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PROJECT DESCRIPTION

Since the 1980’s, 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
Source Protection Zone 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.

The project “Establishment of Groundwater Source Protection Zones”, led by the Environmental Protection
Agency (EPA), represents a continuation of the GSI's work. A CDM/TOBIN/OCM project team has been
retained by the EPA to establish Groundwater Source Protection Zones at monitoring points in the EPA’s
National Groundwater Quality Network.

A suite of maps and digital GIS layers accompany this report and the reports and maps are hosted on the
EPA and GSI websites (www.epa.ie; www.gsi.ie).

1 TOBIN

snvironmental mansgement for business Patrick J. Tobin & Co. Lbd.
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1 Introduction

Groundwater Source Protection Zones (SPZ) have been delineated for the Fethard Regional Water Supply
(RWS) at Coalbrook according to the principles and methodologies set out in ‘Groundwater Protection
Schemes’ (DELG/EPA/GSI, 1999) and in the GSI/EPA/IGI Training course on Groundwater SPZ Delineation.

The Fethard RWS Water Supply is provided by five boreholes BH-1 (IE_SE_G_126_23 003), BH-2 (no
code), BH-3 (no code), BH-4 (no code) and BH-5 (no code), which were installed between 1937 and 2006.

The objectives of the study were:

= To outline the principal hydrogeological characteristics of the Curraheenduff area where the supply is
located.

= To delineate source protection zones for the well field.

= To assist the Environmental Protection Agency and South Tipperary County Council in protecting the
water supply from contamination.

The protection zones are intended to provide a guide in the planning and regulation of development and
human activities to ensure groundwater quality is protected. More details on protection zones are presented
in ‘Groundwater Protection Schemes’ (DELG/EPA/GSI, 1999).

2 Methodology

The methodology applied to delineate the SPZ consisted of data collection, desk study including review of
previous pumping tests in BH-1 and BH-2, site visits and field mapping and subsequent data analysis and
interpretation.

The site visit and interview with the caretaker took place on 28/06/2010. Field mapping of the study area
(including measuring the electrical conductivity and temperature of the source and streams in the area) took
place on 14 and 19™ of July, 2010. It was not possible to undertake pumping tests as part of the site
assessment as the wells are being pumped continuously 24 hours per day seven days per week. Data from
the previous pumping tests was therefore used to assess the aquifer characteristics as part of the
assessment programme.

While specific fieldwork was carried out in the development of this report, the maps produced are based
largely on the readily available information and mapping techniques using inferences and judgements from
experience at other sites. As such, the maps may not 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.
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3 Location, Site Description and Well Head Protection

The wells and associated water treatment works are in a compound approximately 1 km west of Coalbrook
village in the townland of Curraheenduff, as shown in Figure 1. Access is via a local public road that links
the villages of New Birmingham and Coalbrook. The site slopes from the road to an unnamed stream that
rises approximately 2 km north of the site and forms part of the head waters of the Kings River. The
compound is surfaced with gravel hard core and is protected by a fence. The stream forms the western site
boundary.

The well field comprises five wells, all situated within the compound, with the wells being no more than 15 m
apart over a distance of approximately 100 m (Figure 1 (inset) and Photo 1). Wells BH-1, 2 and 5 are
roughly in a line running east to west from the road toward the stream, while BH-3 and BH4 are
approximately 4 m from the stream. With the exception of BH- 4, each well head is fitted with a lockable,
steel, rectangular box sitting on a concrete base (Photo 2). BH-4 is surrounded by an above ground
concrete block walled chamber.

BH5
Stream

BH2

BH1

BH3

Photo 1: Well Field

Photo 2: Well Head Construction (BH-1)
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The only construction details known about BH-1 or BH-2 are that a steel liner was installed to prevent the
soil, subsoil and top of weathered rock falling into the borehole. It is likely that some shallow groundwater
i.e. top of weathered bedrock can make its way down the well casing into the boreholes. There are no
construction details for BH-3 and BH-4 as the drilling contractor did not prepare drilling logs. Some
anecdotal information regarding well depths has been obtained about these wells from South Tipperary
County Council Water Services Section and from phone discussions with the drilling contractor who installed
BH-4 and BH-5. A log of BH-5 was also provided by the well driller and is included in Appendix 2.

4 Summary of Well Details

The available details are based primarily on information contained in two reports: a GSI Pumping Test
Report from 1980 undertaken by Eugene Daly; and a K.T. Cullen & Co. Ltd (KTC) Report on the Coalbrook
Water Supply Scheme 1991. The full GSI report was not available, but the relevant sections obtained from
GSl are included in Appendix 1. The KTC Report is also included in Appendix 1.
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BH-1 was originally drilled as an exploration well for coal deposits in the area in 1937. Sometime in the
1980s a pump broke off and lodged in the well at ¢ 55 m bgl. In 1990, attempts were made to recover the
pump but failed. Instead the pump was pushed further down the hole, leaving the well with an effective
depth of 72 m bgl. A geological log for BH-1 was compiled by KTC and is shown in Figure 2 and in Appendix
1. Because of the depth of drilling, the log is considered to be reasonably representative of the formation
beneath the site.

Due to increased demand, borehole BH-2 was installed in 1990, 50 m west of BH-1. This well was installed
to a depth of 48 m. It had been proposed to drill to a greater depth but collapses in a weathered, water
bearing sandstone unit prevented this. BH-2 is a 200 mm diameter open borehole from surface to base with
a steel liner in the top 7 m bgl. A well construction and geological log is included in the KTC Report in
Appendix 1.

At the time BH-2 was installed, some remedial works were undertaken in BH-1 because the yield from the
well had reduced over time due to the oxidisation of iron and manganese on the side walls of the well bore
with the large drawdowns. Bacteria in the well, which feed off the iron and manganese, formed a slime on
the walls of the well further reducing the well efficiency. To mitigate this problem, the side walls were
cleaned using compressed air to remove deposits of iron and manganese and bacterial slime, and then
chlorine was added to the well. This resulted in improved water inflow to the well.

In 1991 it was estimated that BH-1 was producing 25 m*/hr, while BH-2 was producing 12 m%hr. In 2010,
BH-1 is only producing 1.5 m®hour, while BH-2 is producing 2.2 m%hr. The dramatic reduction in output
appears to be due to the gradual reoccurrence of iron and manganese precipitation and bacterial growth.

Information on BH-3, 4 and 5 is limited. It appears from discussions with the Council that BH-3 was installed
in 2003, BH-4 in 2006 and BH-5 in 2007 to depths ranging from 100 m (BH-3 and BH-5) to 160 m (BH-4).

A geological log for BH-5 provided to the Council by the well driller (Appendix 2) shows that BH-5
encountered similar layers of shale, fireclays and sandstone as in BH-1 and BH-2). It is unclear from the log
where the water inflow occurs, but it appears to primarily be in the final 8 m (92-100 m bgl), where the log
indicates alternating layers of sandstone and shale with water yields. The Council understands that BH-3
and BH-4 are of similar construction to BH-5 but that BH-4 is much deeper.

Groundwater is abstracted at variable rates from each of the five wells, twenty four hours per day and seven
days per week. All five wells are not pumped continuously, but are fitted with a float activated switch
mechanism. The pumping rates for the wells at the time of the site inspection in June 2010 were as follows;

Well No BH-1 BH-2 BH-3 BH-4 BHS5
m*/hour 1.5 2.2 9.3 19 16.2
m®/day 36 53 223 456 389

The combined pumping rate is 48 m¥hr. During the winter, the pumping rate is higher at approximately
56 m*/hr and most of the demand is met by BH-4 and BH-5. By August 2010, the yield had reduced to
35 m*hr. The Council considers that this is the result of a significant leakage problem in the distribution
pipework at the site. It is possible that some of the fall off, is due to declining water table levels in the spring
and summer period of 2010, which was drier than normal. The declining pumping rates in the older
boreholes indicate that pumping in those wells is becoming unsustainable. Before chlorination, the water is
treated to reduce iron and manganese levels. Water is pumped from each of the wells to a holding tank in
the southeast of the site, where it is aerated by cascading over a series of concrete steps. From here it is
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goes for filtration and chlorination. Iron and manganese deposition is visible on the cascade steps and also
at the outlet from the holding tank.

Table 3-1 provides a summary of the well details as currently known.

Table 4-1: Well Details

BH-1 BH-2 BH-3 BH-4 BH-5
EU Reporting Code IE_SE_G_126 23 003 No Code
Grid ref. (GPS) 227281 227253 227247 227259
227289 151182 151188 151192 151178 151208
Townland Curraheenduff Curraheenduff | Curraheenduff | Curraheenduff | Curraheenduff
Source type Borehole Borehole Borehole Borehole Borehole
Drilled ~1937 ~1990 unknown unknown ~2006
Owner South Tipperary CC
E:/Ve?)uon (Ground ~200 m OD ~200mOD | ~195mOD | ~195mOD | ~195m OD
Depth (m) 221.21 48 100 160 100
Depth of casing 4.5m- 7 m- 4.5 8
Diameter 229 -178 mm 200 mm 250 -168 mm
Depth to rock 221m 3m c.l5m c.l5m 1.5m
Static water level Artesian (Feb 1991) cim bql unknown unknown unknown
31/1/91
Pumping water level - 40 m bgl 28 m bgl - 12 m bgl
Consumption (Co. Co. 36 m/d 53 m¥/d 223 m¥/d 456 m*/d 389 m/d
records)
Pumping test summary: 1991: 42 m%h
(i) abstraction rate m*/d 1980: 56 m%h
Safe yield of 900 m°/d 1991: 29 m%h unknown unknown unknown
recommended by E.
Daly,1980
(ii) specific capacity 1991: ~0.90 m*h/m or .
3 1991:
~22m’/d/m 3
3 ~1.4 m°/h/m or unknown unknown unknown
1980: ~1.95 m*/h/m or ~ 34 m¥d/m
~46 m®/d/m
(iii) transmissivity 101 m*/d 64 m°/d unknown unknown unknown

1 During the visit on the 14/06/2010
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Deptn below Dascription Formation Hole Diameter
ground level
(m)
000 - 221 Ciay
221 - 65 Shale
00t 10.7 m
65 . 7.62 Coal Main Coal @ 220 mm
{ 201 mm swael
762 - 2303 Shalee casing to 4.5 m}
2393 - 30.28 Sandstone with quartz sirings
30,28 - 41.22 Shalss
41.22 - 4538 Grean and brown sandstone
42,38 . 103,45 Shales and firaclay
10,7 10 173.9 m
103.45 - 107.75 Sandstone with quanz sirings @ 203 mm
107.75 - 1868.11 Shalos
189.11 « 165,12 Gray sandstone with quariz strings Main Reck Sandstere
165.12 - 169.01 Sandy shale
168.01 - 169.62 Caoal Ugpper Glengocle Seam
160.62 - 175.72 Shales
17872 - 192.10 Cuarizose sandstone Glangoole Sandstone
19210 - 217.25 Shales
1739 w0 2212 m
217.25 - 217.52 Ceal Lower Glengoo'a Seam @178 mm
217.62 - 219.05 Sandy shale
218.05 - 221,21 Sandstone

Figure 2: Geological log of BH-1
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5 Topography, Surface Hydrology and Landuse

The well field is located in the Slieve Ardagh Hills at approximately 200 m OD. The land slopes from local
high points at Curraneenduff to the northeast and Ballynastuck to the northwest toward the well field. A
stream to the west of the wells rises approximately 2 km north of the site and is one of two streams that form
part of the head waters of the Kings River. The lands to the north, east and west drain into the stream. The
topographical gradient is approximately 0.06 between the high points to the northeast and the stream. The
stream flows to the south joining the Kings River approximately 5 km to the south of the well field (Figure 1).

The land use in the local area is dominated by agriculture, primarily grazing pasture with dairy, beef and
horses being the main enterprises. There are three farm holdings and two residential dwellings within 250 m
of the well field. The lands appear to be well draining.

6 Hydrometeorology

Establishing groundwater source protection zones requires an understanding of general meteorological
patterns across the area of interest. Meteorological information was obtained for this study from Met Eireann.

Annual rainfall: 1100 mm. The contoured data map of rainfall in Ireland (Met Eireann website, data
averaged from 1961-1990) shows that the source is located between two 1200 mm average annual rainfall
isohyets.

Annual evapotranspiration losses: 458 mm. Potential evapotranspiration (P.E.) is estimated to be
482 mm/yr based on the contoured data map of potential evapotranspiration in Ireland (Met Eireann website,
data averaged from 1971-2000) which shows that the source is located between the 490 mm and 480 mm
average annual evapotranspiration isohyets. Actual evapotranspiration (A.E.) is then estimated as 95% of
P.E., to allow for seasonal soil moisture deficits.

Annual Effective Rainfall: 642 mm. The annual effective rainfall is calculated by subtracting actual
evapotranspiration from rainfall. Potential recharge is therefore equivalent to this, or 642 mm/year.

7 Geology

7.1 Introduction

This section briefly describes the relevant characteristics of the geological materials that underlie the site. It
provides a framework for the assessment of groundwater flow and source protection zones that will follow in
later sections.

Geological information was taken from a desk-based survey of available data, which comprised the
following:

= Groundwater Investigations Slieve Ardagh Hill ( E.P. Daly, GSI, 1980)
= Report on Groundwater Development at Curraheenduff, Coalbrook, (K.T. Cullen & Co, 1991).

= Geology of Tipperary. Bedrock Geology 1 : 100,000 Map series, Sheet 18, Geological Survey of
Ireland (J.B. Archer, A.G. Sleeman and D. C. Smith, 1996)
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= Forest Inventory and planning system — Integrated Forestry Information System (FIPS-IFS) Soils
Parent Material Map, Teagasc (Meehan, 2002).

7.2 Bedrock Geology

The bedrock geology is illustrated on Figure 3. The Geology of Tipperary Sheet 18 indicates the area is
underlain by the Lickfinn Coal Formation. This is classified as part of the Wesphalian Sandstone Rock Unit
Group. The Lickfinn Coal Formation consists of shale and sandstone with seat earths. Within the formation
are several coal seams including the Upper Glengoole Seam and the Lower Glengoole Seam. The
geological log for BH-1, which was drilled in 1937, indicates that the bedrock comprises multiple layers of
shale, coal and sandstone of variable thickness and frequency of occurrence.

Daly 1980 indicates that the Westphalian Succession in the Slieve Ardagh Hills is approximately 330 m thick.
The well field is located on the southeast limb of a syncline in the Earlshill Basin, with BH-1 penetrating the
full Westphalian sequence. This sequence comprises sandstone, shales, fireclay and the Upper and Lower
Glengoole Coal Seams that dip 10 -30 degrees to the northwest in the southern part of the basin and to the
southeast in the northern part of the basin. There are four, large, north to south trending faults mapped
between 1 and 5 kilometres to the east of the well field.

7.3 Soil and Subsoil Geology

The soil and subsoils are illustrated in Figures 4 and 5, respectively. The EPA and GSI Mapping websites
classify the soils as Acid Mineral Shallow Well Drained (AminSW) in the vicinity of the well field. In the
middle portion of the catchment, the soils are a mix of AminSW soils and Acid Deep Poorly drained mineral
soils (AminPD), while in the upper reaches, the soils are generally AminSW.

The subsoils are classified as Namurian sandstone and shale tills (TNSs) where present. Close to the well
field, the subsoil map indicates the presence of rock close to the surface or outcrop.

The field observations generally support the mapped soil and subsoil classifications. In the vicinity of the
well field, the tills are very thin to absent, with rock outcrop present along the stream. Higher up in the
catchment, the bedrock is overlain by thin, Namurian sandstone and shale till (TNSs) subsoil derived from
the underlying Namurian bedrock. The tills are no more than 1-2 thick and preferential flow paths were
observed in cuttings close to the top of the catchment (Photo 7 and Figure 5). Where the subsoil is present,
the permeability appears to be moderate.

Thin Subsoil

Bedrock

Photo 7: Tills overlying the bedrock
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7.4 Depth to Bedrock

The GSI vulnerability classification for this area indicates that within the catchment, the bedrock either
outcrops or is close to the surface (less than 3 m). The borehole logs for BH-1, BH-2 and BH-5 indicate a
depth to bedrock of between 1.3 and 3 m bgl in the vicinity of the wells.

8 Groundwater Vulnerability

Groundwater vulnerability is dictated by the nature and thickness of the material overlying the uppermost
groundwater ‘target’. This means that in this area the vulnerability relates to the permeability and thickness of
the subsoil, as the target is the bedrock aquifer. A detailed description of the vulnerability categories can be
found in the Groundwater Protection Schemes document (DELG/EPA/GSI, 1999) and in the draft GSI
Guidelines for Assessment and Mapping of Groundwater Vulnerability to Contamination (Fitzsimons et al,
2003).

The vulnerability map is shown in Figure 6 and, in terms of subsoil coverage within the catchment, the area
can be divided into three zones:

= Within 200 m of the well, the bedrock is less than 1 m bgl. Rock outcrops in the stream bed located
less than 5 m to the west of the well field.

