwater from this zone only would not guarantee elimination of
microbial contamination.

A minimum 10 m x 10 m fenced compound is recommended to provide sanitary protection for the
borehole area.

Caherlea GWS should consider investigating the feasibility of connecting to the Rusheens GWS
source. Given the relatively small number of connections on the Caherlea GWS it may not be
feasible to undertake all of the above recommendations. Rusheens GWS have recently installed a
new borehole, with the upper zone sealed off using cement grout. There is extra capacity in the
Rusheens GWS borehole to accommodate the demand supplied by Caherlea GWS.

The following EPA guidelines may serve as future useful reference documents for the Heath GWS:

o EPA Drinking Water Advice Note No. 7: Source Protection and Catchment Management to
Protect (32roundwater Sources. Of particular interest would be Section 4.1 — Step 2 — Hazard
Mapping”.

2http://www.epa.ie/pubs/advice/drinkingwater/epad rinkingwateradvicenote-advicenoteno7.html#.UpNP_eJ9KEp

11
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o EPA Drinking Water Advice Note No. 8: Developing Drinking Water Safety Plans. This
docugnent contains checklists for hazards which would assist in hazard mapping within the
Z0C".

o EPA Drinking Water Advice Note No. 14. Borehole Construction and Wellhead Protection®.

o European Union (Good Agricultural Practice for the Protetcion of Waters) Requlations 2014°,
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8 Acronyms and glossary of terms

BGL

EPA

DEHLG

EQS

EU

GPz

GSI

GwWB

GWD

GWS

IGI

MOD

MRP

NRG

NRWMC

PVC

SPz

TOT

TVs

uv

Z0C

WFD

Below Ground Level

Environmental Protection Agency

Department of Environment Heritage and Local Government

Environmental Quality Standard
European Union

Groundwater Protection Zone

Geological Survey of Ireland
Groundwater Body

Groundwater Directive (European Union)
Group Water Scheme

Institute of Geologist of Ireland

Metres Ordnance Datum
Molybdate-Reactive Phosphorus
National Grid Reference

National Rural Water Monitoring Committee
Polyvinyl Chloride

Source Protection Zones

Time of Travel

Threshold Values

Ultra-Violet

Zone of Contribution

Water Framework Directive (European Union)
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Glossary of Terms

Aquifer

A subsurface layer or layers of rock, or other geological strata, of sufficient porosity and permeability to allow
either a significant flow of groundwater or the abstraction of significant quantities of groundwater
(Groundwater Regulations, 2010).

Attenuation

A decrease in pollutant concentrations, flux, or toxicity as a function of physical, chemical and/or biological
processes, individually or in combination, in the subsurface environment.

Borehole
A particular type of well - a narrow hole in the ground constructed by a drilling machine in order to gain
access to the groundwater system.

Conceptual Hydrogeological Model

A simplified representation or working description of how a real hydrogeological system is believed to
behave on the basis of qualitative analysis of desk study information, field observations and field data.

Confined Aquifer

A confined aquifer occurs where the aquifer is overlain by low permeability “confining” material. Once all the
void space in the aquifer is full of water up to the confining layer, the addition of more water to the aquifer
causes the stored water to become pressurised and, the additional water is stored by compression, sealed in
by the overlying confining layer (the water is added upgradient where the confining layer is absent). Where a
borehole punctures the confining layer, the water will rise up into the borehole to equalise the confining
pressure.

Diffuse Sources

Diffuse sources of pollution are spread over wider geographical areas rather than at individual point
locations. Diffuse sources include general land use activities and landspreading of industrial, municipal
wastes and agricultural organic and inorganic fertilisers.

Direct Input

An input to groundwater that bypasses the unsaturated zone (e.g. direct injection through a borehole) or is
directly in contact with the groundwater table in an aquifer either year round or seasonally.

Doline

Or enclosed depressions are relatively shallow bowl or funnel shaped depressions that form in karst
landscapes, and serve to funnel or concentrate recharge underground. Their presence indicates that
subterranean drainage is in operation.

Dolomitisation

Is a process, whereby the calcite crystals in limestone is replaced by magnesium. This results in an increase
in the porosity and permeability of the rock. Dolomitised rocks are a highly weathered, yellow/orange/brown
colour and are usually evident in boreholes as loose yellow-brown sand with significant void space and poor
core recovery. Dolomitisation often occurs preferentially in both fault zones and purer limestones.

Down-gradient
The direction of decreasing groundwater levels, i.e. flow direction. Opposite of upgradient.

Dry Weather Flow (Receiving Water)
The minimum flow likely to occur in a surface water course during a prolonged drought.

Environmental Quality Standard (EQS)

The concentration of a particular pollutant or group of pollutants in a receiving water which should not be
exceeded in order to protect human health and the environment.

Enclosed Depression
See doline
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Fissure
A natural crack in rock which allows rapid water movement.

Good Groundwater Status

Achieved when both the quantitative and chemical status of a groundwater body are good and meet all the
conditions for good status set out in Groundwater Regulations 2010, regulations 39 to 43.

Groundwater

All water which is below the surface of the ground in the saturation zone and in direct contact with the ground
or subsoil (Groundwater Regulations, 2010).

Groundwater Body (GWB)

A volume of groundwater defined as a groundwater management unit for the purposes of reporting to the
European Commission under the Water Framework Directive. Groundwater bodies are defined by aquifers
capable of providing more than 10 m3/d, on average, or serving more than 50 persons.

Groundwater Protection Scheme (GWPS)

A scheme comprising two principal components: a land surface zoning map which encompasses the
hydrogeological elements of risk (of pollution); and a groundwater protection response matrix for different
potentially polluting activities (DELG/EPA/GSI, 1999).

Groundwater Protection Responses (GWPR)

Control measures, conditions or precautions recommended as a response to the acceptability of an activity
within a groundwater protection zone.

Groundwater Protection Zone (GPZ)

A zone delineated by integrating aquifer categories or source protection areas and associated vulnerability
ratings. The zones are shown on a map, each zone being identified by a code, e.g. SO/H (outer source area
with a high vulnerability) or Rk/E (regionally important karstified aquifer with an extreme vulnerability).
Groundwater protection responses are assigned to these zones for different potentially polluting activities.

Groundwater Recharge

Two definitions: a) the process of rainwater or surface water infiltrating to the groundwater table; b) the
volume (amount) of water added to a groundwater system.

Groundwater Resource

An aquifer capable of providing a groundwater supply of more than 10 m3/d as an average or serving more
than 50 persons.

Hydraulic Conductivity

The rate at which water can move through a unit volume of geological medium under a potential unit
hydraulic gradient. The hydraulic conductivity can be influenced by the properties of the fluid, including its
density, viscosity and temperature, as well as by the properties of the soil or rock.

Hydraulic Gradient

The change in total head of water with distance; the slope of the groundwater table or the piezometric
surface.

Igneous
Igneous rock is formed through the cooling and solidification of magma or lava.

Indirect Input

An input to groundwater where the pollutants infiltrate through soil, subsoil and/or bedrock to the
groundwater table.

Input
The direct or indirect introduction of pollutants into groundwater as a result of human activity.

15


http://en.wikipedia.org/wiki/Freezing
http://en.wikipedia.org/wiki/Magma
http://en.wikipedia.org/wiki/Lava

Geological Survey of Ireland
Caherlea GWS Zone of Contribution

Karst

A distinctive landform characterised by features such as surface collapses, sinking streams, swallow holes,
caves, turloughs and dry valleys, and a distinctive groundwater flow regime where drainage is largely
underground in solutionally enlarged fissures and conduits.

Karstification

Karstification is the process whereby limestones are slowly dissolved by acidic waters moving through them.
This results in the development of an uneven distribution of permeability with the enlargement of certain
fissures at the expense of others and the concentration of water flow into these high permeability zones.
Karstification results in the progressive development of distinctive karst landforms such as caves, swallow
holes, sinking streams, turloughs and dry valleys, and a distinctive groundwater flow regime. It is an
important feature of Irish hydrogeology.

Pathway

The route which a particle of water and/or chemical or biological substance takes through the environment
from a source to a receptor location. Pathways are determined by natural hydrogeological characteristics
and the nature of the contaminant, but can also be influenced by the presence of features resulting from
human activities (e.g., abandoned ungrouted boreholes which can direct surface water and associated
pollutants preferentially to groundwater).

Permeability

A measure of a soil or rock’s ability or capacity to transmit water under a potential hydraulic gradient
(synonymous with hydraulic conductivity).

Point Source

Any discernible, confined or discrete conveyance from which pollutants are or may be discharged. These
may exist in the form of pipes, ditches, channels, tunnels, conduits, containers, and sheds, or may exist as
distinct percolation areas, integrated constructed wetlands, or other surface application of pollutants at
individual locations. Examples are discharges from waste water works and effluent discharges from industry.

Pollution

The direct or indirect introduction, as a result of human activity, of substances or heat into the air, water or
land which may be harmful to human health or the quality of aquatic ecosystems or terrestrial ecosystems
directly depending on aquatic ecosystems which result in damage to material property, or which impair or
interfere with amenities and other legitimate uses of the environment (Groundwater Regulations, 2010).

Poorly Productive Aquifers (PPAs)

Low-yielding bedrock aquifers that are generally not regarded as important sources of water for public water
supply but that nonetheless may be important in terms of providing domestic and small community water
supplies and of delivering water and associated pollutants to rivers and lakes via shallow groundwater
pathways.

Preferential Flow

A generic term used to describe water movement along favoured pathways through a geological medium,
bypassing other parts of the medium. Examples include pores formed by soil fauna, plant root channels,
weathering cracks, fissures and/or fractures.

Saturated Zone

The zone below the water table in an aquifer in which all pores and fissures and fractures are filled with
water at a pressure that is greater than atmospheric.

Soil (topsoil)
The uppermost layer of soil in which plants grow.

Source Protection Area

The catchment area around a groundwater source which contributes water to that source (Zone of
Contribution), divided into two areas; the Inner Protection Area (Sl) and the Outer Protection Area (SO). The
Sl is designed to protect the source against the effects of human activities that may have an immediate
effect on the source, particularly in relation to microbiological pollution. It is defined by a 100-day time of
travel (TOT) from any point below the water table to the source. The SO covers the remainder of the zone of
contribution of the groundwater source.
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Specific Yield
The specific yield is the volume of water that an unconfined aquifer releases from storage per unit surface
area of aquifer per unit decline of the water table.

Spring

A spring is a natural feature where groundwater emerges at the surface. Springs usually occur where the
rate of flow of groundwater is too great to remain underground. The position of a springs usually reflects a
change in soil or rocktype or a change in slope.

Subsoil
Unlithified (uncemented) geological strata or materials beneath the topsoil and above bedrock.

Surface Water

An element of water on the land‘s surface such as a lake, reservoir, stream, river or canal. Can also be part
of transitional or coastal waters. (Surface Waters Regulations, 2009.).

Swallow Hole
The point where concentrated inflows of water sink underground. They are found in karst environments.

Threshold Values (TVs)

Chemical concentration values for substances listed in Schedule 5 of the Groundwater Regulations (2010),
which are used for the purpose of chemical status classification of groundwater bodies.

Till
Unsorted glacial Sediment deposited directly by the glacier. It is the most common Quaternary deposit in
Ireland. Its components may vary from gravel, sands and clays.

Transmissivity

Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated thickness
of the aquifer.

Unsaturated Zone

The zone between the land surface and the water table, in which pores, fractures and fissures are only
partially filled with water. Also known as the vadose zone.

Vulnerability

The intrinsic geological and hydrogeological characteristics that determine the ease with which groundwater
may be contaminated by human activities (Fitzsimmons et al, 2003).

Water Table
The uppermost level of saturation in an aquifer at which the pressure is atmospheric.

Weathering
The breakdown of rocks and minerals at the earth's surface by chemical and physical processes.

Zone of Contribution (ZOC)
The area surrounding a pumped well or spring that encompasses all areas or features that supply

groundwater to the well or spring. It is defined as the area required to support an abstraction and/or overflow
(in the case of springs) from long-term groundwater recharge.
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Figure 1: Location Map (OSI Discovery Map Series Map. 1: 50,000 scale)

Legend:
* Caherlea GWS BH
* Other GWS
Surface
Scale: 1 50,000

(c) Ordnance Survey of Ireland. All rights reserved.
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Legend:
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Figure 2: Topography and Drainage
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Figure 3: Subsoils Map

Legend:
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Figure 4: Groundwater Vulnerability Map

(c) Ordnance

License No. EN.

Survey of Ireland. All rights reserved.
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Figure 5: Rock Unit Group Map
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Legend:
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* Other GWS

Surface watercourse
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Scale: 1 50,000

(c) Ordnance Survey of Ireland. All rights reserved.
License No. ENOO80514
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Figure 6: Aquifer Map
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Introduction

The term ‘vulnerability’ is used to represent the intrinsic geological and hydrogeological characteristics that
determine the ease with which groundwater may be contaminated by human activities (DELG et al., 1999).
The vulnerability of groundwater depends on:
e the time of travel of infiltrating water (and contaminants)
o the relative quantity of contaminants that can reach the groundwater
e the contaminant attenuation capacity of the geological materials through which the water and
contaminants infiltrate.

All groundwater is hydrologically connected to the land surface; the effectiveness of this connection
determines the relative vulnerability to contamination. Groundwater that readily and quickly receives water
(and contaminants) from the land surface is more vulnerable than groundwater that receives water (and
contaminants) more slowly and in lower quantities. The travel time, attenuation capacity and quantity of
contaminants are a function of the following natural geological and hydrogeological attributes of any area:

e the type and permeability of the subsoils that overlie the groundwater

e the thickness of the unsaturated zone through which the contaminant moves

e the recharge type — whether point or diffuse.

In other words, vulnerability is based on evaluating the relevant hydrogeological characteristics of the
protecting geological layers along the pathway, and the possibility of bypassing these layers. In summary,
the entire land surface is divided into four vulnerability categories: Extreme, High, Moderate and Low, based
on the geological and hydrogeological characteristics. Further details of the hydrogeological basis for
vulnerability assessment can be found in ‘Groundwater Protection Schemes’ (DELG et al., 1999).

The Groundwater Vulnerability Map shows the vulnerability of the first groundwater encountered, in either
sand/gravel or bedrock aquifers, by contaminants released at depths of 1-2 m below the ground surface.
Where the water-table in bedrock aquifers is below the top of the bedrock, the target needing protection is
the water-table. However, where the aquifer is fully saturated, the target is the top of the bedrock. The
vulnerability map aims to be a guide to the likelihood of groundwater contamination, if a pollution event were
to occur. It does not replace the need for site investigation. Note also that the characteristics of individual
contaminants are not considered.

Except where point recharge occurs (e.g. at swallow holes), the groundwater vulnerability depends on the
type, permeability and thickness of the subsoil. The groundwater vulnerability map is derived by combining
the permeability and depth to bedrock maps, using the three subsoil permeability categories: high, moderate
and low; and four depths to rock categories: <3m, 3-5m, 5-10m and >10m. The resulting vulnerability
classifications are shown in Table 1.

Table 1 Vulnerability mapping guidelines (adapted from DELG et al, 1999)

. Hydrogeological Requirements for Vulnerability Categories
Thickness of - -

. Diffuse Recharge Point Recharge Unsaturated
Overlying z
Subsoils - — one

Subsoil permeability and type
High moderate low permeability | (swallow holes, | (sand & gravel
permeability permeability (clayey subsoil, | losing streams) aquifers only)
(sand/gravel) (sandy subsoil) | clay, peat)
0-3m Extreme Extreme Extreme Extreme Extreme
(30 m radius)
3-5m High High High N/A High
5-10m High High Moderate N/A High
>10m High Moderate Low N/A High
Notes: (i) N/A = not applicable.
(i) Release point of contaminants is assumed to be 1-2 m below ground surface.
(iii) Permeability classifications relate to the engineering behaviour as described by BS5930.
(iv) Outcrop and shallow subsoil (i.e. generally <1.0 m) areas are shown as a sub-category of extreme vulnerability
(amended from Deakin and Daly (1999) and DELG/EPA/GSIa (1999))
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Sources of Vulnerability Data

Specific vulnerability field mapping and assessment of previously collected data were carried out as part of
this project. Fieldwork focused on assessing the permeability of the different subsoil deposit types (Figure 3),
so that they could be subdivided into the three permeability categories. This involved:

Describing selected exposures/sections according to the British Standard Institute Code of Practice
for Site Investigations (BS 5930:1999).

Collection of subsoil samples for laboratory particle size analyses
Assessing the recharge characteristics of selected sites using natural and artificial drainage,
vegetation and other recharge indicators.

The following additional sources of data were used to assess the vulnerability and produce the map:

Subsoils Map (EPA/Teagasc Subsoil Map, 2006), which is the basis for the main permeability
boundaries. ‘Clean’ sands and gravels are usually high permeability. Alluvium deposits are either
moderate or low permeability.

Depth to bedrock map, compiled by the mapping team for the current project in the Geological
Survey of Ireland, using data compiled from GSI, consultant and county council reports, along with
purpose-drilled auger holes

Geological Survey of Ireland Bedrock Geology Map

Geological Survey of Ireland well and karst database, which supplied information on well yields and
depth to bedrock, as well as locations of point recharge.

General Soils Map of Ireland (Gardiner and Radford, 1980). This gives additional, indirect
information on subsoil permeability in the areas mapped by Teagasc as ‘ill'.

Thickness of the Unsaturated Zone

The thickness of the unsaturated zone, or the depth of ground free of intermittent or permanent saturation, is
only relevant in vulnerability mapping over unconfined sand and gravel aquifers. As described in Table 6.1, the
critical unsaturated zone thickness is 3m; unconfined gravels with unsaturated zones thicker than 3m are
classed as having a ‘high’ vulnerability, while those with unsaturated zones thinner than 3m are classed as
having an ‘extreme’ vulnerability.
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Groundwater Recharge
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Introduction

The term ‘recharge’ refers to the amount of water replenishing the groundwater flow system. The recharge rate is generally estimated on an annual basis, and is
assumed to consist of the rainfall input (i.e. annual rainfall) minus water loss prior to entry into the groundwater system (i.e. annual evapotranspiration and
runoff). The estimation of a realistic recharge rate is critical in source protection delineation, as this dictates the size of the zone of contribution to the source (i.e.
the outer Source Protection Area).

The main parameters involved in the estimation of recharge are: annual rainfall; annual evapotranspiration; and a recharge coefficient (Table 1). The recharge
coefficient is estimated using Guidance Document GW5 (Groundwater Working Group 2005).

Table 2: Recharge coefficients for different hydrogeological settings.
Vulnerability Hydrogeological setting Recharge coefficient (rc)
category Min (%) Inner Range Max (%)*
Extreme 1. Areas where rock is at ground surface 60 80-90 100
1. Sand/gravel overlain by ‘well drained’ soil 60 80-90 100
Sand/gravel overlain by ‘poorly drained’ (gley) soil
1.iii Till overlain by ‘well drained’ soil 45 50-70 80
1.iv Till overlain by ‘poorly drained’ (gley) soil 15 25-40 50
1.v Sand/ gravel aquifer where the water table is <3 m below surface 70 80-90 100
1.vi Peat 15 25-40 50
High 2.i Sand/gravel aquifer, overlain by ‘well drained’ soil 60 80-90 100
2.ii High permeability subsoil (sand/gravel) overlain by ‘well drained’ soil 60 80-90 100
2.iii High permeability subsoil (sand/gravel) overlain by ‘poorly drained’ soil

2.iv Moderate permeability subsoil overlain by ‘well drained’ soil 35 50-70 80
2.v Moderate permeability subsoil overlain by ‘poorly drained’ (gley) soil 15 25-40 50
2.vi Low permeability subsoil 10 23-30 40
2.vii Peat 0 5-15 20
Moderate 3. Moderate permeability subsoil and overlain by ‘well drained’ soil 25 30-40 60
3.ii Moderate permeability subsoil and overlain by ‘poorly drained’ (gley) soil 10 20-40 50
3.iii Low permeability subsoil 5 10-20 30
3.iv Basin peat 0 3-5 10
Low 4. Low permeability subsoil 2 5-15 20
4.ii Basin peat 0 3-5 10
High to Low 5. High Permeability Subsoils (Sand & Gravels) 60 85 100
5.ii Moderate Permeability Subsoil overlain by well drained soils 25 50 80
5.iii Moderate Permeability Subsoils overlain by poorly drained soils 10 30 50
5.iv Low Permeability Subsoil 2 20 40
5.v Peat 0 5 20

Acknowledgement: many of the recharge coefficients in this table are based largely on a paper submitted by Fitzsimons and Misstear (in press).
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APPENDIX 3

Laboratory Certificate of Analysis
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Complete Laboratory Solutions
Ros Muc, Co. Galway.

[Tel] 091 574355

[Fax] 091 574356

[Email] services@cls.ie

Complete Laboratory Solutions [web]
Client Peadar Brick Report No. : 207558
Caherlea Group Water Scheme Date of Receipt : 01/10/2013
Caherlea Start Date of Analysis : 01/10/2013
Tuam Date of Report : 11/10/2013
Co Galway Order Number ]
Sample taken by : Client
N CERTIFICATE OF ANALYSIS
~ Resuits
13b No Sample Description Test ~Result , orink
472765 Water Sample Colour <4 mg/l Pt Co | Must be acceptable to
consumers and no
abnormal change
Turbidity 0.4 N.T.U. Must be acceptable to
consumers and no
abnormal change,
ideally <1.0NTU
pH v % ] pH Units 6.5-9.5 pH Units
Conductivity @20C 614 uS/cm 2,500uS/cm
Ammonium as NH4 <0.01 mg/l 0.3mg/!
| Nitrate as NO3 12.1 mg/! S50mg/I
Nitrite as NO2 <0.017 mg/l 0.5mg/L
ron, total 12 ug/I 200ug/I
4 Total Hardness (Kone) 355 mg/!
CaCo3
Manganese, total <5 ug/I S0ug/!
Aluminium, Total 3 ug/I 200ug/!

T

TARED I Score atn wo. OV

Page 1 of 2 of Report 207558

Approved b Rarbars Lo

=== !ariun I:..
Environmental Scientist
See page 2 for test specifications and accreditation status

This report only relates to items tested and shall not be reproduced but in full with the permission of
Complete Laboratory Solutions,
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APPENDIX 4

Zone of contribution down-gradient calculations
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The southeastern boundary extends downgradient to include the doline to the east of the borehole. The
abstraction itself will invoke a cone of depression which may draw groundwater deemed to be downgradient
into the borehole. It is estimated to be approximately 128 m based on calculations using data from the desk
study. The calculation uses the uniform flow equation (Todd, 1980), which is:

Down-gradient distance = Q/ (2m* T *i)

where
Q is the daily pumping rate: 40.5 m®d. (This allows for 50% increase in the current rate).
T is Transmissivity® (as per Rusheens GWS, Conroy (2014)), an upper range value of 5 m?/d is taken

as a representative value for this aquifer).

i is the background non-pumping gradient, based on the moderately sloping topography in the general
area (0.01).

6 Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated
thickness of the aquifer. The hydraulic conductivity of the aquifer is defined as the volume of water that will
move through a unit area of aquifer perpendicular to the flow direction in unit time under a unit hydraulic
gradient, and has units of length / time, e.g. m/day.
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Project description

Since the 1980s, the Geological Survey of Ireland (GSI) has undertaken a considerable amount of
work developing Groundwater Protection Schemes throughout the country. Groundwater Source
Protection Zones are the surface and subsurface areas surrounding a groundwater source, i.e. a
well, wellfield or spring, in which water and contaminants may enter groundwater and move
towards the source. Knowledge of where the water is coming from is critical when trying to interpret
water quality data at the groundwater source. The ‘Zone of Contribution’ also provides an area in
which to focus further investigation and is an area where protective measures can be introduced to
maintain or improve the quality of groundwater.

This report has been prepared for Cahermorris-Glenreevagh Group Water Scheme as part of the
Rural Water Programme funding initiative of grants towards specific source protection works on
Group Water Schemes (DECLG Circular L5/13 and Explanatory Memorandum).

The report has been prepared in the format developed during an earlier pilot project ‘Establishment
of Zones of Contribution’ which was undertaken by the Geological Survey of Ireland (GSI), in
collaboration with the National Federation of Group Water Schemes (NFGWS), and with support
from the National Rural Water Services Committee (NRWSC).

The methodology undertaken by the GSI included: liaising with the GWS and NFGWS to facilitate
data collection, a desk study, a site visit to inspect the supply, the local area, and to record
groundwater level(s). The data was then analysed and interpreted in order to delineate the ZOC.

The maps produced are based largely on the readily available information in the area, a field
walkover survey, and on mapping techniques that use inferences and judgements based on
experience at other sites. As such, the maps cannot claim to be definitively accurate across the
whole area covered, and should not be used as the sole basis for site-specific decisions, which will
usually require the collection of additional site-specific data.

The report and maps are hosted on the GSI website (www.gsi.ie).
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1 Overview: Groundwater, Groundwater Protection and Groundwater
Supplies

Groundwater is an important natural resource in Ireland. It originates from rainfall that soaks into the ground.
If the ground is permeable, the rainfall will filter down until it reaches the main body of groundwater, which is
usually within either the bedrock, or a sand/gravel deposit. If the bedrock or sand/gravel deposit can hold
enough groundwater and allow enough flow to supply a useful abstraction, it is referred to as an aquifer.

In Irish bedrock aquifers, groundwater predominantly flows through interconnected fractures, fissures, joints
and bedding planes, which can be envisaged as a ‘pipe network’, of various sizes, with varying degrees of
interconnectivity. The speed of flow through this network is relatively fast, delivering groundwater, and a
large proportion of the contaminants present in the groundwater, to its destination e.g. borehole, spring, river
and sea.

In sand/gravel aquifers, the groundwater flows in the interconnected pore spaces between the sand/gravel
grains. Generally, this is equivalent to a filter system that may physically filter out contaminants to varying
degrees, depending on the nature of the spaces and grains. It also slows down the speed of flow giving more
time for pathogens to die off before they reach their destination e.g. borehole, spring, river and sea.

Further filtration of contaminants may occur where the aquifers are protected by overlying soil and subsoil;
thick, impermeable clay soil and subsoil provide good protection while thin, very permeable gravel will
provide limited protection. Therefore, variations in subsoil type and thickness are important when
characterising the ‘vulnerability’ of groundwater to contamination.

The karst limestone aquifers provide significant and important groundwater supplies in Ireland. Karst
landscapes develop in rocks that are readily dissolved by water e.g. limestone (composed of calcium
carbonate). Consequently, conduit, fissure and cave systems develop underground1. Groundwater typically
travels very fast in karst aquifers, which has a significant impact on the water quality; neither filtration nor
pathogen die-off are associated with these aquifers.

The interaction between abstraction and geology is shown in Diagram 1. In this scenario, a borehole is
pumping groundwater from the bedrock aquifer. As the water is abstracted through the well, the original
water table (a), is drawn down to level (b), where it induces a drawdown curve of the natural water table (c).
The shape of this curve depends on the properties of the aquifer, for example, if the borehole is intersecting
an aquifer with few fractures that are poorly interconnected, the groundwater from that system will soon be
exhausted, and therefore the pumping will have to pull from deeper depths to maintain supply, which results
in the steep, deep drawdown curve. Alternatively, if the borehole is intersecting an aquifer with a large
number of well connected groundwater-filled fractures, the abstraction will be met by pulling water from
farther away, at a shallower depth, resulting in a shallow, wide drawdown curve.

By knowing the rate of abstraction (output), how much rainfall there is (input), and by assessing the
geological elements outlined above (nature of the bedrock fractures or sand/gravel deposit; how permeable
the soil and subsoil are) to determine what happens in between input and output, the catchment area, or
‘Zone of Contribution’ (ZOC), to any groundwater water supply can be determined.

Cahermorris-Glenreevagh GWS is supplied by a regionally important aquifer with karstified
flow in enlarged conduits (Rk.). The current abstraction rate is 75 m*/d.

! Geological Survey of Ireland, 1999.




Geological Survey of Ireland
Cahermorris-Glenreevagh GWS Zone of Contribution

Land use and
potential
sources of
contamination
(potential
hazards)

Pathway
(subsaoils)

Receptor
(wells,
aquifers)

Diagram 1. Rural Landscape Highlighting Interaction between Surface Water, Groundwater and
Potential Land Use Hazards.




Geological Survey of Ireland
Cahermorris-Glenreevagh GWS Zone of Contribution

2 Location, Site Description, Well Head Protection and Summary of
Borehole Details

The Cahermorris-Glenreevagh Group Water Scheme (GWS) is supplied from a borehole that lies on the
boundary between the townlands of Cahermorris and Glenreevagh in County Galway (Figure 1). The
current scheme demand is 75 m*/d, which provides water to 48 domestic connections and 12 farms. Users
are metered at point of supply.

The GWS is located in central Galway: 8.6 km southeast of Headford, 14 km southwest of Tuam and 17 km
north of Galway city centre. The borehole sits adjacent to the junction of a local road that runs southeast-
northwest between the N17 near Claregalway, and the R333 near Caherlistrane (Diagram 2). The GWS
pumphouse is a 3.0 m by 3.0 m roofed structure situated on the eastern boundary of an agricultural field,
setback 3 m from the road.

The wellhead offers excellent protection to the borehole. The borehole wellhead sits inside the pumphouse.
Six inch steel casing protrudes 0.175 m above ground level. This is covered with a 0.18 m diameter steel
cap with a rim that sits tightly around the borehole casing, and incorporates a 20 mm flap-covered hole to
accommodate a dipmeter. The pumphouse floor is in good condition composed of finished concrete which
surrounds the borehole casing and gives a finished floor level 0.14 m above road level. A 50 mm steel rising
main and power cable exit the chamber through a hole in the borehole lid.

The GWS borehole was originally a county council source, operated by a handpump. In 1971 the borehole
was reportedly deepened to a depth of 122 m, and blasted at the base to improve yield. A 100 mm borehole
pump, replaced in 2012, supplies directly to the mains via a 1.5 m® pressure chamber. A cumulative
flowmeter is located on the discharge line inside the pumphouse. The scheme utilises chlorination and ultra-
violet treatment. A raw water tap and treated water tap are positioned between the flowmeter and
distribution line.

To the rear of the pumphouse the GWS have installed a perimeter fence setback 1.5 — 2.0 m from the
pumphouse. An electric fence defines the agricultural field boundary a further 0.6 m behind this perimeter
fence.

