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WORK AND REPORT LIMITATIONS 

IMPORTANT: This section should be read before reliance is placed on any of the opinions, advice, 
interpretations, conclusions or recommendations in the following report. 

1. Although every effort has been made to ensure the accuracy of the material contained in this document, 
complete accuracy cannot be guaranteed. Neither the Minerex Environmental Limited nor the author(s) accept 
any responsibility whatsoever for loss or damage occasioned or claimed to have been occasioned, in part or 
in full, as a consequence of any person acting, or refraining from acting, as a result of a matter contained in 
this publication.  

2. Minerex Environmental Limited (MEL) has prepared this document for the sole use of its client in accordance 
with the work authorised.  

3. No warranty, expressed or implied, is made as to the professional advice included in this report or any other 
services provided by MEL. However, MEL does carry Professional Indemnity (PI) Insurance.  

4. All or part of this document may not be reproduced or be relied upon by any other party without prior and 
express written permission from MEL.  

5. Interpretations contained in this report are derived from available information of the site conditions, the likely 
environmental responses and the experience of the company.  

6. MEL has prepared this report in line with best current practice and with all reasonable professional judgement, 
skill, care and diligence in consideration of the limits imposed by materials, equipment and methodologies 
used, and the time constraints and resources devoted to it as agreed with the client.  

7. The interpretative basis of the conclusions contained in this report should be taken into account in any future 
use of this report.  If the scope of the works includes drilling, pitting, sampling, or interpretation of such 
information, the client’s attention is drawn to the fact that special risks occur whenever hydrogeological and 
related disciplines are applied to identify subsurface conditions.  

8. The environmental, geological, geotechnical, geochemical, hydrological and hydrogeological conditions etc. 
that MEL interprets to exist between sampling points may differ from those that actually exist. Trial pitting and 
drilling, for example, exposes the subsoils over typically <1% of a site and in sites with long histories with 
several owners and business practices, interpretations and interpolations can be very different to the actual 
site conditions.  Even a comprehensive sampling and testing programme, implemented in accordance with a 
professional Standard of Care considering Industry Standard Guidance, may fail to detect certain physical 
conditions, geology, geochemistry and hydrochemistry etc only discovered later on during bulk excavations for 
example. 

9. Also, the passage of time, natural occurrences, and activities within and in the adjacent sites to the site, may 
substantially alter the discovered conditions at any time after the Site Investigations and interpretations are 
carried out by MEL. 

10. Changes in the legislation, industry standards and guidance may cause opinion, advice, conclusions and 
recommendations set out in MEL reports to become out of date, inappropriate or incorrect. Once a report has 
been issued to a Client, MEL will have no obligation to advise the Client of any such changes, or their 
repercussions. 

11. While MEL endeavours to take reasonable effort to assess data in hand at the time of writing and give the best 
advice possible, MEL will accept no responsibility for how the information within this report is interpreted and 
used. Where elements of this report are based upon information provided by others, it is assumed that all the 
relevant information has been supplied to MEL in full and is reliable, accurate and representative.  It should 
always be assumed that MEL has not independently verified any information provided by others. MEL, its 
agents, directors, owners, employees, and contractors therefore will not be held responsible for any loss 
(reputation, financial, technical or otherwise) occurring from the use of this report, however caused. 
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Executive Summary 

 

 

1. Minerex Environmental Limited was commissioned by Mercury Renewables to carry out a 

groundwater supply assessment for the proposed development of a combined windfarm 

and hydrogen production plant near Ballina, County Mayo.  

2. Eight boreholes were drilled onsite as part of the investigation. Water strikes were noted 

by the driller in two boreholes (BH6 and BH7) which were subsequently selected for pump 

testing. 

3. A constant rate discharge pumping test commenced on the 11/07/22 and pumping 

continued until the 03/08/2022 (approximately 546 hours of pumping in total). 

4. Sustainable yields of 2.25 l/s (194 m3/d) and 0.44 l/s (38 m3/d) have been established for 

Boreholes 6 and 7, respectively, with a cumulative yield of 232 m3/d (84,680 m3/yr) which 

is consistent with the two boreholes being able to meet the water demand of the plant 

(annual water budget of 65,021 m3 or 178 m3/d).  

5. Groundwater abstraction will be reduced through the implementation of rainwater 

harvesting. Preliminary calculations suggest that an average of 18,275 m3/yr would be a 

reasonable estimate from the roofed areas alone. An additional 33,751 m3/yr could be 

harvested from the remaining non-roofed area leading to a combined 52,026 m3/yr from 

rainwater, accounting for approximately 80% of the entire annual water demand. 

6. A reduction in zone of contribution (ZOC) for the boreholes as a result of rainwater 

harvesting means that the volume of water being abstracted from the system is not greater 

than the volume of water recharging the aquifer over the landowner property area.   

7. While climate change will bring about increased seasonality in rainfall patterns, the impact 

on groundwater recharge will be varied depending on local geology. Drought conditions 

would have generally detrimental consequences for groundwater supplies with ZOCs 

increasing in order to meet the same demand. A 50% safety factor has been used in the 

calculation of all ZOCs by way of a conservative approach to such changes.  

8. Continuous and manual water level measurements taken at a borehole (FW1) supplying 

a neighbouring dairy farm for the duration of the pumping test and recovery period are 

consistent with the pumping having little discernible impact on the well.  

9. A monitor and mitigate approach is recommended for proximal sensitive receptors (e.g., 

springs and other abstraction boreholes) to ensure that any potential impacts are 

minimized. 
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10. While the hydrochemical signatures of BH6, BH7, FW1 and SW1 all tend towards a 

calcium-magnesium-bicarbonate type, the pumping wells show a distinct cationic 

signature to FW1 and SP1 with relatively lower calcium concentrations and higher 

magnesium concentrations. 

11. A strong hydrogen sulphide odour and reducing conditions were observed at BH6 and 

BH7 with visible limescale forming on equipment during the pumping test.  