= Rock is also close to the surface in the high ground at the top of the local catchment.

= The depth to rock in between these areas is generally less than 3 m.

9 Hydrogeology

This section describes the current understanding of the hydrogeology in the vicinity of the source.
Hydrogeological and hydrochemical information was obtained from the following sources:

=  GSI Website and Database including Pumping Tests for BH-1 and BH-2 undertaken in 1978 and
1980 (E.Daly)

= Report on Groundwater Development at Curaheenduff, Coalbrook (K.T. Cullen & Co, 1991)
= County Council Staff
= EPA website and Groundwater Monitoring database
= Local Authority Drinking Water returns
9.1 Groundwater Body and Status

The Fethard Water Supply boreholes are located in the Slieve Ardagh Hills Groundwater Body
(IE_SE_G_126) which has been classified as being of Good Status. The groundwater body descriptions are
available from the GSI website: www.gsi.ie and the ‘status’ is obtained from the Water Framework Directive
website: www.wfdireland.ie/maps.html.

13


http://www.gsi.ie/
http://www.wfdireland.ie/maps.html

Environmental Protection Agency
Fethard RWS (Coalbrook) Co. Tipperary Groundwater SPZ

=

Vulnerability Map for Fethard RWS (Coalbrook)

Y Coalorook Well Field [ ] E(Rock_near_surfacesarst) [T High

Rivers B e [ | Moderate

Figure 6: Vulnerability Map

14



Environmental Protection Agency
Fethard RWS (Coalbrook) Co. Tipperary Groundwater SPZ

9.2 Groundwater Levels, Flow Directions and Gradients

Daly (1980) observed that the sandstone outcrops at higher elevations in the northwest than in the
southeast, resulting in groundwater flow from northwest to southeast. Given the topography in the vicinity of
the site, some shallow groundwater flow is expected from the high ground immediately to the northeast of
the site, toward the well field, discharging to the river along the western site boundary.

The groundwater gradient is likely to reflect the topography, which is approximately 0.05 from the top of the
catchment to the vicinity of the boreholes but it increases significantly in the vicinity of the well field due to
the large drawdowns with pumping. At the well field, there is a strong upward hydraulic gradient due to the
presence of confining coal and shale layers above the water bearing sandstone units.

BH-1 is known historically to exhibit artesian conditions when not being pumped. Based on down hole
geophysical logging of BH-1 by Daly in 1980, under static/unpumped conditions, most of the artesian water
originates from the sandstone units at 23 m and 41 m depth. The larger amount comes from the sandstone
at 41-49 m, with little contribution coming from deeper levels in the borehole. However, under pumping
conditions the upper sandstone units at 23 m are largely dewatered and most of the flow is from the
sandstone units between 41 and 49 m with more flow also coming from the deeper in the borehole than
under non-pumped conditions. These conditions most likely apply to the more recent boreholes also but in
the case of BH-1 it is likely that the upper sandstones are now primarily dewatered and much of the flow is
from shallow groundwater inflow closer to the surface.

9.3 Hydrochemistry and Water Quality

The well field has been included in the EPA operational chemical network since 1993. The raw water is
sampled from the aeration storage tank, which comprises a mix of all five wells. The laboratory results have
been compared to the EU Drinking Water Council Directive 98/83/EC Maximum Admissible Concentrations
(MAC) and the where relevant, mean values have been compared to the European Communities
Environmental Objectives (Groundwater) Regulations 2010 recently adopted in Ireland under (S.l. No.
9/2010) as part of the implementation of the Water Framework Directive 2000. The data are summarized
graphically in Figures 7 to 10 and summarised below.

= The water has a moderately hard calcium/magnesium bicarbonate hydrochemical signature (average
190 mg/l CaCOs,) indicative of siliceous bedrock. The average conductivity is 426 uS/cm and pH is
around 7. In 1980 hydrochemical analysis of the BH-1 by Daly indicated that the groundwater
chemistry changes with depth. Under non-pumped conditions the groundwater at depth was
stagnant and allows ion exchange to occur between calcium/magnesium and sodium/potassium
conditions. The stagnant conditions allowed the build up of iron precipitates in the well in the
groundwater. Under pumping conditions iron levels decline.

= There are two reported incidents of faecal coliforms (September 2000: 1 No/100ml; and October
2003: 16 No/100ml). Ammonium values greater than the Threshold Level (0.175 mg/l) were
recorded on two occasions.
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Figure 7: Key Indicators of Agricultural and Domestic Contamination: Bacteria and Ammonium
Graph

= The nitrate concentration ranges from 0.3 mg/l to <10.3 mg/l with a mean of 1.8 mg/l (as NOs).
Neither the Threshold Value (37.5 mg/l) nor EU Drinking Water Directive maximum admissible
concentration (MAC; 50 mg/l), has been exceeded.

| |

Chloride is a constituent of organic wastes, sewage discharge and artificial fertilisers, and
concentrations higher than 24 mg/l (Groundwater Threshold Value) may indicate contamination, with
levels higher than 30 mg/l usually indicating significant contamination (Daly, 1996). Chloride

concentrations range from 8 mg/l to18 mg/l, with a mean of 13.1 mg/l, which is indicative of good
water quality.
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Figure 8: Key Indicators of Agricultural and Domestic Contamination: Nitrate and Chloride Graph
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Turbidity exceeded the drinking water standard limit of 1 NTU on 10 occasions, most likely due to the

presence of iron or manganese particles which precipitate out when the water becomes aerated at
the ground surface.

The sulphate, potassium, sodium, magnesium and calcium levels are within normal ranges. The
potassium/sodium ratio exceeded the threshold of 0.35, in twenty one of the twenty eight tests. The

exceedances are probably related to the natural geological conditions rather than to contamination
incidents.
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Figure 9: Key Indicators of Agricultural and Domestic Contamination: Manganese, Potassium and

K/Na ratio

The level of manganese has been always above normal ranges. The level of iron was above the
MAC limit (200 pg/l) until 2005 and since then the level has stabilized around 50 pg/l. The reduction
in iron levels may corresponds to the abstraction of water from the lower sandstone unit i.e. the
deeper boreholes (BH-4 and 5) around 41-49 m, where iron levels may be lower than in the upper
sandstone units, and in part due to the fact that the shallower sandstone unit providing flow in BH1 is

virtually dewatered with oxidation resulting in high levels of iron precipitation at this level in the
borehole.

Trace metals were either within the normal range for good quality drinking water or were not
detected. Similarly, organic compounds and herbicides have not been detected.
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Figure 10: Manganese and Iron Graph

In summary, the high levels of iron and manganese are the main water quality issues for this water supply.
The gradual precipitation of these metals in the boreholes has caused clogging of the wells and the pump
screens in the past, as documented in the KT Cullen Report, and therefore reduced well efficiency and pump
performance. The K/Na ratio is greater than 0.35 for many of the records, primarily because of high
Potassium levels. While this could indicate contamination by plant organic matter, because other associated
contaminate indicators are low i.e. Faecal Coliforms, chloride and ammonium, it is more likely that the
potassium levels are naturally occurring associated with the local geology.

The EPA monitoring records at the five boreholes and field data at the unnamed stream indicate that the
groundwater and surface water have similar, pH and electrical conductivity (Table 9-1). The stream is not in
hydraulic continuity with the boreholes, as the sandstone aquifers are confined beneath the coal, fire clays
and shale beds. However, substantial leakage of groundwater from the pipework beneath the ground is
reported to be occurring which most likely discharges into the stream and possibly accounts for the similar
readings between the surface and groundwater. It is possible that baseflow derived from shallow

groundwater flow into the stream channel also accounts for some of the similarity in pH and electrical
conductivity.

Table 9-1: Groundwater and Surface Water Quality pH and Electrical Conductivity

BH-1to BH-S Unnamed Stream
(from EPA analyses)
Location On site On site (was almost dry)
Ave 7
pH Range: 6.3-8.1 8.05
. Ave 251
Conductivity (uS/cm) Range: 335-707 350

9.4 Aquifer Characteristics

The Westphalian sandstone aquifer is characterised by the GSI as a Locally Important Aquifer that is
Moderately Productive (Lm), as indicated in Figure 11. Daly (1980), states that for the purposes of
groundwater development, the Westphalian sandstones can be divided into two principal sandstone units.
Group | are the Glengoole and Main Rock Sandstones. These units are stratigraphically lower in the
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succession and occur throughout the coalfields of the Slieve Ardagh Hills. The Group Il sandstones are
thinner and are present at shallower depths ¢.100 m i.e., closer to the top of the succession.

The older boreholes (BH-1 and 2) most likely abstract most of their water from the Group | sandstones.
Given its depth BH-1 originally abstracted water from both the Group | and Il sandstones but clogging of the
well by iron precipitation has most likely closed off much of the shallower inflow. Based on the borehole log
for BH-1, the hydrogeologically significant/water bearing units in the aquifer in terms of the well field are
located at approximately 23—-30 m bgl, 41-50 m bgl and 103-107 m bgl. With the current abstraction regime
in BH-1 it is not considered to be abstracting from its full depth. Given their depths (100 m) the newer wells
(BH-3 and 5) appear to abstract groundwater from the upper Group Il sandstone units. BH-4 however may
abstract water from the Group | main sandstone rock unit and Group Il sandstone units given its greater
depth (160 m and higher yield). The groundwater in the sandstone units is confined by overlying coal and
shale bands. Artesian conditions were reported at BH-1 before it was commissioned and prior to a pumping
test in 1990 when the pump was switched off.

Daly (1980) states that the synclinal structure of the basin and the topography in the vicinity of the well field
i.e. the river valley being located perpendicular to the axis of the syncline makes the installation of well fields
feasible in this area which is why multiple wells operating close together at this site have to date been
sustainable. However, Daly did recommend that individual wells should be 500 — 750 m apart. It is likely
that the wells pumping from the shallower Group Il sandstone units are competing with each other, i.e. that
the drawdown cones are overlapping and that the better yields are now coming from the newer wells,
primarily BH-4 installed in the Group | sandstone units at depth where the aquifer is isolated from, and
unaffected by, pumping in the upper sandstone units.

In 2009/10, the yield from the well field ranged from 1100 m*/d in the summer to 1300 m*/d during the winter
period. However, in the summer of 2010, the vyield fell to 840 m®d. This may in part be due to lower
recharge as a result of much lower rainfall levels than normal over the April to August period. However
significant leakage in the pipelines is also thought to be affecting the pumping rates in the wells due to
pressure losses. (Pers Comm Joe Burke, South Tipperary CC).

Pumping tests undertaken by the GSI in 1980 on BH-1 indicated that a pumping rate of 1,357 m®/d resulted
in a drawdown of 28.9 m after 120 minutes during the third step of a step test. At this point the sandstone
unit between 23.9 and 30.3 m bgl was largely dewatered and the pumping rate was considered to be too
high to be coming from the next unit down alone which was located between 41 and 49 m bgl. It was
concluded that a significant portion of the inflow at this pumping rate was coming from the lower (Group I)
sandstone unit (Glengoole Sandstone). During the main pumping tests, unpredictable and unstable
variations in response to pumping in each of the sandstone units were observed. The transmissivity at BH-1
provided in the 1980 GSI pump test report is 101 mzlday, mostly attributable to the deeper sandstone units.
Given that BH-1 is not effective for its entire depth a lower T vale was used based on the effective aquifer
thickness for the deepest borehole currently in use (BH-4 at 160 m). The revised T value is calculated to be
80 mz/day. Overall, this is considered to be a leaky aquifer with inflow to the wells from shallow and deep
aquifer units. Given that the deeper wells in particular (BH-1, 3, 4 and 5) intersect a series of mostly
confined aquifers on top of each other there is likely to be a general upward gradient. It is possible however
that with leaky conditions resulting from fractures in the rock units and where the drawdown is high that the
hydraulic gradient can potentially reverse in these confined units within the ZOC to the wells.

The safe yield for BH-1 proposed by Daly in 1980 was 900 m®day based on the presumption that a
significant portion of the groundwater flow was from the deeper sandstone units (Glengoole Sandstone) that
was only penetrated by BH-1. The newer wells (BH-4 and 5) are 160 m and 100 m deep respectively. They
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now provide the largest volume of water in the well field and at least BH-4 appears to penetrate both the
Group | and Group Il sandstone units.

The pumping test by KTC on BH-2 indicated a transmissivity of 64 m?/d. This was based on a higher
abstraction than the well is presently capable of. Based on the drawdown now occurring in this well and
saturated thickness of the borehole a T value of 10 m®/d was calculated.
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Bedrock permeability for an Lm aquifer is expected to be moderate. The permeability is high in the upper
few metres where weathering results in enhanced permeability zones, but generally decreases with depth.
However, the confined sandstone aquifer units are high yielding resulting from high fracture permeability and
it is likely that within these confined aquifers, the permeability is also high. The permeability can be
calculated by dividing the transmissivity by the saturated thickness of the aquifer.

Given the lack of information on the newer wells (e.g. a borehole or well construction log for BH-3 and 4) the
saturated thickness of the aquifer for the area is estimated as the depth of the deepest fully operational
borehole (160 m for BH-4) for BH-1, 3, 4 and 5 and the depth of BH-2 (48 m), assuming recharge is coming
to the wells from both the Group | and Il sandstone units. The bulk permeability (K) is estimated as follows:

Table 9-2: Permeability Range

BH-1, 3,4 and 5 BH-2
Transmissivity (m?/d) 80 10
Permeability (m/d) 0.36 1.33

The permeability for the aquifer is estimated at 0.36 m/d for the confined boreholes and 1.33 m/d for BH-2.
The velocity of water moving through this aquifer to the borehole has been estimated from Darcy’s Law:
Velocity (V) = (K x Groundwater Gradient (i)) / porosity

The natural gradient is estimated at 0.05 (described in section 9.2). The effective porosity (n) range for the
formation is estimated at 2% based on GSI derived assessments of porosity for this aquifer type elsewhere.

Table 9-3: Velocity Range

BH-1, 3,4 and 5 BH-2
Permeability (m/d) 0.36 1.33
Gradient 0.05 0.05
Porosity 0.02 0.02
Velocity (m/d) 0.90 0.52

The velocity is estimated at 1.1 m/d.
The aquifer parameters are summarized in Table 9-4.

Table 9-4: Indicative Parameters for the Westphalian Sandstones Formation Aquifer in Fethard

BH-1, 3, 4 and | BH-2

Parameters Source of Data 5

Transmissivity (m?d) From drawdown and saturated 80 10
thickness

Permeability (m/d) Assumed (estimated from T value) 0.36 1.33

Based on values applied elsewhere

. . 0 0
Effective Porosity by GSI for this aquifer type 2% 2%
Groundwater gradient | Assumed based on topography 0.05 0.05
Velocity (m/d) calculated based on above 0.90 0.52
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10 Zone of contribution

The Zone of Contribution (ZOC) is usually considered to be the complete hydrologic catchment area to the
source, or the area required to support an abstraction from long-term recharge. The size and shape of the
ZOC is controlled primarily by (a) the total discharge, (b) the groundwater flow direction and gradient, (c) the
subsoil and rock permeability and (d) the recharge in the area. This section describes the conceptual model
of how groundwater flows to the source, including uncertainties and limitations in the boundaries, and the
recharge and water balance calculations which support the hydrogeological mapping techniques used to
delineate the ZOC.

10.1 Conceptual Model

The well field is located high up in the catchment and water is being extracted from the shallower and thinner
Group Il sandstones, and from the deeper and thicker Group | Main Rock Sandstone. BH-1 was the only
borehole that penetrated the Group | Glengoole Sandstone but it not considered to be extracting water from
this depth. The deepest effective borehole is BH-4 at 160 m bgl which terminates at the Upper Glengoole
Coal Seam which separates the Main Rock Sandstone from the Glengoole Sandstone. The older boreholes
(BH-1 and BH-2) appear to abstract water from both Group | and Il sandstones but most of the flow is most
likely coming from the deeper Group | units. The newer wells, (BH-3, BH-4 and BH-5) abstract water from
both the upper and lower sandstone units. The aquifers supplying BH-1, 3, 4 and 5 are considered to be
confined, while BH-2 is considered to be unconfined.

Given the level of drawdown in BH-2, it is likely that much of the flow to this well comes from shallow,
unconfined groundwater flow to the well in the upper weathered portions of the bedrock primarily to the east
of the well. Some flow may also reach this well from the high ground to the west of the well field where the
excessive drawdown in the shallower sandstone units may result in a reversal of the artesian conditions at
the well head and consequently flow into the shallower well (BH-2). However, much of the unconfined
shallow flow from the west is expected to discharge to the stream just west of the well field. Because of the
very high pumping rates across all boreholes, it is likely that much of the upper Group Il sandstone units are
being dewatered, particularly in the summer months, and that most of the flow now comes from the deeper
Group | sandstone units.

Direct recharge occurs where the sandstone units are exposed, or are close to the surface along synclinal
ridges, particularly in the high ground to the north, east and west of the well field. Daly indicates that the
Group | Sandstone comes close to the surface not only along the margins but also in the centre of the
coalfields. The hydraulic gradient is steep and an upward gradient is present at the well field.