Farmyard

h

2)\1»,

Cahermorris-
Glenreevagh GWS
Source Borehole

Diagram 2. Schematic Plan of the GWS Site
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Photos of the pumphouse and borehole chamber can be seen in Photos 1 to 4 below. Table 1 provides a
summary of existing information relating to the borehole. There is no drilling log available for the borehole,
nor is there any record of a pumping test having been carried out.

s o e

Photo 1: Pumphuse. Borehole head located Photo 2: Wellhead installation
within£umphouse
o L JL

Photo 3: Flowmeter on mains line

Photo 4: FiIdto rear of pumphouse facing
north (note fenced area)
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Table 1. Supply Details

Cahermorris-Glenreevagh Borehole

Grid reference

133,847 m Easting; 242,263 m Northing

Townland

Boundary of Cahermorris and Glenreevagh

Source type

Borehole

Drilled

1926. Deepened and blasted at base in 1971

Drilling Contractor

Original borehole by Galway County Council. Contractor for 1971 works unconfirmed

Owner

Cahermorris-Glenreevagh GWS

Elevation

pumphouse floor = 25.36 mOD Malin
Top of casing = 25.53 mOD

Total depth (m)

122 m

Construction details

150 mm steel casing from 0.175 m above ground level to 2.4 m below surface;
Assume open hole within bedrock.

Depth to rock (m
bgl)

Approximately 1.8 m

Static water level
(SWL)

Unconfirmed
On 19/08/14, when pumping intermittently at an estimated rate of 238 m*/d, groundwater level
fluctuated between 24.85 mbgl (0.68 mOD) during 3 minutes pumping, and 16.15 mbgl (9.38
mOD) during 3 minute recovery.
No record of depth of any water strikes encountered during drilling.

Pump intake depth
(m bgl)

36.5 m bgl (-11.14 mOD)

Current abstraction
rate (GWS)

Total daily abstraction = 75 m*/d
On 19/08/14, pump was working on a pumping cycle of around 3 minutes on and 4 minutes off.
The timings of this intermittent cycle are variable, being dependant upon demand.
Over 24 hours the pump is on 31% of the time, and off 69% of the time.
Caretaker maintains weekly records of cumulative flow.

Reéported yield
(m’/d)

Unconfirmed, no long-term pumping test has been performed.
Mini-pumping test performed during site visit (Appendix 1) would initially suggest that the
borehole is capable of sustaining 238 m*/d though a long-term pumping test would be required
to confirm this.
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3 Physical Characteristics and Hydrogeological Considerations

3.1 Physical Characteristics of the Area

Table 2. Physical Characteristics of the Area of Interest

Caheriea Description/Comments
Borehole
,(Agpnl;al Rainfall 1166 Met Eireann average annual rainfall data 1981-2010
Annual 487.5 mm PE (average annual potential evapotranspiration data, Galway SWS,

Evapotranspiration
Losses (mm)

Annual Effective
Rainfall (mm)

463 1961-1990).
463 AE (Actual Evapotranspiration, assumed to be 95% of PE).

703 Annual rainfall less annual evapotranspiration losses

Topography
(Figure 1)

Land use

Surface Hydrology

In general, lands are flat and featureless, sloping very gently from the east-northeast towards Lough
Corrib, 3 km to the west of the GWS.

A hill at Knockmaa, 6.5 km north of the GWS, reaches 167 mOD. Elevation at the foot of this hill is

40 mOD. Between this hill and the site, topography is relatively flat, sloping gently south-southwest,

marked by small hummocks such as those at Garraun North (63 mOD, 5.5 km to the northeast) and
Carrownaherick (50 mOD, 4.3 km to the northeast), from which land falls away radially.

Land in the area is predominantly used for moderate intensity agriculture. Much of this land has
been improved upon having originally had significant bedrock at surface. A linear ribbon
development of one-off housing, serviced by individual septic tanks, exists on the opposite side of
the road, aligned west-east.

The borehole is situated on the edge of a grassland field. The pumphouse is fronted by a junction
between two local roads. A farmyard is located 110 m north of the site.

1 km to the west at Bunatober, and downgradient of the site, a spring rises to form a stream
headwater. This stream flows into another watercourse, fed primarily by a spring at Ballycasey.
The combined streams enter Lough Corrib 3.4 km to the southwest.

(Figure 2) The River Clare runs roughly N-S and passes 7.5 km east of the GWS at it's closest point. This
section of the River Clare is man-made, having been excavated as part of a historical arterial
drainage scheme. River level is not in continuum with groundwater.
Topsoil The area is dominated by deep, well-drained basic mineral soils, which become thinner on elevated
ground and where bedrock outcrops at surface.
Subsoil Carboniferous limestone till (Teagasc, 2006). Subsoils may not be present where bedrock is close
(Figure 3) to surface.
Groundwater Extreme (X) in the immediate vicinity of the borehole, indicating rock at or close to surface. In the
Vulnerability wider area Extreme (E) vulnerability dominates. Presence of High (H) vulnerability northeast of the
(Figure 4) site possibly infers local depressions and slight increase in subsoil depth. See Appendix 2.
Geolo The GWS source and wider area are underlain by the rock unit group Dinantian Pure Bedded
gy
Formation: Limestones. Bedrock formation is the Knockmaa Formation which is a thick-bedded pure limestone.
Rock Unit 'G Beds generally dip southeast at 2-3°. There are no mapped faults in the area. GSI 6” field sheets
FC?C n;.) roup indicate outcrops are weathered and jointed. Regionally, north-south and east-west joint sets are
(Figure 5) expected to occur (Gatley et al., 2006).
Aquifer The DPBL limestones are classified by the GSI as a Regionally Important Karstified Bedrock
- Aquifer, dominated by conduit flow (Rkc). Known surface karst features in the area are shown in
(Figure 6) .
Figure 6.
Groundwater Body Clare-Corrib GWB Groundwater body WFD status 2007-2012 is ‘Good’, but at risk of
(Appendix 3) (GSI, 2004) not achieving good status
Recharge ) . ) ) .
Coefficient 80 % Low drainage density, well-drained soils, moderate permeability
. subsoils, and extreme vulnerability, plus point recharge via karst
(Appendix 4) - L
features suggest a high recharge coefficient.
Recharge (mm) 562
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3.2 Hydrochemistry and water quality

One untreated water sample was collected for the Cahermorris-Glenreevagh GWS borehole on 24/07/2014
and analysed by CLS, Ros Muc, Co. Galway (Appendix 5). A dataset containing results taken at various
points of supply between 2008 and 2011 was referred to. Four sample sets (consisting one sample of raw
water and one sample of treated water per set) were also collected and analysed by NUIG during 2013/2014
as part of a study into microbial contamination.

Existing laboratory results have been compared to the European Communities Environmental Objectives
(Groundwater) Regulations 2010, which were recently adopted in Ireland under S.I. No. 9 of 2010 or with the
drinking water standard (S| 278 of 2007) where no environmental objective has been set.

Table 3: Water Quality Data

Untreated Water Treated Water 2007-2011
Parameter Number of Result Number of Mean Parametric Value
Values (24/07/14) Values

pH (lab.) 1 7.2 12 7.1 6.5<pH <9

(Eulgc/:(t:rr::)al Conductivity (lab.) 1 575 12 666 800

Colour (PtCo units) 1 <4 9 4.5 acceptable to consumers
and no abnormal change

Turbidity (NTU) 1 0.2 11 0.33

Nitrate (mg NO3/l) 1 8.11 10 10.3 375

Nitrite (mg NOJ/I) 1 <0.017 7 0.02 0.375

Orthophosphate (mg PO4-P/I) 1 0.035

Hardness (mg/l as CaCOs3) 1 368

Ammonium (mg NH,/I) 1 <0.01 8 0.02 0.3 (SI 278 2007)

Iron (ug Fe/l) 1 <10 7 38 200 (S| 278 2007)

Manganese (ug Mn/l) 1 <5 6 13.7 50 (S| 278 2007)

Aluminium (ug Al/l) 1 <2 7 11.9 200 (Sl 278 2007)

E.coli (cfu/100 ml) 1 17 12 0.1 0

Total coliforms (cfu/100 ml) 1 17 12 0.2 0

Unstable hydrochemistry parameters were measured in the field on 19/08/14.

Electrical conductivity

measured 714 uS/cm; pH measured 7.2; temperature measured 11.9°C.

The available water quality data suggest that the chemical water quality is moderate. The water is hard and
has a slightly alkaline pH, a signature of limestone bedrock. Two groundwater provinces are suggested by
Drew and Daly (1993). Firstly, there is a shallow groundwater component that is characterised by high
suspended solids and relatively low electrical conductivities (300-400 uS/cm). Secondly, there is a deeper
groundwater component that is characterised by relatively non-turbid groundwater with higher electrical
conductivities (> 450 uS/cm). On this premise, groundwater is representative of the deeper system.

Nitrate concentrations are relatively low which is consistent with the low to moderate intensity farming in the
area. Orthophosphate levels suggest some contamination, possibly from improper septic tanks, inadequate
percolation areas or leaky underground slurry storage tanks. The detection of faecal coliforms would
reinforce this.
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Table 4 — NUIG Microbial Sampling Data 2013

Date Sample | Microbiological | MPN/100 mi VTEC
Type parameter
21/08/13 Raw total coliforms 387 0157 & 026 detected.
e. coli 191 VTX 1+2 toxin genes
Treated | total coliforms <1.0
. none detected
e. coli <1.0
16/09/13 Raw total coliforms 219 0157 & 026 detected.
e. coli 57 VTX 1+2 toxin genes
Treated | total coliforms 0
. none detected
e. coli 0
10/10/13 Raw total coliforms 276 0157 & 026 detected.
e. coli 45 VTX 1+2 toxin genes
Treated | total coliforms 0 none detected
e. coli 0
09/04/14 Raw total coliforms 37 026 detected.
e. coli 2
Treated | total coliforms 0 none detected
e. coli 0

Microbial analysis shows bacterial contamination was detected in the raw water supply on each sampling
occasion. Faecal contamination was detected in all raw water samples, which suggests that landspreading,
septic tanks, percolation areas, and underground slurry tanks are potentially a source of ongoing
contamination. The lowest level of contamination was detected in Spring. Year round sampling would be
needed to confirm any seasonality.

Where coliform contamination was detected in the raw water sample it had been removed following
treatment. This confirms that the chlorination and ultraviolet treatment system is effective, when in
operation.

VTECs (verocytotoxigenic Escherichia coli.) are a more virulent and aggressive form of microbial
contamination, and were detected in all raw water samples. VTEC 026 was detected in all raw samples,
whilst O157 was detected in 3 of the 4 samples. These strains are sourced from cattle, sheep and goat
faeces. VTECs were not detected in the treated water entering the supply line.
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4 Zone of Contribution

4.1 Conceptual model

The current understanding of the geological and hydrogeological setting is presented as a cross-section in
Diagram 3.

A large proportion of the rainfall is assumed to infiltrate to groundwater as recharge (80%), either diffusely or
via point recharge at surface depressions (dolines) or swallow holes (sluggaires).

Diffuse recharge infiltrates the surface and enters the extensively karstified, epikarst zone in the top few
metres of bedrock. From here it can flow laterally within the epikarst or continue vertically to enter a network
of interconnected joints, fractures and karst conduits. Deeper groundwater flow occurs predominantly within
larger fractures or fault structures. Point recharge follows the same fate but may bypass the epikarst zone.

The direction of flow in the upper groundwater regime (i.e. epikarst and jointing) is likely to reflect the local
topography. This has been confirmed by GSI tracing studies (see Figure 2) and was reflected in the well
survey performed on 6" September 2014, with flow from northeast to southwest, towards Lough Corrib and a
number of springs on it's periphery.

Local upgradient group water schemes encountered major water strikes at 50 — 91 metres below ground
(equivalent to between -16 and -38.5 mOD). Each of these boreholes penetrated conduits or significant
water-bearing fractures at different depths. Given that the Cahermorris-Glenreevagh borehole was
deepened it is assumed that it receives inflows at similar depths. The unlined construction of the borehole
also means that it is likely to receive inflows from the upper epikarst.
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4.2 Boundaries

The boundaries of the area contributing to the source are based on hydrogeological setting and topography
and are considered to be as follows (Figure 7):

The Northeastern Boundary is the upgradient boundary. It extends to a distance of 2.4 km from the
borehole in the direction of a local ridge at Bunnahevelly More. Groundwater flow sourced from epikarst and
the upper fractures and jointing network flow southwest towards Bunatober Spring, Balrobuckbeg, and
ultimately Lough Corrib. As the borehole is completely unlined, lateral flows will enter the borehole freely.

The northwestern and southeastern boundaries are flow line boundaries. The orientation of the flow lines
is based on the groundwater flow direction, which is inferred from a survey of wells and turloughs, and
tracing studies previously carried out by GSI.

The southwestern boundary extends downgradient of the borehole for a distance of 263 m. The relatively
large downgradient distance is due to the very low hydraulic gradient.

Inside the boundaries groundwater flow in the upper groundwater flow regime is expected to infilirate the
borehole. Outside the boundaries groundwater flow in the upper groundwater regime is expected to flow
laterally towards Bunatober and Lough Corrib.

There are two enclosed depressions (dolines) and one cave mapped within the zone of contribution.

Based on the collection and analysis of the available data for this project, it is recognised that this scale of
study (i.e. predominantly desk study) cannot delineate a definitive ZOC for the Cahermorris-Glenreevagh
GWS borehole with a high degree of confidence, due to the complicated nature of the karst aquifer in this
region. Therefore, the analysis has been used to identify an area that is highly likely to be supplying the
borehole. Itis possible that additional areas are also contributing to the borehole (depending on the flow
regime in operation) so the GWS may want to consider further hydrogeological work/ measures if water
quality issues persist, which will provide supporting evidence as to the most likely areas that should be
included within the ZOC.

10
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SOUTHWEST
A

B Limestone til 277 Limestone Bedrock
R Epiarst [357 Fractured Rock

Diagram 3: Schematic Cross Section and Conceptual Model

11
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4.3 Recharge and water balance

The current demand for the Cahermorris-Glenreevagh GWS is 75 m*/d. The maximum sustainable yield for
the borehole is not known but is considered to be in the order of several hundred CUbIC metres per day
(drawdown stabilises quite quickly under the estimated intermittent abstractions of 238 m /d) In order to
accommodate potential Jaeak abstraction rates above the average long-term demand of 75 m®d, the
abstraction rate of 238 m is used in the water balance calculations.

Recharge to the ZOC is estimated as 562 mm/yr (see Table 2). Ata recharge rate of 562 mm/yr the 238
m®/d abstraction rate requires a ZOC of 0.155 km? (15.5 ha; 154,573 m ) to capture the required volume of
diffuse recharge to balance this abstraction.

Based on hydrogeologlcal setting and topography, the delineated zone of contribution was estimated as
having an area of 3.03 km?. The water balance shows that the zone of contribution delineated is adequate to
supply the borehole abstraction.

5 Conclusions

The current abstraction for the Cahermorris-Glenreevagh GWS is 75 m%d. The borehole is likely to be
capable of providing a maximum vyield in excess of 200 m>/d.

The ZOC delineation was based on a combination of hydrogeologlcal mapping, and the topographical
catchment to the borehole. For an intermittent abstraction rate of 238 m*/d, the estimated ZOC covers an
area of 3.03 km?. This ZOC is large enough to ensure the long-term sustainability of the supply.

The groundwater vulnerability within the ZOC is primarily Extreme (E) and Extreme (X), with a smaller area
shown as High (H). This categorisation will enable the GWS to prioritise areas of risk when auditing or
mapping potential hazards, or areas to investigate if a pollution incident does occur.

Recent data for the borehole suggests groundwater quality in the study area is good in terms of nutrient
status. Overall however, water quality is regarded as being poor given the high levels of coliforms detected
in raw water samples.

12
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6 Recommendations
Essential:

¢ Routine water quality monitoring should be carried out on raw water at the source. The monitoring
programme should include a regular survey of water quality parameters that would include coliforms
(total and faecal), pH, alkalinity, hardness, electrical conductivity, nitrate, ammonia, chloride, iron,
manganese, potassium and sodium. This survey should be taken on a monthly basis for the first
year and should incorporate samples following a variety of wet and dry rainfall conditions in the
preceding week. The chemistry results should be reviewed and if the parameters are generally
stable, the frequency (and possibly the list of analytes) could be reduced to quarterly or biannually.

e The GWS should liaise with NFGWS regarding the completion of a cryptosporidium risk assessment.
e An automated ultra-violet sterilisation unit is recommended.

e Comprehensive hazard mapping within the delineated ZOC should be undertaken. Within the ZOC
to Cahermorris-Glenreevagh GWS are approximately thirty houses, several of which appear to have
been constructed within the last 5-10 years. The density of housing, and the linear arrangement of
same, reduces the ability of upgradient groundwater to assimilative treated effluent completely by
dilution.

e There are an estimated 7 farmyards within the ZOC. Cahermorris-Glenreevagh GWS should
consider liaising with the local farmyards to ensure risk from underground slurry storage tanks, silage
clamps, and septic tanks is minimised.

e There is at least one authorised treatment facility (car dismantler) within the ZOC. Other industrial
activity within the ZOC was not identified.

Desirable:

e Application of inorganic and organic fertilisers should be restricted where possible along the
southeastern boundary of the field within which the borehole is sited.

e The borehole abstraction should be measured on a cumulative metric flowmeter inside the
pumphouse and continue to be monitored on a daily/weekly basis. This is to ensure that the
delineated ZOC remains appropriate.

e A dipping tube should be installed through the borehole cover to facilitate groundwater level
monitoring.

e Consideration should be given to sealing off the upper 40 m of the borehole. This would prevent any
groundwater inflows entering from the epikarst, or upper fractures and joint network. This would
require sealing the annulus between a centralised small diameter PVC pipe (125 mm) and the rock
face using cement grout above a packer or basket.

e A pair of dolines 1.5 km to the east of the borehole have been included in the ZOC (another cluster
of dolines 5.5 km to the east have not been included in the ZOC).

e A karst mapping survey is recommended within the ZOC. The limits of the survey can be extended
depending on initial findings.

13
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8 Acronyms and glossary of terms

BGL
EPA
DEHLG
EQS
EU
GPZ
GSI
GWB
GWD
GWS
IGI
MOD
MRP
NRG
NRWMC
PVC
SPZ
TOT
TVs
uv
Z0oC

WFD

Below Ground Level

Environmental Protection Agency
Department of Environment Heritage and Local Government
Environmental Quality Standard
European Union

Groundwater Protection Zone

Geological Survey of Ireland
Groundwater Body

Groundwater Directive (European Union)
Group Water Scheme

Institute of Geologist of Ireland

Metres Ordnance Datum
Molybdate-Reactive Phosphorus
National Grid Reference

National Rural Water Monitoring Committee
Polyvinyl Chloride

Source Protection Zones

Time of Travel

Threshold Values

Ultra-Violet

Zone of Contribution

Water Framework Directive (European Union)

15



Geological Survey of Ireland
Cahermorris-Glenreevagh GWS Zone of Contribution

Glossary of Terms

Aquifer

A subsurface layer or layers of rock, or other geological strata, of sufficient porosity and permeability to allow
either a significant flow of groundwater or the abstraction of significant quantities of groundwater
(Groundwater Regulations, 2010).

Attenuation
A decrease in pollutant concentrations, flux, or toxicity as a function of physical, chemical and/or biological
processes, individually or in combination, in the subsurface environment.

Borehole
A particular type of well - a narrow hole in the ground constructed by a drilling machine in order to gain
access to the groundwater system.

Conceptual Hydrogeological Model
A simplified representation or working description of how a real hydrogeological system is believed to
behave on the basis of qualitative analysis of desk study information, field observations and field data.

Confined Aquifer

A confined aquifer occurs where the aquifer is overlain by low permeability “confining” material. Once all the
void space in the aquifer is full of water up to the confining layer, the addition of more water to the aquifer
causes the stored water to become pressurised and, the additional water is stored by compression, sealed in
by the overlying confining layer (the water is added upgradient where the confining layer is absent). Where a
borehole punctures the confining layer, the water will rise up into the borehole to equalise the confining
pressure.

Diffuse Sources

Diffuse sources of pollution are spread over wider geographical areas rather than at individual point
locations. Diffuse sources include general land use activities and landspreading of industrial, municipal
wastes and agricultural organic and inorganic fertilisers.

Direct Input
An input to groundwater that bypasses the unsaturated zone (e.g. direct injection through a borehole) or is
directly in contact with the groundwater table in an aquifer either year round or seasonally.

Doline

Or enclosed depressions are relatively shallow bowl or funnel shaped depressions that form in karst
landscapes, and serve to funnel or concentrate recharge underground. Their presence indicates that
subterranean drainage is in operation.

Dolomitisation

Is a process, whereby the calcite crystals in limestone is replaced by magnesium. This results in an increase
in the porosity and permeability of the rock. Dolomitised rocks are a highly weathered, yellow/orange/brown
colour and are usually evident in boreholes as loose yellow-brown sand with significant void space and poor
core recovery. Dolomitisation often occurs preferentially in both fault zones and purer limestones.

Down-gradient
The direction of decreasing groundwater levels, i.e. flow direction. Opposite of upgradient.

Dry Weather Flow (Receiving Water)
The minimum flow likely to occur in a surface water course during a prolonged drought.

Environmental Quality Standard (EQS)
The concentration of a particular pollutant or group of pollutants in a receiving water which should not be
exceeded in order to protect human health and the environment.

Enclosed Depression
See doline
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Fissure
A natural crack in rock which allows rapid water movement.

Good Groundwater Status

Achieved when both the quantitative and chemical status of a groundwater body are good and meet all the
conditions for good status set out in Groundwater Regulations 2010, regulations 39 to 43.

Groundwater

All water which is below the surface of the ground in the saturation zone and in direct contact with the ground
or subsoil (Groundwater Regulations, 2010).

Groundwater Body (GWB)

A volume of groundwater defined as a groundwater management unit for the purposes of reporting to the
European Commission under the Water Framework Directive. Groundwater bodies are defined by aquifers
capable of providing more than 10 m3/d, on average, or serving more than 50 persons.

Groundwater Protection Scheme (GWPS)

A scheme comprising two principal components: a land surface zoning map which encompasses the
hydrogeological elements of risk (of pollution); and a groundwater protection response matrix for different
potentially polluting activities (DELG/EPA/GSI, 1999).

Groundwater Protection Responses (GWPR)

Control measures, conditions or precautions recommended as a response to the acceptability of an activity
within a groundwater protection zone.

Groundwater Protection Zone (GPZ)

A zone delineated by integrating aquifer categories or source protection areas and associated vulnerability
ratings. The zones are shown on a map, each zone being identified by a code, e.g. SO/H (outer source area
with a high vulnerability) or Rk/E (regionally important karstified aquifer with an extreme vulnerability).
Groundwater protection responses are assigned to these zones for different potentially polluting activities.

Groundwater Recharge

Two definitions: a) the process of rainwater or surface water infiltrating to the groundwater table; b) the
volume (amount) of water added to a groundwater system.

Groundwater Resource

An aquifer capable of providing a groundwater supply of more than 10 m3/d as an average or serving more
than 50 persons.

Hydraulic Conductivity

The rate at which water can move through a unit volume of geological medium under a potential unit
hydraulic gradient. The hydraulic conductivity can be influenced by the properties of the fluid, including its
density, viscosity and temperature, as well as by the properties of the soil or rock.

Hydraulic Gradient

The change in total head of water with distance; the slope of the groundwater table or the piezometric
surface.

Igneous
Igneous rock is formed through the cooling and solidification of magma or lava.

Indirect Input

An input to groundwater where the pollutants infilirate through soil, subsoil and/or bedrock to the
groundwater table.

Input
The direct or indirect introduction of pollutants into groundwater as a result of human activity.
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Karst

A distinctive landform characterised by features such as surface collapses, sinking streams, swallow holes,
caves, turloughs and dry valleys, and a distinctive groundwater flow regime where drainage is largely
underground in solutionally enlarged fissures and conduits.

Karstification

Karstification is the process whereby limestones are slowly dissolved by acidic waters moving through them.
This results in the development of an uneven distribution of permeability with the enlargement of certain
fissures at the expense of others and the concentration of water flow into these high permeability zones.
Karstification results in the progressive development of distinctive karst landforms such as caves, swallow
holes, sinking streams, turloughs and dry valleys, and a distinctive groundwater flow regime. It is an
important feature of Irish hydrogeology.

Pathway

The route which a particle of water and/or chemical or biological substance takes through the environment
from a source to a receptor location. Pathways are determined by natural hydrogeological characteristics
and the nature of the contaminant, but can also be influenced by the presence of features resulting from
human activities (e.g., abandoned ungrouted boreholes which can direct surface water and associated
pollutants preferentially to groundwater).

Permeability

A measure of a soil or rock's ability or capacity to transmit water under a potential hydraulic gradient
(synonymous with hydraulic conductivity).

Point Source

Any discernible, confined or discrete conveyance from which pollutants are or may be discharged. These
may exist in the form of pipes, ditches, channels, tunnels, conduits, containers, and sheds, or may exist as
distinct percolation areas, integrated constructed wetlands, or other surface application of pollutants at
individual locations. Examples are discharges from waste water works and effluent discharges from industry.

Pollution

The direct or indirect introduction, as a result of human activity, of substances or heat into the air, water or
land which may be harmful to human health or the quality of aquatic ecosystems or terrestrial ecosystems
directly depending on aquatic ecosystems which result in damage to material property, or which impair or
interfere with amenities and other legitimate uses of the environment (Groundwater Regulations, 2010).

Poorly Productive Aquifers (PPAs)

Low-yielding bedrock aquifers that are generally not regarded as important sources of water for public water
supply but that nonetheless may be important in terms of providing domestic and small community water
supplies and of delivering water and associated pollutants to rivers and lakes via shallow groundwater
pathways.

Preferential Flow

A generic term used to describe water movement along favoured pathways through a geological medium,
bypassing other parts of the medium. Examples include pores formed by soil fauna, plant root channels,
weathering cracks, fissures and/or fractures.

Saturated Zone

The zone below the water table in an aquifer in which all pores and fissures and fractures are filled with
water at a pressure that is greater than atmospheric.

Soil (topsoil)
The uppermost layer of soil in which plants grow.

Source Protection Area

The catchment area around a groundwater source which contributes water to that source (Zone of
Contribution), divided into two areas; the Inner Protection Area (SI) and the Outer Protection Area (SO). The
Sl is designed to protect the source against the effects of human activities that may have an immediate
effect on the source, particularly in relation to microbiological pollution. It is defined by a 100-day time of
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travel (TOT) from any point below the water table to the source. The SO covers the remainder of the zone of
contribution of the groundwater source.

Specific Yield
The specific yield is the volume of water that an unconfined aquifer releases from storage per unit surface
area of aquifer per unit decline of the water table.

Spring

A spring is a natural feature where groundwater emerges at the surface. Springs usually occur where the
rate of flow of groundwater is too great to remain underground. The position of a springs usually reflects a
change in soil or rocktype or a change in slope.

Subsoil
Unlithified (uncemented) geological strata or materials beneath the topsoil and above bedrock.

Surface Water

An element of water on the land’s surface such as a lake, reservoir, stream, river or canal. Can also be part
of transitional or coastal waters. (Surface Waters Regulations, 2009.).

Swallow Hole
The point where concentrated inflows of water sink underground. They are found in karst environments.

Threshold Values (TVs)

Chemical concentration values for substances listed in Schedule 5 of the Groundwater Regulations (2010),
which are used for the purpose of chemical status classification of groundwater bodies.

Till
Unsorted glacial Sediment deposited directly by the glacier. It is the most common Quaternary deposit in
Ireland. Its components may vary from gravel, sands and clays.

Transmissivity

Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated thickness
of the aquifer.

Unsaturated Zone

The zone between the land surface and the water table, in which pores, fractures and fissures are only
partially filled with water. Also known as the vadose zone.

Vulnerability

The intrinsic geological and hydrogeological characteristics that determine the ease with which groundwater
may be contaminated by human activities (Fitzsimmons et al, 2003).

Water Table
The uppermost level of saturation in an aquifer at which the pressure is atmospheric.

Weathering
The breakdown of rocks and minerals at the earth's surface by chemical and physical processes.

Zone of Contribution (ZOC)
The area surrounding a pumped well or spring that encompasses all areas or features that supply

groundwater to the well or spring. It is defined as the area required to support an abstraction and/or overflow
(in the case of springs) from long-term groundwater recharge.
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Figures
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Figure 1: Location Map (OSI Discovery Map Series Map. 1: 50,000 scale)
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Figure 2: Topography and Drainage
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Figure 3: Subsoils Map
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Figure 4: Groundwater Vulnerability Map
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Figure 7: ZOC Boundary
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APPENDIX 1

Mini-Pumping Test Data

28



Geological Survey of Ireland

Cahermorris-Glenreevagh GWS Zone of Contribution

A brief pumping test was carried out on 19/08/14. The pumping duration was dictated by demand in the
system, which is buffered by a 1.5 m° pressure cylinder. For the test period the pumping period was 170
seconds, followed by a recovery period of 100 seconds. The duration of the test, combined with the high
discharge rate, is deemed adequate to overcome influence of well storage on interpretation.