12. Reductions in flow at local springs (SP1 and SP2) were noted. However, further 

investigation would be required to ascertain whether this is due to pumping or low rainfall 

levels.   
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1. Introduction 

 

Minerex Environmental Limited (MEL) was commissioned by Mercury Renewables (MR) to 

carry out a groundwater supply assessment for the proposed development of a combined 

windfarm and hydrogen production plant (Appendix A) near Ballina, County Mayo.  

Current estimates indicate that an annual water budget of 65,021 m3 is required for hydrogen 

production. Water usage patterns will be dependent on the electricity produced by the 

windfarm.    

The assessment includes the completion of a pumping test on two boreholes located on the 

proposed site in order to identify their respective sustainable yields. Concurrent monitoring 

was carried out within a network of observation wells, proximal groundwater springs and a 

well supplying a local landowner (Appendix B). MEL visited the site on the 11th, 12th and 22nd 

of July 2022. 

 Specific work items are as follows: 

1. Assess the hydrogeological setting of the site including aquifer extent and properties. 

2. Review the borehole logs and drillers notes for the 2 no. proposed production wells. 

3. Design and execute pumping tests on 2 no. proposed production wells in order to 

identify likely sustainable yields. This includes instrumentation of production boreholes 

with high resolution water level loggers and the development of a manual water level 

monitoring regime for observation wells and a local spring.  

4. Sampling of production boreholes at various stages throughout the pumping tests and 

accredited laboratory analysis for key hydrochemical and microbiological quality 

parameters.  

5. Assess the potential for rainwater harvesting and its contribution to the overall water 

demand. 

6. Assess the long-term sustainability of the proposed extraction. 

7. Assess the potential impact of the proposed abstraction on a neighbouring well 

supplying a local landowner.  

8. Assess the potential impact of the proposed abstraction on other proximal boreholes.  

9. Assess how climate change may affect the long-term sustainability of the supply.  

10. Make subsequent recommendations for the management of the supply going forward. 
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2. Hydrogeological setting 

Hydrogeological maps pertaining to the site are presented in Appendix C. 

2.1 Groundwater Vulnerability & Karst Features 

A high groundwater vulnerability classification (H) has been assigned to most of the site. A 

portion of the site to the south east has been assigned a moderate groundwater vulnerability. 

An area of extreme groundwater vulnerability borders the site to the west. This is consistent 

with mapped areas of bedrock outcrop. There are no mapped karst features in proximity to 

the site (Ref. 1). 

2.2  Bedrock 

The site is underlain by the Carboniferous Ballina Limestone Formation which is characterised 

by dark fine-grained limestone & shale. Outcrops are mapped as occurring to the west of the 

site. A northwest to southeast trending anticlinal axis is mapped to the north of the site (Ref. 

1). 

2.3  Aquifer Classification 

The aquifer associated with the Ballina Limestone Formation is classified as a Locally 

Important Aquifer (LI), describing bedrock which is moderately productive only in local zones. 

The mapped areal extent of this aquifer is 102 km2, extending west and north west to the Moy 

Estuary and Enniscrone, respectively, and south west to Bonniconlon.   

The groundwater body (Code IE_WE_G_0034) status according to the Water Framework 

Directive Status (2013-2018) is listed as both good and not at risk.  

2.4  Overburden 

The quaternary sediments underlying much of the site are classed as till derived from 

limestones (TLs). The corresponding subsoil permeability is classed as moderate. A portion 

of the site to the south east is classed as cut over raised peat. This correlates with the area of 

moderate groundwater vulnerability mentioned above. Alluvium overburden is mapped to the 

south west of the site which is consistent with the mapped stream at this location.  
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2.5  Groundwater Recharge 

Groundwater recharge properties for the site can be derived from the groundwater recharge 

map provided by the GSI – see Appendix C (Ref. 1). With respect to climatic variables, the 

map is generated from Met Éireann’s 30-year average rainfall and actual evapotranspiration 

for the period 1971-2000. The effective rainfall (total rainfall – actual evapotranspiration) for 

the site is mapped as ranging from 710 mm/yr to 722 mm/yr. 

The volume of effective rainfall likely to reach groundwater, i.e., recharge, can be estimated 

from recharge coefficients compiled by the Working Group on Groundwater, which are based 

on soil drainage, subsoil permeability, vulnerability and aquifer type (Ref. 2). A recharge 

coefficient of 60% has been applied to the site. Assuming effective rainfall of 710 mm/yr and 

a recharge coefficient of 60 % yields an average recharge value of 426 mm/yr. However, given 

the Locally Important classification applied to the aquifer, a recharge cap of 200 mm/yr has 

been applied due to the limited ability of the bedrock to accept recharge. 

2.6  Groundwater Wells 

The GSI Groundwater well, borehole and spring locations map was consulted in order to 

identify other local abstraction points (Ref. 1). The database contains records of boreholes, 

dug wells, springs, and ground site investigations derived from GSI drilling, fieldwork and 

surveys, Local Authorities and other state bodies, Private Well Grants, Drillers, Consultants, 

Group Water Schemes and Academia. The locations of records have different accuracies 

depending on the source data. It is must be noted that it is not a comprehensive database 

(Ref. 1). 

The closest well to the site is located approximately 1.4km to north. Thee reported borehole 

details are as follows: 

• GSI Name 1131NEW005: 30.5m deep borehole. Yield Class: Poor. Agri & domestic 

use. Located in proximity to the castle. Locational accuracy: 500m.  

There are no other boreholes reported with at least 4 km of the site. However, given the stated 

poor accuracy of the database and the unregulated nature of private wells a survey would be 

required to accurately identify wells in the proximity to the site. 

