
  
  

 
 

 

 

Environmental Protection Agency 
 
 

Establishment of Groundwater Source Protection Zones 
 

Mitchelstown PWS (South) Water Supply Scheme 

 

December 2010 

Prepared by:   
  

OCM 
 

With contributions from: 
Dr. Robert Meehan, Ms. Jenny Deakin 

 
 

And with assistance from:  
Cork County Council  

 
 

 

 

l v 

   



  
Environmental Protection Agency  
Mitchelstown PWS (South) Groundwater SPZ 

 

  

                                           

 

i 

 
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).  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.gsi.ie/
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1 Introduction 

Groundwater Source Protection Zones (SPZ) have been delineated for the Mitchelstown PWS (South) 

source 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 Mitchelstown PWS (South) Water Supply is provided by two boreholes, BH-1 (IE_SW_G_047_04_022) 

and BH-2 (Standby, no code assigned) in the townland of Kiltrislane.  BH-1 and BH-2 were installed in 1981 

and 1982 respectively.  They replaced a spring supply, located 1.7 km to east-southeast of the boreholes, 

which was decommissioned because of frequent contamination issues.   

The objectives of the study were: 

 To outline the principal hydrogeological characteristics of the Mitchelstown area. 

 To delineate source protection zones for both boreholes. 

 To assist the Environmental Protection Agency and Cork 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 SPZs consisted of data collection, desk studies, site visits and field 

mapping, and subsequent data analysis and interpretation.  

The site visit and interview with the caretaker took place on 15/06/2010.  Field mapping of the study area 

(including measuring the electrical conductivity and temperature of the source and streams in the area) took 

place on 14/07/2010 and 09/09/10. 

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 on inferences and judgment 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. 

3 Location, Site Description and Well Head Protection 

The wells are located approximately 2.5 km south of Mitchelstown, as shown in Figure 1.  They are in a 

narrow compound, which is aligned north-northeast to south-southwest, roughly parallel to the N8 National 

Primary Route.  The compound is on a former access road from the N8 to farmlands.  Access to the 

compound is via a gate off the N8.  BH-2 is 150 m from the entrance and BH-1 is a further 60 m away. The 

wells are approximately 5 m below the level of the N8. The recently constructed M8 motorway is 

approximately 200 m to the east of the N8.   
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Figure 1: Location Map 
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There is an unnamed stream (Photo 1) running along the western side of the access road, at a level 

approximately 3 m below the road.  The stream flows between the 2 wells in a culverted section beneath the 

compound and the N8.  There is a surface water retention basin located close to the southern end of the 

compound, which receives runoff from the recently constructed M8 Motorway (photo 2).  The retention basin 

discharges into the stream.   

The groundwater is pumped to a treatment plant located 850 m to the south. The treatment plant comprises 

an aeration chamber, chlorination (sodium hypochlorite) and fluoridation system.  There is no 

cryptosporidium filter. 

 

 

Photo 1: Hardcore track to access the boreholes 

 
 
 
 
 
 

 

Photo 2: M8 Motorway Retention Basin 
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The two boreholes (BH-1 and BH-2) are located in concrete inspection chambers (c. 2 m by 1 m) covered by 

a large, hinged, lockable, steel lid (Photos 3 and 4).  The top of the chambers are set approximately 0.25 m 

above ground level, with the base approximately 1 m below ground level (bgl) for BH-1 and 2 m bgl for BH-2 

(Photos 5 and 6).  Well caps are not fitted on the steel well casings but there are concrete seals at the 

bottom of the chambers that provide protection against surface water inflow.  Based on the site inspection it 

appears that the steel casing has been driven to the top of bedrock, but there is no information on well 

construction to establish whether or not the boreholes are grouted above the bedrock.      

 

   

Photo 3: BH-1 Inspection Chamber Cover   Photo 4: BH-2 Inspection Chamber Cover 
 

 
 
 

  

Photo 5: BH-1 Chamber and Well Head   Photo 6: BH-2 Chamber and Well Head 
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4 Summary of Well Details 

The well details are derived from two reports and the GSI Well Database; 

 “North East Regional Water Supply Scheme” (Cork County Council, 1984).  

 “Pump test on wells 1 and 2” and “Tables of results of well pump test at Kiltristlane, Mitchelstown” 

(GEOX Limited, 1982). 

The reports are included in Appendix 1.  The well construction and geological logs of BH-1 and BH-2 are 

included as Appendix 6 and 7 of the 1984 North East Regional Water Supply Scheme Council Report and 

are summarised in Table 4.1.   

BH-1 was drilled in 1981 and BH-2 was installed in 1982.  The drilling was supervised by Cork County 

Council.  BH-1 (Well No 1 in the 1984 report) was drilled to a depth of 62.50 m.  The boring comprised a 

340 mm outer steel liner from ground level to 4 m (bgl), then a reduced diameter 300 mm steel liner from 4 m 

to 10.70 m bgl, a 200 mm steel liner from 10.70 m to 17.40 m bgl and a final 150 mm diameter open 

borehole to the base. 