Depth to groundwater level was recorded every 10 seconds throughout; recorded results are shown in Table

A1.
Table A1 — Mini-Pumping Test Data
T (secs) Depth to water | Drawdown Groundwater
table (mbtoc) (m) elevation (mOD)
Pumping @ estimated 238 m® d”'
0 16.15 0 0.38

10 17.07 0.92 8.46
20 19.2 3.05 6.33
30 20.2 4.05 5.33
40 21 4.85 453
50 21.57 5.42 3.96
60 22.15 6.00 3.38
70 22.72 6.57 281
80 23.20 7.05 233
90 23.52 7.37 201
100 23.86 7.71 167
110 24.09 7.94 144
120 24.31 8.16 1.22
130 24 .47 8.32 1.06
140 24.63 8.48 0.90
150 24.73 8.58 0.80
160 24.81 8.66 0.72
170 24.85 8.70 0.68

Recovery
180 21.88 5.73 3.65
200 20.82 4.67 4.71
210 19.54 3.39 5.99
220 18.52 2.37 7.01
230 17.57 1.42 7.96
240 17.12 0.97 8.41
250 16.70 0.55 8.83
260 16.39 0.24 9.14
270 16.21 0.06 9.32
280 16.20 0.05 9.33

Time was plotted on a logarithmic scale against drawdown as shown in Graph A1.
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Graph A1 — Mini-Pumping Test Data
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Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated thickness
of the aquifer. The hydraulic conductivity of the aquifer is defined as the volume of water that will move
through a unit area of aquifer perpendicular to the flow direction in unit time under a unit hydraulic gradient,
and has units of length / time, e.g. m/day. — too complicated for audience — perhaps put in appendix

Transmissivity can be calculated using Jacob’s Method (Cooper and Jacob, 1946), using a relationship
between discharge and the drawdown over one log cycle of time (equal to 6.79 m in this test):

T=(23xQ)/ (4 xTXAS)
T=(23x238m’d")/ (4 xTx6.79 m)
T=5474m°d"/85.33m
T=6.4m’d"
The calculated transmissivity value of 6.4 m? d” is considered to be unrealistically low for a regionally
important karst aquifer. Tracing studies in the area have shown groundwater flow velocities in the range 360

m/d — 4800 m/d. The potential error is likely due to the duration of the mini-pumping test, which is too short
to overcome well storage.
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APPENDIX 2

Groundwater Vulnerability
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Introduction

The term ‘vulnerability’ is used to represent the intrinsic geological and hydrogeological characteristics that
determine the ease with which groundwater may be contaminated by human activities (DELG et al., 1999).
The vulnerability of groundwater depends on:
o the time of travel of infiltrating water (and contaminants)
o the relative quantity of contaminants that can reach the groundwater
e the contaminant attenuation capacity of the geological materials through which the water and
contaminants infiltrate.

All groundwater is hydrologically connected to the land surface; the effectiveness of this connection
determines the relative vulnerability to contamination. Groundwater that readily and quickly receives water
(and contaminants) from the land surface is more vulnerable than groundwater that receives water (and
contaminants) more slowly and in lower quantities. The travel time, attenuation capacity and quantity of
contaminants are a function of the following natural geological and hydrogeological attributes of any area:

e the type and permeability of the subsoils that overlie the groundwater

e the thickness of the unsaturated zone through which the contaminant moves

o the recharge type — whether point or diffuse.

In other words, vulnerability is based on evaluating the relevant hydrogeological characteristics of the
protecting geological layers along the pathway, and the possibility of bypassing these layers. In summary,
the entire land surface is divided into four vulnerability categories: Extreme, High, Moderate and Low, based
on the geological and hydrogeological characteristics. Further details of the hydrogeological basis for
vulnerability assessment can be found in ‘Groundwater Protection Schemes’ (DELG et al., 1999).

The Groundwater Vulnerability Map shows the vulnerability of the first groundwater encountered, in either
sand/gravel or bedrock aquifers, by contaminants released at depths of 1-2 m below the ground surface.
Where the water-table in bedrock aquifers is below the top of the bedrock, the target needing protection is
the water-table. However, where the aquifer is fully saturated, the target is the top of the bedrock. The
vulnerability map aims to be a guide to the likelihood of groundwater contamination, if a pollution event were
to occur. It does not replace the need for site investigation. Note also that the characteristics of individual
contaminants are not considered.

Except where point recharge occurs (e.g. at swallow holes), the groundwater vulnerability depends on the
type, permeability and thickness of the subsoil. The groundwater vulnerability map is derived by combining
the permeability and depth to bedrock maps, using the three subsoil permeability categories: high, moderate
and low; and four depths to rock categories: <3m, 3-5m, 5-10m and >10m. The resulting vulnerability
classifications are shown in Table 1.

Table 1 Vulnerability mapping guidelines (adapted from DELG et al, 1999)

Thickness of Hydrogeological Requirements for Vulnerability Categories
Overlying Diffuse Recharge Point Recharge Uns;turated
. one
SHlesll Subsoil permeability and type
High moderate low permeability | (swallow holes, | (sand & gravel
permeability permeability (clayey subsoil, | losing streams) aquifers only)
(sand/gravel) (sandy subsoil) | clay, peat)
0-3m Extreme Extreme Extreme Extreme Extreme
(30 m radius)
3-5m High High High N/A High
5-10m High High Moderate N/A High
>10 m High Moderate Low N/A High

Notes: (i) N/A = not applicable.

(i) Release point of contaminants is assumed to be 1-2 m below ground surface.

(iii) Permeability classifications relate to the engineering behaviour as described by BS5930.

(iv) Outcrop and shallow subsoil (i.e. generally <1.0 m) areas are shown as a sub-category of extreme vulnerability
(amended from Deakin and Daly (1999) and DELG/EPA/GSIa (1999))
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Sources of Vulnerability Data

Specific vulnerability field mapping and assessment of previously collected data were carried out as part of
this project. Fieldwork focused on assessing the permeability of the different subsoil deposit types (Figure 3),
so that they could be subdivided into the three permeability categories. This involved:

Describing selected exposures/sections according to the British Standard Institute Code of Practice
for Site Investigations (BS 5930:1999).

Collection of subsoil samples for laboratory particle size analyses

Assessing the recharge characteristics of selected sites using natural and artificial drainage,
vegetation and other recharge indicators.

The following additional sources of data were used to assess the vulnerability and produce the map:

Subsoils Map (EPA/Teagasc Subsoil Map, 2006), which is the basis for the main permeability
boundaries. ‘Clean’ sands and gravels are usually high permeability. Alluvium deposits are either
moderate or low permeability.

Depth to bedrock map, compiled by the mapping team for the current project in the Geological
Survey of Ireland, using data compiled from GSI, consultant and county council reports, along with
purpose-drilled auger holes

Geological Survey of Ireland Bedrock Geology Map

Geological Survey of Ireland well and karst database, which supplied information on well yields and
depth to bedrock, as well as locations of point recharge.

General Soils Map of Ireland (Gardiner and Radford, 1980). This gives additional, indirect
information on subsoil permeability in the areas mapped by Teagasc as ‘ill’.

Thickness of the Unsaturated Zone

The thickness of the unsaturated zone, or the depth of ground free of intermittent or permanent saturation, is
only relevant in vulnerability mapping over unconfined sand and gravel aquifers. As described in Table 6.1, the
critical unsaturated zone thickness is 3m; unconfined gravels with unsaturated zones thicker than 3m are
classed as having a ‘high’ vulnerability, while those with unsaturated zones thinner than 3m are classed as
having an ‘extreme’ vulnerability.
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APPENDIX 3

Groundwater Body Description
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1" Drafi Clare-Corrib GWB Description June .2004

Clare-Corrib GWB: Summary of Initial Characterisation.

Hydrometric Area Associated surface water features Associated terrestrial ecosystem(s) Area
Local A.lb-r!l_z km®)
Rivers: Abbert River Black Kiver TN USNADEERADH BOS AND BALLNASTALK TORLOUGN | h‘
(hhvny Mayo Cregg River Dalgan River u\n; .u:u.m TURLOUGH
Roscommon Co Co’s Grange River Killaclogher SN SLTORSLANS
River  Kilshanvy River  River Clare SOE  RATMBALN TURLOUDN e TR
River Nanny Sinking River Q0tMI  KLTULLAGH LOUGH
Togher River  Waterdale River | 00097  LOVON CORRE
Lakes: Cosrib G002} RICHMOMD ESKER MATURE RESERVE
SR LEVALLY LOUGH
SOUSE  DERRNLOUGH BOC
LS DERNYNAGRAN BOG AND ESSER
WLLOWER TURLOUGH
SO0 TURLOUGH OO
BELCLARE
SOV BUMMERVLLE LOUGH
P01 LOUGH MACKET
[

Topagraphy

The land surface is charsctensed by small hills and low ridges, with ground clevations ranging from 10-160 mAOD. The lopographic
surface slopes gontly westwards. Elevations are highest (100-160 mAOD) n the north (south of Ballyhaunis, west of Ballinlough) and
south (just north of Monivea). To the west of 2 line running north-south from Claremorns to Athenry the elevation s 1040 mAOD, and
to the cast of this line, the clevation s 40-70 mAOD,

Aquifer
calegories

Main aquifer
lithologies
Key structures

Geology and Aquifers

Continues next

_springs cease to flow and well yields drop sigmficantly,

The main aquafer category m this GWN i

RK": Regionally important karstificd aquifer domimated by conduit flow.

There are some small areas (in the vicinity of Headford) with an aquifer category of:

L1 Locally important aquifer which is moderately productive only in local zoncs.

This GWA is composed primanly of Dinantian Pure Bodded Limestones. There are some small areas (in the vicinity
of Headford) of Dinantian Pure Unbedded Limestones.

Few faults are n this arca; this may reflect the lack of major vaniation in the rock lithology. The dips over
the GWB arca are generally less than 107, except near faults, where steeper dips result from faul drag. Shallow
synchines aligned with the axes in an E-W dircction cross the GWD.

Karstification is widespread m this GWB. Reconded karst features number 219, but ane consadered 1o represent
oaly a fraction of i Ah showing the different types of karst features currently in the
mumﬁdmﬁm‘

Tranvmissivity and Storativity: Well yiclds are vanable, mhmwauhmuﬁumemu.
Using 60 wells located in the GWB, 59% are cither “excellent” (- ~400 m'/d) or PO\I'IINJDOII: d), and 23% are
cither “poor™ (<40 m’/d) or “failed”, with the remainder “moderate™ (40-100 m'/d). The median yick s 131 m'/d.
Histograms showing the distribution of well yields and productivity are given in Figures 4 and 5. Note: productivity
is an index relating specific capacity to yaeld « the higher the productivity the higher the transmissivity, Productivity
values are distnbuted throughout all the productivity calegonies, indicating the vanablity of the aquifer propertics
throughout the GWB. Annlymnfh:u:ﬂ&ﬂrhmﬁﬂwdﬂ;mmﬁhnlsdﬂfnuiw;w&uh ifer
propertics in any particular place, with a few possibl T For inst mlbcumyol"l'umtlcmll
yiclds that are “excellent™ ane accompanied by umlhrmudmm&dﬂmnnhmuuhmof
“fatled” wells {also duc in part to silting up of the borcholes) which suggests that there may be an increase in yicld
from south to north across the GWI. Water table levels have high annual vanations. which indicates that the storage
is low - approximately 0.01-0.02 (Daly, 1985). The sprangs in the GWH also reflect the low storativity as many of

the spring flows rise and fall quickly in response to rainfall events. Funthermore dunng prolonged drought many

Groundwater velocity: Tmammmwmwbcm l"unkluwc lraccnuldnalhm
ansotropy tn the transmusaivity, with higher cast-west transmussivity. Groundwater velocaties in the E-W domain are
in the order of 100450 m'hr, as evidenced by the following tests: Lassanny Swallow hole to Ballyhaunis spring
(440m/hr); Ballyglunin Cave to Aucloggeen Spring (200m/hr). Groundwater velocitics in the NS domain are in the
order of 6.35mhbr, as evidenced by the following tests: LM ackett to Kilcoona spring (35mbe); Pollnahallia to
Bunatober spring (6mvhe). Extensive mndm systems exast, as exemplified by the Ballyghunin Cave system. The
mapping of this system ind Loy along the N-S and W-E jomnt scts, with an overall dip to the
west (Drew and Daly, 1993).
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Groundwater Mow directions and gradicats: Overall, flow directions are to the southwest. with all groundwaler
discharging to L. Comb. Although, there are six surface waler catchments within the GWB, a Ley aspect 15 that
groundwater can flow across the surface water divides and beneath surface water channcls, as evidenced by the
tracer test data. Examples of this key property are listed as follows:

1) water that sinks at Ballyglunin Cave emerges at Aucloggeen Spring, which cronses two surface water catchments.
2) water sinking aloay an losing stretch of the River Clare remerges as the headwater of the Black River.

3) recent tracing tests in the Ballinlough arca of Rosc 4 a link across the Shannon RBD o the
Western RBD, from Coolcam (Roscommon) to Megltraun (Mayo).

4) water along an losing stretch of the Sinking River flows about 10 km underground to join the River Clare.

Drew (1976 (a)) suggests that groundwater flow is concentrated along the axes of shallow synclines. Gradents are
variable, & due to the uneven distnb of t issivity and are in the order of 0.01-0.002 {Drew and
Daly, 1993; Daly, 1985)).

The Dinantian Pure Bedded Limestones are generally over 100 m thick. Most groundwater flows in an epikanstic
layer a couple of metres thick and in a zone of mterconnected solutionally-enlarged fissures and conduits that
extends approaimately 30 m below this. Deeper inflows can occur in areas associated with faults or dolomitisation,

Overlying Strata

Till 1 the dominant subsoil type, covering approximately 65% of the GWB. Cutover Peat comprises 23% of the
arca, sand ‘gravel covers approximately 3% and alluvium 2%. A full breakdown of the subsail lithology is given in
Table 1. A large of the sand/gravel forms a random hummocky topography, long sinuwous,
brasded ridges of sand/gravel (eskers) have also been depossied especially in the cast. A small portion of the north
castern area of the GWB around Cloonfad is described under the Roscommon Groundwater Protection Scheme (Lee
and Daly, 2003) The tll in this arca is described as “SILT™ (IS 5930), and is classed as “Moderate™ permeability.
There are also arcas of “clayey™ lill, ofien underlying arcas of raised bog (Drew and Daly. 1991). The thin till cover
et much of the west part of the arca is gencrally free draming (Daly, 1985).

% area aquifer
near surface

Vulnerability

East of a line linking Athenry - Tuam - D the subsoil is g Iy thicker™ (Daly, 1985; Drew and Daly,
1993). This is supported by the occurrence of rock at or near surface. which is generally restricied to the western and
southwestern pant of the GWB. Analysss of the available depth to bedrock borchole data is hmited as most of the
data are clustered i three main areas: western, northeastern and central (area around Tuam) parts of the GWB.
Nevertheless the data show a gemerul increase in subsoil thickness in an casterly direction: average dopth to bedrock
increases from 4m 1o 9m from the west 1o cast. In addition, there are instances of depth to bedrock greater than
20 m around Dunmore (northeast of GWHB). However, there are alvo pockets of deeper till in the southwestern pant of
the GWB.

50% of the GWH to the west of the line Athenry - Tuam ~ Dunmore is oaly covered by shallow till. 4% of the total
GWB area has rock at or near surface.

The vulnerability for a small portion of the north castemn area of the GWB around the area of Cloonfad is descnbed
in the County Roscommon Groundwater Protection Scheme (Lee and Daly, 2003). In this area the vulnerability
classification is variable dependent on the depth to bedrock.

For the rest of the arca. [Information 1o be added at a laier daic)

Recharge

Main recharge

Mmﬂdm.nmhqrummthu('wn Diffuse recharge occurs over the GWB via rainfall percolating
through the p ble subsoil. Despite the presence of peat and hill, point rechange to the underlying aquifer occuss
hmu(nﬂb&hﬂellﬂdcm features'dolines. Dolines have been recorded even in ancas of thick peat
deposits (Hickey et al, 2002). Point recharge occurs via many small sinks that are present in the low permeability hil
arcas where the subsoil s breached. Recharge also occurs along “losing” sections of streams, There are well defined
stretches of the River Clare, Sinking River and Abbert River that are losing (Daly, 1985; Drew and Daly, 1993}

Est. recharge
rales

[information to be added at a later date)

Discharge

Large springs
and large
known

(m'/d)

Main discharge

| Soiedto ibvie Dindeg.

Kilbannon GWS (5995 m /d),
Barnaderg Group Scheme (5000 m'/d),
Tobemanay.

Leticra

Large Springs:  Corrandulla GWS (6764 m /d)
Mullacultra GWS (3270 m"/d)
Ballyhaunis WSS (12000 m/d)

Gongarrow
Large known barchole abstractions:

(‘uﬁth‘AS{S"lm 'd)

Roadstone Ltd (227 m'Ad)
[informarion to be added to and checked)
The main groundwater discharges arc to the streams, rivers and large springs found within the body. The large
springs at Kilcoons, Bunatober and Aucloggeen and others issue from the bottom of a limestone scarp that s thought
wmntnlncnlshnrelunfl.('mt Further these springs are hikely 1o overflow springs and
decper g Mow discharges to outlets beneath the present day L. Comb (Drew, 1993), In winter
groundwater will Gl the turloughs found in Ibe area and panly discharge via the artificial channels that were

Rusbeens Tuam GWS (114 m'/d)
Belclare (114 m/d).
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The groundwater has a calcum bicarbonale signature. Twmhmmvmmmﬂltdbym-ﬂblly
(1993). Firsly, there is a shallow groundwat that is charact d by high d solids and
l@iwh]wewmIMﬂS-mlSplwplhnmf:dbyllmcmnmﬂyml
“Nashy™ theoughput and often cesse 1o Now duning prolonged drought. Secondly, there is a decper groundwaler
componert that is charactensed by relatively nonturbid groundwater with higher electneal conductivities
(=450 S 'em). Springs fed by this decper component often have smoother hydrographs where there 15 a gradual
change i discharge. Scveral large springs comprise both flow components, examples are Lettcra, Tobernanny and
Bunatober springs.

Groundwater Flow
Paths

These rocks are gencrally deveid of intergranular permcability. Groundwater flows through Nsures, faults, joints
and bedding plancs, Inmh&dhﬂmhwmﬂqﬂhhﬂ&m-ﬁuhupm

enhances the permeability of the rock. Karstification can be ac d along structural K such as fold axes
MM&MMMWMm:»unmUm&xﬁmuwmmmmm
ofien d d by d actual fow directions will nol ily be perpendicular to the assumed

water table contours, as shown by several tracing studics (Drew and Daly, 1993). The tracer tests show that

ater can flow across surface waler catchment divides and bencath surface water channels. Flow velocities
can be rapsd and vanable, both spatially and temporally. Rapid groundwater flow velocibies indicate that a large
peoportion of groundwater flow occurs in enlarged conduil systems. Groundwater flow in highly permecable
kanstified mestones is of a regional scale. Flow path lengths can be up 1o a several kilometres, for example 9.6 km
from Ballyglunin Cave to Aucloggeen Spring. Overall, groundwater flow will be towards the River Clare and L.
Comb, but the highly kanstified nature of the bedrock means that lecally groundwater llow directions can be haghly

variable,

Groundwater & Surface
water interactions

The area is drained by the River Clare and its inbutaries, however the present day drainage notwork has been
changed sagnificantly by antenal dramage that took place carly in the nincteenth century. Figures | and 2 show the
pre/post arienial drainage network. According to Coxon and Drew (1983), much of the current stream network s a
storm runoff system that is inactive during summer months. Thus, prior 1o drainage, streams sank underground via
the turloughs present in the GWH. Many of the streams have well defined losing stretches where they lose water 1o
hmdnpumdm{wy 1985).

There is a hagh d tion between groundwater and surface water in karstified limestone arcas such
as in this GWB. Emwh“umdwﬂnlhnﬁumw.ﬂw features in these arcas provide a
direct connection between the surface and the groundwater systems. The close interachion between surface water and
groundwater in karstified aguifers is reflected in their closcly hinked water guality. Any contaminabon of surface
water is rapidly transported into the groundwater system, and vice vemsa. Furthermore, there are a number of
terrestrial

coosystems within this GWB with varving dependence on groundwater.
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Conceplual model

'l'hemﬂh.MMMMM“M-GW‘Bmmpwhh;h&u:mﬂ:wﬁmhm:mhml
boundarics. It is bounded to the cast by Lough Cormnb.
Nmeﬂdmm&McMrummlb-lwmw.alt;ewufthbdyhmﬁhu
by till, which thickens in an casterly direction.

The arca is principally drained by the River Clare and its tributarics, however the present day drainage network has been
changed significantly by antenal drainage that took place carly in the nineteenth century, Much of the current stream network
s a storm runoff system and s mactive dunng summer months. Prioe to antilicial drainage, streams sank underground via a
few turlough siaks in the GWB.

Within the GWB, surface water catchments are aftlen bypassed by groundwater flowing bencath surface water channels and
across surface water catchment divides.

Alu;cnmubﬂofhﬂlﬂmmnﬂuhhdy Thcuuldrhnhum:mu.dnhes.wdkmhlumdw
The GWH is d pri y of high iy fied | (RK). T vity and well yields are
variable. Shu;cmlluﬂwnnm

Groundwater flows through a network of solutionally enlarged bedding plancs, fissures and conduits,

Rapid groundwater flow velocitics have been recorded through groundwater tracing, The tracing indicates an anisotropy in the
transmussivity, with faster groundwater flow velocities and higher transmussivity in an E-W direction, which may be linked to
shallow E-W trendeng synclinal aves and steeper E-W hydraulic gradients,

Recharge in this GWB occurs via losing stecams, point and diffuse mechanisms, Despite the presence of peat and till, point
recharge to the underlying aguifer occurs by means of swallow boles and collapse featurnes dolines.

The groundwaler in this body is gencrally unconfined but may become locally confined bencath thick, low permeability
subsoil. Most of the groundwater flow oocurs in the upper epikarstic layer and in s zone of mterconnected solutionally enlarge
bedding planes and fissures, gencrally extending to a depth of 30 m.

In general, the degree of inlerconnection in karstic systems is high and they support regpronal scale flow systems. Flow paths
have been measured up to 10 kilometres m length,

Some arcas in this GWEB are of extreme vulnerability doe to the thin nature of the subsoil, as well as the frequency of karst
features, allowing point recharge. Groundwaster storage m karstified bedrock s low and the potential for contaminant
attenuation m such aquifers is himited.

The main discharges are to the rivers, large springs and L. Comib. In winter proundwater discharges 1o the many tutloughs and
transmitted via the artificial channels that were mstalled to alleviate flooding,

There is & high degree of internction between surfsce water and groundwater in this GWB. There are 5 number of terrestnial
ccosystemns within this GWB which have varying dependence on groundwaler

There are polentially two groundwater provinces within the GWH but this is uncertain. The groundwater has a calcwum
bicarbonate signature.

Figures |, 2. 3. 4 and 5.

Instrumentation

Stream gaeges: 30002, 30003, 30004, 30006, 30007, 30010, 30011, 30012, 30013, 30014, 30015, 30020, 30022, 30023,
30024, 30028, 30026, 30029, 30030, 30012, 30080, 30045, J0053, 30055, 30071, 30101, 30103
EPA Water Level Monitoring bereholes: Lackagh, GAL2ET, Tuam (Coca Cola), GAL291, Shrule, MAYO0KS

EPA Representative Monitoring points:

Information

Daly. D. (1995) A report on the Flooding in the Glenamaddy area. Groundwater Section Report File 2.2.7. Mpp.

Daly, D. (1992) A report on the Flooding in the Claregalway arce. Groundwater Section Repoet File 2.2.7. 1 2pp.

Daly, D. (1985) Groundwater in County Galway with particular veference to its Protection from Pollution. Geological
Survey of Ireland report for Galway County Council. 9%pp.

Drew D.P. and Daly D. (1993) Groundwuter and Karxtification in Mid. Galway. South Mayo and North Clare. A Joint
Report: Depantment of Cieography. Trinity College Dublin and Groundwater Section, Geological Survey of lreland,
Geological Survey of Ireland Report Series 933 | Groundwater), 86 pp

Drew, D.P, {1973a) Myvdrogeology of the north Co, Galway ~ south Co. Mayo lowland karst arva, Wextern Ireland.
International Speleclogy 1972, 111, Sub —section Ca.

Drew, D.P. (1973b). Ballvgiunin core Co. Galway and the kydrology of the surrounding arca. lnsh Geography Vol. 6, No.
5. pp 610617,

D::. M. (1995) The Fudnerability to Pollution and Hydrochemical Variation of Eleven Springy (Catchments) in the Karst
Lowlands of the West of Ireland. Unpublished M. Sc. thesis, Sligo Regional Technical College.

Hickey, €., Lee, M., Drew, D, Mechan, R. and Daly D, (2002} Lowland Karss of Noeth Roscommon and Westmeath,
International Association of Hydregeologists Insh Group. Karst Ficld Trip October 2002, Unpublished IAN Repont.

Lee, M. & Daly D. (2003) County Roscommon Groundwater Protection Scheme. Main Report. Roscommon County
Council & Geological Survey of Ireland, Sdpp.

Hickey, €., Lee, M., Drew, D, Mechan, R. and Daly D. (2002) Lowland Karst of North Roscommon and Westmeath.

International Association of |ydrogeologists Irish Group Karst Ficld Trip October 2002 Unpublished IAH Report

Note that all cakulation and T { in this report represent estimations based on the information sources

MMMMMMMHM
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Figure 1 Pre Arterial Drainage.

0 Permanent lake

(O Tueriowah

W Kilgmatran

>
o .
4]
(-]
(]

lcopind Ir

39



Geological Survey of Ireland
Cahermorris-Glenreevagh GWS Zone of Contribution

1" Draft Clare-Corrib GWB Description June .2004

Figure 2 Post Arterial Dralnage
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Introduction

The term ‘recharge’ refers to the amount of water replenishing the groundwater flow system. The recharge rate is generally estimated on an annual basis, and is
assumed to consist of the rainfall input (i.e. annual rainfall) minus water loss prior to entry into the groundwater system (i.e. annual evapotranspiration and
runoff). The estimation of a realistic recharge rate is critical in source protection delineation, as this dictates the size of the zone of contribution to the source (i.e.
the outer Source Protection Area).

The main parameters involved in the estimation of recharge are: annual rainfall; annual evapotranspiration; and a recharge coefficient (Table 1). The recharge
coefficient is estimated using Guidance Document GW5 (Groundwater Working Group 2005).

Table 2: Recharge coefficients for different hydrogeological settings.
Vulnerability Hydrogeological setting Recharge coefficient (rc)
category Min (%) Inner Range Max (%)*
Extreme 1. Areas where rock is at ground surface 60 80-90 100
1.ii Sand/gravel overlain by ‘well drained’ soil 60 80-90 100
Sand/gravel overlain by ‘poorly drained’ (gley) soil
1.ii Till overlain by ‘well drained’ soil 45 50-70 80
1.iv Till overlain by ‘poorly drained’ (gley) soil 15 25-40 50
1.v Sand/ gravel aquifer where the water table is < 3 m below surface 70 80-90 100
1.vi Peat 15 25-40 50
High 2. Sand/gravel aquifer, overlain by ‘well drained’ soil 60 80-90 100
2.ii High permeability subsoil (sand/gravel) overlain by ‘well drained’ soil 60 80-90 100
2.iii High permeability subsoil (sand/gravel) overlain by ‘poorly drained’ soil

2.iv Moderate permeability subsoil overlain by ‘well drained’ soil 35 50-70 80
2.V Moderate permeability subsoil overlain by ‘poorly drained’ (gley) soil 15 25-40 50
2.vi Low permeability subsoil 10 23-30 40
2.vii Peat 0 5-15 20
Moderate 3.i Moderate permeability subsoil and overlain by ‘well drained’ soil 25 30-40 60
3.ii Moderate permeability subsoil and overlain by ‘poorly drained’ (gley) soil 10 20-40 50
3.iii Low permeability subsoil 5 10-20 30
3.iv Basin peat 0 3-5 10
Low 4.i Low permeability subsoil 2 5-15 20
4.ii Basin peat 0 3-5 10
High to Low 5.i High Permeability Subsoils (Sand & Gravels) 60 85 100
5.ii Moderate Permeability Subsoil overlain by well drained soils 25 50 80
5.iii Moderate Permeability Subsoils overlain by poorly drained soils 10 30 50
5.iv Low Permeability Subsoil 2 20 40
5.v Peat 0 5 20

Acknowledgement: many of the recharge coefficients in this table are based largely on a paper submitted by Fitzsimons and Misstear (in press).
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Complete Laboratory Solutions

Ros Muc, Co. Galway,
[Tel] 091 574355
[Fax] 091 574356
[Email] services@cls.ie

Complete Laboratory Solutions [web]

Client Tommy Greaney Report No. 234465
Cahermorrls Glenreevagh GWS Date of Receipt 24/07/2014
15 Woodquay Start Date of Analysis ¢ 24/07/2014
Galway Date of Report + 18/08/2014
Co. Galway Order Number 1

Sample taken by CLS
CERTIFICATE OF ANALYSIS
| Sample Description Test Result Units |
531928 | Cahermorris Glenreevagh GWS, 24/07/14 | BOD <1 ma/
COoD <10 m
| Turbidity 0.2 N.T.U.
7.2 pH Units
"gnuucﬂvg @20C 575 uSjem
| Alkalinity, total 350 | Caco3 |
| Sodium, total 13
| Chloride 20.7 ma/l
| Ammonium as NH4 <001 | mg/
| Nitrate as NO3 8.11 ma/
|_Nitrite as NO2 <0.017 mg/|
| Dissolved Oxygen (%) YoSat
Pal um 4 mg/
Total Hardness (Kone) 368 ma/l Caco3
| Magnesium, total 8 ma/
| Colour, apparent <4 Pt Co
| Sulphate _ 11 mg/
| Orthaphosphate as PO4-P 0035 Imag/l |
| Calcium, total 110 mag/l
inlum Iv <2 _ug/l
| Iron, dissolved <10 ug/l
Manganese, dissolved <5 ugyl
Co dissol <1 ug/i
d <0.5 ug/|
Chromium, dissolved <0. ug/!
| Nickel, dissolved < ug/!
| Cadmium, dissolved <0.5 ug/
| Arsenic, dissolved <0.5 ug/!
| Zinc, dissolved <5
| Silica 2.14 ma/l
Barlum, dissolved 27 ugfl
J0C Lo 1.23 _mag/L
Clostridium Perfringens in Water o] 00ml
Strontium, dissolved 571 ugyl
E coli (Filtrati nviron [ Waters) 17 cfu/100ml___|
Filtration) (Envi | Wi 17 cfu/100ml
Fluoride by ISE 0.2 mg/l

Arproved bY:  Rarbars. Lee

Barbara Lee
Environmental Scientist

See page 2 for test specilications and accreditation sintus
This report only relates (o ilems tested and shall not be reproduced but in full with the permission of
Complete Laboratory Solutions.

Page 1 of 2 of Report 234465
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Zone of Contribution Boundary Calculations
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Downgradient Distance

The abstraction itself will invoke a cone of depression which may draw groundwater deemed to be
downgradient into the borehole. The calculation uses the uniform flow equation (Todd, 1980), which is:

Down-gradient distance = Q/ (2" T * i)

where
Q is the pumping rate: 238 m*/d.
T is Transmissivity (estimated as being between 360 — 4,800 m® d” based on GSI tracer studies. A

value of 360 m? d”' was used in calculations).
i is the background non-pumping hydraulic gradient, taken as that between Caherlea and
Cahermorris-Glenreevagh (0.0004 m m’1).