Groundwater recharge to the well field is controlled primarily by the nature and structure of the bedrock
geology where the stratigraphy is the predominant control with the sandstone layers being the main water
bearing units. Recharge occurs where these units outcrop or come close to the surface to the northeast and
west of the well field. The siltstone and coal bands have limited or no recharge potential. The geological
structure is a syncline that is slightly boat-shaped, which funnels in groundwater along the sandstone strata
from the north, east and small amounts from the south in a mainly confined groundwater system.

In the core of the syncline and close to the well field it is likely that recharge to the deeper sandstone aquifer
units is inhibited by the overlying coal and shales. However, some limited recharge may occur through
fractures in these rocks also.

Higher recharge is available in the winter time. When the effective rainfall levels decline in the summer
period, the flow to the wells from the confined aquifer units reduces because of the limited available storage
in these units.
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Large seasonal fluctuations in water level (potentiometric surface) occur because of reduced rainfall
amounts in the summer. Variations between winter and summer water levels under pumping can be as
much as 22 m. The aquifer is confined by the coal and shale beds in the river basin and while shale is
exposed in the base of the stream, it is unlikely that surface water is hydraulically linked to the groundwater
system. However, there may be some leakage occurring between the units in the vicinity of the well due to
the large drawdowns. The water quality results supports the assumption that the aquifers are confined, with
the very low nitrate, moderately high ammonium, and iron and manganese all suggesting reducing
conditions which are often associated with confined aquifer units. The isolated faecal coliform results may
have been due to a small contribution of groundwater from the shallow weathered zone at the top of the
bedrock as the vulnerability in those areas is Extreme.

A schematic representation of the conceptual model is shown in Figure 12.

10.2 Boundaries of the ZOCs

Two separate ZOCs have been delineated for the well field, one for the wells abstracting water from the
confined aquifer units (BH-1, 3, 4 and 5) and one for the unconfined abstraction at BH-2. The boundaries of
the areas contributing to the source are illustrated on (Figure 13):

The majority of the flow reaching the well field is from the confined sandstone units which are recharged
where these outcrop or come close to the surface on the northern and southern flanks of the boat shaped
syncline. This results in two separated areas to the confined ZOC. The width of the northern sandstone unit
recharge area is estimated at 250 m along the north-western flank of the syncline, while the width of eastern
sandstone unit along the southern flank of the syncline is estimated at 180 m. The width of these recharge
areas was calculated using the borehole log for BH-1, the cross section constructed in Figure 12, which in
turn is based on dip and strike data for the various geological units and the mapped area of the confining
coal seams in the catchment. The northern and southern boundaries are assumed to be marked by the
Upper Glengoole Coal Seam. A buffer of 30 m beyond the seam was incorporated to be conservative to
allow for some flow from beyond the boundary. The centre of the boat shape is not considered to be
contributing to the source as the aquifer is confined in that area.
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Figure 12: Conceptual Model
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The northern and north-eastern confined recharge zones both extend in a north easterly direction until they
reach a fault boundary. These units also extend to the southwest. The extent of the ZOC areas to the
southwest is controlled by topography, and for the northern ZOC unit, by the calculated up hydraulic gradient
no flow boundary. For the north-eastern ZOC area, the south-western boundary is defined by the
abstraction rate from the Deep Boreholes (BH1, 3, 4 and 5) and the down gradient no flow boundary. Both
no flow boundaries are based on using the uniform flow equation (Todd, 1980).

X =Q/2mw*T*i)

where: Q is the daily pumping rate +/- X%, T is Transmissivity (taken from aquifer characteristics), i is
gradient.

The ZOC for unconfined flow in BH-2, which accounts for very shallow groundwater flow above the confining
coal and fireclays reaching the well field, is based on the topography, and conceptualised shallow
groundwater flow-lines, which flow primarily from the high ground to the northeast to the southwest in the
direction of the unnamed stream. It is possible, though less likely, that some shallow flow also occurs to this
well from the high ground to the northwest and may reach the borehole when the upper sandstone units are
dewatered, allowing a reversal of the upward hydraulic gradient and shallow groundwater flow to BH-2.

Given the pumping rate is 1104 m®/d for BH-1, 3, 4 and 5, the transmissivity is 80 m?/d and the hydraulic
gradient is 0.05, the approximate downgradient distance from the well field is calculated at 44 m. For BH-2,
the downgradient distance is 17 m.

10.3 Recharge and Water Balance

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 assumed to consist of input (i.e. annual rainfall) less
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 it will dictate the size of
the zone of contribution to the source (i.e. the outer Source Protection Area).

At Curraheenduff therefore, the main parameters involved in recharge rate estimation are: annual rainfall;
annual evapotranspiration and a recharge coefficient. There are two ZOCs to calculate recharge for, the
confined ZOC for BHs 1, 3, 4 and 5 and the unconfined ZOC. The recharge is estimated as follows.

Potential recharge is equivalent to 642 mm/year i.e. (Annual Effective Rainfall as outlined in Section 6). The
Westphalian sandstone is classified as a Locally Important Aquifer that is Moderately Productive (Lm). The
Guidance Document GW-5 suggests a range of recharge coefficients for types of soil and subsoil
encountered in the catchment. Where a poorly drained soil overlies till, a recharge coefficient of 0.35 was
assumed. For a well drained soil over till, a recharge coefficient of 0.6 was assumed. Where the rock is
close to the surface a recharge coefficient of 0.85 was used. The assumptions made are summarised in
Table 10.1 below (IWWG 2005).

Table 10 - 1 Recharge Coefficient Assumptions

Soil Subsoil Recharge Coefficient
AminPD TNSSs 0.35
AlluvMin A 0.35
AminSW RckNa 0.85
AminDW TNSSs 0.6

Made Made 0.35
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10.3.1 Confined ZOC

Recharge: 353 mm/yr. The shallow bedrock comprises shales and sandstones that are fractured and
weathered. The recharge for the ZOC occurs to the deeper sandstone units of the Lickfinn Coal Formation.
These are to the north and northeast of the well field. The coal and shale layers create a confining or
partially confining layer in the vicinity of the well field. Using the assumption in Table 10.1, the bulk recharge
coefficient for the contributing area is therefore estimated to be 55%.

Runoff losses: 289 mm. Runoff losses are assumed to be 45% of potential recharge.

These calculations are summarised as follows:

Average annual rainfall (R) 1100 mm
Estimated P.E. 482 mm
Estimated A.E. (95% of P.E.) 458 mm
Effective rainfall 642 mm
Potential recharge 642 mm
Run off losses 289 mm
Runoff losses 45%
Bulk recharge coefficient 55%
Assumed Recharge 353 mm

The water balance calculation states that the recharge over the area contributing to the source should equal
the discharge at the source. At a recharge of 353 mm/yr, an average discharge of 1104 m3/day (based on
maximum winter abstraction rates for BH-1, 3, 4 and 5) would require a recharge area of 1.14 km?. The
delineated ZOC is slightly larger at 1.18 km®.

10.3.2 Unconfined ZOC

Recharge: 371 mm/yr. The shallow bedrock comprises shales and sandstones that are fractured and
weathered. Shallow groundwater recharge within the topographic catchment can reach BH-2. Using the
assumptions in Table 10.1, the bulk recharge coefficient for the unconfined contributing area is therefore
estimated to be 58%.

These calculations are summarised as follows:

Average annual rainfall (R) 1100 mm
Estimated P.E. 482 mm
Estimated A.E. (95% of P.E.) 458 mm
Effective rainfall 642 mm
Potential recharge 642 mm
Run off losses 271 mm
Runoff losses 42%
Bulk recharge coefficient 58%
Assumed Recharge 371 mm

The water balance calculation states that the recharge over the area contributing to the source should equal
the discharge at the source. At a recharge of 371 mm/yr, an average discharge of 53 m3/day (based on
maximum winter abstraction rates for BH-2) would require a recharge area of 0.052 km®. The ZOC, which is
delineated based on hydrogeological mapping techniques, is larger than that required at 0.127 km? but
provides for a conservative ZOC.
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The total area of the two ZOCs is 1.307 km2. Although the two ZOC'’s overlap and when combined give a
surface area of 1.23 km?. Increasing the size of the ZOC in this case would be unrealistic in terms of the
hydrogeological limitations of the boreholes and the topography of the catchment. It is possible that the
recharge is higher than that assumed in this assessment. However, the installation of five boreholes in close
proximity on the site, with significant drawdown does indicate that the well field is pumping at a potentially
unsustainable level. Daly (1980) recommended that individual boreholes should ideally be up to 750 m apart
and that the sustainable yield of individual wells at that separation distance was around 900 m®/day.

The boundaries of the ZOCs are shown in Figure 13.
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11 Source Protection Zones

The Source Protection Zones are a landuse planning tool which enables an objective, geoscientific
assessment of the risk to groundwater to be made. The zones are based on an overlay of the source
protection areas and the aquifer vulnerability. The source protection areas represent the horizontal
groundwater pathway to the source, while the vulnerability reflects the vertical pathway. Two source
protection areas have been delineated, the Inner Protection Area and the Outer Protection Area.

The Inner Protection Area (SI) is designed to protect the source from microbial and viral contamination and it
is based on the 100-day time of travel to the supply (DELG/EPA/GSI 1999). Based on the indicative aquifer
parameters outline in section 9.4, the groundwater velocity is 1.1 m/d. Hence, the 100-day time of travel is
110 m. The Inner Source Protection Zone has not been extended across the stream to the west, as this is
likely to act as a barrier to shallow groundwater flow from the west of the stream toward the well field. The
Inner Protection Zone is illustrated on Figure 14.

Groundwater protection zones are shown in Figure 15 and listed in Table 11-1 and are based on an overlay
of the source protection areas on the groundwater vulnerability. Therefore the groundwater protection zones
are Sl/X, SI/E, SO/X and SO/E. The majority of the area is designated SO/E.

Table 11-1 Source Protection Zones (%area, km?)

Source Protection Zone % of total area (km?)
SI/X Inner Source Protection area / <1 m subsoil 0.57% (0.007 km2)
SI/E Inner Source Protection area / <3 m subsoil 0.03% (0.0003 km?)
SO/X Outer Source Protection area / <1 m subsoll 36.23% (0.446 km2)
SO/E Outer Source Protection area / <3 m subsoil 63.17% (0.777 km2)
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12 Potential Pollution Sources

This Section has been compiled based on site observations and a “Source Risk Investigation Report”
compiled by South Tipperary County Council, Environment Section in 2009. A copy of the report is included
in Appendix 3.

The well field is located in a fenced and locked compound and the ground surface comprises granular fill
with some areas of grass. With the exception of BH-4, each well is located in lockable, steel, rectangular
container placed on a concrete base. Well No 4 is located in a concrete block walled chamber. Based on
the site inspection it appears that none of the boreholes are grout sealed but a steel casing has been driven
to the top of bedrock. Given the protection of the boreholes and their location, the potential risk for
contamination as a result of surface spills in the vicinity of the well heads is moderate.

The land use in the Inner Source Protection Area is primarily pastureland for grazing animals. The main
potential microbial pollution sources are considered to be the presence of cattle grazing in the field
surrounding the compound. The compound fence is not in good condition and it is possible for cattle on
adjacent lands to enter the site. Cow dung was observed on the ground within the site during an OCM site
inspection in June and previously by STCC Environment Section. Faecal coliforms have only been detected
in the untreated water twice at low levels. While the primary aquifer is considered to be confined at the
source, there is the potential for pollution close to the wells heads from animal manures. Given the
predominantly Extreme vulnerability within the Inner Source Protection Area and possible dewatering of the
upper sandstone units in the summer time, the potential risk from cryptosporidium and viruses is moderate.

The majority of land within the rest of the ZOC is agricultural grassland and the dominant farm activity is
dairy farming. There are two farmyards within the source protection zone. The closest farmyard is 165 m to
the north, and contains a slatted shed for wintering suckler cows and cattle. The farmer also out-winters
cattle in the field adjoining the Coalbrook site. The Council indicates that there have been issues with run-off
from this yard polluting the river in the past though there is no reported impact on the groundwater. The other
farmyard is 380 m to the north north-east but has not been used for wintering cattle for the past 15 years.
The possible impacts to the water quality of the public supply associated with these activities within its Outer
Source Protection Area are elevated levels of ammonia, nitrate, phosphate, chloride, potassium, BOD, COD,
TOC and pesticides. However the groundwater quality monitoring conducted to date has not identified
significant impacts.

There are two, third class road in the north and the east. The main potential contaminants from these are
surface water runoff contaminated with hydrocarbons and metals. However, the low traffic density locally
indicates that the risk of such contamination is low.

There are 15 individual private dwellings located in the ZOC which are served by individual wastewater
treatment systems. The Council has been in contact with all householders within 250 m of the well field
regarding the location of the drinking water source and the importance of protecting it from pollution.

In summary, given the nature of the activities within the outer zone and the generally good water quality, the
potential risk of contamination is low.
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13 Conclusions

The Fethard RWS Water Supply (Coalbrook) is provided by five boreholes (BH1 to BH-5) located in a fenced
compound which also houses the water treatment works. The boreholes abstract water from two units
(Upper Group Il and Lower Group I) within the Westphalian sandstone aquifer, which is characterised by the
GSI as a Locally Important Aquifer that is Moderately Productive (Lm). The bulk of the water is obtained
from BH-4 and BH-5, which were installed in 2006/7 and appear to obtain water primarily from the Lower
Group | rocks. Pumping in BH-1, 2 and 3 has resulted in the gradual dewatering of the upper Group Il unit
and may not be sustainable. Dewatering may also be resulting in oxidation and consequently clogging of the
fractures in the shallow Group Il sandstones with iron.

The overall yield from the well field declined in 2010 as a result of leakage in the water pipe network at the
site and the reduced rainfall recharge over the spring and summer of 2010. The groundwater vulnerability
with the ZOC is Extreme. With the exception of naturally occurring iron and manganese, the water quality is
generally good.

Groundwater flow to BH-1, 3, 4 and 5 is considered to result from recharge to the confined sandstone aquifer
units where these outcrop or come close to the surface to the north and east of the well field. A ZOC area
for the confined well field encompasses an area of 1.18 km?. Groundwater flow to BH-2 is considered to
derive from unconfined shallow groundwater flow primarily from the topographic catchment to the northeast
of the well. A ZOC area for BH-2 encompasses an area of 0.127 km? .The Source Protection Zones are
based on the current understanding of the groundwater conditions and the available data. Additional data
obtained in the future may require amendments to the protection zone boundaries

14 Recommendations

The following actions are recommended:

= The leaks in the on-site system water delivery network should be identified and repaired as soon as
possible to ensure sustainability of supply and unnecessary waste of the resource.

= The wells should be more frequently chlorinated and the well screens pressure cleaned to remove
bacterial slime build up and where possible iron or manganese precipitation. This type of treatment
will improve well efficiency and increase yields provided it is regularly undertaken (i.e. every six
months).

= The compound fencing should be repaired to prevent access by animals grazing in adjacent lands.

= A cryptosporidium filter should be fitted to the treatment system.
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APPENDIX 1

Groundwater Investigations Slieve Ardagh Hill ( E.P. Daly, GSI, 1980)

Report on Groundwater Development at Curraheenduff, Coalbrook, (K.T.
Cullen & Co, 1991).



Q. 3, (GFe
IX QROUNTDWATER THVESTIGATIONS

IT:14  Griterion used for the sslectlon of a dvillling site

The nozth md northwesterm side of the hills ave mors
elovated (Filgure 4), hencs the sandstones will outarvos a% higher
elovations on this side than on the south and southosst side. Ae a
result the genswal direction of groumdwater movement in the
sandetones will be from novithwest to southeast, Hence only sites
on the scutheastern sides of the synoelines were considepved for
posaible locationp.

Qther oritorion used %o selest a location fowr the boreholes
woret
(1) The Fexrlshill hesin wes not congiersd, zs a bovehole

TY 49/34 which iz located in thig synoline penetrated the

full Vestphalisn euccession below the Berlahill HMain Ceool

and produced & good quantity of wator,

{(2) It wes not congldered wise do locate the borsholes 4n aveas
vheore dhore hat been recent acal mining, se it wmight iwmpeir

the qualily of the water,

(3) It was only intended to drill the Upper sendstone (Mein Rook
Sandstone)y as drilling the lower sandstony would probabiy
heve doubled the eost and not provided much sdditional

information.

(4) It wam Intended to tap tho sendstone where it would be confined
and whore the neavest sudorop of the smndstone wes ab lesst
200m avay, to avoeld boundapy conditlong ccourring Guring a

short pumping test,.

(5) It wan decided net to drill en o feult as anonymously high yields

oould be ezpected dn thls type of loeation.
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{6) It wee not ntended %o drill mope than 30m.