BH-2 (Well No 2 in the 1984 report) was drilled to a depth of 30.50 m.  The borehole was installed with a 

375 mm steel liner from ground level to 17.07 m bgl, then a reduced diameter 300 mm steel liner from 17.07 

to 20.70 m bgl, and a 300 mm open hole from 20.70 m to 30.50 m.  The borehole was completed with a 

250 mm slotted plastic casing from ground level to the base of the borehole. 

Water is pumped exclusively from BH-1 at 96 m
3
/h, operating 19 hours per day to a 2025 m

3
 capacity 

reservoir located at the treatment plant which is on a hill 1 km to the southeast of the boreholes.  The 

abstraction rate is controlled by the demand, which results in fluctuations in the rate.  BH-2 is only used as a 

back up or when BH-1 is undergoing maintenance.  The maximum abstraction rate from BH-2 is 60 m
3
/h.   

The average abstraction for the well is recorded by the Council as 1800 m
3
/d.  The caretaker stated that the 

yield is very reliable and that the boreholes have never suffered from a shortage of water. 

A pumping test was undertaken in 1982, which ran from October 6
th
 to 20

th
.  Pumping was carried out initially 

in BH-2 for 8 days with drawdown monitored in BH-1 and BH-2 and no recovery allowed after the first step.  

Pumping then subsequently commenced in both BH-1 and BH2 simultaneously.  The second phase of 

testing ran for 4 days, starting on 14
th 

of October, with recovery measured from October 18
th
 to 20

th
.  

Because of some interruptions to the pumping cycles in both tests, the recovery data is more reliable for the 

assessment of relevant aquifer characteristics and was used in this assessment to provide an indication of 

the aquifer transmissivity.  The data are included in Appendix 1. 

As part of investigations for the Mitchelstown Water Supply Scheme in 1981/2, four boreholes were installed 

in the vicinity of the site.  Two boreholes were installed approximately 60 m to the south of the compound 

and two boreholes were installed approximately 200 m to the northeast.  While the boreholes are still in situ 

the top of the boreholes have been covered with large concrete slabs.  They have never been used for public 

supply.  These boreholes are however included on the GSI Well Database which was used to establish the 

depth of the wells and depth to bedrock.  Boreholes details are shown in Table 4.2 below and on Figure 4. 
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Table 4-1 provides a summary of the well details as currently known.  

Table 4-1: Boreholes Details 

 BH-1 BH-2 (Standby) 

EU Reporting Code IE_SW_G_047_04_022 No Code  

Grid ref. (GPS) 181039   109989 181053   110071 

Townland Kiltrislane Kiltrislane 

Source type Borehole Borehole 

Drilled 1981 1982 

Owner Cork Co Co Cork Co Co 

Elevation (Ground Level) ~ 120 m OD ~ 120 m OD 

Depth 62.50 m 30.50 m 

Depth of casing 17.38 m 30.50 m 

Diameter 150 mm open hole 250 mm slotted plastic liner 

Depth to rock 20.6 m 19.6 m 

Static water level 
1.98 m bgl (14/10/1982) 

Reported as artesian in 
commissioning report 

Pumping water level 22 m bgl at 96 m
3
/h on the 

15/06/2010 

16 m bgl at 45 m
3
/h on the 

14/10/1982 

10.66 m bgl at 50 m
3
/h in Nov. 

1980 

11.25 m bgl
 
(15/06/2010) 

When BH-1 pumping 

25 m bgl at 30 m
3
/h on the 

14/10/1982 

Consumption (Co. Co. records) 96 m
3
/h or 1800 m

3
/d 60 m

3
/h or 1440 m

3
/d (when in 

use)   

Pumping test summary: 

(i) abstraction rate m
3
/d 

1080 m
3
/d 720 m

3
/d 

(ii) specific capacity In 1982, 67.5 m
3
/d/m 

In 1980, 112 m
3
/d/m 

In 1982, 28.8 m
3
/d/m 

(iii) transmissivity Not Tested Range: 30 m
2
/d to 75 m

2
/d  

 

 

 

Table 4-2: Sealed Borehole Details 

 1709NWW025 1709NWW022 1711SWW168 1711SWW167 

Location 
Side/Downgradient 

65 m to the SW 

Side/Downgradient 

70 m to the S 

Side/Downgradient 

180 m to the NE 

Side/Downgradient 

220 m to the NE 

Grid Ref 181040  109960 181030  109980 181190  110100 181200  110150 

Grid 
Accuracy 

to 20  m to 20  m to 20  m to 50  m 

Townland Kiltrislane Kiltrislane Ballybeg Ballybeg 

Type Bore Bore Bore Bore 

Drilled 10/01/1984 10/01/1984 15/12/1985 15/08/1985 

Owner Cork Co. Co. Cork Co. Co. Cork Co. Co. Cork Co. Co. 