Downgradient distance is estimated to be approximately 263 m based on calculations using data from the
desk study.
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Project description

Since the 1980s, the Geological Survey of Ireland (GSI) has undertaken a considerable amount
of work developing Groundwater Protection Schemes throughout the country. Groundwater
Source Protection Zones are the surface and subsurface areas surrounding a groundwater
source, i.e. a well, wellfield or spring, in which water and contaminants may enter groundwater
and move towards the source. Knowledge of where the water is coming from is critical when
trying to interpret water quality data at the groundwater source. The *Zone of Contribution’
(ZOC) also provides an area in which to focus further investigation and is an area where

protective measures can be introduced to maintain or improve the quality of groundwater.

This report has been prepared for the Cluide - Cahermorris Group Water Scheme as part of the
Rural Water Programme funding initiative of grants towards specific source protection works on

Group Water Schemes (DECLG Circular L5/13 and Explanatory Memorandum).

The report has been prepared in the format developed during an earlier pilot project
“Establishment of Zones of Contribution” which was undertaken by the Geological Survey of
Ireland (GSI), in collaboration with the National Federation of Group Water Schemes (NFGWS),
and with support from the National Rural Water Services Committee (NRWSC).

The methodology undertaken by the GSI included: liaising with the GWS and NFGWS to
facilitate data collection, a desk study, a site visit to inspect the supply, the local area, and to
record groundwater level(s). The data was then analysed and interpreted in order to delineate
the ZOC.

The maps produced are based largely on the readily available information in the area, a field
walkover survey, and on mapping techniques which use inferences and judgements based on
experience at other sites. As such, the maps cannot claim to be definitively accurate across the
whole area covered, and should not be used as the sole basis for site-specific decisions, which

will usually require the collection of additional site-specific data.




The report and maps are hosted on the GSI website (www.gsi.ie). A glossary of acronyms and

terms used in this report is included in the Appendices.



http://www.gsi.ie/
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1. Overview: Groundwater, groundwater protection and

groundwater supplies

Groundwater is an important natural resource in Ireland. It originates from rainfall that
soaks into the ground. If the ground is permeable, the rainfall will filter down until it
reaches the main body of groundwater, which is usually within either the bedrock, or a
sand/gravel deposit. If the bedrock or sand/gravel deposit can hold enough groundwater

and allow enough flow to supply a useful abstraction, it is referred to as an aquifer.

In Irish bedrock aquifers, groundwater predominantly flows through interconnected
fractures, fissures, joints and bedding planes, which can be envisaged as a ‘pipe network’,
of various sizes, with varying degrees of interconnectivity. The speed of flow through this
network is relatively fast, delivering groundwater, and a large proportion of the
contaminants present in the groundwater, to its destination e.g. borehole, spring, river

and sea.

In sand/gravel aquifers, the groundwater flows in the interconnected pore spaces between
the sand/gravel grains. Generally, this is equivalent to a filter system that may physically
filter out contaminants to varying degrees, depending on the nature of the spaces and
grains. It also slows down the speed of flow giving more time for pathogens to die off

before they reach their destination e.g. borehole, spring, river and sea.

Further filtration of contaminants may occur where the aquifers are protected by the
overlying soil and subsoil; thick, impermeable clay soil and subsoil provide good protection
while thin gravel will provide limited protection. Therefore variation in subsoil type and
thickness is important when characterising the ‘vulnerability’ of groundwater to

contamination.

The karst limestone aquifers provide significant and important groundwater supplies in
Ireland. Karst landscapes develop in rocks that are readily dissolved by water e.g.
limestone (composed of calcium carbonate). Consequently, conduit, fissure and cave

systems develop underground. Groundwater typically travels very fast in karst aquifers,



which has a significant impact on the water quality; neither filtration nor pathogen die-off

are associated with these aquifers.

The interaction between abstraction and geology is shown in Diagram 1. In this scenario,
a borehole is pumping groundwater from the bedrock aquifer. As the water is abstracted
through the well, the original water table (a) is drawn down to level (b), where it induces
a drawdown curve of the natural water table (c). The shape of this curve depends on the
properties of the aquifer, for example, if the borehole is intersecting an aquifer with few
fractures that are poorly interconnected, the groundwater from that system will soon be
exhausted, and therefore the pumping will have to pull from deeper depths to maintain
supply, which results in the steep, deep drawdown curve. Alternatively, if the borehole is
intersecting an aquifer with a large number of well-connected groundwater-filled fractures,
the abstraction will be met by pulling water from farther away, at a shallower depth,

resulting in a shallow, wide drawdown curve.

By knowing the rate of abstraction (output), how much rainfall there is (input), and by
assessing the geological elements outlined above (nature of the bedrock fractures or
sand/gravel deposit; how permeable the soil and subsoil are) to determine what happens
in between input and output, the catchment area, or ‘Zone of Contribution’ (ZOC), to any

groundwater water supply can be determined.

Cluide - Cahermorris GWS (NFGWS ref no g052) is supplied by a borehole
interacting with groundwater that flows through fractures and conduits
within a Regionally Important Karstified limestone aquifer. The GWS
abstracts 68 m3/d.

Geological Survey of Ireland, 2000.
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Diagram 1. Rural Landscape highlighting the Interaction between Surface Water, Groundwater

and Potential Hazards

2. Location, Site Description, Supply Details and Wellhead

Protection

The zone of contribution (ZOC) for the Cluide - Cahermorris Group Water Scheme (GWS)
has been delineated according to the principles and methodologies set out in
‘Groundwater Protection Schemes’ and in the GSI/EPA/IGI Training course on

Groundwater SPZ Delineation.

Cluide — Cahermorris GWS is supplied from a borehole located between Cahermorris and
Parkanallacan, approximately 7.9 km southeast of Headford (Figure 1). The borehole is
located within the pump house. The top of the borehole PVC casing is raised above the
pump house floor and is open (Photo 2). The pump and associated tubing is supported
from a metal structure above the borehole. The open borehole presents the possibility for

contamination such as vermin to enter the borehole.

The surrounding area is used for agricultural and grazing. Roughly 25 years ago grass was

present in the pumped water following slurry spreading which was carried out
3



approximately 170 m upgradient of the borehole. After this incident, slurry spreading
stopped and no grass has been present since. There is a cluster of single dwellings in
close proximity to the borehole which are likely to have a septic tank each. The nearest

farmyard is approximately 200 m away (Diagram 2, Photograph 1).

The pump is located approximately 41 meters (135 feet) below ground level and pumps a
reported average yield of approximately 68 m3/d. Yield from the borehole is not seasonally
influenced and the scheme has not experienced water supply difficulties during extended
periods of dry weather. Drilling of the six inch borehole took place in 1975 by Mulcairs
Well Drilling, but the scheme did not become operational until 1977. The borehole is
approximately 61 meters (200 feet) below ground level. Bedrock was encountered at

1.8 m below ground level (6 foot). During the site visit by Arup, the GSI and the NFGWS in
May 2017 groundwater was recorded at 15.9 m below top of casing when the pump was

off and 18.12 m below top of casing when the pump was turned on.

The scheme is an automatic pressurised system. A Pedrolo pump activates when water
pressure is between 35 and 55 psi and pumps 10 to 12 hours per day directly into the

distribution network.

The disinfection system includes ultra-violet (UV) treatment consisting of two UV lights
which were recently tested. Chlorination is not included in the treatment, however the
scheme is applying for a validated UV and chlorination system. Treated water quality is

tested regularly.

Summary details are presented in Table 1.



Diagram 2. Aerial photo showing location of GWS abstraction point

Photo 1 Cluide - Cahermorris GWS borehole pump house



Photo 2 Cluide - Cahermorris GWS borehole

Table 1. Water Supply Details

Grid reference

ITM: 533675.05, 743800.552

Townland Cahermorris
Source type Borehole
Drilled 1975

Drilling Contractor

Mulcair Drilling, Loughrea

Owner

Cluide - Cahermorris GWS

Elevation in metres above Ordnance Datum

c. 30 m aOD (Estimated from OSI 1:2,000 Scale Map)

Total depth (m)

~61 m (200 ft)

Construction details

6 inch casing installed to unknown depth. Drilled into bedrock.

Depth to rock in metres below ground level

c. 1.8 m bgl (6 ft)

Inflow zones (water strikes) mbgl

Water hit at c. 27 mbgl (90 ft)

Static water level (SWL) (m below top of casing)
on site visit

15.9

Pumping water level (PWL) (m below top of
casing) on site visit

18.12 (unknown pumping rate)

Pump intake depth (m bgl)

41.2 (135 ft)

Current abstraction rate (GWS)

68.1 m3/d (based on information provided by caretaker).

Number of Connections

47 domestic and 18 non-domestic

Reported yield (m3/d)

GSI Well Database Yield!: 189 m3/day

Specific Capacity (m3/d/m)

Not available

Transmissivity (m2/d)

Not available

1 GSI website www.gsi.ie
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3. Physical Characteristics and Hydrogeological Considerations

3.1. Physical characteristics of the area

An overview of the relevant information on rainfall, land use, topography, hydrology and

geology for the area around the GWS is provided in Table 2.

Table 2. Physical Characteristics of the Area of Interest

GWS Well Description/Comments

Topography
(Figure 1 & Figure 2)

The borehole is located at approximately 30m above Ordnance Datum (aOD). The land is
relatively flat and ranges from 50 to 22 m OD within 3.2 km. A small hilly area rising up to
167 m a0D is located approximately 4.5 km north of the borehole.

Land use

The land use is dominated by grassland and fields used for cattle and horse grazing.
There are 15 one-off rural dwellings within 250 m of the borehole. Additionally, there are
clusters of one-off rural dwellings located within 2 km of the borehole.

Surface Hydrology
(Figure 1 & Figure 2)

There are no surface water features upgradient of the borehole. Two turloughs are
located within the ZOC approximately 2.1 km north-north-east of the borehole. The
closest surface water feature is the Ballinduff Stream located approximately 1.8 km south
east of the borehole and possibly associated with three springs as well as a number of
turloughs. An unmapped spring and stream are located 400 m to 500 m from the
borehole. These are dry during the summer.

Topsoil
http://gis.epa.ie/envision

The soils surrounding the borehole are mapped as deep well-drained soils with numerous
areas of rocky material.

Subsoil (Figure 3)
Www.gsi.ie/mapping

The subsoils are dominated by till (boulder clay) derived mainly from limestone with
numerous areas of karstified rock at or near surface.

Groundwater Vulnerability
(Figure 4)
www.gsi.ie/mapping

The area around the borehole is mapped as Extreme (E) vulnerability. Areas of rock soil
or subsoil are classified as Rock at or Near the Surface or Karst (X) vulnerability. There
are areas of High (H) vulnerability mainly north and east of the borehole

Geology (Figure 5)
Www.gsi.ie/mapping

The water supply borehole is located in pure bedded limestone bedrock which is part of
the Burren Formation.

Aquifer Classification
(Figure 6)
www.gsi.ie/mapping

The Dinantian Pure Bedded Limestone is classified as a Regionally Important Aquifer
which is dominated by karstified conduit flow (Rkc).

The pure bedded limestones are generally over 100 m thick with most groundwater flow
in an epikarstic layer a couple of meters thick as well as in a zone of interconnected
fissures and conduits that extend approximately 30m below this.
(www.gsi.ie/Programmes/Groundwater/Projects/Groundwater+Body+Descriptions)

Groundwater Body (GWB)
www.wfdireland.ie

The borehole is located in the Clare-Corrib groundwater body which is categorised as
having ‘good’ status but has a water framework risk score of ‘at risk of not achieving good
status’ (www.gsi.ie/Programmes/Groundwater/Projects/Groundwater+Body+Descriptions)

Recharge Coefficient
(Appendix 2)

60% to 85% Well drained soils overlying high permeability subsoils and
areas of karstified rock at or near surface allow a high
proportion of effective rainfall to percolate. This aquifer type is

Recharge (mm/yr)

WWW.gsi.ie/mapping

514 considered to have sufficient capacity to accept all recharge
compared to less productive, poorer aquifers.
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http://www.gsi.ie/mapping
http://www.gsi.ie/Programmes/Groundwater/Projects/Groundwater+Body+Descriptions
http://www.wfdireland.ie/
http://www.gsi.ie/Programmes/Groundwater/Projects/Groundwater+Body+Descriptions
http://www.gsi.ie/mapping

3.2. Hydrochemistry and water quality

Cluide - Cahermorris drinking water returns for the years 2008 to 2015 and GWS rural
monitoring data (21/11/2016 and 24/7/2017) were used to assess the hydrochemistry and
water quality for Cluide - Cahermorris GWS. Two untreated water samples have been
analysed, one in November 2016 and another in July 2017. The sample in 2016 was
analysed for a limited suite of parameters including iron and manganese but did not

include bacterial analysis. All available water quality data are presented in Appendix 3.

The data are summarised in Table 3 (treated sample) and Table 4 (untreated samples),
where they have been compared to the drinking water limits (DWL) from the Drinking
Water Regulations (S.I. No. 122 of 2014) and/or threshold values (TV) from the European
Communities Environmental Objectives (Groundwater) Regulations 2010 (S.I. No. 9 of
2010).

Table 3. Key Hydrochemistry and Water Quality values in treated water samples

Drinking Water Limit

No. of

Parameter sambles Min Max Average (DWL) or Threshold
P Value (TV)

Electrical Conductivity 48 465 729 624 800 (TV), 2,500 (DWL)

(uS/cm) 2,

pH (laboratory) 48 6.80 7.70 7.21 6.5 9.5 (DWL)

Total Coliforms 17 0 0 0 0 (DWL)

(MPN%/100 ml)

Nitrate (mg/ NOs) 39 3.40 | 39.40 15.32 50 (DWL) 37.5 (TV)
Chloride (mg/!) 10 13.50 | 22.60 17.54 250 (DWL), 24 (TV)
Ammonium (mg/l NHs) 47 0.01 0.11 0.03 | 03 (DWL)'(]]O-(%_%S [0.175 as
Tron (g/) 49 0.00 | 50.00 27.57 200 (DWL)
Manganese (1g/l) 41 0.00 | 20.00 11.90 50 (DWL)

Not

Potassium:sodium ratio
recorded

2 MPN is most probable number



Table 4. Key Hydrochemistry and Water Quality values in untreated water samples

No. of Drinking Water Limit (DWL) or
RRINC S samples e Threshold Value (TV)
Total Hardness (mg/l as CaCO3) 1 327.3 [-]
Electrical Conductivity (uS/cm) 1 588 800 (TV), 2,500 (DWL)
pH (laboratory) 1 6.9 6.5 —9.5 (DWL)
Total Coliforms (MPN3/100 ml) 1 1203 0 (DWL)

Faecal Coliforms (£. Coli)

(MPN/100 ml) 1 237 0 (DWL)

Nitrate (mg/I NOs) 1 15.27 50 (DWL) 37.5 (TV)
Chloride (mg/l) 1 17.05 250 (DWL), 24 (TV)
Ammonium (mg/ NHa) 1 0.01 | 0.3 (DWL), 0.225 [0.175 as N] (TV)
Iron (ug/l) 2 0 200 (DWL)

Manganese (ug/l) 2 0 50 (DWL)
Potassium:sodium ratio 1 0.26 0.4 (indicator)

Available data indicate that the water is ‘hard’, which is typical of limestone aquifers, since
limestone dissolves readily into the groundwater. The average field pH is approximately
neutral. Electrical conductivity is variable, which suggests a quick response to rainfall and

contributions of rapid point recharge into the groundwater system.

Nitrate, ammonium, iron and manganese concentrations are generally low, and well below

their respective TVs and DWLs. This may be reflective of relatively low land use pressures.

The full chemical analysis undertaken as part of this study did not show any other
naturally-occurring elements dissolved into the groundwater at concentrations that would

cause concern for human health.

A raw water sample was collected from the well on 24/7/2017 and analysed for a range of
chemical and bacteriological parameters (Table 3). Total coliform concentrations were ten

times that of the gross contamination limit and faecal coliform concentrations were 7

3 MPN is most probable number



times higher the gross contamination limit. These results highlight that the abstraction is
vulnerable to bacterial contamination and the need to further analysis of the untreated
water. The source of the contamination may be from nearby organic sources including
farmyard manure, slurry and dirty water or from on-site wastewater treatment systems

(such as septic tanks or similar).

10



4. Zone of Contribution

4.1  Conceptual Model

The current understanding of the geological and hydrogeological setting is given as follows

and as shown schematically in Diagram 3.

The groundwater is replenished by rainfall percolating diffusely though the soils and
subsoils, or directly where the bedrock is exposed at the surface, down to the water table
in the bedrock. Where present the subsoils are thin and moderately permeable, thus
allowing a good proportion of rainfall to percolate downwards. Over much of the zone of
contribution the thin or absent subsoil provides little protection to the underlying aquifer
from infiltrating contamination and the aquifer vulnerability is classified as Extreme (E) or

Rock at or Near Surface or Karst (X).

The Cluide - Cahermorris GWS is supplied by one borehole which abstracts groundwater
from the underlying limestone bedrock. The limestone is a Regionally Important Aquifer
which is dominated by karstified conduit flow (Rkc). Significant flow paths are likely to

exist along conduits and fractures within the bedrock.

The general groundwater flow direction within the zone of contribution is from the north
east to south west based on tracer tests reported by the GSI+ (Figure 2). When the
infiltrating water reaches the bedrock aquifer it easily enters the groundwater system and
travels through the conduit and fracture network. There are two turloughs in the eastern
part of the zone of contribution which suggest the presence of conduits with the capacity
to transmit large flows in that area. It is also an area within which recharge is likely to
recharge directly and rapidly into the bedrock and therefore may be a key area for

contamination to enter the aquifer.

+ GSI website www.gsi.ie
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Diagram 3. Conceptual model of groundwater flow
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4.2. Boundaries

The Zone of Contribution (ZOC) delineated for Cluide - Cahermorris GWS is based mainly on a

combination of hydrogeological mapping and inferences.

The northern boundary is based on an assessment of the local groundwater flow. The

boundary extends longitudinally to encompass the direction of flow indicated by tracer tests.

The western and eastern boundaries are based on the topography and the tracer tests. The
eastern boundary extends further to the east to take into acount the elevated topography

assuming that the groundwater reflects the topography.

The southern boundary is approximately 200m downgradient of the abstraction which is a
conservative measure to ensure adequate protection for the abstraction. It is also supported by
calculations based on the groundwater gradient, aquifer permeability and abstraction rate as

well as topography. The calculations are presented in Appendix 5.

4.3. Recharge and water balance

The recharge and water balance calculations are used to support the hydrogeological mapping
and to confirm that the ZOC delineated is big enough to supply the quantity of water at the

source.

The average daily abstraction from the GWS source is 68 m3/day. An additional 50% was added
onto this to account for uncertainity which increases the average abstraction rate to

102 m3/day. Members of the GWS advised the borehole does not dry up during extended
periods of dry weather and when running at maximum capacity. It is therefore assumed that

this value is representative.

The recharge rate is assumed to be 514 mm/yr based on the recharge rate for the area

available from GSI data. The area required to supply the pumping rate is estimated to be

-13 -




0.07 km? (7.26 ha). Refer to calculations in Appendix 5. The mapped ZOC area is 6.5 km? as a
conservative approach to account for potential longer localised flow paths assocaited with

Regionally Important karstified aquifers.

-14 -




5. Conclusions
Cluide - Cahermorris GWS is sourced by a borehole from which 68 m3/d is pumped over 10-
12 hours per day from a karstified limestone aquifer. Yield from the borehole is not seasonally

influenced and the scheme has not experienced water difficulties during dry weather.

Rainfall infiltrates to the groundwater system diffusely through the limestone till and directly
where the bedrock is exposed at the surface. The ZOC, which encompasses an area of 6.5 km?,
is defined based on the regional groundwater flow direction and topography. Groundwater in
the karstified limestone flows through the network of conduits and fractures. Two turloughs

within the ZOC may be connected to the borehole.

The available water quality data suggest the borehole may be susceptible to bacterial
contamination. The source of the detected bacterial contamination is likely to be from nearby
organic sources including farmyard manure, slurry and dirty water or from on-site wastewater

treatment systems.

Based on the collection and analysis of the available data for this project, it is recognised that
this scale of study (i.e. predominantly desk study) cannot delineate a definitive ZOC for the
Cluide - Cahermorris GWS with a high degree of confidence, due to the complicated nature of
the karst aquifer in this region. It is possible that additional areas are also contributing to the
borehole so the GWS may want to consider further hydrogeological work/measures if water
quality issues persist, which will provide supporting evidence as to the most likely areas that
should be included within the ZOC.

-15 -




6. Recommendations

Essential:

A regular survey of water quality parameters of untreated water that would include
coliforms (total and faecal), pH, alkalinity, hardness, electrical conductivity, nitrate,
ammonia, chloride, iron, manganese, potassium and sodium. This survey should be
taken on a monthly basis for the first year and should incorporate samples following a
variety of wet and dry rainfall conditions in the preceding week. The results should be
shared with the GSI. The need for future monitoring can be determined on the basis of
these results, and in discussion with a hydrogeologist.

A cap should be installed on the borehole.

Chlorination should be included as part of the treatment process

Desirable:

Tracer testing at the two turloughs along the western boundary of the ZOC, and turlough
Monaghan, currently outside the ZOC, would be useful to test the connection between
the turloughs and the borehole as well as confirm groundwater flow directions and
indicate flow rates.

The site could be revisited during the winter time to assess the catchment area in wet
conditions.

A dip tube would provide access to measure the groundwater level.

Other:

The following EPA guidelines may serve as future useful reference documents for the
GWS:
o EPA Guidance on Landspreading of Organic Waste>
o EPA Drinking Water Advice Note No. 7: Source Protection and Catchment
Management to Protect Groundwater Sources. Of particular interest would be

Section 4.1 — Step 2 — Hazard Mapping®.

5 hittp://www.epa.ie/pubs/advice/waste/waste/EPA landspread organic_waste quide.pdf

8 Ihttp://ywww.epa.ie/pubs/advice/drinkingwater/epadrinkingwateradvicenote-advicenoteno7.html#.UpNP_eJ9KEp
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o EPA Drinking Water Advice Note No. 8: Developing Drinking Water Safety Plans.
This document contains checklists for hazards which would assist in hazard
mapping within the ZOC".

o EPA Drinking Water Advice Note No. 14. Borehole Construction and Wellhead

Protection8

7 http://www.epa.ie/pubs/advice/drinkingwater/epadrinkingwateradvicenote-advicenoteno8.html#.UpNQf-J9KEo

8 http://www.epa.ie/pubs/advice/drinkingwater/advicenote14.html#.UpNR8eJOKE0
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Figure 1 Location Map (OSI 1:50,000 scale for main map)
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Groundwater Vulnerability
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Introduction

The term ‘vulnerability’ is used to represent the intrinsic geological and hydrogeological characteristics that
determine the ease with which groundwater may be contaminated by human activities (DELG et al., 1999). The
vulnerability of groundwater depends on:

e the time of travel of infiltrating water (and contaminants)

e the relative quantity of contaminants that can reach the groundwater

e the contaminant attenuation capacity of the geological materials through which the water and contaminants
infiltrate.

All groundwater is hydrologically connected to the land surface; the effectiveness of this connection determines the
relative vulnerability to contamination. Groundwater that readily and quickly receives water (and contaminants) from
the land surface is more vulnerable than groundwater that receives water (and contaminants) more slowly and in
lower quantities. The travel time, attenuation capacity and quantity of contaminants are a function of the following
natural geological and hydrogeological attributes of any area:

e the type and permeability of the subsoils that overlie the groundwater
e the thickness of the unsaturated zone through which the contaminant moves
e the recharge type — whether point or diffuse.

In other words, vulnerability is based on evaluating the relevant hydrogeological characteristics of the protecting
geological layers along the pathway, and the possibility of bypassing these layers. In summary, the entire land
surface is divided into four vulnerability categories: Extreme, High, Moderate and Low, based on the geological and
hydrogeological characteristics. Further details of the hydrogeological basis for vulnerability assessment can be
found in ‘Groundwater Protection Schemes’ (DELG et al., 1999).

The Groundwater Vulnerability Map shows the vulnerability of the first groundwater encountered, in either
sand/gravel or bedrock aquifers, by contaminants released at depths of 1-2 m below the ground surface. Where the
water-table in bedrock aquifers is below the top of the bedrock, the target needing protection is the water-table.
However, where the aquifer is fully saturated, the target is the top of the bedrock. The vulnerability map aims to be
a guide to the likelihood of groundwater contamination, if a pollution event were to occur. It does not replace the
need for site investigation. Note also that the characteristics of individual contaminants are not considered.

Except where point recharge occurs (e.g. at swallow holes), the groundwater vulnerability depends on the type,
permeability and thickness of the subsoil.

The groundwater vulnerability map is derived by combining the permeability and depth to bedrock maps, using the
three subsoil permeability categories: high, moderate and low; and four depths to rock categories: <3m, 3—-5m, 5—
10m and >10m. The resulting vulnerability classifications are shown below.

Vulnerability mapping guidelines (adapted from DELG et al, 1999)

Thickness of | Hydrogeological Requirements for Vulnerability Categories
Overlying Diffuse Recharge Point Recharge | Unsaturated
Subsoils Subsoil permeability and type Zone
High moderate low permeability | (swallow holes, (sand & gravel
permeability permeability (clayey subsoil, | losing streams) aquifers only)
(sand/gravel) (sandy subsoil) | clay, peat)
0-3m Extreme Extreme Extreme Extreme Extreme
(30 m radius)
3-5m High High High N/A High
5-10 m High High Moderate N/A High
>10m High Moderate Low N/A High
Notes: (i) N/A = not applicable.
(i) Release point of contaminants is assumed to be 1-2 m below ground surface.
(iii) Permeability classifications relate to the engineering behaviour as described by BS5930.
(iv) Outcrop and shallow subsoil (i.e. generally <1.0 m) areas are shown as a sub-category of extreme vulnerability
(amended from Deakin and Daly (1999) and DELG/EPA/GSIa (1999))
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Sources of Vulnerability Data

Specific vulnerability field mapping and assessment of previously collected data were carried out as part of this
project. Fieldwork focused on assessing the permeability of the different subsoil deposit types so that they could be
subdivided into the three permeability categories. This involved:

e Describing selected exposures/sections according to the British Standard Institute Code of Practice for Site
Investigations (BS 5930:1999).

e Collection of subsoil samples for laboratory particle size analyses

e Assessing the recharge characteristics of selected sites using natural and artificial drainage, vegetation
and other recharge indicators.

The following additional sources of data were used to assess the vulnerability and produce the map:

e Subsoils Map (EPA/Teagasc Subsoil Map, 2006), which is the basis for the main permeability boundaries.
‘Clean’ sands and gravels are usually high permeability. Alluvium deposits are either moderate or low
permeability.

e Depth to bedrock map, compiled by the mapping team for the current project in the Geological Survey of
Ireland, using data compiled from GSI, consultant and county council reports, along with purpose-drilled
auger holes

e Geological Survey of Ireland Bedrock Geology Map

e Geological Survey of Ireland well and karst database, which supplied information on well yields and depth
to bedrock, as well as locations of point recharge.

e General Soils Map of Ireland (Gardiner and Radford, 1980). This gives additional, indirect information on
subsoil permeability in the areas mapped by Teagasc as Hill’.

Thickness of the Unsaturated Zone

The thickness of the unsaturated zone, or the depth of ground free of intermittent or permanent saturation, is only
relevant in vulnerability mapping over unconfined sand and gravel aquifers. As described in Table 6.1, the critical
unsaturated zone thickness is 3m; unconfined gravels with unsaturated zones thicker than 3m are classed as
having a ‘high’ vulnerability, while those with unsaturated zones thinner than 3m are classed as having an ‘extreme’
vulnerability.
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Introduction

The term ‘recharge’ refers to the amount of water replenishing the groundwater flow system. The recharge rate is generally estimated on an annual basis, and is
assumed to consist of the rainfall input (i.e. annual rainfall) minus water loss prior to entry into the groundwater system (i.e. annual evapotranspiration and runoff).
The estimation of a realistic recharge rate is critical in source protection delineation, as this dictates the size of the zone of contribution to the source (i.e. the outer
Source Protection Area).

The main parameters involved in the estimation of recharge are: annual rainfall; annual evapotranspiration; and a recharge coefficient (Table 1). The recharge
coefficient is estimated using Hunter Williams et al (2013), which is based on Guidance Document GW5 (Groundwater Working Group 2005).

Table 1. Recharge coefficients for different hydrogeological settings.

Hydrogeological setting Recharge coefficient (RC)
Groundwater vulnerability category

Min (%) Inner Range Max (%)

Extreme 1. Areas where rock is at ground surface 30 80-90 100
(XorE) 1. Sand/gravel overlain by ‘well drained’ soll 50 80-90 100
1.iii Sand/gravel overlain by ‘poorly drained’ (gley) soil 15 35-50 70
1.iv Till overlain by ‘well drained’ soil 45 50-70 80
1.v Till overlain by ‘poorly drained’ (gley) soil 5 15-30 50
1.vi Sand/ gravel aquifer where the water table is < 3 m below surface 50 80-90 100
1.vii Peat 1 15-30 50
High 2. Sand/gravel aquifer, overlain by ‘well drained’ soil 50 80-90 100
(H) 2.ii High permeability subsoil (sand/gravel) overlain by ‘well drained’ soil 50 80-90 100
2.iii High permeability subsoil (sand/gravel) overlain by ‘poorly drained’ soil 15 35-50 70
2.iv Sand/gravel aquifer, overlain by ‘poorly drained’ soil 15 35-50 70
2.v Moderate permeability subsoil overlain by ‘well drained’ soil 35 50-70 80
2.vi Moderate permeability subsoil overlain by ‘poorly drained’ (gley) soil 10 15-30 50
2.vii Low permeability subsoil 1 20-30 40
2.viii Peat 1 5-15 20
Moderate 3.i Moderate permeability subsoil and overlain by ‘well drained’ soil 35 50-70 80
(M) 3.ii Moderate permeability subsoil and overlain by ‘poorly drained’ (gley) soil 10 15-30 50
3.iii Low permeability subsoil 1 10-20 30
3.iv Peat 1 3-5 10
Low 4. Low permeability subsoil 1 5-10 20
(L) 4.ii Basin peat 1 3-5 10

The recharge coefficients in this table are summarised in a paper by Hunter Williams et al. (2013) in the Quarterly Journal of Engineering Geology and Hydrogeology. Aquifer recharge acceptance capacity is
generally limited in LI aquifers (200 mm/yr) and Pl and Pul aquifers (100 mm/yr). Made ground has recharge coefficient of 20%.