The beud £it To these comditions gecurs iu the Knoskabritte-
Ballingery Syneline, Hence a slde was chosen in the tewmmilsnd of
Soringfield northeast of the Ballineuery Post 0ffioe (Flguve 1).
Thin site is gbout 300m Lrom the nearvest oulterop snd i30m from the
pogitlion of & mepped feults Normally the site would heve been chogon
in the bottom of the river valley, vwhere ithe uandstones could be
expocted to be artesisn, However it wag known Lrom previous gosl
exploration boreholes that thevs ig over 20m of superfisisl deposite
‘ in the valley bottom at Springfield. Hensge it wes deolded o move up
the side of the valley to & site about 15m ehove stream level whewve 1t

was antioipated the overburden thiclmessg would not be as greot,

IXe2  Well drilling and construciion
The two boreholes ab Sprlngfleld were drilled with a
BucyruseSrie 22 cable tool deilling rig opepnted by the
Irieh Land Commigodons Samples of the drill chippinge were taken every
two to three metzres, The boreholes were balled continuously
for one to twe hours at verious depthe to sssess the yileld and clean
’ out the borghole. The preductlon well (LY 55/65) was ossed with 203mm
steul cosing end the obaorvatien well (I¥ 55/66) with 170mn peveca
casings In both boreholes the casing was gronded in, and a small
concerate pad one metre square, laid st the surface. In August 1978,
an 0%t RL6 automatic vecorder was fitted o borehole E¥ 55/65,
Borohole TY 49/34 was one of eight boveholes drilled in the
Slleveardagh Coalfleld as pavt of an explorvation programme for coal
(Johnstone 1937) in the mid»-1930's, The borchole was arilled with &

Qlamond core deilling zig by Andrew Uoyle Idnited of the United Kingdom,
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The bopelole was supposed to0 have been pingond vhan conpleted,
However this wag obviocusly wasnessssful ag there haw boen on avtesien
disoharge of at loast 30 cuble nedres rer Gny ever sintes The
borehole is uew blooked 2% a depth of 109.3 metros, Hteel cRiag

was used in bthe borehole and 14 is net badly pusted. %This Lorehole

is probably in poor scndition aud mnay besome wnstable in the futuve

gt iy e Al e ey 1 Eg s e
pertaculorly vader pumpling conditicng,

.

For further dotsils of the constrction of theme boreholes
s8¢0 Tablea X1I, XII1 end XIV in Appsudix A,
iTa3  Bovehole Geology

The boreholes ut Springfield (VY 55/65 and OY 55/0646)
oncountered a sucosssion of interbedded sondstones sheles and
siltstones {(Pable ¥IT and 2ITIT Avpendixn A). The sondgtone met at
4le2m (WY 55/65) end 45.1n (T 55/66) iv considored to be the
HMain Rook Sandetme. It eonsists of Pine groy end green sandsiones
vhich ave friable and elso micscecun in plases,

The mandstone in these borcholes is congiderably thisker than
wag anbledpated, In a seotion of the Ballinouwrry Colilery,
Hondmen (X881) shows the Medn Rook Ssndstone %o be 1l.6n¢ %he log
of borehole D (Table XV, Appendix A) Locuted 1.8 kilometres from the
Grilling site (Pigure 1) ghows the Hain Reek Smndetone underlain by
1.7 of sendy shale and %hen by 3sTm of sandetone, She geophysical
well logs of thism borehole show that the borehole strats is not as
sendy at about 53m. Henee whet J have called the Mein Rock Sendstons
muy lufnct be twe sendstones with o sondy ghale in between
(nee Bectiom I1:4+2)%  The Mein Rcelk Sendstone i elso ot b grester

fopth Shan entioinpated snd hence the Upper Glengoole ecoal seam,
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This may indleate thel the feulting on the enst side of the dpill

glte le move complicsted them apccara on the govloplcal mans,

1% penetveiicy wae Ffost although the stoal drilling bits 4id
wour quite repidly. Vhen the boveholes penstrated the ¥ain Acek
Sendstone the atanding woter lavel drasped from 2,7m to 8.5
(03 55/55) mnd foen Se.4m Lo G.4m {57 55/68), Aechavee ccourred

witihe toe obgerveilon well (UY 85/6€) was being drilled, This ascounts

gvel dn thiz borghole, The waler in both the

iy
)
i
gk
‘(I
L
e
pad
$nie
&
=2
€&
o
pa
7]
3
fuid

Upper aaa iloves ssndsloies 1n theze boveholes is conflnad,
Borehole TY¥ 43/34 oncountered & muscession of sndatones, shales,
geal seans and fiveclaya. A copy of the defailed litholegleal leg
&3 desceribed by Jolmeions is given in Table XYL (Appendix A)es The
Haln Rook Soandstone (159,11 » 165,120} 4s desorided as 2 grey
sandstone with guartz etrings, whersss the Glengoolo Sendstons
(L7572 = 192.10m) 4z deseribed as o guarbose sendstone, Other

signifilcant sundsione unils were met at 2%.9m, 41.2n and 10%.5m,

Il.4  Ceophysical Well Lons
Ii.441 intx e Lo

Geophysical well loge were mun in boreholes 1Y 55/65 aad

LY 49/34 with the Ceologlopl Survey lomging wilt, A short note on

well lozging is attached as Appeadix 8.

ITe442 Bowvehole TY 55/65

The eingle pol:t resistange and natural game log accurately
&ive the thickeess of the mein wnits (Pizure 9). Betwesn 52.4m and
24e3m theme 19 n veduction in the remistence velues, which 18 not due

@ the presence of the flssuve as 46 the oase with the two ecotians

c"’f'

Lmediately above and below this zone, snd a sovresvonding inoresse
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ongurs on the natural gomma log, Phie could Indieate the prosence
of & less sondy wil between two sendatone vnits as explained
peavicusly in Seetion IT.3. Frem the ealiper mnd fiuld veloolty
dogs (Pigures 5 and 6) 4t cen be seen thet this lower sandstone
vait (54.3m « 57.6m) Lo fissured and doos asontedbute flow, honoe
it 1s eansidersd to be part of the sauifor,

The caliger log (Figure %) shows that finsuving is contined %o
the sandstone wadts l.0, 12-190 snd 41«5 with the exception of the
fissure in the shale at 28n,

The £Inid tempsrature log (Pigure 6) shows that the water
moving down the bovehole o the pump comes fvom the atrata {(fissure)
at 20m and that the majority of tho waben moving up the bovehole comon
from o zone belween 43 ond 52m. Theve is o diffevence in wator
tomparatires of 4% betwsen the water from the bwe 20008

The £luld volooity loge (Figure 6) shows viater noviag towarde
the pump with the sxseption of water in the upper sandstone which is
moving up the borehole at thig atage of pusping. Yhen these logs were
ran the pump had only just been tumed o and the conditiens would

alnost certainly veverse as the runping time increases,

IZ¢443 Borehole ¥ 49/34

The maln samdstane wite ave elearly shown en resistence and
natural gemma logs (Flgure 7). Both electrical logs dedect the coal,
Zireclays and carbonscecus ghalea,

The caliper log (Figuve 7) shows ihe poor cendition of this
bowreholes Some secvions have csved in osgte around 9m {conl sesm)
and in other places strats haa besn squoezed oud indo the borehole as
& remult of pressure from the overlying strates @se 6% 46,9 and af
79:0me A fissure was detected in the sandstone at 47m. The temperatuve

log (Pigure V) shows $hat the watep dimcharging from the borehole under
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artesisn conditions ie derived from the sondatone above 48m dee.
there i aluost no gradiend down to thls depth, Water in the gowe
belov TOm has o novmel %eﬁpara%ur@ gradient and hence water is not
moving I this sone. Bobween 48m and b8m theve iz p smell geadient
ond this may indlcate thet water from the sandsione (41.2 = 49.4m)
ie moving down the borehole. 14 is ddffiocult Yo analyse the Llnid
veloodity loge (Figure 7) as they appeayr to oonizadict the
interpretation decived from the temperatuve log. The high line speed
of 12 metres/minute relative o low artesisn dischavge may accouny
for this., Nonetheless from these two types of logs it cen be sgald
that the sandstone {412 « 49.4m) is producing water and thai the
shatruction bleocking the hole af 10%.3m ls unlikely te prevent the
movement of water up the borehole from the pringipal sandsione unlts

under punplng condltiong,

Iie%  Punping Yests

IT.5,.1 Punplang Operations:

Pumpling tests were run on both boveholes, The Geological Survey
pumping wnit, whieh consista of & traller mounted genorator and
Crundfos submersible pump, was used for the test on bovehole TY 55768,
wheress & nalns operated pubmersible pump waw used for the test o
borehole T¥ 49/34, In both gases dlecharge was to emall strepms close
to the boreholes which were known to be unconnested hydrankically fo
the aguifers, Water level messurements wore made with an Ot electrical
contect geuge end alse with an 0%t A6 subomatle vecorder which was
ingstalled on the obsgrvation well 1Y 55/66 at Springfield, Dischavge
pates were moasured with a water meter, controlled by a gate valve and

checked wlth & large barrvel sad stop watchs
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The tesiing precefure included o step test followed by
ovornight retovery, on the Flest day and followed by o contlinuous
test and recoverys, It wos not posslble Yo do mopre then theoe sltepe
o TY 49734 becense of & shortage of tiwme and on bovehole TY 55765
to avold domaging the pumps. The dade colleoted during thowse tesis

dg given In Appendix O,

1.5 Malysis and Intorpretetion (TY 88/6%)

The ﬁbaéﬁvaﬁiﬁﬂ woll (2Y¥ 855/66) is looaked 30m from the
produetion wﬁii (0% 55/65)s Roth bowveholes fully penstrate the
HMedn Rovk Sendstone and also g thin sandstone olose to the top of
both boreholesn, Hoth sandstone unite ave confined and unsiondy
giate sonditien oxdsd ﬂn%iﬁg pumping e The water levels in the
ohaervation and production wells at the stort of pumplag operations
wore 9:dm and 7,.8a regpoctively.

A shert bailer test was run on the yrodustion well on compleiion
of drilling in Sepltember 1977. After 60 minutes with a dischavge valte
of 81.8 cuble metres per day theve vas e dvawdown of 1,20m,
Mooourenents were teken of the vesovery (Figure 10, Appendix 0).

The drawdown date for the Tivst atop of the step test is plobtbed
o ¥igure 20 (Appendix U). The seml log plot of the obmervation well
date gives valuen of 164 20° per day and 3.7 x 10°% op trensmigsivity
end ptorage coefficient, The lower 1imit U of the exponetial integral
does not become less than or ecusl o 0,01 watil *t" (time) is groater
then or equal to 0.9 days. Henoce, thig data is not used in getiing
aversge values for the agquifer pervametors,

The latber ptages of the continuocus pumping'ﬁegt gives o good
£it to the theis ourve (Figurs 8). The poor £it of the dalte during the
early pexrt of the test 1s probably due to the effeat of the upper
sandatone which becomes dewateved during the test. The semi log plots

sve similarly sffected (Figure 21, Appendix ¢), The values oblained
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fow the ayuifer pavewelers by thess twe mebhods ave shown on Table 1T,
{n the senl log plots it should be noted that the slope and shape

ox both the ohservabion mnd protuctlon well cupves ig the same., The
difference vetwoen the twe curves of le'fm dis primerily due to the d
drawdown resulting Seom well lossos in the produstion boveholo.

ihe water level in the observation well had resoverod 4o within
o4 of the opiginal wator level after T480 minutes, The middla
spetion of the residusl drawdowa ourve (Figure 9) Jo taken fon
trensmlesivity csleulations as it is songidered to be o nore aocurate
refleotlon en the aquifers rosovery. LU should be noted that the
vegidual deawdown ourve does nob pass therough the ordglns Ghig probably
repulis from the change in stovage during the punping tosd.

To wee the Jacob Recovery Hethod {Hehnesmne 1966) the drewiown
and recovery date for the continucus test ave plotted on arithmedis
vaper (Figure 22, Appondix 0), Values fop asleuleted resovery ave
obtained by subtvacting the extended drovdown from the wvesidunl
dravwdown for various time Inbervala, Geloulsted recovery is thea
plotiod againet time since pumping stopped (Plguve 23, Appendix ¢) to
obtain the aquifer pavemeters,

A summary of the detalls of the tests caveded ocuty and the
vosulls obtained ave given on Table IIL. Aversge values of 9,7u? per

day and 4.6 x 0% ave taken Lo transmissiviiy and storage coeffiolont,

ILaHe3 Analysis end Interpretetion (1¥ 49/34)

This borehols fully venstrates foup significant gondstone unite
(Table XVI, Appendisx A), 4n bstruetion at 109.3m bvlocks the hewehole
to solentific instruments (1550 mms in digmeter), snd seporetes the two
wajor aquifers from the three minen anets Without this obsidrvotion
these aquifers would behave s o mulidaquifer syetem, however the

addition of 4he bloskege further complicates the onalysis,
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The yleld of i,ﬁﬁ?mgfd&g aghieved with o drvewdom of 28,.%9m

(after 120 wminutes) durdng the third step of the ster test (vhen
the sendstone at 23,9 - 3é§3m vies lopgely dewsbered) iz considered
oo loege for the amndstone bebween 41,2 end 49,41 to produce,
hence, 1t ls concluded that the two prinaipsl smmdstone units are
gupplying o signiflcant quentlty of the weter pumpsd at this
flessharge rate, snd that the obetruction does not prevent the flow
under punpdng conditiong. This i confirmed by the anslysis of
depth semples dakon feom the upper part of the borehole (soe
Sootlon I%e7)

The sandstone unilts ave confined end had & small a@%ég&aﬁ
discharge prior to pumping. Unsteady state conditions existed during
pamping s

The eorly part (up to 10 minutes) of the log log drawdown ourve
for the continuows %est fits o leoaky avteslian type cuvve (Pigurs 10),
the middle portion (20 - 500 minutes) approximstes the midegestion
of & Boulton type curve (although delayed yield csmnot be o footor
heve)s Howover the last three points on the dvawdown curve ad
15685, 1748 ond 2891 minutes soem to indicate the influence of a
rechorging boundary (Ll.os the dovelopment of wconfined stovege in
the sendstone at 23,9m),

The pend log drawdovm plots of the first step of the siop tesd
end that of the coatinuovs test (Figuves 24, ond 25 Appendix O)
show the complicated nature of the response of the various sendsione
undte to pamping. I% 48 olear from thomo plots that as the discherge
ond drawdown arve incvessed the proportion of total éisoharge
sipplied by any one ssnds¥one uwnit changes. It 48 probeblp that
the embrilmtion of the sandstones bolow the obstruetion increapes

with Yime and higher discherge ratos,
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o the light of the shove dlpsussion only the teonamlesivity
walue of zﬁi.amﬁiéag, derived from the wvesidual dvewdow: plod
(Fiawee 11) 1o considered o be valid., fThe lerse zevo dvawdowm
Intersert of this cuvve 49 evidence of the recharge vhich resulted
from the ssiufall which fe1l (35,5 pums measured at Drangon meinfall
gtatlon, 8.11 Jamuewy 1978) bdefore and durdng the test which began on
the 11 Jenuspvy,

The differing thickuezses of ssndotones prasent in the two
borcholes (22.6m dn TY 55/65, and 41.20m dn Y 49/34) does not explain
the difference, by & Tavtor often between the tranmmissivity valuss,
% i convideved thet welatively high transnlssivity In the 2lengoole

Sendatone is prinerily responsible for 4hip diffevenco,

Ll45.4 8len Drowdowm Yests

Az steted previously (Beotion IZ45%.1) 4% was only pessible do
sarry out three steps on each well, hence the presulis obteined in the
subzequent ansiysis can only be considesed spproxinstes This is
pactionlarly true in the came of bowehole WY 49/ 34 vhere the iniiial
wator level is uwnkmown due to a small artesdan flow,

The plots of the date obtalned durdng the step dvawdown teets
oZ boreholes WY 55/65 and ¥Y¥ 49/34 eve shown en Pgures 12 and 26
(Appendix ¢) respectively, Uhe data derived from these plots fop
subsequent use ia the snalysls ave shown in tabular foenm o these
flgueess Yhe values for spoeific dvawdown (54/Q) and dlschorge (Q)
are then plotted (Figuvesld, Appendix ¢) o obtain tho twoe componenta
of drawdovamr for the equationy

Sg = BQ + 002  (Jacob 1946)

where B3R = squifer loss
602 & well loss
¢ = dischargs
fy » drvewdown in the production woll for &
panping perdod (), equal to the
length of the steps in the test,

/oas



fwo velues for the woll loss facthr (¢) cen slse be oblained using

the equation doveloped by Jasob (1946),

(87 o e (gt il

¢ ¢ 4 g

G

i

1y

where B, = dvawdown inovenent
o e disohervge vaito inorenent.
oad the data tabulutled on Pigure 26 (Appendiz €) far borohole T¥ 49/34,
inds latber dype of anslysis caanot Be mppiled Yo the borehole nb
Speingfiold (TY $5/65) as the inidial two dimehavge vaton of the test
vers Lless then 193m3{da3 (Walton 1970),

he resulis of hoth typon of mnalysis arve shown on Table V.