Depth 61 61 62.8 68 

Depth of 
Casing 

19.8 18.3 5.5 8.2 

Diameter 381 356 - 450 
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5 Topography, Surface Hydrology, Landuse 

The source is located in the footslopes of the Kilworth Mountains, at approximately 120 mOD.  The land 

slopes to the north and northwest from the upland areas toward the valley in the townland of Kiltrislane.  The 

catchment boundary is defined to the south and east by the peaks and ridges running between Caherdrinny, 

Flagstaff hill and Knockeenadara.  The boundary between the Blackwater to the west and the Suir to the 

southeast, is defined by the high ridges between Flagstaff hill and Knockeenadara.  The highest point in the 

local catchment is 259 mOD, approximately 1.4 km southeast of the source.  The topographical gradient on 

the upper slopes of the flanking ridges is approximately 0.1 and decreases to 0.05 in the vicinity of the 

boreholes. 

Drainage density is low in the catchment, with much of the land comprising free draining agricultural grass 

land.  The stream that flows along the western side of the access road rises in the high ground to the south 

of the site, in the townland of Gortnahown.  The stream flows from south to north and then swings to the east 

in the compound between the two boreholes where it is culverted under the well compound and the N8 

Road.  The stream is a tributary of the Gradoge River, which it joins approximately 3 km to the north of the 

boreholes.    

The landuse within the catchment and immediately surrounding the boreholes is dominated by agriculture, 

primarily grassland dairy farming.  The nearest farm yard is c. 600 m east-southeast of the boreholes.  There 

is a flood retention basin 300 m to the southwest of the boreholes, which was constructed to take rainfall 

runoff from the M8 motorway.  The N8 primary route and M8 motorway run from north to south, 

approximately 20 and 200 m to the east, respectively.  

6 Hydrometeorology  

Establishing groundwater source protection zones requires an understanding of general meteorological 

patterns across the area of interest. Meteorological information was obtained from Met Eireann. 

Annual rainfall: 1100 mm. The contoured data map of rainfall in Ireland (Met Éireann 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. Average potential evapotranspiration (P.E.) is estimated to be 

482 mm/yr based on the contoured data map of potential evapotranspiration in Ireland (Met Éireann website, 

data averaged from 1971–2000) which shows that the source is located between the 480 mm and 490 mm 

average annual evapotranspiration isohyets.  Actual evapotranspiration (A.E.) is estimated as 95% of P.E., 

to allow for seasonal soil moisture deficits. 

Annual Effective Rainfall: 642 mm. The annual average 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. 
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Geological information was taken from a desk-based survey of available data, which comprised the 

following: 

 Geology of East Cork-Waterford. Bedrock Geology 1 : 100,000 Map series, sheet 22, Geological 

Survey of Ireland (A.G. Sleeman and B. McConnell, 1995). 

 Forest Inventory and planning system – Integrated Forestry Information System (FIPS-IFS) Soils 

Parent Material Map, Teagasc (Meehan, 2002). 

 Groundwater Vulnerability Map for County Cork.  Digital Map prepared for this project using existing 

available depth to bedrock and permeability data (Meehan, R.T., 2010). 

 Report “North East Regional Water Supply Scheme” (Cork County Council Report, 1984). 

7.2 Bedrock Geology 

The bedrock geology is illustrated in Figure 2.  The area is mapped as being underlain by the 

Knockmealdown Sandstone Formation (Medium grained pink-purple sandstone) from the Devonian period.  

The description in the logs for BH-1 (Appendix 1) is consistent with the mapped geological formation.  The 

Kiltorcan Formation (yellow and red sandstone and green Mudstone) is mapped 350 m to the north, 850 m to 

the south and 1.25 km to the west of the site.  The log for BH-2 indicates that this borehole may actually be 

close to the boundary between the two formations as the upper 7–8 m of the bedrock is described as a red 

sandstone, with purple sandstone and traces of red shale at depth.   

The geological map (GSI Sheet No. 22) indicates that the rocks have been folded into anticlines and 

synclines, with approximately east-west axes, by the Variscan mountain building event.  The wells are 

located near the axis of a ‘minor’ anticline.  The rock unit beds are in a sub vertical position, with the bedding 

dip direction to the north.  As is the case across much of this section of Munster, the rocks are broken by a 

series of faults trending NNW–SSE at approximately right angles to the fold axes.  These faults are mapped 

to the north (1.5 km) in the Carboniferous Rocks and to the south (5 km) in the Kiltorcan Formation.  There is 

a major fault mapped running roughly east to west 1 km north of the boreholes along the mapped northern 

boundary of the Kiltorcan Formation.   

The geological map (Figure 2) does not show major faults in Knockmealdown formation in the area of the 

boreholes.  However, it is likely that extensive fracturing and faulting has accompanied the folding of the 

Knockmealdown Sandstone Formation, which has most likely given rise to zones of enhanced permeability.  

This is discussed further in Section 9.4. 