2.7  Surface Water & Protected Areas 

The site is located in the Moy and Killala Bay catchment, Leaffony sub catchment and the 

Dooyeaghny or Cloonloughan sub basin. The Dooyeaghny or Cloonloughan stream flows 



REPORT TO REPORT BY 

Firlough Hydrogen Plant, Minerex Environmental Limited 

Groundwater Supply Assessment Doc. Ref. 3131-043 Rev.2 

 

6 

 

westwards along the southern boundary of the site. A groundwater spring SP1 rises at the 

south west corner of the site. This is likely one source of the South Corbally stream which is 

mapped as rising at the south west boundary of the site flowing westwards before joining the 

Dooyeaghny or Cloonloughan stream which eventually flows to the Moy (Ref. 3). 

The Killala Bay and Moy Estuary are designated as both and Special Areas of Conservation 

(SAC) and Special Protection Areas (SPA). 
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3. Boreholes & Pumping Test 

 

3.1  Boreholes 

Eight boreholes were drilled onsite as part of the investigation (Table 3.1). Water strikes were 

noted by the driller in two boreholes (BH6 and BH7). Estimated yields established by the driller 

for BH6 and BH7 were 9 m3/hr and 2 m3/hr, respectively. It is understood that these yields 

were established from a shorter duration pumping test. An outline map of the site and the 

locations of the boreholes are presented in Appendix B.  

Table 3.1. Borehole data. 

 

3.2  Pumping Test Design  

Following data presented in Table 3.1., BH6 and BH7 were selected for pump testing in 

accordance with BS ISO 14686:2003 (Ref. 4). The remaining wells were used as observation 

wells during pumping. An additional well (FW1), supplying a neighbouring landowner and dairy 

farm was also monitored for the duration of the pumping test and recovery period to ascertain 

whether the proposed development would impact on the well.  

Pumps were installed in both wells at a depth of 80m by Dullea Drilling. PVC rising mains, 

gate valves, flow meters and dip tubes were also installed. Instantaneous flows were 

measured using the bucket and stopwatch method. Outfalls from both rising main were placed 

a sufficient distance from the boreholes (downgradient and to the south) to ensure no short 

circuiting of recharge. 

High resolution water level loggers were installed in BH6 and FW1 for the duration of the 

pumping test and recovery period. A manual water level monitoring regime using a Solinst Dip 

Meter was also implemented for all boreholes (pumping, observation, and FW1) 

1 529550.720 822677.680 53.930 170 6 6

2 529570.790 822677.170 53.010 195 6 6

5 529623.100 822638.070 47.600 152 3 3

6 529063.073 822788.959 53.819 183 6 6 80 9

7 528933.395 822830.498 47.794 183 4 4 50 2

8 529178.795 822583.564 47.241 152 3 3

9 529337.182 822691.565 52.575 152 4 4

11 528984.707 822729.161 46.942 158 3 3

Steel 

Casing 

Depth 

(mbgl)

Water 

Strike 

(mbgl)

Estimated 

Yield 

(m3/hr)

POSITION

BOREHOLE No. ITM 

(Eastings)

ITM 

(Northings)

Ground 

Level 

(maOD)

Total 

Depth 

(mbgl)

Depth to 

Bedrock 

(mbgl)
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The constant rate discharge pumping test commenced on the 11/07/22 and pumping 

continued until the 03/08/2022 (approximately 546 hours of pumping in total). Recovery was 

monitored for a 3-day period by manual measurement in all boreholes and by the water level 

logger in FW1 for 1 week.  

Spring flow was monitored at SP1, with several flow readings (container and stopwatch) taken 

from SP2, a concrete reservoir with a hand pump feeding the South Corbally Stream 

(Appendix C).  

3.3  Pumping Test Results 

All data, including manual water level measurements and flow readings are presented in 

Appendix D. Water levels and flow rates from the manual monitoring regime of the pumping 

wells are presented in Figures 3.1 and 3.2. Continuous water level data from BH6 and FW1 

are presented in Figures 3.3 and 3.4. Manual water level readings from all observation wells 

(including FW1) are presented in Figure 3.5. Rainfall data, taken from a Met Eireann station 

at Knock Airport (approximately 30 km to the south east) is presented in Figure 3.6.  

3.3.1 Borehole 6 (Pumping) 

The pump in BH6 ran at full capacity for the duration of the test. At the initial pre-pumping 

water level (i.e., start of the test) the pumping rate was measured at 3.3 l/s, however, this 

reduced as drawdown and head both increased. After 24 hours, at a pumping rate of 2.5 l/s 

the rate of drawdown decreased (drawdown of 45.4m with a water level of 53.5 mbtoc). For 

the remainder of the test the pumping/dynamic water level remained relatively stable at 

approximately 56 mbtoc at a pumping rate of 2.25 l/s (194.4 m3/d), the likely sustainable yield 

of the well. This is consistent with the continuous water level logger data for BH6 (Figure 3.3).  

Note, the slight drop in water levels observed in BH6 after 384 hours of pumping is consistent 

with an increase in flow from BH7 (as a result of the maintenance of a gate valve – see below), 

rather than boundary conditions.  

3.3.2 Borehole 7 (Pumping) 

Pumping at BH7 was interrupted temporarily after approximately 24 hours in order to remove 

the flow meter as it was causing excess friction loss, possibly due to scaling, that was 

restricting flow to approximately 0.35 l/s. Once removed, the pump running at full capacity was 

capable of pumping 0.85 l/s. This pumping rate, however, resulted in rapid drawdown to 75.4 

mbtoc hence flow was reduced to 0.44 l/s. After approximately 312 hours of pumping, flow 

was restricted by gradual scaling of the gate valve. For the remainder of the test the 
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pumping/dynamic water level remained relatively stable at approximately 73 mbtoc at a 

pumping rate of 0.44 l/s (38 m3/d), the likely sustainable yield of the well.  

3.3.3 Observation Wells 

Drawdown was monitored via manual measurements across the network of observation wells 

(Figure 3.5). With the exception of BH11, in general, the level of drawdown is consistent with 

proximity to the pumping wells as would be expected. Over the course of the pumping test, 

9.2 m and 4.2 m of drawdown were observed in BH8 and BH9, respectively, with just 1.29 m 

of drawdown observed at BH5.  