Appendix 3

Water Quality Results

Sample Date Sample Type Parameter Drinking Units Result
Water Limit
03/11/2008 Treated 1,2-dichloroethane 3 Mg/l 0.1
10/03/2009  Treated 1,2-dichloroethane 3 Mg/l 0.1
24/07/2017 Raw Alkalinity No abnormal - 326.09
change
24/07/2017 Raw Aluminium 200 Mg/l <20
22/05/2008  Treated Aluminium 200 Mg/l 20
29/09/2008  Treated Aluminium 200 Mg/l 20
03/11/2008 Treated Aluminium 200 Mg/l 5
10/03/2009 Treated Aluminium 200 Mg/l 11.11
25/06/2009  Treated Aluminium 200 Mg/l 20
11/12/2009  Treated Aluminium 200 Mg/l 20
26/05/2011 Treated Aluminium 200 Mg/l 7
08/12/2011 Treated Aluminium 200 Mg/l 6.8
22/11/2012 Treated Aluminium 200 Mg/l 7
16/07/2015 Treated Aluminium 200 Mg/l 3
22/05/2008  Treated Ammonium 0.3 mg/I 0.03
29/09/2008  Treated Ammonium 0.3 mg/I 0.03
03/11/2008 Treated Ammonium 0.3 mg/I 0.009
10/03/2009  Treated Ammonium 0.3 mg/I 0.028
25/06/2009  Treated Ammonium 0.3 mg/I 0.03
11/12/2009  Treated Ammonium 0.3 mg/I 0.03
08/03/2010 Treated Ammonium 0.3 mg/I 0.022

08/12/2011 Treated Ammonium 0.3 mg/I 0.051
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Sample Date

31/10/2012
22/11/2012
13/04/2015
24/07/2017
03/11/2008
10/03/2009
24/07/2017
03/11/2008
10/03/2009
08/03/2010
08/12/2011
31/10/2012
13/04/2015
24/07/2017
03/11/2008
10/03/2009
03/11/2008
10/03/2009
13/04/2015
24/07/2017
03/11/2008
10/03/2009
03/11/2008
10/03/2009
24/07/2017
03/11/2008
10/03/2009
31/10/2012
24/07/2017
24/07/2017

Sample Type

Treated
Treated
Treated
Raw

Treated
Treated
Raw

Treated
Treated
Treated
Treated
Treated
Treated
Raw

Treated
Treated
Treated
Treated
Treated
Raw

Treated
Treated
Treated
Treated
Raw

Treated
Treated
Treated
Raw

Raw

Parameter

Ammonium
Ammonium
Ammonium
Ammonium NH4
Antimony
Antimony
Arsenic

Arsenic

Arsenic

Arsenic

Arsenic

Arsenic

Arsenic

Barium
Benzene
Benzene
Benzo(a)pyrene
Benzo(a)pyrene
Benzo(a)pyrene
BOD

Boron

Boron

Bromate
Bromate
Cadmium
Cadmium
Cadmium
Cadmium
Calcium
Chloride

Drinking
Water Limit
0.3

0.3

0.3

0.3

0.3

0.3

10

10

10

10

10

10

10

10
10

200
250

Units

mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l

mg/I
mg/I
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
mg/I
mg/I

Result

0.057
0.03
0.02
<0.01
0.1
0.1
<10
0.2
0.266
0.6
0.8

1

0.5
<10
0.1
0.1
0.003
0.003
0

<1
0.02
0.02

<20
0.1
0.1
0.1
118.6
17.05
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Sample Date
03/11/2008
10/03/2009
08/03/2010
08/12/2011
31/10/2012
13/04/2015
24/07/2017
03/11/2008
10/03/2009
24/07/2017
22/05/2008
29/09/2008
03/11/2008
10/03/2009
08/03/2010
21/04/2010
15/09/2010

26/05/2011

28/11/2011

Sample Type
Treated
Treated
Treated
Treated
Treated
Treated
Raw
Treated
Treated
Raw
Treated
Treated
Treated
Treated
Treated
Treated
Treated

Treated

Treated

Parameter

Chloride

Chloride

Chloride

Chloride

Chloride

Chloride

Chromium

Chromium

Chromium

Clostridium Perfringens
Clostridium Perfringens
Clostridium Perfringens
Clostridium Perfringens
Clostridium Perfringens
Clostridium Perfringens
Clostridium Perfringens
Clostridium Perfringens

Clostridium Perfringens

Clostridium Perfringens

Drinking
Water Limit
250

250

250

250

250

250

50

50

50

0

Units

mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
Mg/l

Mg/l

Mg/l
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 mi
number/
100 mi
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml

Result

19.4
14.2
15.1
16
13.5
22.6
<20
1

1

6
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Sample Date

08/12/2011

10/02/2012

31/10/2012

22/11/2012

13/04/2015

16/07/2015

22/05/2008

29/09/2008

03/11/2008

10/03/2009

25/06/2009

11/12/2009

08/03/2010

21/04/2010

15/09/2010

Sample Type

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Parameter

Clostridium Perfringens

Clostridium Perfringens

Clostridium Perfringens

Clostridium Perfringens

Clostridium Perfringens

Clostridium Perfringens

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Drinking
Water Limit
0

Units

number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml

Result
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Sample Date

26/05/2011

28/11/2011

08/12/2011

10/02/2012

31/10/2012

22/11/2012

13/04/2015

16/07/2015

21/11/2016

24/07/2017

22/05/2008

Sample Type

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Raw

Raw

Treated

Parameter

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Coliform Bacteria

Colour

Colour

Colour

Drinking
Water Limit
0

Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal

changes

Units

number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml

Result

4.2

2.9

3.5



Sample Date

29/09/2008

03/11/2008

10/03/2009

25/06/2009

11/12/2009

08/03/2010

21/04/2010

Sample Type

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Parameter

Colour

Colour

Colour

Colour

Colour

Colour

Colour

Drinking
Water Limit
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
Cconsumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal

changes

Units

Result

3.9

5.97

5.7

2.1

7.7

4.92

2.3
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Sample Date

15/09/2010

26/05/2011

28/11/2011

08/12/2011

31/10/2012

22/11/2012

13/04/2015

Sample Type

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Parameter

Colour

Colour

Colour

Colour

Colour

Colour

Colour

Drinking
Water Limit
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
Cconsumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal

changes

Units

Result

5.8

4.5

5.8

8.8

4.8

10.8
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Sample Date

16/07/2015

24/07/2017
22/05/2008
29/09/2008
03/11/2008
10/03/2009
25/06/2009
11/12/2009
08/03/2010
21/04/2010
15/09/2010
26/05/2011
28/11/2011
08/12/2011
10/02/2012
31/10/2012
22/11/2012
13/04/2015
16/07/2015
24/07/2017
03/11/2008
10/03/2009
08/03/2010
08/12/2011
31/10/2012
13/04/2015
03/11/2008

Sample Type

Treated

Raw

Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Raw

Treated
Treated
Treated
Treated
Treated
Treated
Treated

Parameter

Colour

Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Conductivity
Copper
Copper
Copper
Copper
Copper
Copper
Copper
Cyanide

Drinking
Water Limit

Acceptable to

consumers,
no abnormal
changes
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2500
2000

2
2
2
2
2
2

50

Units

MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
MS/cm
Mg/l
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
Mg/l

Result

5.2

588
611
649
632
576.57
646
595
632
611
596
563
606
626
625
672
714
616
564
<20

0.022
0.008
0.026
0.01
0.01
5
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Sample Date

10/03/2009

13/04/2015

24/07/2017

24/07/2017

22/05/2008

29/09/2008

03/11/2008

10/03/2009

25/06/2009

11/12/2009

08/03/2010

21/04/2010

15/09/2010

26/05/2011

28/11/2011

08/12/2011

Sample Type

Treated

Treated

Raw

Raw

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Parameter

Cyanide

Cyanide

Dissolved Oxygen 02

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

Drinking
Water Limit
50

50

No abnormal
changes

0

Units

Mg/l
Mg/l

number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 mi
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 mi

Result

3.8
9.55

727
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Sample Date

10/02/2012

31/10/2012

22/11/2012

13/04/2015

16/07/2015

03/11/2008

10/03/2009

08/03/2010

08/12/2011

31/10/2012

13/04/2015

24/07/2017

03/11/2008

Sample Type

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Raw

Treated

Parameter

E. coli

E. coli

E. coli

E. coli

E. coli

Enterococci

Enterococci

Enterococci

Enterococci

Enterococci

Enterococci

Fluoride

Fluoride

Drinking
Water Limit
0

0.8

(fluoridated) -

1.5 (natural)
0.8

(fluoridated) -

1.5 (natural)

Units

number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/
100 ml
number/

100 mi
mg/I

mg/I

Result

0.34
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Sample Date Sample Type Parameter Drinking Units Result

Water Limit
10/03/2009 Treated Fluoride 0.8 mg/I 0.1
(fluoridated) -
1.5 (natural)
08/03/2010 Treated Fluoride 0.8 mg/I 0.1
(fluoridated) -
1.5 (natural)
08/12/2011 Treated Fluoride 0.8 mg/I 0.11
(fluoridated) -
1.5 (natural)
31/10/2012  Treated Fluoride 0.8 mg/I 0.1
(fluoridated) -
1.5 (natural)
13/04/2015 Treated Fluoride 0.8 mg/I 0.23
(fluoridated) -
1.5 (natural)
21/04/2010 Treated Free Chlorine - - 0.03
15/09/2010 Treated Free Chlorine - - 0.03
24/07/2017 Raw Iron 200 Mg/l <20
21/11/2016 Raw Iron 200 Mg/l <10
22/05/2008  Treated Iron 200 Mg/l 50
29/09/2008 Treated Iron 200 Mg/l 50
03/11/2008 Treated Iron 200 Mg/l 5
10/03/2009 Treated Iron 200 Mg/l 5
25/06/2009 Treated Iron 200 Mg/l 50
11/12/2009  Treated Iron 200 Mg/l 20
22/11/2012  Treated Iron 200 Mg/l 12
24/07/2017  Raw Lead 10 Hg/l <20
03/11/2008  Treated Lead 10 Mg/l 0.3
10/03/2009 Treated Lead 10 Mg/l 0.3

08/12/2011 Treated Lead 10 Mg/l 0.4
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Sample Date

31/10/2012
13/04/2015
24/07/2017
24/07/2017
21/11/2016
22/05/2008
29/09/2008
03/11/2008
10/03/2009
25/06/2009
11/12/2009
03/11/2008
10/03/2009
24/07/2017
03/11/2008
10/03/2009
08/03/2010
08/12/2011
31/10/2012
13/04/2015
22/05/2008
29/09/2008
03/11/2008
10/03/2009
25/06/2009
11/12/2009
08/03/2010
21/04/2010
15/09/2010
08/12/2011

Sample Type

Treated
Treated
Raw

Raw

Raw

Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Raw

Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated

Parameter

Lead

Lead
Magnesium
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Mercury
Mercury
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nickel
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate
Nitrate

Drinking
Water Limit
10
10
50
50
50
50
50
50
50
50
50
1
1
50000
20
20
20
20
20
20
50
50
50
50
50
50
50
50
50
50

Units

Mg/l
Mg/l
mg/I
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
mg/|
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I

Result

0.3
0.3
7.57
<20
<5
20

20

1

1

20

20
0.02
0.02
<20
0.5
1.093
0.801
1.9
1.4
1.6
14.8
13.4
11.6
7.85
11.7
9.9
9.22
12.9
13
12.49
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Sample Date

31/10/2012
13/04/2015
24/07/2017
22/05/2008
29/09/2008
03/11/2008
10/03/2009
25/06/2009
11/12/2009
24/07/2017
22/05/2008

29/09/2008

03/11/2008

24/07/2017
03/11/2008
10/03/2009
03/11/2008
10/03/2009
08/12/2011
13/04/2015

Sample Type

Treated
Treated
Raw

Treated
Treated
Treated
Treated
Treated
Treated
Raw

Treated

Treated

Treated

Raw

Treated
Treated
Treated
Treated
Treated
Treated

Parameter

Nitrate

Nitrate

Nitrate NO3
Nitrite (at tap)
Nitrite (at tap)
Nitrite (at tap)
Nitrite (at tap)
Nitrite (at tap)
Nitrite (at tap)
Nitrite NO2
Odour

Odour

Odour

P Orthophosphate P
PAH

PAH

Pesticides - Total
Pesticides - Total
Pesticides - Total

Pesticides - Total

Drinking
Water Limit
50

50

50

0.5

0.5

0.5

0.5

0.5

0.5

0.5
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
0.03

0.1

0.1

0.5

0.5

0.5

0.5

Units

mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I

mg/I
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l

Result

13.28
16.11
15.27
0

0
4.30E-05
0.043
0.02
0.02
<0.03
0

0.02
0.01
0.01
0.01
0.01
0.03
0.03
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Sample Date Sample Type Parameter Drinking Units Result

Water Limit

24/07/2017 Raw pH >6.5 and pH units 6.9
<9.5

22/05/2008 Treated pH >6.5 and pH units 7.2
<9.5

29/09/2008 Treated pH >6.5 and pH units 7.1
<9.5

03/11/2008 Treated pH >6.5 and pH units 7.5
<9.5

10/03/2009 Treated pH >6.5 and pH units  7.32
<9.5

25/06/2009 Treated pH >6.5 and pH units 7.1
<9.5

11/12/2009  Treated pH >6.5 and pH units 7.2
<9.5

08/03/2010 Treated pH >6.5 and pH units 7.3
<9.5

21/04/2010 Treated pH >6.5 and pH units 7.2
<9.5

15/09/2010 Treated pH >6.5 and pH units 7.1
<9.5

26/05/2011 Treated pH >6.5 and pH units 7
<9.5

28/11/2011  Treated pH >6.5 and pH units 7.1
<9.5

08/12/2011 Treated pH >6.5 and pH units 7.1
<9.5

10/02/2012 Treated pH >6.5 and pH units 7.5
<9.5

31/10/2012 Treated pH >6.5 and pH units 7.2

<9.5
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Sample Date

22/11/2012

13/04/2015

16/07/2015

24/07/2017
03/11/2008
10/03/2009
08/03/2010
08/12/2011
31/10/2012
13/04/2015
24/07/2017

24/07/2017
03/11/2008
10/03/2009
08/03/2010
08/12/2011
31/10/2012
13/04/2015
24/07/2017
03/11/2008
10/03/2009
08/03/2010
08/12/2011
31/10/2012
13/04/2015
24/07/2017

Sample Type

Treated

Treated

Treated

Raw

Treated
Treated
Treated
Treated
Treated
Treated

Raw

Raw

Treated
Treated
Treated
Treated
Treated
Treated
Raw

Treated
Treated
Treated
Treated
Treated
Treated

Raw

Parameter

pH

pH

pH

Potassium
Selenium
Selenium
Selenium
Selenium
Selenium
Selenium

Silica

Sodium
Sodium
Sodium
Sodium
Sodium
Sodium
Sodium
Strontium
Sulphate
Sulphate
Sulphate
Sulphate
Sulphate
Sulphate
Sulphate SO4

Drinking
Water Limit
>6.5 and
<9.5
>6.5 and
<9.5
>6.5 and
<9.5

12

10

10

10

10

10

10

No abnormal
change
200

200

200

200

200

200

200

250

250

250

250

250

250

250

Units

pH units

pH units

pH units

mg/I
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l
Mg/l

mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I

mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I

Result

2.93
0.6
0.2
0.629
0.8
0.4
0.7
4.7

11.3
12.7
10.7
9.544
9.8
10
12.4
<10
8.9
4.44
7.83

4.3
7.9
9.15
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Sample Date

03/11/2008

03/11/2008

10/03/2009

24/07/2017

24/07/2017
21/11/2016

24/07/2017

03/11/2008

10/03/2009

08/03/2010

08/12/2011

31/10/2012

13/04/2015

03/11/2008
10/03/2009

Sample Type

Treated

Treated

Treated

Raw

Raw

Raw

Raw

Treated

Treated

Treated

Treated

Treated

Treated

Treated
Treated

Parameter

Taste

Tetrachloroethene &
Trichloroethene
Tetrachloroethene &
Trichloroethene

Total Coliforms

Total Hardness CaCO3

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Total Organic Carbon

Trihalomethanes(Total)

Trihalomethanes(Total)

Drinking
Water Limit
Acceptable to
consumers,
no abnormal
changes

10

10

200

no abnormal
changes

no abnormal
changes

no abnormal
changes

no abnormal
changes

no abnormal
changes

no abnormal
changes

no abnormal
changes

no abnormal
changes
100

100

Units

Hg/|

Hg/|

number/
100 ml

mg/I

el
Mg/l

Result

0.2

0.2

1203

327.3
3.94

1.3

2.9

1.77

3.91

2.53

2.35

39.6
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Sample Date

24/07/2017

21/11/2016

22/05/2008

29/09/2008

03/11/2008

10/03/2009

25/06/2009

Sample Type

Raw

Raw

Treated

Treated

Treated

Treated

Treated

Parameter

Turbidity

Turbidity

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Drinking
Water Limit
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
Cconsumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal

changes

Units

Result

<0.02

0.4

0.3

0.3

1.71

1.17

0.2
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Sample Date

11/12/2009

21/04/2010

15/09/2010

26/05/2011

08/12/2011

10/02/2012

31/10/2012

Sample Type

Treated

Treated

Treated

Treated

Treated

Treated

Treated

Parameter

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Turbidity (at tap)

Drinking
Water Limit
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
Cconsumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal
changes
Acceptable to
consumers,
no abnormal

changes

Units

Result

0.2

0.3

0.3

0.2

0.3

0.2

0.45
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Sample Date

22/11/2012

13/04/2015

24/07/2017

Sample Type

Treated

Treated

Raw

Parameter

Turbidity (at tap)

Turbidity (at tap)

Zinc

Drinking Units
Water Limit
Acceptable to -
consumers,

no abnormal
changes

Acceptable to -
consumers,

no abnormal
changes

5000 ug/!

Result

0.3

0.19

31
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Acronyms

EPA — Environmental Protection Agency

DEHLG — Department of Environment Heritage and Local Government
EU — European Union

GSI - Geological Survey of Ireland

GWB - Groundwater Body

GWD - Groundwater Directive (European Union)
GWS - Group Water Scheme

IGI — Institute of Geologists of Ireland

IG — Irish National Grid Reference

m aOD — metres above Ordnance Datum

m bgl — metres below ground level

TVs — Threshold Values

UV — Ultra-Violet

Z0OC — Zone of Contribution

WFD — Water Framework Directive

Glossary of Terms

Aquifer

A subsurface layer or layers of rock, or other geological strata, of sufficient porosity and permeability to allow either
a significant flow of groundwater or the abstraction of significant quantities of groundwater (Groundwater
Regulations, 2010).

Attenuation
A decrease in pollutant concentrations, flux, or toxicity as a function of physical, chemical and/or biological
processes, individually or in combination, in the subsurface environment.

Borehole
A particular type of well - a narrow hole in the ground constructed by a drilling machine in order to gain access to
the groundwater system.

Boulder Clay
See ‘Till

Conceptual Hydrogeological Model
A simplified representation or working description of how a real hydrogeological system is believed to behave on
the basis of qualitative analysis of desk study information, field observations and field data.

Diffuse Sources

Diffuse sources of pollution are spread over wider geographical areas rather than at individual point locations.
Diffuse sources include general land use activities and landspreading of industrial, municipal wastes and
agricultural organic and inorganic fertilisers.

Direct Input
An input to groundwater that bypasses the unsaturated zone (e.g. direct injection through a borehole) or is directly
in contact with the groundwater table in an aquifer either year round or seasonally.

Doline

Dolines, or enclosed depressions, are relatively shallow bowl or funnel shaped depressions that form in karst
landscapes, and serve to funnel or concentrate recharge underground. Their presence indicates that subterranean
drainage is in operation.

Dolomitisation

Is a process, whereby the calcite crystals in limestone is replaced by magnesium. This results in an increase in the
porosity and permeability of the rock. Dolomitised rocks are a highly weathered, yellow/orange/brown colour and
are usually evident in boreholes as loose yellow-brown sand with significant void space and poor core recovery.
Dolomitisation often occurs preferentially in both fault zones and purer limestones.
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Down-gradient
The direction of decreasing groundwater levels, i.e. flow direction. The area of the groundwater system that has
lower groundwater levels than other areas. Opposite of upgradient.

Enclosed Depression
See doline

Fissure
A natural crack in rock which allows rapid water movement.

Groundwater
All water which is below the surface of the ground in the saturation zone and in direct contact with the ground or
subsoil (Groundwater Regulations, 2010).

Groundwater Body (GWB)

A volume of groundwater defined as a groundwater management unit for the purposes of reporting to the European
Commission under the Water Framework Directive. Groundwater bodies are defined by aquifers capable of
providing more than 10 ms/d, on average, or serving more than 50 persons.

Groundwater Recharge
Two definitions: a) the process of rainwater or surface water infiltrating to the groundwater table; b) the volume
(amount) of water added to a groundwater system.

Groundwater Resource
An aquifer capable of providing a groundwater supply of more than 10 ms/d as an average or serving more than 50
persons.

Hydraulic Conductivity (also known as ‘Permeability’)

The rate at which water can move through a unit volume of geological medium under a potential unit hydraulic
gradient. The hydraulic conductivity can be influenced by the properties of the fluid, including its density, viscosity
and temperature, as well as by the properties of the soil or rock.

Hydraulic Gradient
The change in total head of water with distance; the slope of the groundwater table or the piezometric surface.

Igneous Rock
Igneous rock is formed through the cooling and solidification of magma or lava.

Indirect Input
An input to groundwater where the pollutants infiltrate through soil, subsoil and/or bedrock to the groundwater
table.

Input
The direct or indirect introduction of pollutants into groundwater as a result of human activity.

Karst

A distinctive landform characterised by features such as surface collapses, sinking streams, swallow holes, caves,
turloughs and dry valleys, and a distinctive groundwater flow regime where drainage is largely underground in
solutionally enlarged fissures and conduits.

Karstification

Karstification is the process whereby limestones are slowly dissolved by acidic waters moving through them. This
results in the development of an uneven distribution of permeability with the enlargement of certain fissures at the
expense of others and the concentration of water flow into these high permeability zones. Karstification results in
the progressive development of distinctive karst landforms such as caves, swallow holes, sinking streams,
turloughs and dry valleys, and a distinctive groundwater flow regime. It is an important feature of Irish
hydrogeology.

Metamorphic Rock
A rock made out of highly altered existing rock. Common types include marble, schist and quartzite.
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Pathway

The route which a particle of water and/or chemical or biological substance takes through the environment from a
source to a receptor location. Pathways are determined by natural hydrogeological characteristics and the nature of
the contaminant, but can also be influenced by the presence of features resulting from human activities (e.g.,
abandoned ungrouted boreholes which can direct surface water and associated pollutants preferentially to
groundwater).

Permeability
A measure of a soil or rock’s ability or capacity to transmit water (synonymous with hydraulic conductivity).

Point Source

Any discernible, confined or discrete conveyance from which pollutants are or may be discharged. These may exist
in the form of pipes, ditches, channels, tunnels, conduits, containers, and sheds, or may exist as distinct
percolation areas, integrated constructed wetlands, or other surface application of pollutants at individual locations.
Examples are discharges from waste water works and effluent discharges from industry.

Pollution

The direct or indirect introduction, as a result of human activity, of substances or heat into the air, water or land
which may be harmful to human health or the quality of aquatic ecosystems or terrestrial ecosystems directly
depending on aquatic ecosystems which result in damage to material property, or which impair or interfere with
amenities and other legitimate uses of the environment (Groundwater Regulations, 2010).

Poorly Productive Aquifers (PPAs)

Low-yielding bedrock aquifers that are generally not regarded as important sources of water for public water supply
but that nonetheless may be important in terms of providing domestic and small community water supplies and of
delivering water and associated pollutants to rivers and lakes via shallow groundwater pathways.

Preferential Flow

A term used to describe water movement along favoured pathways through a geological medium, bypassing other
parts of the medium. Examples include pores formed by soil fauna, plant root channels, weathering cracks, fissures
and/or fractures.

Saturated Zone
The zone below the water table in an aquifer in which all pores and fissures and fractures are filled with water at a
pressure that is greater than atmospheric.

Sedimentary Rock
A rock composed of sediments (sand, silt, clay, calcium carbonate fragments, shell fragments, etc.) that have been
buried and lithified (cemented). Common types include sandstone, shale and limestone.

Soil (topsoil)
The uppermost layer of soil in which plants grow.

Spring

A spring is a natural feature where groundwater emerges at the surface. Springs usually occur where the rate of
flow of groundwater is too great to remain underground. The position of a spring usually reflects a change in soil or
rock type, or a change in slope.

Subsoil
Unlithified (uncemented) geological strata or materials beneath the topsoil and above bedrock. Common types
include Till/Boulder Clay, sand/gravel and peat.

Surface Water
An element of water on the land‘s surface such as a lake, reservoir, stream, river or canal. Can also be part of
transitional or coastal waters. (Surface Waters Regulations, 2009.).

Swallow Hole (also known as ‘Sinkhole’)
The point where concentrated inflows of water sink underground. They are found in karst environments.

Threshold Values (TVs)

Chemical concentration values for substances listed in Schedule 5 of the Groundwater Regulations (2010), which
are used for the purpose of chemical status classification of groundwater bodies.
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Till (also known as ‘Boulder Clay’)
Unsorted glacial Sediment deposited directly by the glacier. It is the most common Quaternary deposit in Ireland.
Its components may vary from gravel, sands and clays.

Unsaturated Zone
The zone between the land surface and the water table, in which pores, fractures and fissures are only partially
filled with water. Also known as the vadose zone.

Up-gradient
The direction of increasing groundwater levels, i.e. the direction from which groundwater is flowing. The area of the
groundwater system that has higher groundwater levels than other areas. Opposite of down-gradient.

Vulnerability
The intrinsic geological and hydrogeological characteristics that determine the ease with which groundwater may
be contaminated by human activities (Fitzsimmons et al, 2003).

Water Table

The uppermost level of saturation in an aquifer at which the pressure is atmospheric. This is the level to which
water naturally settles in the cracks, cavities and pore spaces underground. Above the water table, the spaces in
the rock or sediments are air-filled. Below the water table, the spaces are filled with water.

Weathering
The breakdown of rocks and minerals at the earth's surface by chemical and physical processes.

Well
A construction into the ground in order to access groundwater. Can be a dug well, which is generally shallow, with
a diameter of a metre of more, or a borewell (see ‘Borehole’), which is narrower in diameter and generally deeper.

Zone of Contribution (ZOC)

The area surrounding a pumped well or spring that encompasses all areas or features that supply groundwater to
the well or spring. It is defined as the area required to support an abstraction and/or overflow (in the case of
springs) from long-term groundwater recharge.
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The downgradient boundary and zone of contribution width calculations are used to support the
deliniated boundary extents and to confirm that the ZOC delineated is big enough to supply the

quantity of water at the source.

The downgradient boundary (XI) and zone of contribution width boundary (YI) are calculated
using the following equations:
Xl = Q/(2xTi) Yl = Q/(2Ti)

Q = pumping rate (m3/day) = 68.12 m3/day

T = Transmissitivitys (m2/day) = 66 (m2/day)

i = hydraulic gradient — estimated based on topographic contours and noted datum locations on
OSI map = 0.011.

Xl =68.12 / (2n x 66 x 0.011)
Xl = 14.60 m = 0.01 km

Yl = 68.12 / (2 x 66 x 0.011)
Yl = 45.86 m ~ 0.05 km

The area required to supply the borehole with flow.
Q = pumping rate (m3/day)

R = recharge rate (mm/yr)

A =Q/R

Q = 68.1 m3/day x 150%= 102.2 m3/day

R = 514 mm/yr = 0.0014 m/d.

A=Q/R

A =102.2 /0.0014 = 72,560 m? = 0.07 km?

s value taken from Clare-Corrib Groundwater Body Description
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Project description

Since the 1980s, the Geological Survey of Ireland (GSI) has undertaken a considerable amount of work
developing Groundwater Protection Schemes throughout the country. Groundwater Source Protection
Zones are the surface and subsurface areas surrounding a groundwater source, i.e. a well, wellfield or
spring, in which water and contaminants may enter groundwater and move towards the source.
Knowledge of where the water is coming from is critical when trying to interpret water quality data at the
groundwater source. The ‘Zone of Contribution’ (ZOC) also provides an area in which to focus further
investigation and is an area where protective measures can be introduced to maintain or improve the
quality of groundwater.

This report has been prepared for Rusheens Group Water Scheme as part of the Rural Water
Programme funding initiative of grants towards specific source protection works on Group Water
Schemes (DECLG Circular L5/13 and Explanatory Memorandum).

The report has been prepared in the format developed during an earlier pilot project “Establishment of
Zones of Contribution” which was undertaken by the Geological Survey of Ireland (GSl), in collaboration
with the National Federation of Group Water Schemes (NFGWS), and with support from the National
Rural Water Services Committee (NRWSC).

The methodology undertaken by the GSI included: liaising with the GWS and NFGWS to facilitate data
collection, a desk study, a site visit to inspect the supply, the local area, and to record groundwater
level(s). The data was then analysed and interpreted in order to delineate the ZOC.

The maps produced are based largely on the readily available information in the area, a field walkover
survey, and on mapping techniques which use inferences and judgements based on experience at
other sites. As such, the maps cannot claim to be definitively accurate across the whole area covered,
and should not be used as the sole basis for site-specific decisions, which will usually require the
collection of additional site-specific data.

The report and maps are hosted on the GSI website (www.gsi.ie).
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1 Overview: Groundwater, groundwater protection and groundwater
supplies

Groundwater is an important natural resource in Ireland. It originates from rainfall that soaks into the ground.
If the ground is permeable, the rainfall will filter down until it reaches the main body of groundwater, which is
usually within either the bedrock, or a sand/gravel deposit. If the bedrock or sand/gravel deposit can hold
enough groundwater and allow enough flow to supply a useful abstraction, it is referred to as an aquifer.