7.3 Soil and Subsoil Geology 

The soil and subsoil are illustrated in Figures 3 and 4, respectively.  The EPA and GSI Web Mapping classify 

the soils over the high ground to the south and east where rock is close to the surface as Acid Mineral Soil 

with a shallow peaty surface layer (AminSRPT) with a very small area of Acid Mineral Deep Poorly Drained 

(AminPD) along the margins of the rock outcrop.  At lower elevations within the catchment (c. 190mOD) the 

soil is classified as Acid Mineral Deep Well Drained (AminDW)   

Over much of the eastern part of the catchment, on the slopes of the Kilworth Mountains, the bedrock either 

outcrops or is close to the surface.  In the western part, in the valley close to the source, the bedrock is 

overlain by a relatively thick succession of Devonian Sandstone Tills (TDSs) derived from the underlying 

Devonian bedrock.   The subsoil at the boreholes is c. 20 m thick. 
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Figure 2: Bedrock/Rock Unit Map  
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The subsoil permeability is provisionally characterised as moderate by the GSI. This is generally consistent 

with the field mapping evidence based on BS5930 assessment of subsoil samples, hand augured subsoil 

samples and the presence of well drained lands to the north, west and south of the boreholes.  It was noted 

however, in subsoil cores close to the well compound, that the subsoils appeared to be mottled at depths of 

less than 0.5 m bgl, possibly indicating poorer drainage and therefore less permeable subsoils here.  The 

borehole logs indicate that the subsoils at BH-1 comprise gravels and interbedded silts and sands to 

approximately 20.6 m bgl, whereas at BH-2 the subsoil comprises boulder clay of approximately the same 

thickness.    

7.4 Depth to Bedrock 

The RBD interim vulnerability mapping for the area indicates that from 140/150 m OD to the top of the 

Kilworth Mountains, the bedrock either outcrops or is close to the surface (less than 3 m).  The subsoil 

increases in thickness moving below 140/150 m OD to 110 m OD, where the source is located.  The depth to 

bedrock in the borehole logs for BH-1 and BH-2 is 20.6 and 19.6 m bgl respectively.  The logs of 4 other 

groundwater investigation boreholes installed by Cork County Council in the vicinity of the source boreholes 

(GSI Groundwater database, detailed in Table 4.2 and illustrated in Figure 4), indicate that the depth to 

bedrock is between 5.5 and 16.7 m. 

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.  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). 

Currently only Interim vulnerability mapping for the North Cork area has been carried out with rock close to 

the surface, extreme and ‘high to low’ zones provisionally defined.  Over the main portion of the study area, a 

detailed vulnerability map was developed during the course of this project by Dr. Robert Meehan who was 

also part of the SPZ field mapping team.  A full vulnerability map for the north Cork area is due for 

completion in 2011/2012.  

The vulnerability map is shown in Figure 5 and in terms of subsoil coverage within the catchment of wells, 

the area can be divided into two zones: 

Over the high ground to the south and east, situated between approximately 140/150 m OD and 260 m OD 

and which represents the largest portion of the source catchment (around 70%), the subsoil is very thin or 

absent.  Here the vulnerability is classed as Extreme or Extreme with Rock near the surface. 

From the source to the foot slopes of the Kilworth Mountains, which is between approximately 110 m OD and 

140/150 m OD , the subsoil ranges from 5 m and 20 m and the vulnerability is considered to be Moderate to 

High.  
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Figure 3: Soils Map  
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Figure 4: Subsoils Map  



  
Environmental Protection Agency  
Mitchelstown PWS (South) Groundwater SPZ 

 

  

                                           

 

13 

 
Figure 5: Vulnerability Map 
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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 

 County Council Staff 

 EPA website and Groundwater Monitoring database 

 Local Authority Drinking Water returns 

 Reports “Pump test on wells 1 and 2” and “Tables of results of well pump test at Kristislane, 

Mitchelstown” (GEOX Limited, 1982) and Report “North East Regional Water Supply Scheme (Cork 

County Council, 1984),  

9.1 Groundwater Body and Status 

The source boreholes are situated in the Knockmealdown Groundwater Body (IE_SW_G_047) 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. 

9.2 Groundwater Levels, Flow Directions and Gradients 

Based on the groundwater levels recorded during the 1982 pumping test, the water level in the Borehole BH-

1 at the start of the test was 1.98 mbgl, while BH-2 was artesian.  It was not possible to monitor the water 

levels in the four other wells in the vicinity of BH-1 and BH-2 (Table 7.1) as the well caps have been sealed 

and could not be accessed during the 2010 field mapping.  

It appears that locally (e.g. around BH-2), the subsoil has a lower permeability because of the presence of 

clay, which confined the bedrock in these areas resulting in artesian conditions.   

Based on the local topography and surface water drainage pattern, groundwater infiltrates directly to the 

bedrock in the high ground to the east and the south of the boreholes, where the subsoils are thin or absent, 

and flows to the north-northwest, towards the stream.  In the rest of the catchment, infiltration occurs through 

the moderately permeable subsoil and flows primarily north and west, discharging into the stream.   

Given that the Knockmealdown Formation is not typically very permeable, it is anticipated that the 

groundwater gradient is likely to reflect the valley topography, which is approximately 0.05 in the vicinity of 

the boreholes but 0.1 over much of the remaining portions of the catchment.  An average value of 0.07 has 

been estimated for the entire catchment.  