Notable variation in BH11 water levels was observed. Given its proximity to BH6 and BH7, it 

is likely that the drawdown observed is a result of pumping. However, monitoring shows 

periods of erratic rebound followed by further drawdown. These periods of rebound appear to 

be correlated with rainfall which is indicative of flashy borehole hydrograph. 

A conceptual cross section showing static and dynamic water levels across the monitoring 

network is presented in Appendix E.  

3.3.4 Borehole FW1 

There was little discernible impact from the pumping test on FW1 (Figure 3.4 and 3.5). A 

drawdown of 8 cm was observed between the pre-pumping baseline measurement and the 

time when the pumping ceased. Continuous water level data were obtained for one week after 

the pumping ceased. Despite the cessation of pumping, further drawdown (approximately 

10cm) was observed in FW1, despite the apparent recovery in the observation wells. It is likely 

that the drawdown in FW1 is consistent with usage and/or low levels of recharge. 
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Figure 3.1. Borehole 6 pumping test data 
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Figure 3.2. Borehole 7 pumping test data 
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 Figure 3.3. Borehole 6 continuous water level logger data.  
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Figure 3.4. Borehole FW1 continuous water level logger data.  
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Figure 3.5. Observation well water level data. 
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Figure 3.6. Rainfall data from Met Eireann monitoring station at Knock Airport (Ref. 5). 
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3.3.5 Aquifer & Borehole Properties 

Specific Capacity [m3/d/m] gives an indication of how ‘good’ the yield is with respect to the 

corresponding drawdown observed. To derive a specific capacity, the discharge rate and 

drawdown at the end of a period where the rate was relatively constant has been used. The 

specific capacities for BH6 and BH7 have been calculated as 4.12 m3/d/m and 0.54 m3/d/m, 

respectively.  

Groundwater flow through the aquifers is described by the Groundwater Flow Equation – 

Darcy’s Law, which describes a coefficient of hydraulic conductivity (permeability) (K) [m/d], 

an important aquifer characteristic. However, it is known that hard rock aquifers or fractured 

rock aquifers, such as those common in Ireland and at the site in question, pose difficulties in 

characterising and predicting aquifer parameters. The preferred parameter to assess hydraulic 

properties in hard rock aquifers or fractured rock aquifers is transmissivity, due to its practical 

importance, availability of data and more reliable values as compared to hydraulic conductivity 

where data from well pumping tests usually reflect single or a handful of highly permeable 

factures surrounded by massive blocks of impermeable rock (Ref. 6).  

Using the Logan method, based on these specific capacities, bulk transmissivities for BH6 and 

BH7 would be in the order 5 m2/day and 0.7 m2/day, respectively. These transmissivities are 

in line with published data for other “LI” classed aquifers (Figure 3.7) (Ref. 6). Note, these 

aquifer properties should be treated as an approximation only. The disparities in specific 

capacities and transmissivities between BH6 and BH7 and the network of observation wells 

that were found to be unproductive are consistent with fracture flow. 

 
Figure 3.7. Aquifer transmissivity data from Irish Aquifer classes (Ref.6).  
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3.3.6 Spring (SP1 & SP2) 

A notable reduction in water level/flow was observed at SP1 and SP2 (Figures 3.8 and 3.9, 

respectively). Flow at SP2 was measured at 0.65 l/s before pumping, however, it had reduced 

to 0.3 l/s after 10 days of continuous pumping. Flow further reduced to 0.06 l/s on the 01/08/22 

at 8.00, however, it increased to 0.2 l/s by 20.00 on the same day. This is consistent with a 

heavy rainfall event (approximately 17mm) (see Figure 3.6).  

Flow at SP2 did not increase after the cessation of the pumping test. While flow is apparently 

somewhat correlated with rainfall, further work would be required to identify the impact of the 

groundwater abstraction.   

 

Figure 3.8. SP1 on the 11/07/22 i.e., pre-pumping (left) and after 10 days of pumping 22/07/22 

(right).  
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Figure 3.9. SP2 on the 11/07/22 i.e., pre-pumping (left) and after 10 days of pumping 22/07/22 

(right).  

3.3.7 National Groundwater Levels & Springs Flows 

Environmental Protection Agency hydrometric reports for July and August (Ref. 7 and Ref. 8) 

describe national rainfall, river flows and groundwater levels at the time of the pumping test. 

For both July and August, all monthly rainfall totals across the country were below their 1981-

2010 Long-Term Average (LTA). The report notes that it was the driest August since 1995 at 

Markree, Co Sligo, located approximately 40 km east of the site. 

Correspondingly, average groundwater levels in July decreased at 91% of monitoring wells 

compared to average levels observed in June (Figure 3.10). In August, groundwater levels 

were either below normal or particularly low in 84% of monitored wells (Figure 3.11). Several 

groundwater levels and springs flows monitored by the EPA in August in relative proximity to 

the site were particularly low. 
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Figure 3.10. EPA national groundwater level and spring flow monitoring report for July 2022 
(Ref. 7) 
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Figure 3.11. EPA national groundwater level and spring flow monitoring report for August 2022 
(Ref. 8) 
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4. Zone of Contribution 

4.1  Zone of Contribution 

The zone of contribution (ZOC) refers to the area surrounding a pumped well that 

encompasses all areas or features that supply groundwater recharge to the supply. A water 

balance calculation can be used to determine the size of the ZOC for the proposed 

abstractions. A conceptual cross section outlining a ZOC to a borehole is presented in Figure 

4.1. Also shown is the concept of zone of influence or the area where drawdown occurs due 

to pumping.  

Figure 4.1. Conceptual cross section illustrating the zone of contribution and zone of influence 

surrounding a borehole (Ref. 9).  