In Irish bedrock aquifers, groundwater predominantly flows through interconnected fractures, fissures, joints
and bedding planes, which can be envisaged as a ‘pipe network’, of various sizes, with varying degrees of
interconnectivity. The speed of flow through this network is relatively fast, delivering groundwater, and a
large proportion of the contaminants present in the groundwater, to its destination e.g. borehole, spring, river
and sea.

In sand/gravel aquifers, the groundwater flows in the interconnected pore spaces between the sand/gravel
grains. Generally, this is equivalent to a filter system that may physically filter out contaminants to varying
degrees, depending on the nature of the spaces and grains. It also slows down the speed of flow giving more
time for pathogens to die off before they reach their destination e.g. borehole, spring, river and sea.

Further filtration of contaminants may occur where the aquifers are protected by overlying soil and subsoil;
thick, impermeable clay soil and subsoil provide good protection while thin, very permeable gravel will
provide limited protection. Therefore, variations in subsoil type and thickness are important when
characterising the ‘vulnerability’ of groundwater to contamination.

The karst limestone aquifers provide significant and important groundwater supplies in Ireland. Karst
landscapes develop in rocks that are readily dissolved by water e.g. limestone (composed of calcium
carbonate). Consequently, conduit, fissure and cave systems develop underground1. Groundwater typically
travels very fast in karst aquifers, which has a significant impact on the water quality; neither filtration nor
pathogen die-off are associated with these aquifers.

The interaction between abstraction and geology is shown in Diagram 1. In this scenario, a borehole is
pumping groundwater from the bedrock aquifer. As the water is abstracted through the well, the original
water table (a), is drawn down to level (b), where it induces a drawdown curve of the natural water table (c).
The shape of this curve depends on the properties of the aquifer, for example, if the borehole is intersecting
an aquifer with few fractures that are poorly interconnected, the groundwater from that system will soon be
exhausted, and therefore the pumping will have to pull from deeper depths to maintain supply, which results
in the steep, deep drawdown curve. Alternatively, if the borehole is intersecting an aquifer with a large
number of well connected groundwater-filled fractures, the abstraction will be met by pulling water from
farther away, at a shallower depth, resulting in a shallow, wide drawdown curve.

By knowing the rate of abstraction (output), how much rainfall there is (input), and by assessing the
geological elements outlined above (nature of the bedrock fractures or sand/gravel deposit; how permeable
the soil and subsoil are) to determine what happens in between input and output, the catchment area, or
‘Zone of Contribution’ (ZOC), to any groundwater water supply can be determined.

Rusheens GWS is supplied by a regionally important aquifer with karstified conduit flow
(Rk.). The current abstraction rate is 197 m°/day and the estimated borehole yield is
216 m*/day.

! Geological Survey of Ireland, 1999.
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Land use and
potential
sources of
contamination
(potential
hazards)

Pathway
. (subsoils)

Receptor
(wells,
aquifers)

Diag'"rgrﬁ 1. Rurl Landscapé Hig'hli-ghting Interaction etween' urface Wate; Groundwater and
Potential Land Use Hazards.

2 Location, Site Description, Well Head Protection and Summary of
Spring Source Details

The Rusheens Group Water Scheme (GWS) is supplied from a borehole in the townland of Culleen, 7 km
southwest of Tuam, Co. Galway. The borehole sits adjacent to the south side of a local road, approximately
200 m west of its junction with the N17 road. (Figure 1). The current scheme demand is 216 m3/day (with a
similar abstraction of 197 m3/day measured on the site visit; 18" June 2014), supplied by a variable speed
pump direct to the mains. The driller’s estimate of the borehole yield is 216 m3/day, while the GWS estimate
a maximum vyield of approximately 432 m3/day. The scheme has ultraviolet germicidal irradiation (UV) and
chlorination disinfection treatment.

The GWS pumphouse is situated in a triangular, 15 m by 10 m, low-walled compound adjacent to the local
road. The current borehole is located 25 m south of the pumphouse compound in an agricultural field. The
borehole sits inside its own small 2 m by 2 m compound enclosed by a steel post and rail fence (Diagram 2).

The borehole wellhead sits inside a 1 m diameter concrete-ring chamber that is sunk 0.9 m into the ground.
The ground surface slopes away from the top of the concrete ring. A large steel plate serves as the roof of
the chamber but does not seal the chamber off from the ground surface. The chamber floor is comprised of
drill cuttings. Inside the chamber the top of the 150 mm diameter (innermost) steel casing sits approximately
0.05 m above the chamber floor. A 250 mm diameter steel plate cap, with holes for the rising main and
pump cables sits flush to the top of the 150 mm diameter steel casing, sealing it. The rising main and cables
exit the chamber via a hole in the chamber wall which is sealed with expanding foam. Overall the well head
is well constructed and the borehole mouth is sealed. There is no dipper hole in the borehole cap plate. It
was not possible to remove the plate to measure the groundwater level during the site visit on 18 June 2014.

The GWS has had two previous source boreholes on the site. The first was an old Galway County Council
hand pump well, which is still present and plumbed inside the pumphouse. The second was a bored well
drilled in the 1980s, 5 m south of the current source. A broken pump became wedged within the borehole in
2012; the borehole was abandoned and backfilled with cement grout. The current borehole was drilled as a
replacement.

Photos of the pump house and borehole can be seen in Photos 1 to 5 below. Table 1 provides a summary
of currently known information relating to the borehole.
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Diagram 2. Schematic Plan of the GWS Site

Photo 1: Rusheens GWS wellhead with pump Photo 2: Rusheens GWS - inside the borehole
house to rear (view northeast) chamber

Photo 4: Old hand pump
borehole inside pumphouse

Photo 5: UV Lamps and flow /
meter inside pumphouse

Photo 3: Rusheens GWS
— Pumphouse (Internal)
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Table 1. Supply Details

Second
Current GWS Borehole Source Borehole Old Borehole (1977 to
(2012 onwards) (1980s to 1980s)
2012)
. . . E: 139454, ] .

Grid reference E: 139454, N: 246453 N: 246445 E:139468, N: 246487
Townland Culleen
Source type Borehole
Drilled 24 September to 02 October 2012 1980s 1970s
Drilling Contractor Patrick Briody No data Old Galway Ct))(())%o hand pump
Owner Rusheens GWS

Elevation (m OD)

Approximately 35 mOD (based on 1:50,000 topographic map)

Total depth (m) 64 No data 65
Construction details Drilled 380 mm: 0 to 6.1 mbgl; Abandoned
(Borehole log & sketch in Installed 250 mm steel casing (SC): 0 | October 2012:
Appendix 1) to 6.1 mbgl; backfill of

Drilled 250 mm: 6.1 to 64 mbgl; clean gravel

Installed 200 mm SC: 0 to 21 mbgl & overlalnl by

. bentonite
cleaned hole;
) plug, then No data.
Installed 125 mm uPVC: 0 to 61 m, pumped (Assume steel casing to

slotted 36 to 61 mbgl;

cement grout

competent rock, then open

Installed gravel pack: 30.5 to 61 m; by tremie pipe hole)
Installed 5 bags of bentonite above from 9.1 mbgl
36 m and then pumped 30 bags of to near
cement grout up to 15 mbgl, then 20 surface, then
bags bentonite up to 0 mbgl. contcrete p'“g’
Airlifted for 14 hrs in total before PVC up fo groun
level.
and after gravel.
Depth to rock (m bgl) 6.1 m No data No data
No Data
(no dipper access to borehole) 18 June 2014 — borehole not
Water Strike data: in use but SWL potentially
3 - drawndown by pumping in
) ) e 22 m7day at 9 mbgl in broken current GWS borehole:
Pumping (PWL) and Static limestone (sealed off); No dat _
water levels (SWL) Small infl t17.2 mbal i O data measured water level =
* mail Inflow at 1 /.2 mbgtin very 19.75 m below datum
broken limestone (sealed off); (approx. 15.25 mOD). [note:
e Large water and sand in very WL datum = pump house
broken limestone at 49 to floor / ground level]
54.3 mbgl (main inflow).
Pump intake depth (m bgl) 50 N/a 50
GWS estimate = 216 m3/day.
Current abstraction rate Readings on 18 June 2014: N/a Plumbed in and still used
(GWS) Instantaneous Flow = 197 m3/day occasionally
Cumulative Flow = 308638 m°,
Driller’s estimate = 216 m3/day No data.
Reported yield (m®/d) GWS est. of max. yield = 432 to No data GWS say vyield exceeded
540 m3/day pump capacity.
Transmissivity (mzlday) No data

Other Information

2" borehole had sandy sediment in the abstraction
(caused ongoing clogging of monitoring probes);
The new borehole does not have this problem to date
— probably because shallow sandy inputs are sealed
off or due to better development of main water strike.

Abstraction limited by small
borehole/pump diameter;
GWS consider the main water
strike was the same as in the
current borehole.
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3 Physical Characteristics and Hydrogeological Considerations

3.1

Physical Characteristics of the Area

Table 2 summarises the physical characteristics of the study area.

Table 2. Physical Characteristics of the Area of Interest

Rusheens Description/Comments

Borehole
'(O‘Qr?]l;al Rainfall 1140 Belclare Agricultural Resource Centre rainfall station, 3.5 km to the west (1961-1990)
Annual o 487.5 mm PE (average annual Potential Evapotranspiration data, Galway: 1961-1990).
Evapotranspiration 463 463 AE (Actual Evapot irati d to be 95% of PE
Losses (mm) (Actual Evapotranspiration, assumed to be 95% of PE)
A”T‘”a' Effective 677 Annual rainfall minus the annual evapotranspiration losses
Rainfall (mm)

Topography slopes gently east/SE towards the Clare River and ground level is approx. 35 mOD near the

Topography GWS source. 3.8 km WNW the Knockmaa-Knockacarrigeen SW to NE oriented ridge reaches
(Figure 2) 167 mOD. Lower hummocks occur closer to the source at Ballaghbaun (86 mOD, 2.3 km WNW),
Garraun North (63 mOD, 1.9 km W) and Rusheens North (54 mOD, 1.3 km N).
Landuse is predominantly agricultural. Domestic residences with septic tank systems are located to the
Land use east and west of the source along the local road and north and south along the N17. In the field

containing the GWS source, there is a cattle trough adjacent to the borehole and a cattle crush 40 m
east at the field boundary. Caherlea-Currane GWS is located 2.2 km west of the source.

Surface Hydrology

The River Clare runs roughly north to south approx 2.8 km ENE of the source. A cut off reach of the
original course of the Clare River runs through Cloonmore and Cummer, 1 km west and sinks at a

(Figure 2) swallow hole 1.9 km NE. The Cummer turlough is located 860 m east. The mapped extent of the former
Clonkeen lake comes within 1.4 km east of the source.
Across most of study area soils are mainly deep, well drained basic mineral soils, becoming shallow on
Topsoil2 areas high ground and rock outcrop. Cutover peat is mapped further north. Alluvial soils and poorly
drained peaty soils occur along original and modern Clare River courses.

) Subsoils are mainly made up of limestone till. Cutover peat is mapped further north. Bedrock outcrops
Subsoil on a ridge to WNW and in pockets across the surrounding area. Alluvium and poorly drained peaty soils
(Figure 3) occur along original and modern Clare River courses®. GSI 6” field sheets indicate marl and peat

present in area of former Clonkeen Lough (Cloonmore to Corofin area to the east and SE).
Groundwater Extreme across most of the outlying area surrounding the source. A pocket of moderate vulnerability
Vulnerability occurs immediately north of to the source (1.5 km long NE to SW and 0.3 km wide), with a halo of high
Fi 4 vulnerability around it. The GWS pumphouse sits within the moderate vulnerability area, while the
(Figure 4) current source borehole sits within the high vulnerability halo. See Appendix 2.
Geology3 Dlrlljaur:telan DPBL (bedded limestone) underlies the study area.
Formatlo.n. Bedded Beds generally dip SSE at 3°t0 4°. No mapped faults in the area. GSI 6” Field sheets
R;:QCk Unét Group Limestone indicate outcrops are weathered and jointed with joints oriented NNW in some places on
(Figure 5) (DPBL). ridge to NW. Regionally N-S and E-W joint sets are expected to occur”.
Aquifer The limestones are classified as a Regionally Important Aquifer — Karstified (Conduit) (Rkc). Known
(Figure 6) surface karst features in the vicinity of the GWS source are shown in Figure 6.
Groundwater Bod 85:?{) The Rk, aquifer is in the Clare-Corrib GWB.
y GWB http://www.gsi.ie/Programmes/Groundwater/Projects/Groundwater+Body+Descriptions.htm
Recharge . ) ) . - ) )
Coefficient 80 % Low drainage density, well drained soils, moderate permeability subsoils, and high to
. extreme vulnerability, plus point recharge via karst features suggest a high recharge
(Appendix 3) -
coefficient.
Recharge (mm) 541

2 Teagasc, 2006.

3 Gatley et al., 2005

4 Geological Survey of Ireland, 2004.
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3.2 Hydrochemistry and water quality

One untreated water sample was collected and analysed by CLS Laboratories on behalf of the NFGWS on
24 July 2014. Eleven untreated water samples were collected and analysed for the Second Rusheens GWS
borehole (now abandoned) between November 2000 and November 2001 under a DCENR initiative.
26 treated samples were collected and analysed between January 2002 and November 2011 by Galway
County Council. The analytical results are summarised in Table 3. The full data set is in Appendix 4.

The existing laboratory results have been compared to the European Communities Environmental Objectives
(Groundwater) Regulations 2010, which were recently adopted in Ireland under S.I. No. 9 of 2010, or with
the drinking water standard (DWS) (Sl 278 of 2007) where no environmental objective has been set.

Table 3. Water Quality Data

Parameter SP01 Untreated SP01 Treated Water Parametric
Water Value/(Comment)
Number of | Average | Number of | Average
Values Values
6.5<pH<9/
pH (Lab) 12 7.0 26 713 (untreated range 6.7 to 7.2)
(treated range 6.9 to 7.8)
. . 800 / (untreated range 599
Elgclztrlcal Conductivity (Lab) . 736 26 675 0 780)
(uS/em) (treated range 610 to 802)
. (untreated range 2.5 to 7.5)
Colour (PtCo Units) 12 4.3 26 4.19 (treated range 0 o 7.8)
o (treated samples had no
Odour (Descriptive) 11 23 None odour)
Acceptable to
Consumers/No Abnormal
Turbidity (NTU) 12 0.8 26 0.8 Change

(untreated range 0.3 to 2.8)
(treated range <0.01 to 4.4)

37.5/ (untreated range 0.8
Nitrate (mg/l NO3) 12 2.3 24 12.05 to 8.1)
(Treated range 7.8 to 17.5)

0.375 (Untreated range
Nitrite (mg/l NO,, 0.02 26 0.01 0.001 to 0.05) (Treated
12 range <0.02 to 0.04)

. 0.175 / (untreated range
Ammonia (mg/I N) 0.13 26 0.02 <0.1 to 0.2) (treated range

12
<0.02 to 0.07)

Chloride (mg/l) 1 20.4 8 19.6 0.24/ (treatgci rza)nge 17.2 to

. . 0 / (untreated range <1 to
Coliform Bacteria (cfu/100ml) 51 24 14.5 211)

12
(treated range 0 to 201)

E. Coli (cfu/100ml) 16 24 18.2 0 / (untreated range <1 to
12 62) (treated range 0 to 201)

Clostridium Perfringens

(cfu/100 ml) 1 0 21 1 0/ (treated range 0 to 18)

Potassium:Sodium Ratio 1 0.17 0.3

The field parameters pH, electrical conductivity (EC) and temperature were measured at the borehole during
the site visit on 18 June 2014. The EC measured 795 uS/cm, pH measured 6.85 and temperature
measured 10.9°C.

The moderately wide range and high upper end in untreated colour and turbidity values suggests a
component of turbulent flow to the borehole that can mobilise sediments in the karst system, which is
consistent with the observation of sand in the main water strike on the driller’s log (Appendix 1). Occasional
turbid and coloured inputs may indicate some interaction with the karst conduit system.

The intermittent detection of total and fecal coliforms in the untreated water samples suggests that the well
may be influenced by point recharge via the karst conduit system. Clostridium perfringens is an indicator for
cryptosporidium and its detection in the treated water suggests a cryptosporidium risk. There are no
cryptosporidium analysis data on record.

6
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4 Zone of Contribution
4.1 Conceptual model

It is recognised that the scale of this study (i.e. predominantly desk study) cannot delineate a definitive ZOC
for the Rusheens GWS supply borehole with a high degree of confidence, due to the complicated nature of
the karst aquifer in this region. However, based on the analysis of the available information, the current
understanding of the geological and hydrogeological setting is given as follows (see cross section:
Diagram 3).

A large proportion of the rainfall (80%) is assumed to infiltrate to groundwater as recharge,. This may occur
‘diffusely’, i.e. across the entire land surface, infiltrating down through the soils and subsoils until it reaches
the aquifer, or ‘ as ‘point recharge’, i.e. direct routes into the aquifer, bypassing the any soils or subsoil
layers, which occurs at certain surface karst features, such as swallow holes, dolines and turloughs. The
remainder of rainfall (20%) is expected to runoff to surface water.

Once the infiltrating water reaches the bedrock aquifer, flow occurs in joints, fractures and conduits, and
along bedding planes in the limestone bedrock. Three main interconnected flow zones are envisaged: 1)
flow in the extensively weathered and karstified, zone in the top few metres of the bedrock (“epikarst”); 2)
flow in a network of interconnected fractures and karst conduits up to 30 m below the rock surface; 3) deeper
flows occurring in areas associated with faults or dolomitisation (which results in zones of increased
groundwater flow).

Any groundwater flows that may predominantly occur in the epikarst are likely to reflect the local topography
i.e. moving downslope towards points of vertical infiltration to the interconnected fractures/deeper conduit
system, or to surface water courses e.g. the Clare River. Boreholes will capture groundwater flow through
the epikarst where they intersect and are open to it. Where the epikarst system is well connected with the
underlying groundwater systems (2 and 3 above), recharge may pass almost immediately into these deeper
systemss. Groundwater flow in the deeper conduit system is expected to be directed southwest
(Appendix 5).

Overall, the current GWS borehole appears to be predominantly supglied by two components, i) interception
of groundwater infiltrating down through fractures from the epikarst’, and ii) the capture of water from the
regional conduit system by drawing it in via the zone of broken rock at c. 50 mbgl7, which is likely to be well
connected to the regional system. It is possible that the latter component may be the dominant component
of the borehole supply. Nearby surface karst features which could be linked to the source via point recharge
are shown in Figure 7.

® Caoimhe Hickey, personal communication, 17 October, 2014

6 The construction of the current borehole, which includes an annular grout seal, should ensure that direct,
shallow inflows from the epikarst to the borehole do not occur. However, the nearby Old Borehole (not
grouted) may provide a rapid pathway for shallow inflows to migrate directly to the zone of deep, broken rock
intersected by the current borehole.

" The current GWS borehole log implies that the borehole draws water from a sandy water strike in broken
limestone at 49 m to 54 mbgl

7
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4.2 Boundaries

The difficulties of delineating definitive ZOC boundaries due to the hydrogeological complexity of this area
and the limited scale of this study (i.e. predominantly desk study) have already been noted. However, based
on the available information, the most likely areas contributing to the borehole supply have been identified,
which will allow the GWS to focus appropriate landuse management with the aim of improving the water
quality. These areas are shown in Figure 7 and described below:

Area to the EAST: an area that reflects the regional flow direction (approximately east to west), which is
highly likely to be supplying to the borehole i.e. the inflow from the deep fractures, This delineated zone,
which is the most likely area to be contributing to the groundwater, includes a number of mapped, and likely
(as yet unrecorded) karst features (swallow holes, dolines, turloughs), which are possibly providing rapid
pathways down to the groundwater supplying the borehole (see Figure 7).

The Western Boundary is the distance downhill (or ‘downgradient’) that groundwater may be drawn back
towards the pumping borehole. This is estimated to be approximately 100 m.

The Northern and Southern Boundaries are based on the likely groundwater flow directions towards the
borehole. The northern and southern boundaries are delineated to pass within 100 m of the known karst
point recharge features. The northern boundary also includes a buffered length of the Clare River, which is
known to sink underground at one of the mapped karst swallow holes, therefore directly inputting in to the
groundwater system. The buffer is 10 m wide and has been applied to the length of river up to its confluence
with the main channel. Although any incidents in the river upstream of this confluence may impact on the
groundwater, and therefore possibly on the borehole water itself, including the entire upstream river would
not be practical for the GWS to manage. Therefore, the inclusion of the buffered stream is mainly to highlight
that this area (and potential sources of contamination) may require management.

The Eastern Boundary is based on the Clare River. It is acknowledged that groundwater further east of the
Clare River may be contributing to the borehole supply because: groundwater flow moving from east to west
beneath the Clare River has been identified; groundwater flowpaths of greater than 10 km have been
recorded in this region; and leakage of water from the Clare River into the groundwater system has been
recorded (Appendix 5). However, this is considered to be a reasonable and practical boundary for GWS
landuse management purposes.

Area to the WEST: an area that may be supplying the borehole from local flow, predominantly originating
and flowing through the epikarst zone, but then flowing down the Old Borehole, which may be providing a
rapid pathway from the surface to the lower parts of the aquifer system that are more likely to be supplying
the current borehole i.e. length that is not grouted off.

The Western Boundary is positioned over a topographic saddle 1.8 km west northwest of the source
borehole at Ballydotia East. An epikarst groundwater divide is assumed to occur beneath the saddle such
that groundwater in the epikarst to the east of the saddle flows east, and to the west it flows west.

The Northern and Southern Boundaries follow the topography and delineate a roughly rectangular ZOC
area for the Epikarst ZOC component. The rectangular shape reflects the uncertainty in the delineation of
this component.

The Eastern Boundary is the distance downhill (or ‘downgradient’) that groundwater may be drawn back
towards the pumping borehole. This is estimated to be approximately 450 m.

It is possible that additional areas may also be contributing to the borehole supply so the GWS may want to
consider further hydrogeological work/ measures if water quality issues persist once the above delineated
area have been assessed.

4.3 Recharge and water balance

The current demand for the Rusheens GWS is 216 m3/day. The maximum sustainable yield for the borehole
is considered to be between 432 and 540 m3/day by the GWS. In order to accommodate potential peak
abstraction rates above the average long term demand of 216 m3/day, 150% of the current demand has
been used as the abstraction rate in the water balance calculations, i.e. 324 m®/day.
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Recharge to the ZOC is estimated as 541 mm/year gsee Table 2). At a recharge rate of 541 mm/yr the
324 m3/day abstraction rate requires a ZOC of 0.22 km* to capture the required volume of diffuse recharge to
balance the abstraction.

Area to the East: Regional ZOC Component Water Balance

The area of the delineated regional ZOC component is 4.1 km®. This area could potentially contribute
6,000 m3/day of recharge to the regional groundwater flow system from diffuse infiltration. This could be
topped up by inflow of surface water at point recharge locations. The borehole is not considered to be
capable sustaining an abstraction of this magnitude. Rather the regional ZOC component reflects a likely
potential area from which the actual abstraction might derive.

Area to the West: Epikarst ZOC Component Water Balance

The delineated epikarst ZOC has an area of 0.83 km”and thus receives a diffuse recharge contribution equal
to almost 400% of the current demand of the scheme. It is likely that most of the recharge to this area leaks
down to the deeper aquifer as the epikarst groundwater flows east southeast. If an epikarst component
reaches the abstraction it is considered likely that it would derive from within the delineated area.

5 Conclusions

The maps produced are based largely on the readily available information in the area, a field walkover
survey, and on mapping techniques which use inferences and judgements based on experience at other
sites. It is also acknowledged that this scale of study (i.e. predominantly desk study) cannot delineate a
definitive ZOC for the Rusheens GWS supply borehole due to the complicated nature of the karst aquifer in
this region As such, the maps should not be used as the sole basis for site-specific decisions, which will
usually require the collection of additional site-specific data.

The current abstraction for the Rusheens GWS is 216 m3/day. The maximum demand that the borehole can
sustain is considered to be between 432 m*/day and 540 m®day by the GWS.

The ZOC delineation was based on a combination of hydrogeological mapping and the topographical
catchment of the borehole. The delineated ZOC has a regional component deriving from the deep conduit
flow system, and potentially a localised component deriving from the perched epikarst system.

e A4.1km? area to the east and northeast of the source has been delineated within the regional scale
flow system. This regional ZOC component reflects a likely potential area from which the actual
abstraction might derive, and which has been prioritised for risk management.

e An area of 0.83 km? ZOC to the west-northwest of the source has been delineated within the
localised epikarst flow system, which may be reaching the borehole via the Old Borehole, which has
not been grouted off or decommissioned. The delineated area conservatively encompasses a
recharge area equivalent to 400% of the current demand of the PWS. If an epikarst component
reaches the abstraction it is considered likely that it would derive from within the delineated area.

The groundwater vulnerability within the overall ZOC (i.e. combined regional and epikarst component areas)
is mapped as Extreme (X) (12%), Extreme (E) (58%), High (20%) and Moderate (10%). This categorisation
will enable the GWS to prioritise areas of risk when auditing or mapping potential hazards, or areas to
investigate if a pollution incident does occur.

The available water quality data show occasional turbid and coloured inputs and intermittent microbial
contamination may indicate some interaction with the karst conduit system. Clostridium perfringens is an
indicator for cryptosporidium and its detection in the treated water suggests a cryptosporidium risk. There
are no cryptosporidium analysis data on record.
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6 Recommendations
Essential

A water-tight, lockable lid should be fitted to the top of the borehole chamber to replace the current, loose
steel lid that sits on top of the concrete-ring, chamber wall.

A 10 m x 10 m compound is recommended to provide sanitary protection for the borehole area.

The cumulative flow reading on the meter should be recorded along with the time and date of the reading on
a weekly basis.

Routine analysis of the untreated or raw water along with the existing analysis of treated water around the
distribution network should be undertaken. It is recommended that this is carried out on a monthly or
quarterly basis for a period of 12 months, and at least once after a rainfall event. If the water quality appears
generally stable during this period then the monitoring could be reduced.

The following water quality parameters are considered essential:

e total and faecal coliforms, pH, alkalinity, turbidity, hardness, electrical conductivity, nitrate, nitrite,
ammonia, iron, manganese, chloride, sodium and potassium.

It is also recommended to analyse for the following parameters:
e clostridium perfringens (cryptosporidium indicator)

e The basic untreated groundwater analytical suite used by the NFGWS in Summer 2014 should be
used for monitoring untreated water quality where more detailed assessments of water quality are
required (see Appendix 4).

Desirable

o The GWS should seek advice with respect to undertaking a cryptosporidium risk assessment for this
supply.

e Tracer testing at surface karst features in the vicinity of the source (Figure 7) would be worthwhile
as a precaution to investigate if there is interaction between the borehole and local point recharge
inputs to the regional scale karst conduit system. If tracing shows the borehole to be connected to
these locations, this will reinforce the need for landuse management if the delineated regional ZOC
component. If tracer tests are to be carried out it may be economical to collaborate with the nearby
Caherlea-Currane GWS in the planning and execution of the tests.

e Comprehensive hazard mapping within the delineated ZOC should be undertaken. The location of
some land use activities within the local area has already been determined. Any risks of
contamination to the supply can be assessed by comparing these to the delineated ZOC and
groundwater vulnerability map (Figure 4).

o If there are any septic tank systems located within 60 m of the source they should be assessed with
a view to possible management/replacement. Any new, replacement system should comply with the
EPA Code of Practice on Wastewater Treatment and Disposal Systems for Single houses.

e The animal watering-trough adjacent to the current source borehole and the cattle-crush in the field
containing the borehole should be re-sited to a different field at locations at least 60 m from the
source borehole.

e The GWS should seek advice with respect to decommissioning the Old Borehole.

e The untreated water rising main should be fitted with a turbidity and associated supply shut-off
threshold and alarm.

11
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e The following EPA guidelines may serve as future useful reference documents for the Rusheens
GWS:

. EPA Drinking Water Advice Note No. 7: Source Protection and Catchment Management to
Protect ([;a]roundwater Sources. Of particular interest would be Section 4.1 — Step 2 — Hazard
Mapping' .

. EPA Drinking Water Advice Note No. 8: Developing Drinking Water Safety Plans. This
document contains checklists for hazards which would assist in hazard mapping within the zocH
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8 Acronyms and glossary of terms

BGL

EPA

DEHLG

EQS

EU

GPz

GSI

GwWB

GWD

GWS

IGI

MOD

MRP

NRG

NRWMC

PVC

SPz

TOT

TVs

uv

Z0C

WFD

Below Ground Level

Environmental Protection Agency
Department of Environment Heritage and Local Government
Environmental Quality Standard
European Union

Groundwater Protection Zone

Geological Survey of Ireland
Groundwater Body

Groundwater Directive (European Union)
Group Water Scheme

Institute of Geologist of Ireland

Metres Ordnance Datum
Molybdate-Reactive Phosphorus
National Grid Reference

National Rural Water Monitoring Committee
Polyvinyl Chloride

Source Protection Zones

Time of Travel

Threshold Values

Ultra-Violet

Zone of Contribution

Water Framework Directive (European Union)
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Glossary of Terms

Aquifer

A subsurface layer or layers of rock, or other geological strata, of sufficient porosity and permeability to allow
either a significant flow of groundwater or the abstraction of significant quantities of groundwater
(Groundwater Regulations, 2010).

Attenuation

A decrease in pollutant concentrations, flux, or toxicity as a function of physical, chemical and/or biological
processes, individually or in combination, in the subsurface environment.

Borehole
A particular type of well - a narrow hole in the ground constructed by a drilling machine in order to gain
access to the groundwater system.

Conceptual Hydrogeological Model

A simplified representation or working description of how a real hydrogeological system is believed to
behave on the basis of qualitative analysis of desk study information, field observations and field data.

Confined Aquifer

A confined aquifer occurs where the aquifer is overlain by low permeability “confining” material. Once all the
void space in the aquifer is full of water up to the confining layer, the addition of more water to the aquifer
causes the stored water to become pressurised and, the additional water is stored by compression, sealed in
by the overlying confining layer (the water is added upgradient where the confining layer is absent). Where a
borehole punctures the confining layer, the water will rise up into the borehole to equalise the confining
pressure.

Diffuse Sources

Diffuse sources of pollution are spread over wider geographical areas rather than at individual point
locations. Diffuse sources include general land use activities and landspreading of industrial, municipal
wastes and agricultural organic and inorganic fertilisers.