The value of O for stops 1 and 2 ie greater than that fow gbeps @ and 3.
Thie swgoonts thet the well is unstable fUaltonels70) and in feot

may indicabe that more water ia gotting through the obstruction as the
pumpdng eate ig inovensed,

With the ebove drawdown oquation a plov is dewawn 4o show the
theoretloal drawdown (aftor 120 minutes), For vavious pumpdng rates,
for each borchole (Figures 14 and 28, Appendix G). Uhe Grawdova thus
obtainod are in reasonsble agreement (4 10%), with those aotual
dravidowna (120 minututen) recorded during the conbinuous tentoe
It should be noted that the soulfor lose faetor (B) for 7Y 55/65
ls an order of megnitude greatoer thon that for 1Y 49/34 (Table V)
wiagreans the reverse is true for teanamisalvity,

Well offislenay is deofined as the vatio of the theoretical
drawdow somputed by assuaing that ne turbulence ls nresent {10y B7)
e the drawdewn In the well {&erabaugh, 19%3)s  Well efficlenay
curves far the two wells svre shown en Figues 14, It is not possible to

maxe a dirvect comparison bYetwsen thoae twe wells hecsuse of ihe

J’nao



the dliference in tranmmisslvily, well dspthe (fristional lossos)
oand the nunbor of equifers penetrated, However 34 46 rendily
apporent Crom these dﬂ?ﬂ%é sl the known aondition of borehole
¥ 49724 thet there 15 geope for the peduciim of the well loss

fautor (U) and hence the well loasses,

I1.%:9 Bafe Yield

Althongh the tests above inddeate that both wolls can produse
cortain discharge rates over the pericd of the test they do not show
that theose »ates can be sustained or inevesnuad over an extended
peried, nor whether the drewdown at the end of this period can meot
& muber of omditlens vhioh ere neosessery 4o prevent lavge woll
lossen, demege Vo the borehole and pumping dnstellatlon and en
vneeanomic punping regimes The pumpdng tesds 4o however provide the
neoeseary infovmation o prodict the sefe vield over sn exbtended
porlod,

In this part of Irelond the non-vechawge period is mormally
leos thon 150 deys (216,000 minutes)s Although tho smount of water
produced will be small dn relation to tho overall resource
(sve Bectlon IIL.4) 4% 38 nocessery o enoupe that the sbatrection
vate, over the nen-recharge perlod from sach borehole, dees not
result dn excessive drawtowns

The details of the safe yleld caleulations aad the condidiona
nacessary to meet the requiremenis discussed nbove, for both
borgholes, ave given in Appendix D, The borcholes ot Springfield and
Gurroheendufs have safe yields of 360m3féay and 9ﬁ§m3!d@3;

rospectively.
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IT,6  Well Hydvographs
sinee Ausast 1978 the Genlogleal Survey hus madntzined an

~

044 216 sutomntie water level vesopder on berghole TV BR/68, A

murber of mpnusl mousureneats wers made during the perioed between

$ie goupledtion of drdiling md the installatios of the recorder,
Hossuromends aee sleo teken in fhe obsorvation well (T¥ 35/66).

the well hydgozneph since the completion of drilling is shown
on Pigave 16 and & detedled hydrvograph with deily weinfall totals
{at Drongon rainfall shatian) for the 1979 Hydromatele yeor ave
gnown on Figues 17. During ible period (Jeptomber 78 to Mewoh $80)
wne plesemetvic surfase hus varded from a wawlwum of 167.3m OB
Yo & mindmws of 161,77 0sDe (Lo0s 3.05m to 8,33m below the recovder
sero Which 1o 4 2m above the well hend)., By expteapolabing the
grooundvaier vesesslon for 1979 over a nonepocharge veriod of 150 daye
1t 1s ondimnted thai the plesemetvie surfooce would drop to L60.5m OWDs
(9e5a below the well huad),

Aaolysis of the rescrder chards has ghown that vhen the soll
ig ab fiold eepacity 4he plozometric surface wewponds o resharge
within 36 houcs snd $het the vesponse cesses within 48 howrs of the
gespation of the vecharge event (Figwwes 17). fFhis confimms
chservations nede by O¥Bpien (1951) in which he notes an increase in
Flow 12-48 hours ofter heavy vain, in workings TGm beolow ground. In
aprans whoeve sining has beon exbensive both rapid rechavge and dischavge
of water im fasllidsted by shafbe, drainogo addits elc.

the specific ylold for the Modn Rock Sandstone is estimated from
the valafall, evapotrmapiration end chenge in the hydrogeaph

weoeloted with o number of vecharge events using the following equationg

Specisic fodnfoll - Bvepotrsuspiraiion (estimated)

¥ield ' Rise in tane Hydvograph + on eatimte of “i;he
f8ll due o drsinage

The resuits sre shown in Yable VI, and give an sverasgs vilue of

ded X 10°%  for the apeeific yleld.
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I1s7 Hydroshemistry

the chemical snalysis of the woters frem the two bopeheles
(7% 35/65 smd 9% 49/34), the Glowne Deainegs Level of Jommons and
& borehole drilled into a £loeded mine shaft at Gopper, ave shown
on Pable VIL, fThe waters ave caleivm and magnesiun bleavbonate
vwators altheugh those at Springfield md Curroheandufd slso contaldn
& small gquenilty of soddum blesvbonate., The wegnesive contemd in
these waters 1o higher then that 4n Gagtlesoner, fhe levels of
mengenese ave high dn all four wabers wheress lvan ds only present
in the mine waters.,

Vator sanpleos wore taken at four depthe in bovehole TY 49/ 34,
undar arteslon conditions and tho enalynes are shown on Table VILIL,
These snalyses show Yhat under novmel conditions most of the 2low
is comdng from the sendstone botweosn 4142 snd AQ.4nm anﬁ'%ﬁaﬁ the water
in the borehole beleow this unid is stagnent and allows don exchenge
betwosn oaloiun/magnesing end voddunm/potessiun to take place, The
depth mamples picked up gquentitios of iven slime mmd drvon
provipliote vhich ewplaing the high iven values in the enalyses, Thesa
iron bactorde would have buils up over #he long peviod furing which
the bowrehole was welatively inactive, The shales and ivonstones in the
bovehole wall would provide o sbedily avallable sourcs of dron.
However under pumping conditions the quantity of fron is negligible
(%oble VII)s %ho diffevences botween the water ot 45m end that
obteined during pumping ave simificent snd sonfimn the view that water
from below the blockege at 109w is suntributing water under dischewging
conddtiona,

The satuvetion indices sugmost that the water from borehole
1Y 55/65 is likely to bo #lightly inerusting with regpoct $o Ca (03,
whilet the Gloune Dyainsge Level (Ballingery Water Supply) weter will

be quite corrosive,

feoe



The wotorn frem the boreholew at Springfleld and (urraheendufs
and henoe the two principal ssndstons wnite are moderately hard with
high wongoneses Thoy aws econsidered to be potable end probably
would be consldersd 40 be superior t¢ the present Ballingavy Woter
Bupplye However the two other waters indicabe that bowveheles drilled
clogse te the areas with »ecsend nining aetivity ave likely to be logs
sultables As nost of the mining in this conlfield has been in the
Voper Glengoole sesn, probleme with watew quality ave most ilkely to
arise In the Glengeole Sendstone whioh wnderlies this conl Sean.

Bemples for oarbon 14 enalysis wewrs taken from the boveholes ot
Speingfleld and Curweheenduff, fThe analyses (Peble IX) show thet both
waters are nodern in ege and indicateos thet water Bl WMy wewps Huvsigh the

uyatomy o5 suggested by the tranamiseivity, chenical dode mud the strueture,
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APPENDIX B

Caleulation of the safe yield for boreholos
TY 55/6% and 9 49/34,
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Ualovlotion of safe ylold for boreholes 9% 55/65 and ¥ 49734

In borehols ¥ 35/65 the Muln Reok Sendutene 48 encouwntoved
ab o deplbh of 4le2ms Henos, ihe puuping level shonld be kept
mhove 4lm ot all times 1o nedntedn the aguifer dn & smfined
siube alose te the borshele, Frow the well hydwvosranh
(Bigwre L7} 4% i eativated that the plesomedrls surface wider
poraed candilions ot the end of o 150 day nonepachavge perlod
weald Bo approximately be 2.%m below the well hosd (150.5m 0uDede
Lenos ke availsble dyawdown for this pevied 48 23,85m. The
drawdovn at time {(4) equal teo 216,000 minuten (180 deye) for the

disshange ®a%e of E§3¢%m3{§ﬁg son e obisined Dwom the fovmula
{216,000 niautes) o (P10 minvien) + 3 @

whewe (216 minutes) » deavdown sfter 26 atnuies oo Hhe
thie dpevlom ourve

8 & glope of the tlweedvawicwm curve
per lem ayole

3 = nunber of log cysles

an@ the ime dvavdown curve (Flgues 21, Appendix @) for the
production well sad s equal Yo 21,38m, Henoe the dlsoherge vate
ean b dnorepsed to utdlise this wused avalleble deawdown of
over 1ine

%0 estinate the disshavge rate ssposiatod with a dyewdown of
3hem (afber 216,000 minubos) an snalyeis similer to the abveve ism

sarvled out wolng the fovmalass

sy ® gy * 342553 Qay

P
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md where

= the drawdowi produced after 216,000 minutes, when the
discharge rate is equal to the safe yileld (st)

ng =  the drawdowa after 120 minutes discharge at the
: safe yield and %aken from the drawdown yield curve
(Plgure 14)

Qs = the slope of the time drawdown curve when the dischavge
5l s g
rate is equal tn the safe yield

@ = Yrensmigaivity (the value of 9.55m2/day is being used
here, as it 1s censidered to be more
applicable),

and substituting various values of QEY into these formulae wntil a2

value for is found which ig close to the svailable dvawdown of

31.5m. This method gives a dismchavee rate of 36§m3/day for 4

drawdown of 31,4m,

This vesult ean be verified by veing the Jacok modification of

Thels equation i.e.

= ?fg,__ log 283 B %
4 9 YA
where = drawdown in the obsgervation well at o distance

© from the production well at time +.
7 @ trensmigsivity (9¢§5m2/day)
B # 150 days

b = ?ist&nee between observation end produciion wells
30m)

& o storage coefficient (3.3 x 10%4)

and the relationship between the deawdown in the production and
observation wells to predict the safe yleld. By estimating the
drewdown in the observation well (%Y 55/66) it 19 possible to solve

the above equation for Q. The ddfldrence in the drawdowas in the
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two wells ot the sfifle yield iz cqual to the well loss inm the
preduction well at ﬁhaf discharge rate plus the dlfference in
the aquifer loss. %The value for well loss cen be pesd from
¥igure 13. The difference due to aquifer logs has to be
estimatod from a comparlison of the values obteined from the
two time drawdown plots (Filguves 20 and 21, Appendix ¢) end
those predieted Ly the theoveiical drawdown ue discherge ploh
(Pigure 13)« In this case it is taken o be .4 Times the well
losgs Hence it ls estimated that a dvawdows of 27.6m in the
observation well corresponds to the avellable dvawdovm of 31.5m
in the production well after a pesiod of 216,000 minntes.
Substituting this value Tor @ in the above aquation gives a
safe yleld of 35?m3/day.

Furthermore by rearrvanging the modified Theis equation
to

2logy = log 2,285 « 4 T

8 -2.3 é
and letting e approach zero it is possible %o caleulate the
approximate radius of the cone of depression after s nonsrecharge
perdod of 150 days. At a constant Gischarge of 360m3/day
and essuning no boundary condiltions. fThis gives a value of
approximately 2,300m for r, However bofore the cone of
depression reaches this size a recharge boundary (the development
of uneonfined storage in the outerop area) will be encountered Ffirst
in the south and then in the north. This wili reduce the rate of
expangion of the cone. As the cone expands beyond the outerop of
the sandstone (particulerly to the south) %he cone of depression
will expand ot o foster vale. It is likely that these two effeois
will cancel each other out and not effect the drawdown or discharge

significantly.



It has been mentioned previougly that bomehole TY 49734 is
gongidered to be uustable. Hemce as the water level dechreases
under pumping conditions, turbulance will increase snd the
borehole walls will loose the support of ithe colwm of water.
As & result the borehole will become more unstable and caving
will become more likely.

Due to the frequout change in the slope of the time=drawdown
curve (Figuve 2%, Appendix 0 of this bovchole, it is not
posaible to caloulate the drawdown after 150 days with a
discharge of 1113m3/day. It is estimated that the drawdown would
be between 32 and I8m, While this borehole remaing in its
present condition it is recommended that the pumping level be
kept above the level of the highesat sendstone 1.6, 24um,

This condition could be achieved with a dischavge rate of
900m3/&ay¢

The state of this borehole could be improved by sesming 1t
out to its original dlameter and by treating it with ohlorine %o
remove the ilron and slime forming bacteria wahich have bullt up on
the borehole walls (see Section II.7). This should result in
higher output and a reduction in well losses and punping costs.
It is also recommended tnat the well be cssed down to the level
of the pump %o protect the instellation, The casing should be
slotted opposite the sandstone units, Any of the modern type
of plastic well casing will be adequate for this purpose.

The performance of this borehole over 4ime should be nonitored ot
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9.4 )96,

13K, GROUNDWATER DEVELOPIING,
RESOURGRS AND CONOLUSIONS

Tiled  Fagtors pevbinent to development

{a) Por the wurposen of growndwater develepment the Westphalian
santsiones son Lo divided into two groups i.es the twoe prineipal
sandodone wnlts (Glengoole end Main Hook Sandstones) which

sasur alnest fhecughout the coalield (Geoup 1)y and thowe
thimier sandatones {(Group IX) wideh ooouw freguentdy n that paré
ol tho suecedplon vitch extends fror Just bemesth

Pat Heher's vein Yo the top of the sequence (see Tables I and
AVEys It ds only du the eentre and amihwestern perd of ithe
Barlshlll Synoline that the ouivorop aren of the Groeup IT
sandsiones 1o extensive waough Tor them %o be o slgnificent

POEou 0.

(b} Wik the excoptlion of the Cleapoole Sendstons o the
gouthweeters part of ths conlfield, ihe sandstones within the
two groups eve seldomly sepseated by more thom 40m, Henes,

In goavrsl the boreholes whould penetrate sll the sandstones in
the growp So minluise drdlling ososts wad obisln o roeescable
yield {E’;{}i}»l.ﬂ{){}m% day) without excessive Geawdown

{less than 30m), This procsdure will waks aguifer menagsmonty
¢iffioult, espeelally dn the cuse of the Group I sandatones,
However, these problems can be olvowmvented by sdequate

vwell testing pelor %o producilon, continuons monitoring duving
produgtion and by the congtruction of observation wells dn
which the plezometrle suvface in bolh sandstones In the geoup

ol DEe meamired.
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(o) As & rosult of the mynelinal strusture, the Bopegraphy
g in portiounlsy the séa&g ddp of the sirals In the |
Feelohdll syaeline and the southwest portion of the coalfislad
1% de possible to dovelep both grouss md yvod gite the
borelioles within a veanwenasble dlstence (800-750m) of cesh
other (Bleure 18}, Purthermore as the vdver valloyae in this
avesn ove popmaliy perpendisulor to the ewis of the synelines,
boreholos oo be connected by pipelines follovwing thoss
valleyss Hence, the borgholes can be developed as & wellfield

with contiaiined surfece installationg,

{a) Isvze genle mining opevabions, in the last forty youvs,
bave been madnly confined 1o the Uppor Glangools Heam ond

have been gententroted In the north and eastemn part of the
aoalfield, Thepe operatimns ave likely fo have s deleterious
effeat on the grouwndwater in thesse avens., On the norihwestom
slde of the Perlehill synoeline, avound Gopteen (Plgure 1)

whore nining hag been culsnsive, the Upper Glengeole Seanm

1ien juet above the (lengoole pmmdstone. MHenow the wabow

in this sondetone, v this avea will probably not bs peitables

(@) In this countey most boreholes are lems then 90nm deep
and 250mme dn dlanmoter. Henee it is vecomuended that borsholos
do not excoed 150m ns the plant end dellling oxperdine are

gumsrally not availeble.

{£) Bopreboldes toppling the swme group of sandatones ghould
be localted aboud 1500m sperd, where nepetioanl, to avold

pleniticont Interferonco,
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1¥%.2  Well Jonstmstion

Boreholes tapping theose aguifers should be drilled a%
20menn o dlomoter Jm dnto bedrock and continuved pt 200ms
to the pump sobilng and then redusing %o 150mms for thad portion
balow the pump. Hteel casing, 200mmg in dlometer should be
ueed and grooted dnto the bedrosk,

Iy en ovea such as this vhers thoeve has boen
aunslderable small seele miniag, 1% i alweys o possdibilisy
that boreholes will encounter old mine workings purtdoulseply
near the surfecns If the workinge are not oo desp
(Llems than 20m) 4t ehould be possible to seal them off with
casing and gonerede growts In avess where this 18 o possibility
the boreholes should be dwdlled to & depih of 20m with a
Almmetor of 300mug.