Assuming the combined maximum sustainable yields of both wells as 2.69 l/s (approx. 233 

m3/d and see Section 3.3), a simplified water budget based on the following methodology can 

be used:  

 

Q/ R = A 

Q = Annual volume of water abstracted (m3) 

R = Annual average recharge (m) 

A = Area of ZOC (m2) 
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To allow for errors in the estimation of groundwater flow direction and to allow for an increase 

in the ZOC in dry weather, a safety margin is incorporated by assuming a higher abstraction 

rate rather than the estimated rate. Hence, the estimated abstraction rate is increased by 50% 

to 350 m3/d, which equates to approximately 127,750 m3/ year. Dividing this figure by the 

annual average recharge (0.200 m/year – see Section 2.5), gives an estimated theoretical 

ZOC or well catchment area of approximately 639,000 m2. The approximate area of the 

landowner property (see boundary in Appendix B) is 265,000 m2. 

Current estimates indicate that an annual water budget of 65,021 m3 is required for hydrogen 

production, which is less than the proven combined sustainable yield of the wells. Dividing this 

figure by the annual average recharge (0.2 m/year) gives an estimated theoretical ZOC or well 

catchment area of approximately 325,000 m2. If a safety factor of 50% is applied to the 

required volume (65,021 x 1.5 = 97,532 m3), the ZOC increases to approximately 488,000 m2 

(see Appendix F). The zone of contribution is likely predominantly to the north of the site if 

consistent with local topography (Appendix F). In practice, the actual size, shape and 

orientation of the ZOC will be highly dependent on fracture flow.  

Note, it is likely that the ZOC will be notably smaller given the intended use of rainwater 

harvesting (see Section 5 and Appendix F). 
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5. Rainwater Harvesting 

 

In order to augment the groundwater supply, rainwater harvesting is to be employed at the 

facility. A water storage reservoir with a capacity of approximately 12,815 m3 is proposed for 

the site.  

Preliminary water budget calculations have been developed in order to estimate the potential 

contribution of rainwater harvesting to the operational water requirements. Long term rainfall 

data has been obtained from Knock Airport (1997 – 2021) in order to estimate rainfall at the 

site (see Table 5.1). Average annual rainfall over this period was 1,372 mm/yr, ranging from 

1,078 – 1,853 mm/yr. Average monthly rainfall for the same period is presented in Table 5.2.  

Table 5.1 Rainfall data from Knock Airport (1997-2021) 

Year 
Annual Rainfall 

(mm/yr) 

1997 1,262 

1998 1,423 

1999 1,655 

2000 1,371 

2001 1,078 

2002 1,464 

2003 1,089 

2004 1,374 

2005 1,206 

2006 1,342 

2007 1,346 

2008 1,563 

2009 1,437 

2010 1,093 

2011 1,443 

2012 1,368 

2013 1,207 

2014 1,518 

2015 1,853 

2016 1,230 

2017 1,343 

2018 1,307 

2019 1,455 

2020 1,506 

2021 1,365 

Average 1,372 
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Table 5.2 Summary statistics for monthly rainfall at Knock Airport (1997-2021).  

Monthly Rainfall (mm/yr) 

 Average Max. Min. 

Jan 134 225 26 

Feb 113 277 27 

Mar 98 182 33 

Apr 77 128 21 

May 93 179 31 

Jun 94 230 38 

Jul 110 184 41 

Aug 117 208 35 

Sep 111 223 19 

Oct 131 197 59 

Nov 142 302 63 

Dec 151 348 54 

 

The footprint of the entire facility, as shown in Appendices A and B, is 64,000 m2, of which 

buildings (i.e., roof area) account for 14,800 m2. Using the long-term values for average, 

minimum and maximum rainfall presented above, the volume of rainfall landing on the site 

annually are presented in Table 5.3. Annual average rainfall of 1.372 m/yr over the entire 

footprint of the facility (64,000 m2) amounts to 87,808 m3/yr. Assuming the average rainfall 

over the roof area of the facility (14,800 m2) amounts to 20,306 m3/yr.  

Table 5.3 Estimates of the rainfall landing on the facility (no yield coefficient applied).  

No Yield Coefficient Applied 
Total Site Area Roofed Area Site Area Not Roofed 

64,000 m2 14,800 m2 49,200 m2 

Rainfall (Min) 1.078 m/yr 68,992 m3/yr 15,954 m3/yr 53,038 m3/yr 

Rainfall (Average) 1.372 m/yr 87,808 m3/yr 20,306 m3/yr 67,502 m3/yr 

Rainfall (Max) 1.853 m/yr 118,592 m3/yr 27,424 m3/yr 91,168 m3/yr 

 

While these figures assume 100% of rainfall is captured, a yield or runoff coefficient should be 

applied to account for losses. The final design of the roof surfaces (e.g., pitch and roofing 

material) and the makeup of the site (e.g., concrete, paving, asphalt) will dictate the 

coefficients to be used. The coefficients should also consider potential losses associated with 

water treatment.  

The yield coefficient for pitched roofs with profiled metal sheeting is quoted as 0.9, while for 

tiled roofs the coefficient is 0.8 (Ref. 10). A yield coefficient of 0.9 applied to the average 
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annual rainfall falling on the roof area of the site amounts to 18,275 m3/yr (Table 5.4 – see 

maximum and minimum values also).  

Table 5.4 Estimates of the rainfall landing on the roofed areas (yield coefficient applied). 

0.9 Yield Coefficient Applied 
Roofed Area 

14,800 m2 

Rainfall (Min) 1.078 m/yr 14,359 m3/yr 

Rainfall (Average) 1.372 m/yr 18,275 m3/yr 

Rainfall (Max) 1.853 m/yr 24,682 m3/yr 

 

The yield coefficient for concrete or asphalt can range from 0.8 - 0.9, while for grassed areas 

or permeable paving it will naturally be lower (Ref. 11). A composite coefficient based on the 

percentage of different types of surfaces over the proposed plant area should be developed.  

While further assessment (i.e., development of a composite coefficient) would be required to 

refine the maximum amount of water obtainable from rainwater harvesting, applying a 

coefficient of 0.5 to the average rainfall over the remainder of the plant area (67,502 m3/yr x 

0.5) would yield approximately an additional 33,751 m3/yr.  