9.3 Hydrochemistry and Water Quality 

BH-1 has been included in the EPA operational chemical monitoring network since 1995.  The raw water 

sample point is a tap located in the treatment plant.  The laboratory results have been compared to the EU 

Drinking Water Council Directive 98/83/EC Maximum Admissible Concentrations (MAC) and where 

applicable mean values are compared to the European Communities Environmental Objectives 

(Groundwater) Regulations 2010 recently adopted in Ireland under (S.I. No. 9/2010) as part of the 

http://www.gsi.ie/
http://www.wfdireland.ie/maps.html
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implementation of the Water Framework Directive 2000 in Ireland.  The EPA data are graphed in Figures 6 

to 8 below and are summarised below. 

 The water has a moderately hard calcium bicarbonate hydrochemical signature (average 124 mg/l 

CaCO3). The average conductivity is 312 μS/cm and the range is from 141 μS/cm to 385 μS/cm. The 

average pH is around 6.8 while it ranges between 5.5 and 7.8.  These values are indicative of 

siliceous bedrock material. 

 There are no reported incidents of faecal coliforms in the analysis.  No ammonium values were 

recorded greater than the Threshold Value of 0.175 mg/l.   
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Figure 6: Key Indicators of Agricultural and Domestic Contamination: Bacteria and Ammonium 

 The concentration of nitrate ranges from 14.9 mg/l to 29.1 mg/l with a mean of 22.7 mg/l (as NO3).  

These values do not exceed the EU Drinking Water Directive maximum admissible concentration 

(MAC) of 50 mg/l or the Threshold Value of 37.5 mg/l.   

 Chloride is a constituent of organic wastes, sewage discharge and artificial fertilisers, and mean 

concentrations higher than 24 mg/l (Groundwater Threshold Value, Groundwater Regulations S.I. 

No. 9 of 2010) may indicate contamination, with levels higher than 30 mg/l usually indicating 

significant contamination (Daly, 1996).  Chloride concentrations range from 16 mg/l to 24 mg/l with a 

mean of 20.4 mg/l which is below the Threshold Value.   
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Nitrate and Chloride
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Figure 7: Key Indicators of Agricultural and Domestic Contamination: Nitrate and Chloride Graph 

 

 The turbidity was above the drinking water limit of 1 NTU on the 11/06/08 and the 06/08/08.  This is 

likely due to the presence of very fine clay particles.  The turbidity may indicate inflow at a faster rate 

than expected in this type of bedrock, e.g. along the faults or fissures.   

  The sulphate, potassium, sodium, magnesium and calcium levels are within normal ranges.  The 

potassium/sodium ratio was marginally above the threshold of 0.35, on 4 occasions. 
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Figure 8: Key Indicators of Agricultural and Domestic Contamination: Manganese, Potassium and 
K/Na ratio Graph 

 The concentration of iron and manganese is also within normal ranges.  

 Trace metals were within 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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In summary, the data suggest that agricultural practices in this rural catchment have had a moderate impact 

on the groundwater quality.  An improvement in water quality has been observed since 2008, with a 

significant decrease in nitrate and chloride levels.  This improvement may be due in part to improved 

agricultural practices as a result of implementation of the Good Agricultural Practices Regulations. Period or 

may be attributable to the dilution effect of higher than normal rainfall levels in 2008 and 2009.  

The EPA monitoring at the borehole and the field monitoring at the streams (Table 9-1 and Figure 9) indicate 

similar characteristics, with relatively low ranges for pH and electrical conductivity.  However the groundwater 

pH average is generally slightly higher than the surface water pH but electrical conductivity values are in the 

same range.  Given the artesian conditions and thickness of subsoil, any hydraulic connection between the 

stream and the groundwater is likely to be very limited.  The similar pH and electrical conductivity are more 

likely to be related to the nature of the subsoil overlying the aquifer and through which the stream flows.  The 

results are outlined in Table 9-1: 

 
Table 9-1: Groundwater and Surface Water Quality 

 BH1 BH2 Stream 1 Stream 2 Stream 3 

 From EPA Analyses From monitoring Field 

Location On site 
1.5 km to 
the SW 

200 m to the E 1.3 km to the S 

pH 
Ave 6.8 
Range: 5.5-7.8 

7.05 7.30 7.21 

Conductivity (µS/cm) 
Ave 312 
Range: 141-385 

312 371 354 

 

9.4 Aquifer Characteristics 

The boreholes abstract water from the Devonian, Knockmealdown Sandstone Formation (Medium grained 

pink-purple sandstone).  The aquifer is classified as a Locally Important aquifer which is moderately 

productive only in Local Zones (Ll), as indicated in Figure 9.  The aquifer comprises 99% of the 

Knockmealdown Groundwater Body which has been delineated by the GSI.   

The local artesian conditions at BH-2 are either likely due to up to 20 m of glacial till and boulder clay 

overlying the aquifer south of the stream or possibly the presence of some shale beds in the formation 

confining more water bearing units at depth.  However, no such shale beds are recorded in the borehole logs 

for either BH-1 or BH-2.  The presence of primarily gravels and interbedded silts and sands at BH-1, which is 

c.60m from BH-2, indicate that the aquifer may be less confined at this location.     