Ag mentioned previously (Heotdeon TIL.,1(H)) the
observation wells should be conmtructed so that chumges in the
riesonetric surfase, in both sendstones penstrated by the
produotion borehole oan be mondtored duping pumping. This ean
be dono simply by plugging the bovshole botwesn the two
sendstones end rumndng o navrow diemeter pipe theoogh the plug.
the observetion wells should be drilled through bedrosk with
a dianeter of 150mms, Bipgaificent savings in the cost of the
obasprvatlon wells could be nmade by siting ithem updip and
geveral huadred metres from tho production wells,

If it ds ounsidered 4o he more sooncmie to develop both
gendstone geoups at the one locatien then it weuld be necoensayy
o dolll twe producticn boveholes and seal off the upper group

in the deeper boveholes UYhis could be sohieved by ariliing a



wide ddametor boeshole (300mus) throush the upper sandsiones
mid sonling them off with caslng which bhas beon growted du

with eonovate.

Yil.3  Buggested looatlony For Groamdwater Dovelopment

In each of the synolinal groups the sandeione unlis can
e developed subject to the speoific sonstraints mendioned in
Bovtione 113,01 snd the more genoral oriterion stated in
Seatlon Ilel. %he detalls of the vevious svess solected for
development ave glven in Table X and thely locatlons sve shown
on Plgures 1 ond 3.

Boreholes dvllled olesio to fomlis shonld heve highee
ylelds than nowmal, whilst the yields of boreholes in the
Gronp LI sendstones will be lower then those in the sondstones
of Gooup L.

In the Joodquill erea (Figure 1) which is mainly
upland the Naln Reok Sandstone e eloss to the surfaece and
henss would not be suiltable Tfor luvge soalo developuent,
Hovever 1t should be possible to get a swmall supply
{up to aaﬂmgféay} from the ssndstones eguivalent 4o the
Flengoole Bandstone, Thore sre alse o few aress vheve sinilar
supplies eould bo obtalned by tapping one sendotone wnld e.g. the
Haln Reck Bandstone sround Bollingeny Nower, sad the
(Hlengoole Bendstone at Hewpavk (Pigure 1),

Domentle end ferm supplies should be obtained nt most
reasonable losatlons slthough borveholes nay have %o bhe up to

90m deep du some plecet.
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Iiis4 Groundwater Rogouroes

The sandstone wnits in the Vestphalisn of dhe
Blievesrdegh Hills sve relatively thin hence the apess over
whioh the outerop has 4o be estimated fronm the dip end struetupe
i the strata, This introduses a consilderable sourse of erpop
inte the calonlatime of effective vainfall.

n g recont roport (%?ight‘ﬁﬁ al 1979} the suthopr
ouloulabed the vecharge to bo L.68MeY/ye (4600md/day)s This
valy took ascount of the recharge area for the Group I
gendgtones on the periueter of the coalfield, However it 18 now
ko {Seatdon L.3) that these sandotunes cewe to the surface
dn the centre of the cealfleld, Bifeciive rainfall (rescuvcss)
af e 63/ yr (72§ﬂg§fﬂ&y} and o 34Mm3 e igﬁémeﬁayj for the
teoup L end I sendobones pre now aonsideved to be os nocurate
an ostisate of growndwater vegsourses thet con be obtained with
the infoemation avellable at present.

By extrapolating the low flows measured by 0¥Brien (1951)
and Ball (1972) for the Gorbeen end Ballingarey Jollievies,
valuos of 6,8Mn°/yr (19076n%/dsy) and 4,770 ye (130450°/d0y)
are oblalned for the groundweder resources, Hence the value glven
above of 2.97§m31yr (ﬂlﬁsmﬁfday) for the twe sandstone groups nay
slightly wnderestivate the resources,

If development proceeds, the estinate of the resources
aan be dmproved by continucus monitering of the discharge and
waler levels throughout the yeur,

£f the resource of gBéEmgfyr (Qsﬂmﬁjéay) for the Group II
senmdstones 18 correst it will be necessoary to weduce the number
of borveholes tepping thie group by one (il.e. the borehole at

alte 4}&
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ke oost of adsquetely drdlling, testing and supervising
the work necessury te bring this vascuree inty produstion

would be of the owpder of £140,800,

Lile%  Gonclusmlong

The Wwo prineipal smmdetens units, the Glengoold Sendstone
s the géiﬂ Roek Semdstone whioh ave correlnted with the
Gloy Gall Ssndotone and the Swen Sandetone of the
Gastlecomer Platean, ave alse the two moat Jmporitent squifers in
the Slieveardagh Hills.

0 Brlon n gomn suggests that the Oastleconor Platem

E it

may have beon subjested to move intense pressuve than the
dlivveardegh Hills, whereos the opposite ls frue dn the vase of
Tolding, %his probably accovals for the higher transmissiviitics
of dhe sandsiones in the Slieveardsgh Hilla,

Tho resourae of 29Ty (8130n%/doy) s pelatively
small in astlonsl terus, however it sesumes greater mportance
when one conmlders that there in no weadily available surfase
sourge in the aven, Two further sdvantages nre the olevabiom
- {100=240m, CaDs) of the suggoested develepment losations which
ghould be of conglderable bencefld to the dlstridution systen and
the Tact that the vesoures can be developed in steges pa

demand inorenson.
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VESTPHALIAN SUCCESSION 1IN THE SLIBVEARDAGH
HILLS A% BARLSHILL COLLIBAY (HARDMAN1S81)

FORMATEON | ROCK TYRES s
| Perkensslen Coal Shales ond Sandstones 1169
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phales, firealays and 11,1
soal |
gandstons [ 40
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ashales and Lirealay 9,4
Hanleys Vedn coal st
shales md fiveclay 20,1
gondatone 649
Baelohill Crow Qoal goal 5
ghales, sendstones end
fivealay 8.4
Raelehill Made Coal coal b
shales, sondaitones mnd 1262
fiveclay
Pat Meher's Vein goal ol
shales, sandgtones end T35
firecleys
Hain Hock Sandstone sondstone 649
shale 82
Upper Glengoole Coal sonl : o5
{ Tiveolay | 1%
i
Glengoole Sandatone aandatone 32,0
| - shale 1843
 Lower Glengoole Coal aoal 3 !

PREY 32’809 _
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BOREHOLE WOBER
{Fokmstone Report 1937)

Do

BALLIEOURREY, ELEVARION BIF
Co. Tipperary  October 19736 508,72 BeOods 2%

EOCATTEON DaTE CONPLETED GHID REFERENDSE  SURPACE SIRATA

RUPURIRR

Depth below Ground level {(m)

ot n iy e it ot s
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S
1.5
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18.5
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3T+
28.%5
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-y
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f Fireclsy
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VHE QURRELAYION OF UHE WESUFHALIAN SUCUESSION IN 9NR SLIBVEARDAGH

HILLE WITH SHa% OF THE CASPLUCOMER PLATEAY

(AVOHR  HARDHAN, 1681

YILE 1957 snd 1955 sad  BAGAR 1975)

SLYBVEARDAGE KILLG

GABILEGONER PLATRAU

Hamuelen

Mo X Gosd

]

ﬁwm

(Barlsbiili Bynoline)
Strats Sdrate f
Ueow Soal Henn thoes Foot Bosl Hown :
B¥ruta ¢ Strate ;
Hedn ool Hoem Jevrow Goal Heanm
Hrata Strate
Pat Hsher's Vein Deuble Fivgoloy

{approximate soveelation)

(Boe Hagae, 197%)
Sratn Bratn
Hadn Reok Baadstone 3 fwan sandstona
Strate Btrata
Upper lengoole Coal Favds Sesm |
$hrata ; Steots ;
Glengoole Sendstone L Clay Gall Semdatons
Birats ? Struta
Lower Glenguole Coal Hos I3 Coal
Steata Bipata
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SE0LOCICATL LOC OF BORBHOLE |

E BORIOLE FUMBER LOCATION DATE CONMTLETER GRID REFIRENSE  SURPACE STRATE
. Bo {Jonnstene Repert 1937} Xilmehone, Hordyke, EIEVATION DIP
i County Tipperary June 1936 526,76 Betads 330
Depth below Grownd level (m)  Iithology FOREAZION
{m}
o - 1.0 Boulder clay
18 - 24,23 Shale
| 24,23 -~ 27,81 Fireclay, cesl and thin Hain Coal Seam (7 o
sandstone
| 27481 = 55.63 Shales snd semdstanes
| 55.63 = 56,24 Sandy fiseclsy with
coal and spox bells Pat ¥sherts Vein (72}
56024 - 58,74 Herd sendstone
58.T4 = 98,76 Shales and ssndsiones
. 98.76 -  106.22 Herd saxdstone Badn Rock Sendstone
| 106422 = 151449 Sheles and sendstones
| 151.49 = 152.65 Coal and fireclay Upper Glengoole Cosl Seam
:' 152,65 - 241,55 Shale with ironsione
24155 = 248,50 Bayd fine greined Glengoele Sendstene {pouivalent)

sendstona




ABATESES OF WATERS FROY THE SLIEVEARDACH HILLS

| SOREHOLE | LABORATORY | 13 o SAMPLE BODER | OUNCORRECTED | CORRECTED

! FUMBEBR | = FIEER | 3 ACTITITE(S) STANDARD { 4GB (TEaRS} | AGE (YEARS)
| : | ACTIVICY {8) |

; ! Caliele CaDelle i

—— |

TY 55/65 | Birm -~ 975 - 17.32 | 15,382 3 0,095 26,103 | 2150 300 | modemm |
T¥ 39/34 | Dirm - 018 | - 15,6 T.255 & 0,064 10,183 | 2720 £ 100 | omodemn |
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Goophysleal Well Lomeing
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Geophysical Well Togging

Geophysical well logs were run in 211 of the boreholes,
Phe eguipment veed was a Goarhori«Gwen Poria=hosger,
model PLA-PRG, number 10L., The unit is mounted in z long-whesel
bage Dend Aover. 9ix geophyslcal methods were used in this
study: spentaneocus potenitial, singlespoint resistance,
natural geammsa, caliper, fluld velooiily and fIuid temporsture,
The uses of these methods gnd the conditions under which the
logs can be run are swoamarlsed on Table XVIL.

Sponteneous potential (=.p.) logs are contilouous
records of the natural eleciricsl poteantials developed betwesn
the borenole fluid and the surrounding rock materials, The
meagsurements are made through two lead clecirodes: one stotionavy
in the ground at the surface, =and the other moving in the
bhorehole,

Single point resistance logs are continuous weasurements of the
resistance of ihe sitrate lying between a moving electrode in the
hole, and 2 greound electrode, The same lead elecirodes are used for
both s.p. and resistence measurements,

The natural ganma log is o continuous record of the
Intensity of gamms radlation emitted by all naturally ocouring
radlo isotopes in geological strata. The messursument is made by
scintillation crystal (sodium iodide) used in conjunction with a
photomultiplier tube,

The three methods described above mostly provide geological
information, In the s.p.‘and natural gemma logs movement to the
right generally indlcates increasing olay or shale content
whereas movement %0 the left indlcates high sand content, %With

reasistance logs the movement of the trace is opposlte to the sbove,

[ose



TABLE XVII

USES, LIMITATIONS AND DETATLS OF GECPEYSICAL LOGS USED IV THIS STUDY

sl B et o A\ AR e e

= T AR
, ey BOREHOLE ; ST PROBE
FROBE woEs GONDITIONS mas HOVING
m/min
Spontaneous Geological correlation, determination of bedl Open hole - HMillivelts { S=6 Yp the borehole
Potential thickness and detecting permeable zoness fluid £illed
Single-Point | Geological correlation, determination of bed! Open hole Chm mefres| 5-0 =
Resistance boundaries and changes in litholozy and Tiuid filled
identifying fractures in resisiive rocks.
Botural Gamms | Identification of lithology and Open or cased | Coumts per| 5-6 %
stratigraphie correlation. hole, dry or second
finid £illed
Caliper leasuring hole or casing diameter. Locating! Open or cased inches i "
; Tissures or wall collapse, hole, dry or
, . fipid £illed
Fluid Velocily | Defermining rate and éirecition of fiuid Open or cased | Coumis per | 3-12 Both directions
movement up or downr the hole., Docating hole, fimid second
poinis of water entry or loss. £illed
Fiuid Provides information on water movement and Open or cased | Degrees 3 Dm the ‘
Pemperature peinte of water entry. hole, fIuid centigrade Ve e i

£filled
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URITS HYDROGECLOGIOAL
CHARACTERISTIC
{Hotreg)
Quaternary i Aquifer Gravels; Sands, 0=45
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Windy Arbour
K. T. Cullen & Co. Ltd S
Hydrogeological & Environmental Consultants. Tel O — 697082, 698331, 697122

Report on the Groundwater Development at Curraheenduff, Coalbrook.
1. Introduction.

The Coalbrook area is presently served by two water v;/cll sources located in the Slieveardagh Hills.
One at Curraheenduff and the other to the south at Ballincurry. The larger of these is the
Curraheenduff source. The works and studies described in this report were commissioned by
Tipperary County Council (South Riding). This report will describe the situation to date, the
remedial work carried out on the existing well, the drilling and testing of a ne\.;v well at the
Curraheenduff site and recommend proposals to supply the present and projected demands of the

Coalbrook area.
2.  Situation to Date

The existing well ( Production Well No.1) at Curraheenduff was drilled in 1937 as an exploration
borehole to assess the coal deposits of the area. The well is drilled through Westphalian shales,
sandstones, coal seams and fireclays. Subsequently this well was developed as a borehole supply
by Tipperary County Council in the early 1980's. It is the sandstones in this succession that
constitute the aquifers. In all, five sandstone units were intercepted during the drilling of Production
Well No.1. It is the lower two of these that are considered to be the principal aquifers. The
construction of this well is outlined below in Table No. 1. It was tested by the Geological Survey of
Ireland and the safe yield was quoted as 8250 gals/hour. Until recent summers the well performed

satisfactorily.

1
VAT Reg No 1760772 H



Depth below Description Formation Hole Diameter
ground level
(m)
000 - 2.21 Clay
221 - 6.5 Shale
0.0 to 10.7 m
6.5 7.62 Coal Main Coal @ 229 mm
{ 201 mm steel
7.62 - 23.93 Shales casing to 4.5 m)
23.93 - 30.28 Sandstone with quartz strings
30.28 41.22 Shales
41.22 49.38 Green and brown sandstone
49.38 - 103.45 Shales and fireclay
10.7 to 1739 m
103.45 - 107.75 Sandstone with quartz strings @ 203 mm
107.75 159.11 Shales
159.11 165.12 Grey sandstone with quartz strings Main Rock Sandstone
165.12 169.01 Sandy shale
169.01 169.62 Coal Upper Glengoole Seam
169.62 175.72 Shales
1756.72 192.10 Quartzose sandstone Glengoole Sandstone
192.10 - 217.25 Shales
1739 to 221.2 m
217.25 - 217.52 Coal Lower Glengoole Seam @178 mm
217.52 219.05 Sandy shale
219.05 221.21 Sandstone

Table No.1 Geological Log of Well No.1 at Curraheendutf, Coalbrook.




The situation at Curraheenduff prior to this study can be summarised as follows.

b)

¢)

d)

€)

The output from the existing Coalbrook well (PW No.1) at Curraheenduff was reported to have
fallen off dramatically during the summer months of 1990 to the extent that the water supplies in

the area had to be cut off during the night.

The pump was replaced and the probes checked and there was no improvement in the yield of

the well.

The submersible pump intake was at a level of 54.86 metres below ground. This pump cannot
be lowered any further due to the presence an old pump which broke off and is lodged down the
well. In addition, there is 18 metres of riser pipe still connected to the pump. The obstruction
or cave-in of the well is located at a level approximately 78 metres below ground level. This

corresponds to a constriction in the well diameter indicated by the calliper log.

The main inflows to Coalbrook PW No.1 are from the sandstone units found within the coal

measures and these occur at 24, 41, 103, 159, 175 and 219 metres.

Water samples from Production Well No.1 have regularly shown elevated levels of manganese

and iron.

In the light of the critical summer time situation two measures were adopted. Firstly another

production well would be drilled on the site and secondly the depleting yield of PW No.1 would be

investigated and remedial steps undertaken. Prior to this study very little was known regarding the

yield of PW No.1 apart from the work carried out by the Geological Survey in 1980. This report will

describe the drilling of the new well (PW No.2), the possible reasons for the decrease in the well

performance of PW No.1, the remedial work carried out on PW No.1, the pumping tests carried out

at the site and will quantify the yields of each well.