Note, these figures have been calculated based on average rainfall values and do not account 

for seasonal variations or variations in intensity. However, using the average monthly rainfall 

values presented in Table 5.2., the indicative rainfall capture volumes per month are presented 

in Table 5.5.  

The drainage infrastructure and tank sizing should be optimised to ensure the most amount of 

rainfall can be captured.  
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Table 5.5. Indicative rainfall capture volumes per month based on average monthly rainfall.   

  
Average Monthly 

Rainfall 
Roofed Area 

(0.9 runoff coefficient applied) 
Site Area Not Roofed 
(0.5 runoff coefficient applied) 

  (mm/yr) 14,800 m2 49,200 m2 

Jan 0.134 1788 m3/yr 3303 m3/yr 

Feb 0.113 1509 m3/yr 2788 m3/yr 

Mar 0.098 1304 m3/yr 2407 m3/yr 

Apr 0.077 1029 m3/yr 1901 m3/yr 

May 0.093 1245 m3/yr 2299 m3/yr 

Jun 0.094 1254 m3/yr 2315 m3/yr 

Jul 0.110 1460 m3/yr 2696 m3/yr 

Aug 0.117 1565 m3/yr 2890 m3/yr 

Sep 0.111 1579 m3/yr 2732 m3/yr 

Oct 0.131 1740 m3/yr 3213 m3/yr 

Nov 0.142 1893 m3/yr 3495 m3/yr 

Dec 0.151 2007 m3/yr 3706 m3/yr 

Total 1.372 18,272 m3/yr 33,746 m3/yr 
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6. Water Supply: Groundwater & Rainfall 

6.1  Water Balance 

Current estimates indicate that an annual water budget of 65,021 m3 is required for hydrogen 

production. While this corresponds to approximately 178 m3/d, the water usage patterns will 

be dependent on the electricity produced by the windfarm. It is proposed to install a water 

storage reservoir onsite with a capacity of 12,815 m3 in order to buffer the balance between 

water supply and usage.  

As presented in Section 3, sustainable yields of 2.25 l/s (194 m3/d) and 0.44 l/s (38 m3/d) have 

been established for Boreholes 6 and 7, respectively, with a cumulative yield of 232 m3/d 

(84,680 m3/yr) which is consistent with the two boreholes being able to meet the water demand 

of the plant.  

Groundwater abstraction will be reduced through the implementation of rainwater harvesting. 

Preliminary calculations using average rainfall values derived from long term historical data 

suggest that an average of 18,275 m3/yr would be a reasonable estimate from the roofed areas 

alone. Applying a runoff coefficient of 0.5 over the remainder of the plant area would yield 

approximately an additional 33,751 m3/yr, leading to a combined 52,026 m3/yr from rainwater, 

accounting for approximately 80% of the entire annual water demand. 

6.2  Updated ZOC 

The potential for obtaining a portion of the required water demand from rainfall would 

significantly reduce groundwater abstraction volumes, consequently reducing the ZOC. The 

potential balance between rainfall and groundwater contributions and the corresponding ZOC 

(assuming 0.2 m/yr recharge – see Section 2.5) is presented in Table 6.1.  

If half of the required water demand is met by rainwater harvesting then the ZOC for the 

abstraction boreholes would not be greater than the landowner property area (see Appendix 

F). This reduction in the ZOC means that the volume of water being abstracted from the 

system is not greater than the volume of water recharging the aquifer over the landowner 

property area.   
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Table 6.1. Relationship between rainfall, groundwater and ZOC area.  

Contribution from Rainfall 
to Total Required Volume 

Remainder Abstracted 
from Groundwater 

ZOC Area (m2) 
(plus 50% safety factor) 

0% (0 m3) 65,021 m3 488,000 

25% (16,255 m3) 48,766 m3 366,000 

50% (32,511 m3) 32,510 m3 244,000 

75% (48,766 m3) 16,255 m3 122,000 

100% (65,021 m3) 0 m3 0 

6.3  Contingency Supply 

In the event that a supplementary supply of water is required, it is proposed that the facility is 

connected to the local mains water supply network. This contingency option could be used in 

the event of prolonged drought conditions. 
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7. Implications of Climate Change 

 

Consideration must be given to the sustainability of the proposed groundwater abstraction, 

given its context in a time of climate change and increased climate variability. Changes in 

climate are likely to have a significant impact surface and groundwaters, however, compared 

with surface water resources, there has been less research into the potential impacts of 

climate change on groundwater.   

The climate pattern across Ireland is projected to change towards decreasing mean annual 

and seasonal (spring and summer) rainfall; increasing number of wet (>20 mm/d) and very 

wet (>30 mm/d) days; increasing mean annual and seasonal temperatures and increasing 

number of extended dry periods and droughts (Ref. 12).  

While significant changes in precipitation are forecasted, due to the heterogeneity of Irish 

geology complex interactions between subsoil properties, aquifer properties, effective rainfall 

amount and rainfall timing means that there is not just one type of predicted impact on 

groundwater systems (Ref. 13). Studies have shown that the impact can be highly variable 

depending on these climatic and geological variables.  

For instance, while the Intergovernmental Panel on Climate Change (IPCC, 2001) suggested 

that increased winter rainfall was likely to result in increased groundwater recharge. Ref. 13 

states that groundwater recharge volumes may not necessarily increase over much of Ireland 

due to the nature of Irish bedrock aquifers. 

Potential scenarios for groundwater recharge as a result of a changing climate, aquifer type 

and subsoil cover are presented by (Ref. 13). Poorly productive aquifers (such as the aquifer 

underlying the proposed site which is assigned an LI classification – see Section 2.3) generally 

have limited ability to (a) accept recharge to the groundwater; (b) transmit the recharge 

laterally, thereby creating space to accept more recharge. Therefore, greater rainfall amounts 

in winter will not contribute to greater recharge, since it cannot be accepted by the aquifers. 