Direct Input

An input to groundwater that bypasses the unsaturated zone (e.g. direct injection through a borehole) or is
directly in contact with the groundwater table in an aquifer either year round or seasonally.

Doline

Or enclosed depressions are relatively shallow bowl or funnel shaped depressions that form in karst
landscapes, and serve to funnel or concentrate recharge underground. Their presence indicates that
subterranean drainage is in operation.

Dolomitisation

Is a process, whereby the calcite crystals in limestone is replaced by magnesium. This results in an increase
in the porosity and permeability of the rock. Dolomitised rocks are a highly weathered, yellow/orange/brown
colour and are usually evident in boreholes as loose yellow-brown sand with significant void space and poor
core recovery. Dolomitisation often occurs preferentially in both fault zones and purer limestones.

Down-gradient
The direction of decreasing groundwater levels, i.e. flow direction. Opposite of upgradient.

Dry Weather Flow (Receiving Water)
The minimum flow likely to occur in a surface water course during a prolonged drought.

Environmental Quality Standard (EQS)

The concentration of a particular pollutant or group of pollutants in a receiving water which should not be
exceeded in order to protect human health and the environment.

Enclosed Depression
See doline
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Fissure
A natural crack in rock which allows rapid water movement.

Good Groundwater Status

Achieved when both the quantitative and chemical status of a groundwater body are good and meet all the
conditions for good status set out in Groundwater Regulations 2010, regulations 39 to 43.

Groundwater

All water which is below the surface of the ground in the saturation zone and in direct contact with the ground
or subsoil (Groundwater Regulations, 2010).

Groundwater Body (GWB)

A volume of groundwater defined as a groundwater management unit for the purposes of reporting to the
European Commission under the Water Framework Directive. Groundwater bodies are defined by aquifers
capable of providing more than 10 m3/d, on average, or serving more than 50 persons.

Groundwater Protection Scheme (GWPS)

A scheme comprising two principal components: a land surface zoning map which encompasses the
hydrogeological elements of risk (of pollution); and a groundwater protection response matrix for different
potentially polluting activities (DELG/EPA/GSI, 1999).

Groundwater Protection Responses (GWPR)

Control measures, conditions or precautions recommended as a response to the acceptability of an activity
within a groundwater protection zone.

Groundwater Protection Zone (GPZ)

A zone delineated by integrating aquifer categories or source protection areas and associated vulnerability
ratings. The zones are shown on a map, each zone being identified by a code, e.g. SO/H (outer source area
with a high vulnerability) or Rk/E (regionally important karstified aquifer with an extreme vulnerability).
Groundwater protection responses are assigned to these zones for different potentially polluting activities.

Groundwater Recharge

Two definitions: a) the process of rainwater or surface water infiltrating to the groundwater table; b) the
volume (amount) of water added to a groundwater system.

Groundwater Resource

An aquifer capable of providing a groundwater supply of more than 10 m3/d as an average or serving more
than 50 persons.

Hydraulic Conductivity

The rate at which water can move through a unit volume of geological medium under a potential unit
hydraulic gradient. The hydraulic conductivity can be influenced by the properties of the fluid, including its
density, viscosity and temperature, as well as by the properties of the soil or rock.

Hydraulic Gradient

The change in total head of water with distance; the slope of the groundwater table or the piezometric
surface.

Igneous
Igneous rock is formed through the cooling and solidification of magma or lava.

Indirect Input

An input to groundwater where the pollutants infiltrate through soil, subsoil and/or bedrock to the
groundwater table.

Input
The direct or indirect introduction of pollutants into groundwater as a result of human activity.
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Karst

A distinctive landform characterised by features such as surface collapses, sinking streams, swallow holes,
caves, turloughs and dry valleys, and a distinctive groundwater flow regime where drainage is largely
underground in solutionally enlarged fissures and conduits.

Karstification

Karstification is the process whereby limestones are slowly dissolved by acidic waters moving through them.
This results in the development of an uneven distribution of permeability with the enlargement of certain
fissures at the expense of others and the concentration of water flow into these high permeability zones.
Karstification results in the progressive development of distinctive karst landforms such as caves, swallow
holes, sinking streams, turloughs and dry valleys, and a distinctive groundwater flow regime. It is an
important feature of Irish hydrogeology.

Pathway

The route which a particle of water and/or chemical or biological substance takes through the environment
from a source to a receptor location. Pathways are determined by natural hydrogeological characteristics
and the nature of the contaminant, but can also be influenced by the presence of features resulting from
human activities (e.g., abandoned ungrouted boreholes which can direct surface water and associated
pollutants preferentially to groundwater).

Permeability

A measure of a soil or rock's ability or capacity to transmit water under a potential hydraulic gradient
(synonymous with hydraulic conductivity).

Point Source

Any discernible, confined or discrete conveyance from which pollutants are or may be discharged. These
may exist in the form of pipes, ditches, channels, tunnels, conduits, containers, and sheds, or may exist as
distinct percolation areas, integrated constructed wetlands, or other surface application of pollutants at
individual locations. Examples are discharges from waste water works and effluent discharges from industry.

Pollution

The direct or indirect introduction, as a result of human activity, of substances or heat into the air, water or
land which may be harmful to human health or the quality of aquatic ecosystems or terrestrial ecosystems
directly depending on aquatic ecosystems which result in damage to material property, or which impair or
interfere with amenities and other legitimate uses of the environment (Groundwater Regulations, 2010).

Poorly Productive Aquifers (PPAs)

Low-yielding bedrock aquifers that are generally not regarded as important sources of water for public water
supply but that nonetheless may be important in terms of providing domestic and small community water
supplies and of delivering water and associated pollutants to rivers and lakes via shallow groundwater
pathways.

Preferential Flow

A generic term used to describe water movement along favoured pathways through a geological medium,
bypassing other parts of the medium. Examples include pores formed by soil fauna, plant root channels,
weathering cracks, fissures and/or fractures.

Saturated Zone

The zone below the water table in an aquifer in which all pores and fissures and fractures are filled with
water at a pressure that is greater than atmospheric.

Soil (topsoil)
The uppermost layer of soil in which plants grow.

Source Protection Area

The catchment area around a groundwater source which contributes water to that source (Zone of
Contribution), divided into two areas; the Inner Protection Area (SI) and the Outer Protection Area (SO). The
Sl is designed to protect the source against the effects of human activities that may have an immediate
effect on the source, particularly in relation to microbiological pollution. It is defined by a 100-day time of
travel (TOT) from any point below the water table to the source. The SO covers the remainder of the zone of
contribution of the groundwater source.

16



Geological Survey of Ireland
Rusheens GWS Zone of Contribution

Specific Yield
The specific yield is the volume of water that an unconfined aquifer releases from storage per unit surface
area of aquifer per unit decline of the water table.

Spring

A spring is a natural feature where groundwater emerges at the surface. Springs usually occur where the
rate of flow of groundwater is too great to remain underground. The position of a springs usually reflects a
change in soil or rocktype or a change in slope.

Subsoil
Unlithified (uncemented) geological strata or materials beneath the topsoil and above bedrock.

Surface Water

An element of water on the land‘s surface such as a lake, reservoir, stream, river or canal. Can also be part
of transitional or coastal waters. (Surface Waters Regulations, 2009.).

Swallow Hole
The point where concentrated inflows of water sink underground. They are found in karst environments.

Threshold Values (TVs)

Chemical concentration values for substances listed in Schedule 5 of the Groundwater Regulations (2010),
which are used for the purpose of chemical status classification of groundwater bodies.

Till
Unsorted glacial Sediment deposited directly by the glacier. It is the most common Quaternary deposit in
Ireland. Its components may vary from gravel, sands and clays.

Transmissivity

Transmissivity is the product of the average hydraulic conductivity of the aquifer and the saturated thickness
of the aquifer.

Unsaturated Zone

The zone between the land surface and the water table, in which pores, fractures and fissures are only
partially filled with water. Also known as the vadose zone.

Vulnerability

The intrinsic geological and hydrogeological characteristics that determine the ease with which groundwater
may be contaminated by human activities (Fitzsimmons et al, 2003).

Water Table
The uppermost level of saturation in an aquifer at which the pressure is atmospheric.

Weathering
The breakdown of rocks and minerals at the earth's surface by chemical and physical processes.

Zone of Contribution (ZOC)
The area surrounding a pumped well or spring that encompasses all areas or features that supply

groundwater to the well or spring. It is defined as the area required to support an abstraction and/or overflow
(in the case of springs) from long-term groundwater recharge.
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Figure 1: Location Map (OSi Discovery Series Map. 1:50,000 Scale)
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Figure 4: Groundwater Vulnerability Map
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Borehole Log
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Groundwater Vulnerability
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Introduction

The term ‘vulnerability’ is used to represent the intrinsic geological and hydrogeological characteristics that
determine the ease with which groundwater may be contaminated by human activities (DELG et al., 1999).
The vulnerability of groundwater depends on:
e the time of travel of infiltrating water (and contaminants)
o the relative quantity of contaminants that can reach the groundwater
e the contaminant attenuation capacity of the geological materials through which the water and
contaminants infiltrate.

All groundwater is hydrologically connected to the land surface; the effectiveness of this connection
determines the relative vulnerability to contamination. Groundwater that readily and quickly receives water
(and contaminants) from the land surface is more vulnerable than groundwater that receives water (and
contaminants) more slowly and in lower quantities. The travel time, attenuation capacity and quantity of
contaminants are a function of the following natural geological and hydrogeological attributes of any area:

o the type and permeability of the subsoils that overlie the groundwater

e the thickness of the unsaturated zone through which the contaminant moves

e the recharge type — whether point or diffuse.

In other words, vulnerability is based on evaluating the relevant hydrogeological characteristics of the
protecting geological layers along the pathway, and the possibility of bypassing these layers. In summary,
the entire land surface is divided into four vulnerability categories: Extreme, High, Moderate and Low, based
on the geological and hydrogeological characteristics. Further details of the hydrogeological basis for
vulnerability assessment can be found in ‘Groundwater Protection Schemes’ (DELG et al., 1999).

The Groundwater Vulnerability Map shows the vulnerability of the first groundwater encountered, in either
sand/gravel or bedrock aquifers, by contaminants released at depths of 1-2 m below the ground surface.
Where the water-table in bedrock aquifers is below the top of the bedrock, the target needing protection is
the water-table. However, where the aquifer is fully saturated, the target is the top of the bedrock. The
vulnerability map aims to be a guide to the likelihood of groundwater contamination, if a pollution event were
to occur. It does not replace the need for site investigation. Note also that the characteristics of individual
contaminants are not considered.

Except where point recharge occurs (e.g. at swallow holes), the groundwater vulnerability depends on the
type, permeability and thickness of the subsoil.

The groundwater vulnerability map is derived by combining the permeability and depth to bedrock maps,
using the three subsoil permeability categories: high, moderate and low; and four depths to rock categories:
<3m, 3-5m, 5-10m and >10m. The resulting vulnerability classifications are shown in Table 1.

Table 1 Vulnerability mapping guidelines (adapted from DELG et al, 1999)

Thickness of Hydrogeological Requirements for Vulnerability Categories
. Diffuse Recharge Point Recharge | Unsaturated
Overlying Zone
Subsoils . —
Subsoil permeability and type
High moderate low permeability | (swallow holes, | (sand & gravel
permeability permeability (clayey subsoil, | losing streams) aquifers only)
(sand/gravel) (sandy subsoil) | clay, peat)
0-3m Extreme Extreme Extreme Extreme Extreme
(30 m radius)
3-5m High High High N/A High
5-10 m High High Moderate N/A High
>10m High Moderate Low N/A High
Notes: (i) N/A = not applicable.
(i) Release point of contaminants is assumed to be 1-2 m below ground surface.
(iii) Permeability classifications relate to the engineering behaviour as described by BS5930.
(iv) Outcrop and shallow subsoil (i.e. generally <1.0 m) areas are shown as a sub-category of extreme vulnerability
(amended from Deakin and Daly (1999) and DELG/EPA/GSIa (1999))
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Sources of Vulnerability Data

Specific vulnerability field mapping and assessment of previously collected data were carried out as part of
this project. Fieldwork focused on assessing the permeability of the different subsoil deposit types (Figure 3),
so that they could be subdivided into the three permeability categories. This involved:

Describing selected exposures/sections according to the British Standard Institute Code of Practice
for Site Investigations (BS 5930:1999).

Collection of subsoil samples for laboratory particle size analyses

Assessing the recharge characteristics of selected sites using natural and artificial drainage,
vegetation and other recharge indicators.

The following additional sources of data were used to assess the vulnerability and produce the map:

Subsoils Map (EPA/Teagasc Subsoil Map, 2006), which is the basis for the main permeability
boundaries. ‘Clean’ sands and gravels are usually high permeability. Alluvium deposits are either
moderate or low permeability.

Depth to bedrock map, compiled by the mapping team for the current project in the Geological
Survey of Ireland, using data compiled from GSI, consultant and county council reports, along with
purpose-drilled auger holes

Geological Survey of Ireland Bedrock Geology Map

Geological Survey of Ireland well and karst database, which supplied information on well yields and
depth to bedrock, as well as locations of point recharge.

General Soils Map of Ireland (Gardiner and Radford, 1980). This gives additional, indirect
information on subsoil permeability in the areas mapped by Teagasc as ‘ill’.

Thickness of the Unsaturated Zone

The thickness of the unsaturated zone, or the depth of ground free of intermittent or permanent saturation, is
only relevant in vulnerability mapping over unconfined sand and gravel aquifers. As described in Table 6.1, the
critical unsaturated zone thickness is 3m; unconfined gravels with unsaturated zones thicker than 3m are
classed as having a ‘high’ vulnerability, while those with unsaturated zones thinner than 3m are classed as
having an ‘extreme’ vulnerability.
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Introduction

The term ‘recharge’ refers to the amount of water replenishing the groundwater flow system. The recharge rate is generally estimated on an annual basis, and is
assumed to consist of the rainfall input (i.e. annual rainfall) minus water loss prior to entry into the groundwater system (i.e. annual evapotranspiration and
runoff). The estimation of a realistic recharge rate is critical in source protection delineation, as this dictates the size of the zone of contribution to the source (i.e.
the outer Source Protection Area).

The main parameters involved in the estimation of recharge are: annual rainfall; annual evapotranspiration; and a recharge coefficient (Table 1). The recharge
coefficient is estimated using Guidance Document GW5 (Groundwater Working Group 2005).

Table 2: Recharge coefficients for different hydrogeological settings.
Vulnerability Hydrogeological setting Recharge coefficient (rc)
category Min (%) Inner Range Max (%)*
Extreme 1. Areas where rock is at ground surface 60 80-90 100
1. Sand/gravel overlain by ‘well drained’ soil 60 80-90 100
Sand/gravel overlain by ‘poorly drained’ (gley) soil
1.iii Till overlain by ‘well drained’ soil 45 50-70 80
1.iv Till overlain by ‘poorly drained’ (gley) soil 15 25-40 50
1.v Sand/ gravel aquifer where the water table is < 3 m below surface 70 80-90 100
1.vi Peat 15 25-40 50
High 2.i Sand/gravel aquifer, overlain by ‘well drained’ soil 60 80-90 100
2.ii High permeability subsoil (sand/gravel) overlain by ‘well drained’ soil 60 80-90 100
2.iii High permeability subsoil (sand/gravel) overlain by ‘poorly drained’ soil

2.iv Moderate permeability subsoil overlain by ‘well drained’ soil 35 50-70 80
2.v Moderate permeability subsoil overlain by ‘poorly drained’ (gley) soil 15 25-40 50
2.vi Low permeability subsoil 10 23-30 40
2.vii Peat 0 5-15 20
Moderate 3. Moderate permeability subsoil and overlain by ‘well drained’ soil 25 30-40 60
3.ii Moderate permeability subsoil and overlain by ‘poorly drained’ (gley) soil 10 20-40 50
3.iii Low permeability subsoil 5 10-20 30
3.iv Basin peat 0 3-5 10
Low 4. Low permeability subsoil 2 5-15 20
4.ii Basin peat 0 3-5 10
High to Low 5.i High Permeability Subsoils (Sand & Gravels) 60 85 100
5.ii Moderate Permeability Subsoil overlain by well drained soils 25 50 80
5.iii Moderate Permeability Subsoils overlain by poorly drained soils 10 30 50
5.iv Low Permeability Subsoil 2 20 40
5.v Peat 0 5 20

Acknowledgement: many of the recharge coefficients in this table are based largely on a paper submitted by Fitzsimons and Misstear (in press).
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Rusheens GWS Borehole Untreated Water Quality Data
Rusheens GWS Borehole Treated Water Quality Data

Untreated Groundwater Quality Monitoring Parameter Suite
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Rusheens GWS - Untreated Water Quality 2000 to 2014

Parameter Colour Turbidity Conductivity pH Ammonia Nitrate Nitrite Aluminium Iron Manganese | Total Coliform Faecal Coliform BOD
Units Hazen NTU uS/cm 6to9 mgN/I mgN/I mgN/I ug/| ug/| ug/| cfu/100ml cfu/100ml mg/|
SI2780f 2007 - DWS 20 Hazen 4 1500 6to9 0.23 11.3 0.15 200 200 50 0/100ml 0/100ml
Nov-00 2.5 <0.01 730 6.65 0.1 1 0.05 <4 5 <6 <1 <1
Dec-00 5 <0.01 705 6.88 0.2 1.6 0.05 <4 <5 <6 1 <1
Jan-01 5 0.88 737 6.99 0.1 2 0.05 7 6 <6 <1 <1
Feb-01 5 0.54 766 6.89 0.1 2 0.05 <4 15 <6 <1 <1
May-01 5 0.63 775 6.75 0.1 0.8 0.004 11 9 <6 30 13
Jun-01 7.5 0.4 744 6.8 0.2 1.8 0.002 11 6 <6 12 5
Jul-01 2.5 0.44 754 7.09 0.1 8.1 0.003 <4 <5 <6 9
Aug-01 2.5 0.33 770 7.14 0.1 2.2 0.008 8 <5 <6 100 25
Sep-01 5 <0.01 741 7.09 0.15 15 0.004 8 7 6 79 2
Oct-01 2.5 0.85 729 7.2 <0.1 2.4 0.001 26 31 <6 211 62
Nov-01 5 2.81 780 7.14 <0.1 2.4 0.007 28 27 7 8 5
24-Jul-14 11 mg/l pt Co 0.4 599 7.1 <0.008 1.29 <0.005 18 62 <5 5 5 <1
Count 12 12 12 12 12 12 12 12 12 12 12 12 1
Average 43 0.8 736 7.0 0.13 2.3 0.02 14.6 19 7 51 16 <1
Max 7.5 2.8 780 7.2 0.20 8.1 0.05 28.0 62 7 211 62 0.0
Min 2.5 0.3 599 6.7 <0.1 0.8 0.001 7.0 5 6 <1 <1 0.0
Copper,
Parameter CoD Alkalinity Sodium, Total | Chloride | Dissolved O2 | Potassium, Total | Hardness, Total | Magnesium Total Silica Sulphate Orthophosphate | Calcium, Total | Dissolved
Units mg/| mg/l as CaCO3 mg/| mg/| % Sat mg/| mg/l as CaCO3 mg/| mg/l as Si02 mg/| mg/| as PO4-P mg/| ug/|
SI2780f 2007 - DWS 200 250 250 2000
Nov-00
Dec-00
Jan-01
Feb-01
May-01
Jun-01
Jul-01
Aug-01
Sep-01
Oct-01
Nov-01
24-Jul-14 <10 351 14 20.4 32 4 372 8 2.05 13.6 0.035 103 3
Count 1 1 1 1 1 1 1 1 1 1 1 1 1
Average <10 351 14 20.4 32.0 4.0 372 8 2.1 13.6 0.035 103 3
Max 0.0 351 14 20.4 32.0 4.0 372 8 2.1 13.6 0.035 103 3
Min 0.0 351 14 20.4 32.0 4.0 372 8 2.1 13.6 0.035 103 3
Chromium, Nickel, Cadmium, Arsenic, Barium, Clostridium Potassium:
Parameter Lead, Dissolved Dissolved Dissolved Dissolved Dissolved Zinc, Dissolved Dissolved TOC Perfringens Strontium Fluoride Sodium
Units ug/| ug/| ug/| ug/| ug/| ug/| ug/| mg/| cfu/100ml ug/| mg/| Ratio
SI2780f 2007 - DWS 10 50 20 5 10 NAC 0.8
Nov-00
Dec-00
Jan-01
Feb-01
May-01
Jun-01
Jul-01
Aug-01
Sep-01
Oct-01
Nov-01
24-Jul-14 <0.5 <0.5 4 <0.5 <0.5 6 33 3.19 0 453 0.2 0.17
Count 1 1 1 1 1 1 1 1 1 1 1 1
Average <0.5 <0.5 4 <0.5 <0.5 6 33 3.19 0 453 0.2 0.17
Max 0 0.0 14 20.4 0.0 4 33 3.2 0 453 0.2 0.17
Min 0 0.0 14 20.4 0.0 4 33 3.2 0 453 0.2 0.17
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Rusheens GWS Drinking Water Quality - Treated Water Quality 2002 to 2014

Date 22/01/2002 03/09/2002 15/04/2004 08/07/2004 14/10/2004 05/04/2005 24/08/2005 09/11/2005 13/12/2005
S1Z780T
2007 -
Location Units (Assumed) DWS Count|  Average Max Min| Ryder's House, |Eithne Skyrnes House Silke's DH Mattie Murphy | Silkes House Silkes House
1,2-dichloroethane ug/| 3 8 0.05 0.10 0.00 <0.06
Acrylamide 0
Aluminium ug/| 200 19 37.04 241.00 0.00 <0.006 <0.006 0.006 <5
Ammonium mg/| 0.3 26 0.03 0.09 0.00 <0.025 <0.025 <0.01 <0.01 0.04 <0.0089 <0.025 <0.025 <0.025
Antimony ug/| 5 6 0.06 0.11 0.00 <0.17
Arsenic ug/| 10 8 0.42 0.60 0.30 <0.12
Benzene ug/| 1 8 0.05 0.10 0.00 <0.09
Benzo(a)pyrene ug/| 0.01 8 0.00 0.00 0.00 <0.003
Boron mg/I 1 8 0.05 0.23 0.00 0.23
Bromate ug/| 10 8 0.50 1.00 0.00 <11
Cadmium ug/| 5 8 0.15 0.30 0.10 <0.44
Chloride mg/| 250 8 19.55 24.20 17.20 24.2
Chromium ug/ 50 8 0.66 1.30 0.00 <0.9
Clostridium Perfringens no/100 ml 0 21 1.00 18.00 0.00 0 0 0 0
Coliform Bacteria no/100 ml 0 24 14.52 201.00 0.00 105 201 0 0 0 0 0 0
Colony Count @ 22°C no/100 ml 2 17.00 18.00 16.00 18
Colour AC & NAC 26 4.19 7.80 0.00 33 2.3 7.5 25 25 5.6 4.6 5.5 7.8
Conductivity uS/cm 2500 26 674.80 812.00 610.00 739 812 644 690 662 716 668 663 674
Copper mg/I 2 6 0.07 0.17 0.00 0.064
Cryptosporidium 2 0.00 0.00 0.00
Cyanide ug/| 50 6 2.50 5.00 0.00 <5
E. coli no/100 ml 0 24 18.21 201.00 0.00 24 201 0 1 0 0 0 0
Enterococci no/100 ml 0 9 2.86 20.00 0.00 0
Epichlorohydrin 2 0.00 0.00 0.00
Fluoride mg/I 0.8 8 0.32 0.84 0.14 0.84
Free Chlorine mg/| 8 0.24 0.45 0.00
Giardia 2 0.00 0.00 0.00
Hardness mg/l as CaCO3 3 377.00 377.00 377.00
Iron ug/| 200 26 18.57 64.00 0.00 <50 <50 <6 24 6 <6 <50 <50 <50
Lead ug/! 25 (10) 8 1.35 2.00 0.57 <2.2
Manganese ug/l 50 24 7.47 20.00 0.00 <20 <20 <2 8 2 <0.9 <20 <20 <20
Mercury ug/| 1 8 0.01 0.02 0.00 <0.046
Nickel ug/| 20 9 2.29 4.10 1.23 <2
Nitrate mg/I 50 24 12.05 17.50 7.80 14.5 10.9 14.8 10.9 16.8 14.4 8.2 13.6 13.5
Nitrite (at tap) mg/| 0.5 26 0.01 0.04 0.00 <0.020 <0.020 0.002 <0.001 0.014 <0.006 <0.020 <0.020 <0.020
Nitrites (at WTW) 0
Odour AC & NAC 23 0.00 0.00 0.00 None None None None None None
Oxidisability 2 0.00 0.00 0.00
PAH ug/| 0.1 6 0.01 0.01 0.00 <0.01
Pesticides - Total ug/| 0.5 6 0.01 0.01 0.00 <0.01
pH [-] 6.5-9.5 26 7.13 7.80 6.90 7.1 6.9 6.93 7.17 7.09 7.1 7.4 7.2 7.2
Selenium ug/| 10 8 1.23 1.96 0.29 1.65
Sodium mg/I 200 6 12.70 17.90 10.47 17.9
Sulphate mg/! 250 8 12.09 19.20 8.01 19.2
Taste AC & NAC 9 0.00 0.00 0.00 None
Tetrachloroethene & Trichloroethene ug/| 10 10 1.72 5.00 0.00 <0.18
Total Chlorine 3 0.52 0.52 0.52
Total Indicative Dose 2 0.00 0.00 0.00
Total Organic Carbon mg/I NAC 8 2.56 3.50 1.60 3.07
Trihalomethanes(Total) ug/| 100 16 11.36 20.15 5.00 18.36 8 5
Tritium 2 0.00 0.00 0.00
Turbidity (at tap) NTU AC & NAC 26 0.80 4.40 0.00 0.3 0.48 <0.01 <0.01 0.01 0.4 1 0.5 0.4
Turbidity (at WTW) 0
Vinyl Chloride 2 0.00 0.00 0.00
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Rusheens GWS Drinking Water Quality - Treated Water Quality 2002 to 2014

31/08/2006 16/11/2006 28/08/2007 11/10/2007 29/11/2007 03/07/2008 23/07/2008 02/09/2008 21/04/2009 07/05/2009 28/09/2009 13/04/2010 07/10/2010 14/12/2010 17/06/2011 13/07/2011 10/11/2011
David Tierney Paddy ReiIIy Brian Murphys House [ Paddy Joe Reillys house | Paddy Joe Reillys House | Tierneys Private House| Tierneys Private House | Paddy Joe Reillys House. [ Tierneys Private House | Paddy Joe Reillys House. | Paddy Joe Reillys House. | Paddy Joe Reillys House. | Paddy Joe Reillys House. | Tierneys Private House| Patrick O Dea Rusheens| Paddy Joe Reillys House. | Stephen Durrane Rusheens Tuam
<0.1 0.1 0.1 0 0
47.8 100 12.5 241 5 20 20 0 0 56.3 6 0 10
<0.03 <0.03 0.079 <0.03 <0.03 0.06 0.089 0.03 0.009 0.03 0.03 0.03 0 0 0.03 0 0.011
0.1 0.1 0.1 0 0
0.4 0.3 0.301 0.508 0.6
<0.1 0.1 0.1 0 0
<0.003 0.003 0.003 0 0
0.02 0.02 0.02 0 0
<1 1 1 0 0
0.2 0.1 0.1 0.106 0.3
19.3 18.5 194 17.2 18.7
13 1 1 0 0
0 0 18 0 0 1 0 0 0 0 0 0 0 0 0
0 10 18 >201 0 0 0 0 0 0 0 0 0 0 0 0
16
3.8 4.5 4.7 29 3.8 4 5.57 7.3 2.99 6.5 2 6.6 2.3 4.4 6 0 0
680 663 690 680 662 654 689 677 671.9 694 706 620 610 627 620 674 659
0.038 0.000263 0.17 0.152 0.021
<5.0 5 5 0 0
0 2 8 201 0 0 0 0 0 0 0 0 0 0 0 0
0 20 0 0 0 0
0.26 0.14 0.14 0.26 0.3
0 0.28 0.25 0.14 0.32 0.45
377
<50 <50 <5.0 <50 <50 50 5 64 7.567 50 20 0 0 8.42 13 0 12
1.6 1.7 0.899 0.573 2
<20 <20 1.7 <20 <20 20 4.4 20 1 20 20 0 0 0 0
<0.02 0.02 0.02 0 0
<0.5 2.7 1.232 4.1 1.296 2.1
10.7 12.5 13.16 10.9 17.5 12.2 111 10.3 10.7 10.8 8.7 7.8 16.5 7.86 10.9
<0.02 <0.02 <0.043 <0.02 <0.02 0 0.000043 0 0.043 0.02 0.02 0 0 0 0 0 0
0 0 None None None 0 0 0 0 0 0 0 0 0 0 0 0
<0.01 0.01 0.01 0 0
<0.01 0.01 0.01 0 0
7.2 6.9 7.1 7 7 7.2 7.8 7 7.4 7 7 7.2 7 7.3 7 7.1 7
0.5 1.8 0.291 1.957 1.2
115 10.47 13.75 10.79 11.8
8.4 9.7 8.01 17.3 9.9
0 0 0 0 0 0
<0.2 <5 <5 5 0.2 5 0.1 0 0
0.52
23 3.5 1.6 3.17 1.74
5 <10 <5.0 <10 <10 10 5 10 17.7 144 20.15
0.3 0.5 0.72 1 0.8 1.9 3.44 4.4 0.91 0.4 0.2 0.2 0.6 0.148 0.4 0 0.3
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Raw Water Analysis Parameters Required for ZOC Delineation

Turbidity

pH

Conductivity @20C

Alkalinity, total

Sodium, total

Chloride

Ammonium as NH4

Nitrate as NO3

Dissolved Oxygen (%)

Iron, total

Potassium, total

Total Hardness (Kone)

Magnesium, total

Colour, apparent

Sulphate

Orthophosphate as PO4-P

Manganese, total

Calcium, total

TOC

E coli (Filtration) (Environmental Waters)

Total Coliforms (Filtration) (Environmental Waters)

Optional Extras:

Additional metals: Al, As, Cd, Cr, Cu, Pb, Ni, Zn, Ba, Sr

Fluoride (by lon Selective Electrode)

Nitriteas N

Silica

BOD (incl. separate COD analysis prior to BOD),

Clostridium perfringens

Onsite filtration kit is required for additional metals consisting of ziplock bag containing
luer/lock syringe for trace metals, 0.45um syringe filter, 50ml sample tube)

Note: Sampler needs to wear clean pair of powder free gloves before touching any of the
items in the bag to prevent cross contamination.
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APPENDIX 5

Regional Hydrogeology Summary
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1 The Study Area

The group water schemes (GWS) at Claretuam, Belclare, Rusheens, Anbally and Carheenlea are under
consideration for this study. They are located in central Galway between Tuam and Claregalway (Figure A).