3. Drilling of Production Well No.2

A decision was taken to drill a second production well (PW No.2) and this was carried out by
Fogarty Brothers at the start of October 1990. At this stage the water supply to the Coalbrook
scheme was in such a critiéal state that the supply was turned off during the night. It___pad been
intended to drill this well to a depth of 212 metres to intercept all five of the major water bearing
sandstone layers. PW No.2 was drilled at a distance of 24.7 metres from PW No.1 and the
completed well design is shown in Figure No.1. The well was drilled at a diameter of 200 mm and
was completed to a depth of 48 metres. Drilling could not be continued after 48 metres as the water
bearing sandstone layer was extremely weathered and broken at this level causing the well walls to
collapse. This weathered layer coincided with a major groundwater inflow. The original production
well did not encounter such broken conditions as is evidenced by the fact that the rock was drilled
entirely at an open hole diameter of 200 mm and no casing was required to support the well walls.
Rather than install 150 mm steel casing which would limit the size of pump that could be installed in
the well and limit the output to = 3000 gals/hour it was decided to test the well as it was. If a
production well completed to 212 metres is required then drilling will have to start at a much greater
diameter to facilitate the installation of well casing to support the well walls. The standing water level
in this well was recorded to be some 27 metres below ground level when Production Well No.1 was

pumping on the 9 October 1990.
4. Rehabilitation of Production Well No.1

The output from the existing well (PW No.1) at the Curraheenduff site decreased dramatically over
the summer of 1990 to the extent that the water supply to the area had to switched off at night. The
reason for this is a combination of a number of factors. The rainfall for the summer of 1990 was
considerably less than average with the exception of the month of June. Although this was below
average it was still greater than the rainfall of the previous year (1989) but the effect of two dry
summers in succession can be cumulative as the winter rains never fully replenished the aquifer. The

details of the rainfalls recorded at Kilkenny for 1989 and 1990 are shown in Table No.2.
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The elevation of the wells at Curraheenduff cause them to be susceptible to very rapid recharge and
the seasonal fluctuation in the regional water table will be much greater than that for a well situated at
a lower topographical level. The variation in the water level at Curraheenduff over 1990 was
approximately 20 metres. It follows from this that the available drawdown in a pumping well will be

reduced considerably.

Over the past years the water demand of the Coalbrook area will have increased as more consumers

are added on to the system.

1989 1990
Recorded Rainfall | % of Average | Recorded Rainfall | % of Average

January 48.7 56 97 99
February 74.6 124 156 260
March 83.3 1486 14.6 26
April 57.2 110 34.8 67
May 17.3 27 26 41
June 51.6 51.6 91.1 194
July 7 12 42.4 72
August 125.6 190 53.8 82
September 36.9 45 45.8 56
October 93.6 113 134.7 162
November 50.8 66 55.7 72
December 107.8 ) 107.8 95.7 104

Total 754 .4 847.6

Table No.2 Rainfall Recorded at Kilkenny for 1989 and 1990

There has been a history of high iron and manganese concentrations associated with Production Well
No.1. It is common for wells with this problem to have a high build up of iron and manganese
bacteria which will cause encrustation and form a slime on the well walls thus hampering the ability
of water to flow into the well. This can be exacerbated when the water level in the well fluctuates
considerably. The water cascades into the well as fissures become dewatered. The water becomes
aerated which can cause the iron and manganese to precipitate and the walls of the well become
coated with iron and manganese. Improvements in yield can be achieved through rapid chlorination

coupled with development using compressed air which removes the wall coating.



The yield of the well was limited by an obstruction which prevented the pump from being lowered
below 54 metres. This obstruction was an old pump attached to 18 metres of riser pipe. If this
could be forced down the well then the extra available drawdown would allow the well to be pumped

at a higher rate.

The remedial work consisted of two separate operations. Firstly efforts were made to remove the
obstruction in the well and secondly the well was shock chlorinated which would result in an

increase in available drawdown and an increase in transmissivity.

The pumping contractors who were installing the new pump in the well unsuccessfully attempted to
extract the old pump which was lodged in the well. A drilling rig was then brought in and attempted
to force the the pump to the bottom of the hole. However it only succeeded in clearing the hole to 72
metres below ground when the pump became firmly lodged and could not be forced down any

further.

The well was then shock chlorinated in order to eradicate iron and manganese bacteria which are
present in the well and are responsible for the undesirable slime that can hamper the flow into the
well. To do this 65 litres of sodium hypochlorite (10 to 12 % chlorine) was introduced into the well,
mixed thoroughly and allowed to stand for 4 hours and then blown out and pumped to waste. The
blowing out with compressed air also cleared a lot of the encrustation caused by the precipitation of
iron and manganese. A new pump was installed in the well with its intake at 72 metres below
ground which amounts to 14 metres greater than before. The well was then pumped to waste for
several days to remove any remaining chlorine. When these operations had been completed the
output had visibly improved. It was not possible to quantify the improvement as the flowmeter on

the well was subsquently discovered to be functioning incorrectly.



5. Pumping Tests

The only previous investigations into well yields at the Curraheenduff site was carried out in January
1978 by the Geological Survey of Ireland when Production Well No.1 was tested and its safe yield
was calculated to be 8250 gals/hour .

Pumping tests were carried out as part of this investigation on two separate occasions. The first
during October 1990 when the regional water table was close to its lowest level. It was discovered
subsequently that the flowmeter on PW No.1 was malfunctioning and therefore the flow data had to
be disregarded. A further set of tests were carried out at the end of January 1991 after the new

flowmeters had been installed.
5.1 October 1990

A short duration pumping test was carried out on the recently drilled well (Production Well No.2) at
urraheenduff, Co Tipperary on 9th and 10th of October 1990 when the regional ground water table is
close to its lowest level. The time-drawdown is listed and shown graphically in Figure No.s 2 - 5 in

the appendix. The results can be summarised as follows.

The water level in Production Well No.2 was 27.06 metres below ground when the existing
borehole Production Well No.1 was pumping. The pump in the existing Production Well No.1 was
reported to be at 57 metres below ground level at this time. Production Well No.2 was pumped for
the first hour at a rate of 1350 gals/hour. The resulting drawdown after one hour was 2.96 metres
which is equivalent to a water level of 30.02 metres below ground. Steady state conditions had
almost been reached at this stage. This output was then increased to 2915 gals/hour. After a further
4 hours the drawdown was 7.64 metres (34.7 metres below ground). The water level was still
dropping marginally at this stage. Throughout this period the existing well was pumping and the
water level was down to the pump as evidenced by the amount of air entrained in the discharged
water. Both pumps ran overnight and the following morning when the test was to be continued the

pump in the existing well had cut off as the reservoir was full. Production Well No.2 was still



pumping but its level had risen to 33.7 metres. PW No.1 was then restarted for a period of 1 hour
in order to regain the water level in the PW No.2. The pump in PW No.1 was then turned off and
the partial recovery in PW No.2 monitored for a period of 30 mins. Over the thirty minutes the well

recovered by 1.25 metres. This shows that there is very little interference between the two wells.

The rate at which the existing PW No.l was pumping is not known as it was discovered later that the
flow meter was malfunctioning. The pumping level in this well was down to the pump intake at 57

metres.

The pump in Production Well No.2 cuts out when the water level is at 36.65 metres and cuts in again

at 30.1 metres. The time between cut-out and cut-in was less than one minute during the test.

The conclusion to be made from this pumping test is that during the worst of the summer conditions
Production Well No.2 is capable of yielding 2700 gals/hour in addition to that quantity being

pumped from Production Well No.1.
5.2 January - February 1991

Another pumping test was carried out at the start of February 1991 and details are given in Figure
No's 6 -17 in the appendix. The groundwater table at this stage had risen by over 20 metres. In fact
Production Well No.1 was flowing under artesian conditions after both pumps had been switched
off prior to conducting the test. The water level in PW No.2 when PW No.1 was pumping was
5.03 metres which clearly shows the difference from the summer situation when under the same

pumping conditions the water level in PW No.2 was 27.26 metres.

The pumping tests were carried out in the following manner. Initially both pumps were turned off
overnight and the wells allowed to recover. The following morning pumping commenced in
Production Well No.1 (Fig No's 6 - 13). This well was then pumped for a period of 24 hours at a
rate of 9360 gals/hour. It must be noted the pumping regime in operation at the Cuuraheenduff site

is based on a 21 hour pumping day. The electricity is automatically switched off for three hours in



the evening to avail of the cheap rate. The next day, PW No.2 was turned on and both wells
pumped together for a further 24 hours. Production Well No.2 was then pumping at a rate of 5600
gals/hour and the combined output was 14300 gallons per hour. On 6 February 1991, Production
Well No.2 was pumped alone for a period of 24 hours at a rate of 6360 gallons per hour (Figure
No's 14 - 17).

The results of these tests are based on the winter water table conditions and can be summarised as

follows;

i)  Production Well No.1 pumping at a rate of 9300 gals/hour results in a drawdown of 46.6
metres and reduces the water level in Production Well No.2 by some 3.78 metres after 24
hours.

i) Production Well No.2 pumping at a rate of 6360 gals/hour results in a drawdown of 20.14
metres in the pumping well and reduces the water level in PW No.1 by some 1.51 metres.

iii) The safe combined winter yield is estimated to be 15000 gals/hour (315000 gals per 21 hour

day) based on the prevailing conditions at the time of testing.

It becomes more difficult to predict the outputs during a dry summer and this is compounded by the
fact that the improvement in the the yield of Production Well No.l was impossible to quantify.
However based on the results of the February tests and the limited testing of October 1990 when it is

assumed that the groundwater table was at its lowest the estimated yields are as follows;

a) Production Well No.1 will have improved since the remedial work. The seasonal water table
fluctuation is of the order of 24 metres. The pump intake is now located at a level 14 metres
lower than last October. An analysis of the data indicates that PW No.1 ought to be capable of
yielding approximately 5500 gals per hour. Precise flow data from PW No.1 is unavailable for
the critical stage of last summer. Therefore this prediction will have to be confirmed by careful
monitoring of the output and water levels of PW No.1 during the coming summer months.

b) PW No.2 is capable of yielding 2600 gals per hour during the critical summer period.

¢) The combined output from the Coalbrook site during drought conditions has been increased by

approximately 84000 gallons per day.



6. Hydrochemistry

The groundwater abstracted from the Coalbrook site regularly shows elevated levels of iron and
manganese. In order to improve the quality of the water a rudimentary iron and manganese removal
system has been employed. This consists of aerating the water by cascading over a series of steps in
order to promote the precipitation of iron and manganese and thus reduce the concentration prior to
its distribution through the mains. The shock chlorination of Production Well No.1 was designed to
kill any iron and manganese bacteria that may have been exacerbating this problem. A water sample
collected after this operation was forwarded for chemical analysis (13/11/90). The results are listed
in Table No.3 and show that all the parameters are below the maximum admissible concentrations
(M.A.C.) as defined by the E.C. directive on water intended for human consumption. The iron and
manganese concentrations in a pumped groundwater can fluctuate over a period of time. However
the fact that the concentrations are below the E.C. M.A.C. would tend to suggest that the
chlorination was beneficial. This improvement is often only temporary as the bacteria will repopulate
over a period of time. A further sample collected on 31 January 1991 has shown that both the iron
and manganese concentrations had increased considerably. The manganese concentration in this
sample was over ten times the E.C. maximum. This could be due to either normal fluctuations or the
repopulation of the iron and manganese bacteria. Regular monitoring of these concentrations over

time will present a clearer picture.

A sample was also collected from PW No.2 (8/10/90) and showed concentrations of manganese and
zincl which exceeded the M.A.C. The results of this analysis are shown in Table No.4. The
manganese concentration is only marginally in excess of the maximum. The elevated level of zinc is
unusual and is probably related to the galvanised piping attached to the pump which had not been
pumped for some time prior to sampling. A sample collected on 1 February 1991 shows little
change in these concentrations, in fact there is an overall reduction in their levels. The level of zinc is
much lower as was anticipated and does not present a problem as long as the the well is pumped on a
regular basis. The consistent levels of iron and manganese would seem to indicate that the the new

production well does not have an iron and manganese problem to the same degree as Production



PARAMETERS

PRODUCTION WELL
No.

1

13-11-90

31-1-91

POTABLE
Water M.A.C.

Calcium

.............................................

Plate Count @ 22 C

COL/ML

No Increase

No significant
increase above
background level

M.A.C. = Maximum Admissable Concentration under E.C. directive (No.80/778/E.C.)

Chemical Analysis of groundwater at Production Well No.1, Coalbrook.

K.T.Cullen & Co. Lid.

Hydrogeological & Environmental Consuhtants

NOTE :

N.E.
N.D.

Not Examined
None Determined
Less Than

<

Table No.3




PRODUCTION WELL
No.2

13-11-90

1-2-91

POTABLE
Water M.A.C.

PARAMETERS UNIT
Calcium Camg/l
........ ngnes.ummgmgﬂ
"""" sodum | Namg/l
"""" potassum | KmgA
"""" Bicarbonate | HCO3ma/l
........ 5 U]phmesoélmg/l
........ CmondeC]mg/[
........ AmmomumNMmg/l
........ N|frofe|\]o3mg/|
........ NlmeNozmgﬂ
........ Coppercumgﬂ
........ |ronpemg/|
........ MongcneseMnmgﬂ
........ 2 ,ncznmgﬂ
________ T OCCmg/|
........ pHun”s
| Hardness | CaCod ma/l
"""" Colour | ma/PtCo
"""" rubidty - | FTU.
"""" Conductivity |  wSlem
 Akainty | CaCo3ma/l
[ coffoms | MPN/IOOML
[ Eecot | MPN/I0OML
"""" Plafe Count @37C | COLML
"""" Plate Count @22C | COLML

No Increase

No significant
increase above
background level

M.A.C. = Maximum Admissable Concentration under E.C. directive (No.80/778/E.C )

Chemical Analysis of groundwater at Production Well No.2 , Coalbrook.

K.T.Cullen & Co. Ltd.

Hydrogeological & Environmental Consuhtants

NOTE :

N.E. = Not Examined
N.D.= None Determined
< =less Than

Table No.4




Well No.1. The iron manganese problem may well be related to lower sandstone layers that are
tapped in PW No.1 but not in PW No.2. If this is the case a blend of the two well waters would
result in a net decrease in the iron and manganese concentrations. A sampling programme should be
initiated in order to monitor the fluctuation of these iron and manganese concentrations. Samples

should be collected every six weeks for the next six months and every two months after that.
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a)

b)

d)

e)

Summary and Conclusions

The well drilling and t/e?ting programme at Curraheenduff has been successful in providing an
ooy 2 g[ mol g
v 24 9,
additional 84000 gallons per day at the Curraheenduff site during the drought periods. This
additional capacity was achieved in spite of the fact that PW No.2 was unable to be completed to

its target depth due to the unstable sandstone formation encountered at 41 metres.

The combined winter yield when the groundwater table is high is over 300,000 gallons per day.

{

A 2e3
The remedial work carried out on the existing well PW No.1 succeeded in increasing its yield

and the pump intake is now some 14 metres lower at 69 metres.

Another well drilled to 212 metres at the Curraheenduff site would be capable of yielding
quantities in excess of those presently available from the shallow PW No.2. The unstable
bedrock conditions encountered in PW No.2 would necessitate the installation of casing

throughout the entire depth of the hole.

The information available from the chemical analyses to date would suggest that a shallower
borehole (similar to PW No.2) intercepting the higher sandstones would have lower

concentrations of iron and manganese.

Despite the two wells being only 24 metres apart there is very little interference between them.
When PW No.1 is pumping its water level is some 47 metres below ground. The effect of this
on PW No.2 is to lower the water level by only 4 metres. If more water is required then another
well can be developed within the Coalbrook site itself. This well should be located as far from

the other two production wells as is possible within the confines of the site.

11



g) The water levels together with the output from the individual wells at the Curraheenduff site

h)

)

)

should be monitored weekly throughout the coming year. If the coming year is also very dry
the aquifer may not fully recover and the cumulative effect may result in the outputs being less

than predicted.

The chemical quality of the two wells is generally good. The only parameters giving any cause
for concern is the iron and manganeseand to a lesser extent the zinc. The iron and manganese
concentrations in PW No.1 have increased considerably since last November. The manganese
concentration is over ten times greater than the maximum permissible. This is due to either the
effects of the chlorination wearing off or a natural fluctuation. PW No.2 however appears to
have more consistant levels and this could be due to the fact that only the upper sandstone layers
have been intercepted. The elevated zinc level which has decreased is probably due to the
galvanised riser pipe and the lack of pumping of PW No.2 prior to sampling. This will not be a

problem if the well is pumped regularly for lengthy periods.

In order to develop a picture of the fluctuation in iron and manganese concentrations it is
recommended that samples be forwarded for analysis every 6 weeks for the next 6 months and

every two months after that. The effectiveness of the shock chlorination can then be assessed.

The wells should be shock chlorinated at least twice a year to remove iron and manganese
bacteria which cause caking on the well walls and inhibit the flow of water into the wells.
Blowing out the well with compressed increases the effectiveness of this remedial operation.
Following chlorination the well should be pumped to waste until the residual chlorine has

reached an acceptable level.

12



Appendix I
Pumping Test Data.

October 1990



Note. Both Production Wells Pumping.