Even current annual rainfall amounts in the west (up to 2000mm) mainly run off, rather than 

recharge poorly productive aquifers.  

In addition to aquifer properties and classification, subsoil permeability influences how quickly 

effective rainfall can percolate into the subsurface to become groundwater recharge. For 

instance, in areas overlain by moderate permeability subsoils (such as the proposed site), 

different rainfall intensity patterns may not result in higher recharge, since the vertical 

permeability cannot transmit high rainfall down into the subsurface quickly enough. 
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A study by Ref. 14 carried out a sensitivity analysis to assess how changing meteorological 

variables (rainfall quantity, its intensity and seasonality) and hydrogeological variables 

influence groundwater recharge. It was found that increased rainfall, seasonality and intensity 

would lead to increased recharge in areas underlain by aquifers with good storage and 

throughput capacity. However, it was found that there would be little effect on recharge to the 

poorly productive aquifers such as the at the location in question due to the geological setting.  

Consequently, catchments that have higher storage capacity are thought to be less vulnerable 

to climate change impacts than those with lower storage capacity. The storage acts as a 

‘buffer’ against the extreme events i.e., increased storage and recharge to offset summer 

droughts and higher infiltration capacities to reduce the risk of winter flooding (Ref. 14).  

It follows therefore that poorer aquifers are more susceptible to increased seasonality due to 

the lesser ability to buffer against summer droughts. Under current conditions the late autumn 

and winter recharge period is critical to sustaining groundwater levels throughout the year. 

Any significant reductions in storage during this time of the year will increase the risk of severe 

drought, as the failure of winter or spring precipitation may result in prolonged drought periods 

where the groundwater system is unable to recover from previous dry spells.  

Drought conditions would have generally detrimental consequences for supplies. In areas 

where recharge decreases, the zones of contribution (ZOCs) to boreholes will increase in 

order to meet the same demand. It must be noted that due to the uncertainties associated with 

projected changes in precipitation, projected changes in hydrological response remain subject 

to a high level of uncertainty. By way of a conservative approach a 50% safety factor has been 

used in the calculation of all ZOCs in Section 6.  

Water quality must also be considered in a changing climate. In certain circumstances, 

increases in higher rainfall and rainfall intensity may have adverse effects on the groundwater 

quality. Pulses of contaminants, such as nitrates or pesticides, may pose a problem to 

groundwater at the beginning of the recharge period following drought periods.  
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8. Potential Influence on Local Boreholes 

 

The proposed abstraction rates, commitment to rainwater harvesting and the corresponding 

water balance calculations are consistent with the proposed abstraction being sustainable.  

Continuous and manual water level measurements taken at a borehole (FW1) supplying a 

neighbouring dairy farm for the duration of the pumping test and recovery period are consistent 

with the pumping having little discernible impact on the well.  

The Environment Agency (Ref. 9) provide several Hydrogeological Impact Appraisal (HIA) 

methodologies to assess the impact of groundwater abstractions on receptors, such as 

boreholes. The approach centres on the development of a conceptual model that is refined 

using a tiered approach of investigation.  

The guidance, however, notes the challenges for carrying out such assessments in karstic or 

fractured crystalline aquifers as their properties violate the assumptions built into many models 

and analytical equations (i.e., that the aquifer is homogenous and isotropic). While the aquifer 

in question is not classified as karstic, as discussed in Section 3.3.5, flow is likely to be fracture 

dominated. In such fractured aquifers, hydraulic properties can vary greatly over short 

distances meaning that two different boreholes (such as BH6 and BH7 and the observation 

network) can have notably different yields (Ref. 9). While bulk aquifer characteristics can be 

estimated, the location and typology of the fracture network are difficult to accurately 

characterise.  

Consequently, the Environment Agency suggest a modified HIA method with an emphasis on 

a monitor and mitigate approach.  

The monitor and mitigate approach sets out eight steps as follows: 

Step 1: Establish the regional water resource status.  

Step 2: Develop a conceptual model for the abstraction and the surrounding area.  

Step 3: Identify sensitive sites.  

Step 4: Commence preliminary monitoring at those sites.  

Step 5: Design and demonstrate effective mitigation measures for the sensitive sites.  

Step 6: Specify trigger levels for the mitigation measures.  

Step 7: Continue surveillance monitoring at the sensitive sites.  

Step 8: If necessary, implement mitigation measures when trigger levels have been passed. 

Considerable information has been obtained through this pumping test investigation with a 

conceptual model presented herein (i.e., Step 1 and Step 2). Further investigation should be 
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carried out in order to identify sensitive sites (Step 3). At a minimum SP1 And SP2 (Section 

3.3.6) should be monitored to obtain baseline flow data. As discussed in Section 2.6, given 

the unregulated nature of private wells and the absence of a database pertaining to their 

existence/location, a survey would be required to accurately identify wells in the proximity to 

the site. This should be targeted towards the area encompassing the ZOC shown in Appendix 

x.x. If boreholes are identified in this area, they should be targeted for baseline monitoring.  

Once all sensitive sites are identified, baseline monitoring should be commenced (Step 4). 

Potential mitigation measures can then be developed. Such measures need to be informed 

by the baseline monitoring, but could include the use of a contingency supply, the direct supply 

of water to a third-party user, to replace or compensate for a groundwater source that has 

been derogated, or provision of an alternative water supply such as connection to a mains 

supply (Ref. 9) (Step 5).  

Trigger levels (Step 6), which form the link between monitoring and mitigation should then be 

defined (i.e., at what stage are mitigation measures implemented). Trigger levels could be 

defined using several different variables, such as water levels in observation or neighbouring 

boreholes or a variety of statistical approaches based on maximum or minimum water levels.  
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9. Hydrochemistry 

 

Baseline samples were taken from both FW1 and SP1 before the pumping test commenced 

(11/07/22). Samples were taken from BH6 and BH7 at the start of the pumping test (also 

11/07/22). Further samples were taken from BH6 and BH7 on the 12/07/22. All four sampling 

locations were sampled again on the 22/07/22 approximately 240 hours after the pumping test 

had commenced. Field hydrochemistry (pH, electrical conductivity, temperature and redox) 

was taken at the time of sampling. All samples were tested for a suite of major and minor ions, 

metals and microbiological indicators. 