Groundwater flows along bedding planes and through fractures and faults in the sandstone.  The bedrock 

permeability for an Ll aquifer generally decreases with depth, with most of the groundwater flow through the 

upper weathered 10–15 m and decreasing dramatically with depth.  However, the Mitchelstown source 

provides an average yield of 1800 m
3
/d.  This yield is very reliable and the boreholes are reported to have 

never suffered from a shortage of water.  In the GWB delineation report, the GSI indicate that a yield 

>400 m
3
/d in this formation is usually associated with boreholes being located on fault zones.  It is likely 

therefore that the high yield is due to the boreholes intersecting fault zones or fractures connected to such 

fault zones emanating from the east to west anticline formed in the vicinity of the boreholes during the 

variscan mountain building event.  It should be noted that no faults are currently mapped in the catchment.     
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Figure 9 Aquifer Map  
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The GSI indicate that the expected transmissivity (T) range for Ll aquifers in this groundwater body is 2–

20 m
2
/d, with median values occurring towards the lower end of the range.  However, the yields at this 

source are higher than would be expected and thus T is calculated as c. 60 m
2
/d using the CE Jacob formula 

on the 1982 pumping test recovery data (refer Section 4).  

Transmissivity (T) = 0.183Q / ∆s 

Where: Q= pumped discharge rate (m
3
/d or m

3
/s) and ∆s= change in drawdown per log cycle of t. (m) 

The pumping test data indicate interference hydraulic connection between the two wells, which are located 

60 m apart (around 2 m drawdown in BH-1 when borehole BH-2 abstracts 30 m
3
/h). 

The permeability of the aquifer in the vicinity of the wells is calculated by dividing the transmissivity by the 

saturated thickness of the aquifer.  The saturated thickness of the aquifer is assumed to be c. 40 m. (the full 

depth of BH-1 minus the depth of overlying subsoil thickness of 20 m).  Therefore the bulk permeability (K) is 

estimated as follows: 

Table 9-2: Permeability Range for BH1 and BH2 

 Local Assumption 

Transmissivity (m
2
/d) 60 

Permeability (m/d) 1.5 

The aquifer permeability is 1.5 m/d. 

The velocity of water moving through this aquifer to the borehole has been estimated using Darcy’s Law: 

Velocity (V) = (K x Groundwater Gradient(i)) / porosity 

 

The natural gradient is estimated at 0.07 (described in section 9.2).  The effective fracture porosity in the Old 

Red Sandstone is estimated by the GSI, based on regional experience, at 0.02.   

Table 9-3: Estimated velocity for BH1 and BH2 

 Velocity (m/d) 

Local K Assumption 
(1.5 m/d) 
Local effective porosity (2%) 

5.25 

 

The velocity of the groundwater moving through the aquifer is estimated at 7 m/d. The aquifer parameters 

are summarized in Table 9-4 below.  

Table 9-4: Indicative Parameters for the Knockmealdown Sandstone Formation Aquifer in 
Mitchelstown (South)  

Parameters Source of Data BH1/BH2 

Transmissivity (m
2
/d) 

Assumed (based on recovery phase of pumping test 
data) 

60 

Permeability (m/d) 
Estimated from T value assuming saturated thickness is 
the full depth of the boreholes 

1.5 

Effective Porosity 
Estimated from Carrignadoura and Carraignabhfear SPZ 
Reports, 2010 

2% 

Groundwater gradient Assumed based on topography 0.07 

Velocity (m/d) Assumed (calculated based on above) 5.25 
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10   Zone of Contribution  

The Zone of Contribution (ZOC) is 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 

Groundwater flows through the Knockmealdown Sandstones from the high ground to the south and east in 

the Kilworth Mountains towards the source and the river valley to the north.  Rainfall recharge occurs readily 

through the thin subsoil and exposed rock area of the catchment above 140/150mOD, where infiltrating 

water travels relatively quickly through the upper weathered portions of the bedrock to the streams in the 

river valley.  

Below the 140 mOD contours, the subsoil increases in thickness from 5 m in the footslope of the Kilworth 

Mountains to approximately 20 m close to the boreholes.  Where the subsoils are thick, toward the bottom of 

the valley and close to the wells, recharge is likely to be lower and run-off to the streams higher.  The 

protection offered by the thick subsoil cover is reflected in the relatively good water quality in the boreholes.    

The borehole production is an average of 1800 m
3
/d.  This is more than expected for this type of aquifer and 

indicates the presence of significant fractures in the bedrock, though no major faults are mapped in the local 

catchment. 

Artesian conditions were observed when the borehole BH-2 was drilled and probably reflect the thicker and 

more poorly draining subsoil in the immediate vicinity of this borehole relative to the surrounding lands in the 

catchment.  A schematic of the conceptual model is shown in Figure 9. 

10.2 Boundaries of the ZOC 

The boundaries of the area contributing to the source are considered to be as follows (Figure 10). 

The Southern, Eastern and Western boundaries are primarily based on the topography, conceptualized 

groundwater flow-lines, which flow to the north-northwest towards the stream, and the size of the estimated 

ZOC using the recharge and water balance equations in section 10.3.  