2 Historical Drainage and Regional Scale Groundwater Flow

The present day drainage system within the study area has been greatly altered by artificial drainage works
over the last 150 years. The original, natural, drainage system that existed in the area in the late 1700s is
shown in Figure B (Coxon and Drew, 1983), which shows the entire Clare River sinking to groundwater. The
current altered state of the drainage system in comparison to the condition in the late 1700s is shown in
Figure C. Handwritten notes on the GSI 6” historical field sheets for the area indicate that the Clonkeen Lake
area is “rarely flooded since Board of Works Operations in 1848”.

The artificial drainage was intensified by an OPW arterial drainage scheme in the 1950s and 1960s, which
was designed to provide basic conditions for increased crop production and improvement of stock by
drainage of 135,000 km® of wetlands for agricultural use (Ryan Hanley, 2010). The scheme involved
continuous channel excavation along the whole length of the Clare River involving deepening and widening
or both, and creating the deep rock cuts at Lackagh, Corofin and Conagher (above Milltown)
(Ryan Hanley, 2010).

In large river catchments groundwater within the river catchment is expected to flow towards the river and
discharge to it as baseflow. This may be only partly true for the Clare River within the study area due to the
strong interaction that evolved between the original drainage system and the underlying karstified
limestone bedrock aquifer (Box 1). The following paragraphs elucidate this point.

Box 1. Bedrock Aquifer

The limestone bedrock aquifer in the study area is
classified as a Regionally Important Karstified
Aquifer dominated by Conduit Flow (Rk.). These
rocks are generally devoid of intergranular
permeability. Groundwater flows through fissures,
faults, joints and bedding planes. In the pure
bedded limestones which occur in the study area
these openings are enlarged by Kkarstification
(i.e..rock gets dissolved by the flowing
groundwater) which significantly enhances the
permeability of the rock. Most groundwater flows
in a highly permeable epikarst (Box 2) layer a
couple of metres thick at the top of the rock, and in
a zone of interconnected Kkarstification-enlarged
fissures and conduits that extends approximately
30 m below this. Deeper inflows can occur in areas
associated with faults or dolomitisation (i.e.

Box 2. Epikarst

Epikarst is likely to form at the top of the limestone
aquifer wherever rock is close to surface or where
permeable subsoils occur, such that rainfall
infiltrates freely. The epikarst can be visualised as a
perched aquifer system channelling infiltrating
water to points of entry into the deeper
groundwater flow system (CDM, 2012). The water
penetrates vertically where vertical fissures occur.
The water flow enlarges the fissures in a positive
feedback loop which creates preferential vertical
flow paths. Deeper Underground, the waters from
the preferential vertical pathways and any networks
of smaller fissures unite to form small streams and
in turn these join and excavate correspondingly
large conduits and even cave systems.

magnesium limestone) (GSI, 2004). Extensive karst conduit systems exist in the

limestone bedrock in the study area, as exemplified
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by the Ballyglunin Cave system. The mapping of this system indicates conduit development along north to
south and west to east joint sets, with an overall dip to the west (Drew and Daly, 1993).

Overall, groundwater flow will be westwards towards the River Clare and L. Corrib, but the highly karstified
nature of the bedrock means that locally groundwater flow directions can be highly variable (GSI, 2004). Dye
tracing tests between swallow holes and springs within the study area show that groundwater can flow
across the surface water divides and beneath surface water channels, e.g. the traced groundwater
connection between Ballyglunin Cave and Aucloggeen Spring, which passes underneath both the Abbert and
Clare Rivers (Drew & Daly, 1993). Connections proven by dye traces between swallow holes and springs in

III

the study area are shown in Figure D. Details of the individual “tracer-tests” are also shown on Figure D.
The flow paths exemplified by these tests are regional in scale, e.g. Ballyglunin to Aucloggeen is a straight
line distance of 9.6 km. High groundwater flow velocities occur along the corresponding karst conduits. The
data provided on Figure D indicates that groundwater velocity from traces bearing north to south range from
6 m/hr to 35 m/hr (144 to 840 m/d) whereas traces bearing east to west have velocities ranging from
15 m/hr to 200 m/hr (360 to 4800 m/d). Regionally the data suggest that velocities are larger in the east to
west direction compared to the north south direction (GSI, 2004). By inference, conduit sizes follow the

same trend.

Figure D shows a strong correlation between the tracer-tests proving east to west connections, and areas
where the current Clare River did not exist under the original drainage system, i.e. Clonkeen Lake and
Turloughmore. In these areas, in line with the tracer-test results, it seems likely that the original drainage
system had evolved underground drainage pathways which allowed water to drain westwards along
preferential karst conduit pathways from Clonkeen and Turloughmore/Ballyglunin to Lough Corrib. The fact
that these pathways have been proven by tracer-tests under the modern drainage regime shows that the
pathways are still active in the present day.

In terms of the hydraulic connectivity of the modern Clare River system and the underlying bedrock aquifer
therefore, the conventional model of discharge of groundwater as baseflow to the river is unlikely to provide
the full picture.

It is expected that with the OPW arterial drainage works, extensive hydraulic continuity may have been
established between the Clare River and the underlying limestone bedrock aquifer, particularly where deep
rock cuts were made. It is likely that this hydraulic continuity is chiefly between the river and the epikarst
layer at the top of the bedrock. As such, it is likely that the Clare River may act as a drain for the epikarst
layer, with the epikarst saturated to at least the elevation of the river. The saturated epikarst will still be
connected to the underlying deep karst conduit system by preferential vertical infiltration points (Box 2).

When the water pressure in the conduit system is lower than in the epikarst, the shallow groundwater will
drain down to the deeper system, while (presumably) simultaneously draining laterally to the Clare River.
Where the Clare River bed intersects a swallow hole from the original Clonkeen Lake or Turloughmore
systems, some river water is also likely to sink down to the deep conduit system. When the pressures are
reversed the deep conduit system is likely to discharge some groundwater to the epikarst and river via the
same pathways, in reverse. In both scenarios, the deep conduit system is likely to continue discharging
westwards at depth towards the lowest head in the system at Lough Corrib, irrespective of the type of
interaction with the overlying shallow groundwater and river catchments.




120000 125000 130000 135000 180000 145000 150000
1 | I

W LT e ke e e e
Id InputName OutputName Result | FlowRate
2 | Moylough Castie Sink Iid Galway PWS Positive | 739 m/d
5 | Brierfield North Doline Poliifrinn Spring Marginal
6 | Loch na Lasrach Swalow Hole Iid Galway PWS Positive | 1544 m/d
7 | Loch na Lasrach Swallow Hole Poliifrinn Spring Positive | 1544 m/d . g
9 | Windfield Demense Doline Mid Galway PWS Positive b
-1 10 | Ballynamona Swallow Hole Barnaderg GWS Positive » 5 ”.' ';
11 | Tullaghaun Swallow Hole #1 Gortgarrow Spring P Positive | 1080 m/d . T y ¢ - :
|,
AN
| .‘

PR N T b T “ =

5 , Claretuam GWS .
et Y7 1 Bekl \ S
£ Bereons
. + , ! &g
- i
Rusheens GWS

@ GWS Borehole <
/| Pre-Arterial Drainage Features i
— River :.Lx 2 23
%3 Karst Spring -/ ‘Anbally & District GWS /- 72
s TRACERLINES | 2 : = aplin
New Tracer Lines ™ Lo & rhafionn |
== == Marginal Trace Lo NER * Clontldebiiar i ? 13 -
e b it bt g 4 t . ! = By T Ballmanesd -
Positive Trace o S Carh.ee'nleila‘l GWS '’ el Foon | ; Ay
- r- - : .‘ TEx B ..'_‘_./ == FID InputType OutputSite Results | FlowRat "g
'r*':'m e - : [ ‘| 17 | Sinking River Kilcloony Spring positive
_!' ] . “1° 18 | Lough Hackett sink Kilcoona Spring positive 3Sm/r
E ; e “%] 19 | Borehole Bunatober Spring positive | 6mvhr .
: + |5 L ] 20 |Borehoke Millspond/ Doegheona S postive | Bm/hr L
f 21 | Clare River Millspond/ Doegheona S positive 15mvhr
N > 3 z‘q i 3 22_ Bal_yg_lunin Cave‘__ Aucbg_g_ee‘nﬁsfr_ing positive 200mMr _g
Ll ] L I L




The implications of the system described above for GWS borehole sources in the study area are outlined in
Box 3.

Box 3. Implications for GWS Borehole Sources

Based on the system of surface water/groundwater interactions occurring in the Clare-Corrib Catchment, the
following scenarios may be relevant where a GWS borehole source has been drilled into the system:

e Borehole only intersects a shallow epikarst water strike:

o Borehole distant from Clare River — Borehole vyield is likely to be moderate to good. Pumping drawdown
likely to induce localised inflow from the epikarst. Drawdown likely to dewater the strike before
abstraction can increase sufficiently to establish a gradient generating leakage from the river to the
borehole. ZOC likely to be localised.

o Borehole close to the Clare River — Borehole yield may be good. Pumping drawdown likely to induce
localised inflow from the epikarst. Drawdown might establish a gradient generating leakage from the river
to the borehole which would allow increased abstraction. ZOC likely to be localised but partial contribution
from surface water catchment is possible.

e Borehole only intersects a deep water strike (epikarst sealed off by grout):

o Borehole intersects a small fissure — may result in a moderate yield. Abstraction drawdown will increase
the downwards vertical gradient from the overlying epikarst. Drawdown might reverse the gradient
between the fissure and conduits in the same area, with some potential for a minor partial contribution by
leakage from the conduits back along the fissure to the borehole, depending on the proximity of the
conduit. ZOC likely to be localised and fed by downward leakage from the epikarst through the fissure, but
a partial contribution from the conduit system is possible.

o Borehole intersects a conduit — may result in a good to excellent well. Abstraction will mainly derive from
the regional scale conduit system upgradient of the borehole. The zone of contribution may extend
beyond the immediate surface water catchment. There may also be partial contributions from losing
reaches of local and distant surface water courses that contribute to the regional conduit flow. Localised,
indirect epikarst input is also likely to occur via natural vertical pathways that contribute to the conduit.

e Borehole intersects a deep water strike and epikarst not sealed off:

o This situation is likely to result in a mix of the previous scenarios.

3 Data Relevant to Groundwater Flow Conceptualisation at each GWS

3.1 Geological Data from GSI 6” Field Sheets
Table 1 summarises the most relevant site specific annotations on the 6” Field sheets in the vicinity of
Claretuam, Belclare, Rusheens, Anbally and Carheenlea.

3.2 Groundwater Elevation Data

EPA groundwater monitoring locations are shown on Figure E. Three of the locations shown within the study
area are boreholes with long term groundwater level monitoring records available, i.e. Tuam, Lackagh and
Corbally. There are no borehole construction data available for the boreholes, except for Corbally which is
noted to be 80 m deep in the relevant EPA groundwater monitoring point site (GWMP) folder.

The available groundwater level data for the three EPA boreholes and the five GWS boreholes are shown in
Graph 01, along with the elevation of the Clare River bed at Corofin and the high water elevation for Lough
Corrib.




Table 1. Summary of relevant data from GSI 6” field sheets

Dataset | Claretuam & Belclare Rusheens Anbally Carheenlea
GSI 6” Well exposed dark grey to Outcrop to SE Outcrop at Map for immediate
Hist black limestone (Lst) Crags flat to dipping | Turloughcartron to ENE = | area not available to
and outcrop to south, dips flat | W and NW dark grey thin bedded download.
to 3 degrees to SSE; N (6°?). Lst, full of calcite infilled NW at Lackaghbeg,
weathered and much-jointed cells about potato sized.
. i . To the SE at large outcrop shows
n pIaces‘; in some places joints Turloughour = | Just SE of source dark blue Lst, dip 3° to
noted oriented NNW; well bedded modern note says “3 SE, joints N6OW, cross
Outcrop to east of old course dark grey Lst, bores failed here due to | joints, irregular.
in Cloonmore dips flat to west | dip SSW clay in Lst solution

at 3 to 5 degrees, beds approx
18” thick, “this band of
exposed rock stretches for
nearly 100 yds w/o a single
crack or joint and is perfectly
smooth — Glacial action?”;

Clonkeen Lough callow semi
drained — noted to be peat
and chiefly shell marl, old
course of Clare R. has peat and
marl.

Large bog to north & NE of the
sources to north of
Polldarragh.

fissures”.

Dark grey beds to SE at
Tonmace; white bed,
dips east to ESE at 3 to
5°.

Bore at Dawros 83, WL
18.5m.

Large outcrop to W at
Cahernavoley most dips
SSE at 3 to 10°; dip of 3°
NE at south end of
outcrop.

Dolomite Lst at
Corrandrum 2km SSW

Faults & calcite spar
veins noted nearby to
NE at Clare R. in
Lackaghmore.

Just E Kilskea dip NNW
at 3 to 5°, angular
cross joints N15E, and
nearby joints N8OE &
N10E, N70W & N20E

To the N at
Laraghmore outcrop
dip 3°W and full of
irregular cross joints
N10W and N75E

The Tuam groundwater level (GWL) data are significantly higher than all of the other level data. The Tuam
borehole is on the east side of the Clare River, i.e. upgradient in terms of the nominal regional hydraulic
gradient. On the basis of Section 2, it is considered that the Tuam borehole probably intersects the epikarst
only. The GWL in this layer is likely to be controlled by the head in the Clare River, with the head in the
epikarst reflecting the gradient needed to drive groundwater through the epikarst to discharge to the river.
The GWL range in the Tuam borehole is not particularly flashy, which suggests GWL buffering by storage in
the epikarst and a high permeability.

The Lackagh and Corbally boreholes are on the west side of the Clare River, i.e. nominally downgradient.
The two boreholes have a GWL range of approximately 16 m. They follow very similar flashy trends
suggesting they are part of the same groundwater system. The high GWL range and flashy water level
response suggests the boreholes may be in hydraulic continuity with a karst conduit system with low storage
capacity and influenced by point recharge'. The GWLs are much lower than at the Tuam borehole. In line
with Section 2 this further suggests interaction with a deep conduit system (as opposed to the perched
epikarst system).

The Clare River bed level at Corofin is 22.2mOD (Ryan Hanley,2010).
Lackagh and Corbally) exceeds all but the peak flashy water levels at Lackagh and Corbally. This suggests

This bed level (halfway between

that the deeper karst system generally operates at a lower pressure head than the epikarst-Clare River

! Point recharge means rapid transmission of surface water into the groundwater system, e.g. by a stream sinking at a
swallow hole.
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Graph 1. Groundwater Level Data in Vicinity of GWS Sources
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system and therefore would generally receive leakage from any vertical pathways connecting the two
systems. The leakage direction would only be reversed during times of peak GWL in the conduit system.
The generally lower head in the conduit system compared to the river also means that hydraulically it should
be more favourable for deep groundwater in conduits east of the Clare River to flow on westwards in
conduits beneath the river, rather than to discharge upwards to the river. The maximum water elevation at
Lough Corrib of 6.44 mOD is the lowest in the system, and therefore also favours this scenario. This is in
agreement with the indications from tracer tests as discussed in Section 2.

3.2.1 Groundwater Levels at the GWS Source Boreholes

The spot GWL measurements at the five GWS sources are also shown on Graph 01. Some inferences have
been drawn from these data; however one measurement per source is insufficient to draw any firm
conclusions with respect to any or all of the sources.

Furthermore the GWLs depicted for Claretuam and Belclare are estimated rest GWLs based on short
recovery periods monitored at each source; the GWL for Rusheens is the water level in an observation well
30 m from the GWS source borehole, while source well was pumping; the GWL for Anbally was taken when
the pump was off and may be close to the rest GWL; and the GWL for Carheenlea is a pumping GWL.

The time series data for the Lackagh and Corbally boreholes runs to 17 June 2014 and shows that the GWLs
in the boreholes (and therefore the conduit system) were in the basal reach of the known GWL range. The
site visit measurements were taken on 18 June 2014 (i.e. the next day) and there was no rainfall on the 17"
or 18", As such the conduit system would have remained in its basal GWL reach during the GWS readings.

3.2.1.1 Claretuam, Belclare and Rusheens

The GWLs measured at Claretuam, Belclare and Rusheens on 18 June 2014 are estimated to be within the
upper reach of the conduit system GWL range (but well below the epikarst level seen at Tuam borehole).
This suggests these three boreholes intersect minor fissures facilitating drainage from localised, overlying
epikarst to the regional conduit system. The transmissivity of the minor fissures is likely to be low, such that
a significant gradient may be need to drive leakage from the epikarst to the conduits via such fissures. As a
result the rest GWL at a borehole intersecting a minor fissure will be somewhere between the epikarst and
conduit extremes, and represents the head loss along the fissure as water is driven from epikarst to fissure.
In more descriptive terms, the GWL reflects the relatively slow draining of water from epikarst to conduit via
the low yielding minor fissure pathways when conduit water levels are low, and is analogous to groundwater
baseflow to a stream in a conventional (non-karst) groundwater setting.

In this context the three GWS sources would be expected to be moderate (40 to 100 m?/day) to good (100 to
400 m>/day) yielding boreholes with localised ZOCs drawing on leakage from the overlying epikarst.

Where a borehole intersects a large fracture, clogging of the fractures with moderate or low permeability
sediment could give similar hydraulic characteristics to those outlined for a small fissure. The permeability
of the infill would have a significant impact on the water level response of the borehole.

The original pump test for Claretuam GWS suggested a yield of 43 m*/day for a 7 m steady drawdown.
Current estimates by the GWS suggest a maximum vyield of 108 m*/day. This would be a moderate to
borderline-good yield. The well depth is 72 m.

The current abstraction rate at Belclare GWS is approximately 157 m*/day, which would be at the low end of
the range for a good yield (100 to 400 m>/day). The well depth is approximately 46 m.




The driller’s yield estimate for the Rusheens GWS current source borehole (drilled in October 2012) was
216 m*/day. Instantaneous flow rates displayed on the flow meter on 18 June 2014 were of the order of
8.2 m*/hr (197 m®/day). This would be a good yield. The well depth is 64 m. The current Rusheens borehole
has a grout seal in the borehole annulus to a depth of 30 mbgl, which should seal off and direct epikarst
inflow to the borehole. The only inflow to the open section of the well was logged between 49 m and
54 mbgl as very broken rock with a large, sandy inflow. This may be a case where a large fracture has been
clogged by infill that restricts its interaction with the regional conduit system. The pumping water level was
approximately 9 m above the GWL in the regional conduit system as seen at the nearby Lackagh borehole.
The strong gradient from the borehole to the conduit system suggests that there is unlikely to be leakage out
of the conduit system to the borehole under rest or pumping conditions at the borehole. Overall therefore,
a localised ZOC drawing on leakage from the epikarst seems likely.

3.2.1.2 Anbally and Carheenlea

The GWLs measured at Anbally and Carheenlea on 18 June 2014 are in the basal GWL range of the regional
conduit system. This suggests that these two boreholes are in good hydraulic continuity with the deep,
regional conduit system.

In this context the two GWS sources would be expected to have good to excellent yields and to have ZOCs
reflecting both a localised contribution by “baseflow” leakage from the epikarst, but also a regional
component reflecting a probable significant inflow from the conduit system upgradient of the pumping
boreholes.

There is no data on the long term daily abstraction rate at Anbally GWS. Instantaneous flow meter readings
on 18 June 2014 suggest a pumping rate of 2.6 m*/hr (63 m>/day). Diskin (2014) indicates that the scheme
has 95 domestic connections plus approximately 20 additional connections to agricultural land. Assuming a
demand of 1.2 m*/day per connection (i.e. 6 PE at 0.2 m*/PE/day) would suggest a demand of 138 m®/day.
This would be a moderate to good yield. A report on a camera survey of the well by Well Solutions (2010)
made reference to anecdotal reports of a low water level at the borehole during the summer of 2009, and
suggests the borehole may be operating close to its sustainable yield (Well Solutions, 2010). The well is
approximately 99 m deep and has its main water strike at approximately 97 mbgl. Three trial boreholes for
the scheme in the nearby village failed due to “clay in the limestone solution fissures” (Table 1). The fact
that the borehole appears to only have a moderate to good yield suggests that its hydraulic continuity with
the conduit system may be limited. This may be due to clay infill in conduits in the area, as seen at the failed
trial boreholes. This in turn may suggest a localised ZOC; however a component of regional flow cannot be
discounted.

The borehole source at Carheenlea GWS was drilled to 61 mbgl and is reported by the GWS to have a yield
of 216 m*/d. This is a good yield but is less than would be expected in a borehole with good hydraulic
continuity with the regional conduit system. The corresponding GWL in Graph 01 is a pumping water level.
It may be that the abstraction generates a large drawdown and that the borehole rest water level resides in
the upper reach of the regional karst conduit range, similar to Claretuam and Belclare; alternatively clay
infilling of conduits in the vicinity could be the cause of the relatively low yield. Overall a localised ZOC is
plausible; however a component of regional flow cannot be discounted.

GSI (2004) suggests that there may be an increase in borehole yield form south to north across the study
area, which would correlate with clay infilling of conduits in the vicinity of Rusheens, Anbally and
Carheenlea.




3.2.2 OPW turlough level data

Some data on turlough flood elevation in the vicinity were obtained from available OPW flooding records.
Just northeast of Belclare GWS the flood water level at Turloughnaroyer on 10 April 1995 was recorded as
101.4 ft OD (Poolbeg). This is equivalent to 28.2 mOD. This is above the observed water levels at the
Belclare borehole and is above the maximum GWL observed in the Lackagh and Corbally boreholes.
Therefore, when the turlough has been flooded by inflow from the regional conduit system there is a strong
lateral hydraulic gradient between the flooded turlough and the nearby GWS boreholes. It is possible that
some of the turlough water could migrate laterally to the borehole via the epikarst, when the borehole is

pumping.

3.3 Spring Flow Data and EPA GWMP ZOCs

Two large springs monitored by the EPA, Bunatubber and Corrandulla, are located to the southwest of the
GWS source boreholes (Figure E). Bunatubber has a yield of up to 1,000 I/s (86,000 m3/day), while
Corrandulla has a mean yield estimated at 7,000 m*/day. Both springs are considered to be focal points for
discharge from the regional scale karst conduit system which stretches to the northeast across the study
area. The EPA have delineated preliminary ZOCs for the springs (Figure E). The Claretuam, Belclare and
Rusheens borehole sources are contained within the Bunatubber ZOC. The Anbally source borehole is
contained within the Corrandulla ZOC. The Carheenlea borehole is not within a delineated area.

The preliminary EPA ZOCs give an indication of the large areas that may provide partial contributions to
groundwater discharges supplied by a regional scale karst conduit system. For Claretuam, Belclare,
Rusheens and Anbally the extent of the EPA ZOCs up gradient of the individual sources is a reasonable
estimate of the additional ZOC where it is suspected that there may be a partial contribution to the source
from the conduit system, over and above localised leakage from the overlying epikarst.

3.4 Well Yields
The GSI well database was interrogated for data points within the study area. Figure F shows the trends in
excellent, good, moderate and poor well yields in the area based on the available data.

Within the EPA delineated ZOCs for Bunatubber and Corrandulla there were 81 records, of which 60 had
accompanying yield data. Those records included 5 boreholes with excellent yields and 33 boreholes with
good yields (100 to 400m3/d). Figure F shows a noticeable alignment of good and excellent yielding wells
along lines heading roughly northeast to southwest towards Bunatubber and Corrandulla springs. This
correlates with the tracer test data which suggest that the predominant flow direction and highest flow
velocity is in the northeast to southwest direction.

The remaining yield data indicate the presence of 7 boreholes with moderate yield (40-100 m3/d BH) and
15 boreholes with poor yield (<40 m®/day). These are generally scattered amongst the good wells; however
there does appear to be a small NNE to SSW oriented cluster in the vicinity of the artificial reach of the
Abbert River (between Anbally and Carheenlea), which may indicate a zone of low transmissivity in that
area.

The good and excellent borehole yield data in the vicinity of Carheenlea GWS show similar trends.
3.5 Karst Features & Floods (Dbase, OSi Hist, OPW)

Table 2 shows the karst features in the vicinity of the GWS sources, identified from the GSI karst database,
OSi historical mapping and OPW flood mapping. The locations of the features are shown on Figure G.




120000 125000
L |

30000 135000
=

Figure F. Boréhole Yield Data

@ GWS Borehole

m Pre-Arterial Drainage Features

River

Q Good (100 to 400 m3/d)

Moderate (40 to 100 m3/d)

& Low (<40 m3/d)

EPA Groundwater Monitoring Location ('E, "
HE EPA Monitoring Location ZOC

GSI Well D'Base Borehole Yields [ 4%
& Excellent (400 m3/d) '

...~ Bunatubber,

ot e

W

et

$2 ~
car _$\ !

!

‘Corrandulla

T aughme, &

@ _ Carh een!les‘ GWS

Py

[
Y,




Table 2. Karst Features Data

Dataset

Claretuam (CT) Belclare (BC)

Rusheens (RSH)

Anbally (ANB)

Carheenlea (CHL)

OSi Hist

Map of surface water courses from late 1700s in Ryan Hanley (2010) shows a large lake in Monivea (north of Corofin); A huge
turlough at Turloughmore which has no outflow, i.e. no Clare River south of the Turloughmore; no Abbert River west of
Ballyglunin (i.e. it sinks and doesn’t link to the Turloughmore). Rivers rise again along spring line east of Lough Corrib, e.g.

Bunatubber and Corrandulla.

6” Hist map shows extensive “liable to flooding” east of Claretuam & Rusheens (Cloonmore, Clonkeen Lough) down to Corofin.
Numerous turlough & karst townlands: CT & BC — Turloughnaroyer, Pollaturk (Newgarden), Polldarragh; RSH & ANB —
Turloughour, Turloughcartron, Turloughmartin, Turloughrevagh; CHL — Turloughmore. No Abbert River in area south of Corofin

and modern Clare River not constructed yet

25” map provides similar picture to 6” map. More individual turloughs delineated — these have been picked up by the GSI karst
database. Modern Courses or Clare and Abbert Rivers in place.

6” map shows main path of R. Clare flows along the now redundant
watercourse through Cloonmore, past Lackagh BH, and discharges into mid
west boundary of Clonkeen Lough. By 25” map R. Clare created, Clonkeen
Lough drained and old Cloonmore channel reduced to a drain. 25” flow
arrows show drain flows south (arrow at Rusheens North) towards Lackagh

BH area, to 3 dead end channels.

GSI Karst Dbase

CT & BC — Turloughnaroyer.

Turloughour 2.8km SE,
Tobernamucka Sp 2 km
SSW; Cave 1.5km
South; (they are all
about the same
distances but North
from Anbally).

Numerous Turloughs
and springs to SW at
Bunatubber.

9 turloughs to SE @1.3
to 4km distance —
Pollakilleen, Meelick,
Pollnacloya, Cloghdo,
Turloughnarevagh + 4
unnamed. 3 Springs —
Pollabullaun, Betty’s
Hole + 1 unnamed.

BallygluninCave &
Swallow holes ~5km E.
Auclogeen SP to WSW.

Tobar Suibne Sp 2.7km
West; Turloughmore
Common 2.8km NW;

3 EncDep 3km East &

8 Enc Dep 2 to 3 km NE.

Claregalway GWS SP &
Intermediate Sp to
WSW at Claregalway.

OPW

Large swathes of land on either side of Clare River in the vicinity of these sources mapped as
benefitting lands (BL) - following flood plains of Clare River plus tributaries.

For Claretuam and Belclare the BL extends around to the north and northwest and includes

Benefitting Lands
immediately adjacent
to source (at Flood ID




Dataset

Claretuam (CT) Belclare (BC) Rusheens (RSH) Anbally (ANB)

Carheenlea (CHL)

Turloughnaroyer, Pollaturk and Polldarragh. The BL is typically 0.4 to 1km distant.

For Rusheens the most significant BL is the sinking distributary (original channel of Clare River) &
former Clonkeen Lough area in the Rusheens/Cloonmore townland areas 1 km east of the source. This
area is also less than 1 km east of Claretuam.

At Anbally the former full extent of Turloughmore extends north to Corofin and sits approximately
1 km east of the source.

Karst related flood points (Flood ID) include:

CT & BC: Pollaturk (575); Turloughnaroyer (968); N17 Headford Tuam Rd/Claretuam (1808); Carrowbeg
(1826); Headford Road Jn (1853);.

RSH: Cummer Turlough (628); Turloughour (1017); Curry Eighter (1807); Ballybanagher Corofin (10801)

ANB: Pollakilleen Turlough (1005); Meelick Turlough (1006); Pollnacloya Turlough (1007); Cloghdo
Turlough (1008); Tonmace Turlough (1012); Corrandrum Turlough (1013); Turloughrevagh (1014);
Turlough — Common (1015); Ballaun Turlough (1016); Ballyglooneen area Recurring (1803); Clare
Corbally Recurring (1806); Flooding at Ardskeaghmore, Corofin Co. Galway Nov2009 (10800); Flooding
at Ballyglunin Corofin Co Galway November 2009 (10802); Flooding at Annagh Corofin Co Galway in
November 2009 (10803); Flooding at Bullaun Corofin Co Galway Nov 2009 (10804).

1878). Clare River BL
approx 2.5 to 3km
West.

Karst related flood
points (Flood ID)
include:

Lackagh Beg (630);
Turloughmore Common
(1009); Ballynasheoge
Recurring (1877);
Rathlee Recurring
(1878).

Rathlee (1878) — Floods
every year after heavy
rain. The water flows off
high land. Large area
can be flooded to an
estimated depth of 6 to
8 feet. (GWS identified
this as a Turlough).
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Figure G shows the intensity of major surface karst features in the vicinity of the sources, which is an
indication of the subsurface intensity of karst conduits. It is likely that karst conduits operate in the vicinity
of each of the GWS source boreholes.
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