TIME WATER LEVEL DRAWDOWN YIELD

(mins.) below G.L. (m.) (metres) (m3/day)
0 27.06 0 147
0.5 28.06 1
1 28.6 1.54
1.5 28.95 1.89
2 29.13 2.07
2.5 29.24 2.18
3 29.37 251
3.5 29.45 2.39
4 29.53 2.47
4.5 29.58 252
5 29.64 2.58
7 29.75 2.69
8 29.78 2.72
9 29.81 2.75
10 29.85 2.79
12 29.89 2.83
14 29.92 2.86
16 29.93 2.87
18 29.95 2.89
22 29.97 2.91
29 29.99 2.93
30 29.99 2.93
36 30 2.94
40 30 2.94
45 30.01 2.95
50 30.02 2.96
55 -30.02 2.96
60 30.02 2.96 318
61 31.76 4.7

61.5 32.23 5.17
62 32.59 5.53
63 33.03 5.97
6.5 33.48 6.42
66 33.62 6.56
67 33.72 6.66
68 33.79 6.73
69 33.87 6.81
72 33.99 6.93
74 34.05 6.99
76 34 .1 7.04
78 34.14 7.08
80 34.17 7.11
82 34.2 7.14
84 34.21 7.15
88 34.25 7:19
90 34.27 7.21
95 34.29 7.23

Figure No.2 Time Drawdown Data from Short Test on Production Well No.2, Coalbrook. 9/10/90




Note. Both Production Wells Pumping.

TIME WATER LEVEL DRAWDOWN YIELD
(mins.) below G.L. (m.) (metres) (m3/day)
100 34.3 7.24

105 34.33 7.27

110 34.35 7.29

115 34.39 7.33

120 34.42 7.36

135 34.43 7.37

150 34.47 7.41

189 34.59 7.53

210 34.62 7.56

240 34.66 7.6

300 34.7 7.64

Figure No.2 Time Drawdown Data from Short Test on Production Well No.2, Coalbrook. 9/10/90
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TIME WATER LEVEL DRAWDOWN YIELD
(mins.) below G.L. (m.) (metres) {m3/day)
0 34.83 727 318
1 - 34.81 7.75
T 0 34.75 7.69
2 34.66 7.6
258 34.56 7.5
3 34.47 7.41
3.5 34 .4 7 .34
4 34.31 7.28
4.5 34.25 7.19
5 34.18 7.12
6 34.09 7.03
7 34.01 6.95
8 33.85 6.89
9 33.89 6.83
10 35,856 6.79
14 38.73 6.67
16 33.7 6.64
20 33.65 6.59
26 83.59 6.53
28 33.59 6.53
30 33.58 6.52

NOTE: PUMP TURNED OFF IN PW NO.1 AT TIME ZERO
PW NO.2 PUMPING CONTINUQUSLY

Figure No.4 Time Drawdown Data from PW No.2 After Pumping Halted in PW No.1. 10/10/90
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Appendix 1I
Pumping Test Data.

January - February 1991



TIME WATER LEVEL DRAWDOWN YIELD
(mins.) below G.L. (m.) (metres) (m3/day)
1446 47.32 47.32

1447 47.46 47.46

1448 47.61 47.61

1449 47.7 47.7

1450 47.79 47.79

1452 47.92 47.92

1454 47.99 47.99

1456 48.12 48.12

1458 48.13 48.13

1460 48.07 48.07 975
1462 48.06 48.06

1464 48.09 48.09

1466 48.1 48.1

1468 48.12 48.12

1470 48.19 48.19

1475 48.49 48.49

1480 48.44 48.44

1485 48.44 48.44

1490 48.34 48.34

1495 48.29 48.29 960
1500 48.22 48.22

1515 48.49 48.49

1530 48.72 48.72

1545 48.66 48.66

1560 48.72 48.72

1620 48.4 48.4

1697 48.83 48.83 949
1740 48.83 48.83

1840 49.33 49.33

Figure No.6 Time Drawdown Data from Pw No.1, Coalbrook, starting 31/1/91.
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TIME WATER LEVEL DRAWDOWN YIELD
(mins.) below G.L. (m.) (metres) (m3/day)
0 47.03 46.8
0.5 . 46.8 46.57
1 46.75 46.52
1.5 46.75 46.52
3 46.84 46.61
4 47 46.77
5 47.12 46.89
6 47.32 47.09
7 47.46 47.23
8 47.61 47.38
9 47.7 47 .47
10 47.79 47.56
12 47.92 47.69
14 47.99 47.76
16 48.12 47.89
18 48.13 47.9
20 48.07 47.84
22 48.06 47.83 975
24 48.09 47.86
26 48 1 47.87
28 48.12 47.89
30 48.19 47.96 969
35 48.49 48.26
40 48.44 48.21
45 48.44 48.21
50 48.34 48.11
B5 48.39 48.16
60 48.32 48.09 962
75 48.49 48.26
90 48.72 48.49
105 48.64 48.41
120 48.72 48.49
180 48.4 48.17
257 48.83 48.6
300 48.8 48.57 949
400 49.33 49 .1 949

Note:

P.W.No.1 had been pumping continuously for the previous 24 hours.
P.W.No.2 switched on at time equal to zero.

Figure No.8

Time Drawdown Data from P.W.No.1 Coalbrook, Co.Tipperary.(1/2/91)
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TIME WATER LEVEL DRAWDOWN YIELD
(mins.) below G.L. (m.) ° (metres) {(m3/day)
0 1.65 0 0
0.5 1.68 0.03
1 1.93 0.28
1.5 2.08 0.43
2 2.18 0.53
2.5 2.36 0.71
3 2.52 0.87
3.5 2.68 1.03
4 2.8 1.15
4.5 2.87 1.22
5 3.09 1.44
6 3.37 1.72
7 3.45 1.8
9 3.51 1.86
12 3.54 1.89
14 3.68 2.03
16 3.74 2.09
18 3.6 1.95
20 3.69 2.04
22 3.73 2.08
24 3.76 2.11
26 3.8 2.15
30 3.84 2.19
35 3.91 2.26
40 3.97 2.32
45 4 2.85
50 4.05 2.4
55 4.08 2.43
60 4.11 2.46
75 4.2 2.55
90 4.27 2.62
107 4,32 2.67
122 4.37 2.72
152 4.46 2.81
182 4.53 2.88
210 4.6 2.95
240 4.68 .03
303 4.77 3.12
362 4.86 3.21
400 5 3.85
1440 5.43 3.78

Figure No.10 Observation Data from Pw No.2 during Pumping Test on Pw No.1, 31/1/91
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TIME

WATER LEVEL DRAWDOWN YIELD
(mins.) below G.L. (m.) (metres) (m3/day)

0 4.63 .02 578
1 15.3 10.65
1.5 18 13.35
2 19.8 15.15
3 22.2 17.55
4 23.55 18.9
5 24.23 19.58
6 24.7 20.05
8 25.4 20.75
9 25.58 20.93
10 25.72 21.07
12 25.94 21.29
14 26.12 21.47
16 26.24 21 .59
18 26.33 21.68
22 26.47 21.82
4 26.52 21.87
26 26.58 21.93
28 26.63 21.98
30 26.69 22.04
45 26.86 28.21
41 26.93 22.28
45 27.03 22.38
50 27.1 22.45
55 27.14 22.49

60 27.19 22.54 595
75 27.36 22.71
90 27.52 22.87

106 27.6 22.85 628
120 27.67 23.02
180 27.96 23.31
265 28.22 23.87

300 28.38 23.738 666
400 28 23.35

Note: PW No.2 starts pumping at time zero.

PW No.1 had been pumping for previous 24 hours.

Figure No.12 Time Drawdown Data from PW No.2 while PW No.1 pumping, 1/2/91
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TIME WATER LEVEL DRAWDOWN YIELD
{mins.) below G.L. {m.) (metres) (m3/day)
0 2.51 0 713

1 13 10.49
2 16.83 13.79
2.5 17.32 14.81
3 17.97 15.46
3.5 18.6 16.09
4 18.92 16.41
5 19.48 16.97
6 18.83 16.32
8 20.18 17.67
10 20.42 17.91
12 20.58 18.07
14 20.69 18.18
16 20.78 18.27
18 20.85 18.34
20 20.91 18.4
22 20.98 18.47
24 21.04 18.53
26 21.09 18.58
28 21.14 18.63
30 21.15 18.64

35 21.28 18.77 700
40 21.38 18.87

45 21.39 18.88

50 21.42 18.91

60 21.56 19.05

g 21.68 19.17

90 21.74 19.28

105 21.81 19.8

120 21.81 19.3

150 21.95 19.44

180 22.01 19.5

240 2212 19.61

290 22.18 19.67

362 22.21 19.7

415 22.34 19.83

1440 22.65 20.14 654 (PW No.1 on)
1800 25.58 23.07

Note: PW No.2 Pumping alone until 1440 minutes when Pw No.1 is switched on,

Figure No. 14 Time Drawdown Data from PW No.Z2,

6/2/91
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TIME WATER LEVEL DRAWDOWN YIELD
(mins.) below G.L. (m.) (metres) (m3/day)
0 1.61 0 0
0.5 1.69 0.08
1 1.83 0.22
] 5 1.87 0.36
2 2.12 0.51
2.5 2.22 0.61
3 2.24 0.63
3.6 2.26 0.65
4 2.28 0.67
4.5 2:29 0.68
5 2.32 0.71
6 2:39 0.78
7 2.42 0.81
8 2.44 0.83
9 2.45 0.84
10 2.46 0.85
12 2.52 0.91
14 2.58 0.95
18 2.64 1.03
20 2.67 1.06
22 2.67 1.06
24 2.71 1.1
26 2.74 1.13
30 2.78 1.17
35 2.8 1.19
40 2.81 1.2
45 2.84 1.23
Bl 2.91 1.8
60 2.95 1.34
i - 2.97 1.36
105 3.02 1.41
120 3.086 1.45
150 3.09 1.48
180 3.12 1.51
240 3.12 1.51
290 2:15 1.54
368 3.16 1.55
420 3.17 1.56
1440 3.12 1.51

Figure No. 16 Observation Data from Pw No.1 During Test on Pw No.2, 6/2/91
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Environmental Protection Agency
Fethard RWS (Coalbrook) Co. Tipperary Groundwater SPZ

APPENDIX 2

Borehole Log BH-5



Log of Production borehole at Coalbrook , Co. TIPPERARY.

Borehole No;

#10 X 7, i.e. (10” borehole with 7” screen)

Date of drilling ; Jan 2007 .

From | To Description Construction Diagram Details
GL [1.3 |Dark CLAY | Overburd
. . ark peaty s verburden
1.3 5 Brown weathered \ drilled at
SHALEs l I ~N300mm to 8M.
5 8 Dark blue-grey Shale
’\\8 Mirs of
8 12 Hard dark blue-grey SHALE 250mm |.D
steel casing
12 23 Soft black SHALE installed &
grouted into
23 24 Hard grey SANDSTONE bedrock
24 30 Hard weathered SHALE
30 |38 |Hard black SHALE \
38 43 Hard weathered
SANDSTONE L
43 50 Hard black SHALE : : :
Ll
50 61 Soft black SHALE L Open hole @
61 70 Hard dark blue-grey SHALE (I | 250mm dia .
b / from 8 Mtrs
70 71 Fireclay vein L1 L to 100 Mirs
71 91 | Hard dark blue-grey SHALE L
Ll
91 92 Fireclay vein : : : 100 Mtrs of
92 100 | Hard dark blue-grey SHALE : : : 168mm I.D
Ll uPVC screen
Alternating layers of L installed
SANDSTONE with shale L1
yields water. L Estimated
L1l output at
L 100 Mtrs = 60
| Total yield= 60 M3/ Hr. 1 cubic Mtrs /
hour

End of borehole @ 100 Mtrs.




Environmental Protection Agency
Fethard RWS (Coalbrook) Co. Tipperary Groundwater SPZ

APPENDIX 3

South Tipperary County Council Report (2009) “Source Risk
Investigation for Coalbrook Drinking Water Source”.



South Tipperary County Council
Environment Section
Source Risk Investigation for Coalbrook Drinking Water Source

Prepared by Pat O’Dwyer, Environment Section, December20009.



Introduction

In November 2009 Source risk investigation was carried out on Coalbrook drinking water
source. The purpose of this investigation was to identify and highlight any possible risks that
may lead to the contamination of this source within 250metres of the source.

Source protection was carried out using arbitrary fixed radii, which comprised of both inner
and outer protection zones.

The inner protection zone is the area up to 200metres from the source and the outer protection
zone is the area up to 250metres from the source. This is illustrated in fig.1. below

Fig.1.

These distances are specified in European Communities (Good Agricultural Practice for
Protection of Waters) Regulations S.I 101 of 2009 (Part 4, Section 17).

Site & Source Description

Coalbrook public water supply (2900 PUB 0111) provides approx 991m3/day of raw water.
The source is a groundwater source comprised of five borehole wells located at
Curraheenduff, Coalbrook.

The first well (No.1) was drilled in 1937 as an exploration borehole to assess the coal deposits
of the area and in the 1980’s was developed as a borehole supply by South Tipperary County
Council.

The site itself is located over a locally important aquifer, which Geological Survey Ireland has
classified as being extremely vulnerable to groundwater pollution. The site is positioned in a
valley on the bank of a river, which is a tributary of the Kings River.



Monitoring Programme

The treated water is monitored and analysed eight times per year by South Tipperary County
Council Laboratory staff. This sampling is carried out at the consumers tap and is normally
taken at Pollards Shop, Copper Cross, Coalbrook and is located approx 3.2km from the
source.

Raw water is pumped from all of the boreholes to an elevated chamber and cascades over a
series of steps before it enters the plant for treatment. Raw water is sampled as it cascades
over these steps. This sample is a composite of all the boreholes. There are facilities for raw
water sampling on borehole No. 5 only.

The raw water is treated by disinfection using chlorine and also filtration to remove iron and
manganese.

Source Investigation & Conclusion

Agricultural land use in the area is grazing pasture with dairy and beef being the main farm
enterprises. Within the 250metre buffer zone there are two farmyards. One of these yards has
not been used for wintering cattle for the past 15 years and there are no facilities for
containment of slurry. This yard along with the farm, which is comprised, of thirty-five acres
is leased out to a neighbouring farmer.

The other farmyard is comprised of a slatted shed for wintering suckler cows and cattle. This
farmer also outwinters cattle in the fields adjoining the Coalbrook site. There have been issues
with run-off from this yard to the river in the past and there are issues regarding the operation
of this farm given its close proximity to the source. This farm provides the main risks to the
source, which are run-off from land and cattle access due to poor fencing. During this
investigation it was evident that cattle are regularly entering the site given the amount of
animal waste deposits around the site. This is illustrated in fig.2. & fig.3. below.

16/11/2009 13:37

fig.2. fig.3.



Within the 250metre zone there are four occupied residences all of which are served by
individual septic tanks with percolation areas/soak pits. All occupants have been briefed on
the location of the drinking water source and the importance of protecting the source.
An information pack was presented to each resident, landowner and farm operator. This
information pack contained information regarding the following:

¢ Origins of the buffer zones

¢ Obligations under Agricultural Regulations

¢ Guidelines for upkeep of domestic wastewater systems.

In conclusion the main risks to the Coalbrook drinking water source originate from
agricultural activity and residents in the area. The risks identified and possible control
measures are detailed in a. appendix 1. Details of landowners and residents are listed in
appendix 2.

Appendix 1
Risks identified:
Risk Identified |Impacts of Risk Possible Control Measures

Damage to equipment.
Animal waste deposits on
site can lead to high levels of
Cattle access to site Nitrogen & pathogens such |Repair fencing on perimeter of site
as Salmonella, E-coli &

Cryptosporidium through

percolation.

Bacteria and viruses
On site septic present in sanitary
tank/bio cycle wastewater which may Put in place a programme for
treatment plant. cause illness. regular de-sludging.

Elevated levels of Nitrogen &
pathogens such as

Livestock waste salmonella, E-coli & No out wintering of animals
Cryptosporidium through within buffer zone.
percolation.

High levels of nitrogen
in source due to leaching

High levels of nitrogen Control application and apply
Agricultural chemical [may cause blue baby only as crop requirement and at
fertilizer spreading  |syndrome. time of maximum uptake.

Run-off and percolation risk
to groundwater. May have
Pesticide application |health implications due to  |Proper storage and disposal.
presence in drinking water  |Limit applications within buffer zone.
over a long period of time.

Qil including diesel or
kerosene percolating to
Hydrocarbon spills  |groundwater. Bunding of all tanks within buffer zone.




Table of Residents

Appendix 2

Name

Address

Contact No:

Comments

Richard Cleary

Curraheenduff,
Coalbrook,
Thurles,

Co. Tipperary

052 54438

Resident, farmer &
Landowner.

Martin Fitzgerald

Curraheenduff,
Coalbrook,
Thurles,

Co. Tipperary

087 9941685

Farmer & Landowner.

Richard Butler

Curraheenduff,
Coalbrook,
Thurles,

Co. Tipperary

087 2034608

Resident & Landowner.
Farm is leased out to
Michael Fitzgerald.

Mrs Dalton

Curraheenduff,
Coalbrook,
Thurles,

Co. Tipperary.

N/A

Resident.

Ann Rigney

Curraheenduff,
Coalbrook,
Thurles,
Co.Tipperary

052 9154702

Resident & Landowner.