The Northern boundary – the Downgradient boundary is the maximum downgradient distance that the 

borehole can pump water from is based on the uniform flow equation (Todd, 1980).  

xL = Q / (2 * π * T * i ) 

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

gradient.  

With a pumping rate in B-1 is 1800 m
3
/d for the borehole, the transmissivity is 60 m

2
/d and the hydraulic 

gradient is 0.07, the approximate downgradient distance from the borehole is 70 m.  The boundary has been 

extended approximately 300 m north to incorporate the topographic catchment in this area. 
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Figure 9: Conceptual Model 
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Figure 10: Zone of Contribution  
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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). 

Given the high permeability of this aquifer locally and the overlying sands and gravels subsoil which may add 

some storage, the recharge aquifer cap of 200 mm normally applied to an Ll aquifer has not been applied 

here.  At Mitchelstown therefore, the main parameters involved in recharge rate estimation are: annual 

rainfall; annual evapotranspiration and a recharge coefficient. The recharge is estimated as follows. 

Potential recharge is equivalent to 642 mm/yr i.e. (Annual Effective Rainfall as outlined in Section 6).  

Actual recharge has been estimated to be 292 mm/yr; this value is based on the following observations: 

The majority of the area up to the source (60% of the ZOC to the source), is mapped either as Extreme 

Vulnerability, where the bedrock outcrops (10%) which is turn is overlain Acid Mineral Soil with shallow peaty 

surface layer (AminSRPT) or bedrock overlain by less than 3 m of Till (50%) which is turn is overlain by well 

drained soil.  Guidance document GW5 recommends respectively a recharge coefficient in the range of 0.60 

to 1 with an inner range of 0.80-0.90 and a recharge coefficient in the range of 0.45 to 0.8 with an inner 

range of 0.50-0.70 (IWWG, 2005).  The shallow peaty surface layer on the outcrop rocks, the moderate 

drainage density and the steep slopes up hydraulic gradient of the wells indicate a relatively high runoff.  

Therefore the recharge coefficients applied are respectively of 0.60 and 0.50. 

In the reminder of the catchment, mapped as high (30%) and moderate (10%) vulnerability, near the well, the 

bedrock is overlain by till subsoil, which is turn is overlain by deeply well drained soils.  It was noted in 

subsoil cores close to the well compound, that the subsoils appeared to be mottled at depths of less than 

0.5 m bgl, possibly indicating poorer drainage and therefore less permeable subsoils here.  The guidance 

document GW5 recommends respectively for the high vulnerability a recharge coefficient in the range of 0.35 

to 0.80, with an inner range of 0.50-0.70 and for the moderate vulnerability area a recharge coefficient in the 

range of 0.25 to 0.60, with an inner range of 0.30-0.40 (IWWG, 2005).  Given the subsoil may be less 

permeable at depth in this area, it considered that the minimum coefficient can be applied in this case which 

is for the high and moderate Vulnerability respectively 0.35 and 0.25. 

Runoff losses are assumed to be 55% of the potential recharge (effective rainfall).  This value is based on an 

assumption of c.49% runoff for 70% of the area (extreme vulnerability – rock close to surface) and 68% 

runoff for 30% of the area (high to moderate vulnerability).  The bulk recharge coefficient for the area is 

therefore estimated to be 45%.  

These calculations are summarised as follows: 

 Average annual rainfall (R)     1100 mm 

Estimated P.E.      458 mm 

Estimated A.E. (95% of P.E.)    435 mm 

Effective rainfall     642 mm 

Potential recharge     642 mm 

 Runoff losses  55% 

 Bulk recharge coefficient  45% 

Assumed Recharge     289 mm 
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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 289 mm/yr, the discharge of 1800 m
3
/day would require a 

recharge area of 2.30 km
2
.   

The ZOC described above is 2.5 km
2
 and is based on topography and the current understanding of the 

hydrogeology and the direction of groundwater flow.  The larger ZOC area delineated is primarily based on 

the topography, conceptualised groundwater flow-lines while also considering the recharge and water 

balance equations.  It is likely that there is some discharge of groundwater to the streams running through 

the ZOC.  To allow for daily variations in abstraction, a possible increase in demand, and for the expansion 

of the ZOC during dry weather periods, the GSI recommends increasing the abstraction rate by 50% for the 

purposes of delineating the ZOC.  The ZOC delineated is slightly greater than that required to support the 

abstraction and 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.     

The boundaries of ZOC are shown in Figure 10. 

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 amalgamation 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 presented in section 9.4, the groundwater velocity is 5.25 m/d, and hence the 100-day time of 

travel distance is 525 m.  The Inner Protection Area is illustrated in Figure 11. 

The Outer Protection Area (SO) encompasses the entire zone of contribution to the source.  The GSI 

recommends increasing the abstraction rate by 50% for the purposes of delineating the ZOC.  However in 

this case the ZOC area delineated is slightly greater than that required to support the abstraction and 

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.  

The groundwater Source Protection Zones are based on an overlay of the source protection areas on the 

groundwater vulnerability. They are listed in Table 11-1 and are shown in Figure 12. Therefore the 

groundwater protection zones are SI/E, SI/H and SI/M. The majority of the area is designated SO/E. 