All sampling results are presented in a hydrochemistry database (Appendix G). All results are 

screened against pertinent legislative limits Groundwater Regulations (S.I No. 366 of 2016 – 

Ref. 16). Official laboratory certificates of analysis are presented in Appendix H.  

A strong hydrogen sulphide odour was noted from both BH6 and BH7 for the duration of the 

pumping test. Strongly reducing conditions (eH values ranging from -196 mV to -269 mV) were 

also noted. 

Elevated levels of Ammoniacal nitrogen were apparent in BH6 and BH7 (in excess of the limit 

set by GW Regs (Ref. 16). Positive detections of both Total Coliforms and E. coli were found 

at both FW1 and SP1. As these microbial indicators were present both pre and during the 

pumping test their presence is likely not attributable to the pumping activities. Low levels of 

Total Coliforms were detected in two of the six samples taken from the pumping wells.  

Hydrochemical signatures or facies of the four sampling locations both pre-pumping and 240 

hours into the pumping test are presented in a trilinear Piper Plot in Figure 9.1. The anionic 

properties of all four locations are notably similar with a strong bicarbonate signature. The 

pumping wells show a distinct cationic signature to FW1 and SP1. Both FW1 and SP1 show 

a strong calcium dominated signature, while BH6 and BH7 show a more mixed signature 

which is a result of relatively lower calcium concentrations and higher magnesium 

concentrations. In general, the signatures tend towards a calcium-magnesium-bicarbonate 

type.  

Considerable limescale build up was noted on the ground at the discharge points from both 

wells. This is consistent with the hydrochemical signature.  
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Figure 9.1. Hydrochemical signatures. 
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10. Summary & Conclusions 

 

1. Minerex Environmental Limited was commissioned by Mercury Renewables to carry out a 

groundwater supply assessment for the proposed development of a combined windfarm 

and hydrogen production plant near Ballina, County Mayo.  

2. Eight boreholes were drilled onsite as part of the investigation. Water strikes were noted 

by the driller in two boreholes (BH6 and BH7) which were subsequently selected for pump 

testing. 

3. A constant rate discharge pumping test commenced on the 11/07/22 and pumping 

continued until the 03/08/2022 (approximately 546 hours of pumping in total). 

4. Sustainable yields of 2.25 l/s (194 m3/d) and 0.44 l/s (38 m3/d) have been established for 

Boreholes 6 and 7, respectively, with a cumulative yield of 232 m3/d (84,680 m3/yr) which 

is consistent with the two boreholes being able to meet the water demand of the plant 

(annual water budget of 65,021 m3 or 178 m3/d).  

5. Groundwater abstraction will be reduced through the implementation of rainwater 

harvesting. Preliminary calculations suggest that an average of 18,275 m3/yr would be a 

reasonable estimate from the roofed areas alone. An additional 33,751 m3/yr could be 

harvested from the remaining non-roofed area leading to a combined 52,026 m3/yr from 

rainwater, accounting for approximately 80% of the entire annual water demand. 

6. A reduction in zone of contribution (ZOC) for the boreholes as a result of rainwater 

harvesting means that the volume of water being abstracted from the system is not greater 

than the volume of water recharging the aquifer over the landowner property area.   

7. While climate change will bring about increased seasonality in rainfall patterns, the impact 

on groundwater recharge will be varied depending on local geology. Drought conditions 

would have generally detrimental consequences for groundwater supplies with ZOCs 

increasing in order to meet the same demand. A 50% safety factor has been used in the 

calculation of all ZOCs by way of a conservative approach to such changes.  

8. Continuous and manual water level measurements taken at a borehole (FW1) supplying 

a neighbouring dairy farm for the duration of the pumping test and recovery period are 

consistent with the pumping having little discernible impact on the well.  

9. A monitor and mitigate approach is recommended for proximal sensitive receptors (e.g., 

springs and other abstraction boreholes) to ensure that any potential impacts are 

minimized. 

10. While the hydrochemical signatures of BH6, BH7, FW1 and SW1 all tend towards a 

calcium-magnesium-bicarbonate type, the pumping wells show a distinct cationic 
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signature to FW1 and SP1 with relatively lower calcium concentrations and higher 

magnesium concentrations. 

11. A strong hydrogen sulphide odour and reducing conditions were observed at BH6 and 

BH7 with visible limescale forming on equipment during the pumping test.  

12. Reductions in flow at local springs (SP1 and SP2) were noted. However, further 

investigation would be required to ascertain whether this is due to pumping or low rainfall 

levels.   
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11. Recommendations 

 

1. WATER DEMAND & BUDGET: A detailed breakdown of water demand (e.g., volume 

and timing) should be developed to determine detailed water usage. 

2. RAINWATER HARVESTING: Rainwater harvesting from roofs and hard standings 

should be implemented. The plant and associated infrastructure should be designed 

to maximise potential capture.  

3. SUPPLY LIMITATIONS: The sustainable yields established from the pumping test 

should be considered a maximum yield. A reduction in yield should be allowed for 

through well losses over time. Allowances should also be made for periods of 

downtime associated with routine maintenance or pump failure.  

4. BACKUP SUPPLY: Additional boreholes could be constructed to augment the supply. 

The siting of such boreholes should be guided by geophysical surveys with subsequent 

drilling supervised by a hydrogeologist.  

5. BASELINE MONITORING: In accordance with the recommended monitor and mitigate 

approach proximal sensitive receptors (e.g., springs and other abstraction boreholes) 

should identified and monitored pre development. This data should be used to identify 

triggers for targeted mitigation measures.  
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