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

 
Source Protection Zone % of total area (km

2
)  

SI/E Inner Source Protection area / <3 m subsoil 0.8 % (0.02 km2) 

SI/H Inner Source Protection area / High vulnerability 21.60 % (0.54 km2) 

SI/M Inner Source Protection area / Moderate vulnerability 4 % (0.10 km2) 

SO/X Outer Source Protection area / ≤1 m subsoil 11.6 % (0.29 km2) 

SO/E Outer Source Protection area / <3 m subsoil 45.2 % (1.13 km2) 

SO/H Outer Source Protection area / High vulnerability 11.60 % (0.29 km2) 

SO/M Outer Source Protection area / Moderate vulnerability 5.20 % (0.23 km2) 
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Figure 11: Inner and Outer Source Protection Areas 
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Figure 12: Source Protection Zones 
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12 Potential Pollution Sources 

BH-1 and BH-2 are located in below ground chambers (c 2 m by 1 m) covered by a large, hinged, lockable, 

steel lid.  The top of the chambers are approximately 0.25 m above the ground level.  Based on the site 

inspection it appears that neither borehole is 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 head is moderate. 

The landuse within the Inner Source Protection is primarily pastureland for grazing animals. The main 

potential pollution sources are considered to be the presence of cattle grazing in the field surrounding the 

compound.  Impacts associated with these sources are typically elevated levels of ammonia, nitrates, 

phosphate, chloride, potassium, pesticides, faecal bacteria, viruses and cryptosporidium.  Faecal coliforms 

have not been detected in the untreated water.  Given the moderate to high vulnerability of the aquifer, and 

the presence of c. 20 m of subsoil above the bedrock at the source, the potential contamination risk is 

considered to be moderate.   

The source is located on an embankment footslope off the N8, approximately 5 meters below the level of 

road.  Rainfall run off to soakaways from the road is likely to contain hydrocarbons and metals.  The run-off is 

collected locally in an attenuation pond with over flow to a stream which flows close to the wells.  Because of 

the likely moderate to low permeability and depth of the subsoil in the vicinity of the wells the stream does 

not appear to have a significant connection to the aquifer in the vicinity of the wells.  The risk from road run-

off to the source is therefore considered to be low. 

The majority of land within the Outer Source Protection Area is agricultural grassland and the dominant farm 

activity is dairy farming.  The closest farm yard is c. 600 m east southeast of the boreholes.  The main 

potential pollution sources associated with farming activities are animal slurry storage areas, farmyard 

washings, grazing animals and landspreading of agricultural waste.  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. With 

the exception of the nitrate levels average 24.2 mg/l, these parameters are not elevated in the untreated 

water supply.   

In summary, given the nature of the activities within the outer zone and the generally good water quality, the 

potential risk of contamination is moderate.  
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13 Conclusions 

The public water supply at Mitchelstown South comprises two boreholes (BH-1 and BH-2) situated c. 60 m 

apart which were drilled in 1981 and 1982 respectively.  The water supply is located approximately 1.8 km 

south of Mitchelstown.   

The boreholes abstract water from the Devonian, Knockmealdown Sandstone Formation (Medium grained 

pink-purple sandstone).  The aquifer is classified as a Locally Important aquifer which is moderately 

productive only in Local Zones (Ll).  The Mitchelstown wells provide an average of 1800 m
3
/d.  The yield is 

very reliable and the boreholes have never suffered from a shortage of water. 

The water table in the aquifer at the borehole locations appears to be close to the surface in BH-1 while BH-

2 is artesian.  Artesian conditions may be due to the presence of up to 20 m of glacial till and boulder clay 

overlying the aquifer south of the stream at the site.  The presence of primarily gravels and interbedded silts 

and sands overlying the bedrock in BH-1 located c. 60 m from BH-2 indicates that the aquifer may be less 

confined by the overlying subsoil at that location.          

Groundwater flows along bedding planes and through fractures and faults in the sandstone bedrock.  

Typically bedrock permeability for an Ll aquifer generally decreases with depth with most of the water flow 

through the upper weathered 10–15 m and decreasing dramatically with depth.  The better than expected 

well yields and aquifer transmissivities at the Mitchelstown source suggest that fracturing emanating from the 

east to west anticline formed in the vicinity of the boreholes during the variscan mountain building event has 

played a role in increasing productivity.  

The groundwater vulnerability with the ZOC ranges from Extreme or Extreme with Rock near the surface 

over approximately 60% of the area.  In the remaining 40%, closer to the water supply wells, the vulnerability 

is considered to be Moderate to High.  Water quality is generally good although nitrate and chloride are 

slightly above background levels which suggest there are pollution pressures within the ZOC, probably within 

the extreme vulnerability areas closer to the source. 

The ZOC encompasses an area of 2.5 km
2
 which incorporates a 9 % increase in the current pumping rate.  

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 

Given that the potential risk of contamination is moderate it is recommended that a cryptosporidium filter be 

fitted at the treatment plant.   

Because BH-2 is used occasionally, water quality in this well should occasionally be monitored to confirm 

suitability for drinking water supply.   
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