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Objectives for this session
▪ To describe the factors that influence the 

movement of water and pollutants in the 
landscape in the context of:
➢ The source-pathway-receptor (SPR) model for 

catchment management.

➢ The various relevant hydrogeological settings and 
pathways.

➢ The need to understand the situation before 
deciding on and undertaking mitigation Actions.

I appreciate fully that there is a lot of knowledge and experience ‘in the 
room’ and that you know far more than me about several of the areas I will 
be covering. But, what I am trying to do on this course, as well as impart 

some of my experiences, is to advocate an approach that I and colleagues in 
LAWPRO, EPA Catchments Unit and NFGWSs feel is beneficial as a means of 

deciding on mitigation actions and achieving environmental outcomes.



Why characterise water and 
pollutants in the landscape?

▪ We all make decisions based on our understanding of issues.

▪ Catchment scientists will need to be able to use the info 
available to enable the catchment and relevant components 
to be visualised and understood.

▪ A 3-D ‘mental model’ will need to be developed as an ongoing 
process.

▪ This can be converted into a written 3-D ‘ pathways 
conceptual model (PCM)’.

▪ The pathways conceptual model (PCM) helps in deciding on 
‘the right measure in the right place’.

▪ The information in this session provides the basis for arriving 
at the understanding we need and an appropriate PCM of the 
subcatchment/landscape we are dealing with. 



Some Context
What is the objective? 

Vital to ask & answer this question to ensure that 
efforts and resources are targeted.

▪ Is it to check compliance with the Regs?
➢An inspection? 

▪ To decide if an activity is a significant pressure or not?
➢WFD or Drinking Water Directive implementation

▪ To evaluate pollution of small 
streams/tributaries/ditches.

▪ Is the requirement to ‘protect’ or ‘restore/improve’?

▪ To decide on what mitigation actions are needed.

▪ Etc.

Comment: See Section 10.3 in Volume 1 of the Guidance Handbook for further development of this point. 



More Context
A ‘protect’ or ‘restore/improve’ objective? 

▪ LAWPRO are concentrating primarily on the ‘restore’ 
objective for At Risk WBs.

▪ But the WFD “prevent deterioration” objective means 
that LAs must deal with both ‘restore/improve’ and 
‘protect’. 

▪ Therefore, the ‘protect’ objective is relevant to LAs as 
well as the ‘restore/improve’ objective.

▪ Similarly, NFGWS have both objectives for drinking 
water sources.

See NFGWS (2019) Framework for Drinking Water Source Protection at this link https://nfgws.ie/a-framework-
for-drinking-water-source-protection-2/ for further details. 

Important to distinguish between them as the approaches 

and resources will be different, with normally less 

resources needed for the ‘protect’ work.

https://nfgws.ie/a-framework-for-drinking-water-source-protection-2/


More Context
Point or Diffuse Pressures? 

▪ Characterising water & pollutants in the 
landscape is:
➢ Essential for dealing with diffuse pressures.

➢Helpful for locating and dealing with small point sources.

➢Helpful in understanding why small point sources are a 
significant pressure.

➢Helpful in evaluating the impact of large point sources.

If you are not dealing with a pipe to a watercourse, then 
‘characterising the landscape’ is essential.

Comment: See Section 10.4.1 in Volume 1 of  the Guidance Handbook for further details. 

This session concentrates on diffuse pressures, although 
much of the material also applies to small point sources.



Achieving Our Objective (thoughts while on 
the river bank)

To be able to stand (literally or 
virtually) on the banks of 
any/most rivers in Ireland and 
be able to:
➢ Understand and describe 

the pathways for water and 
contaminants from the land 
surface to the river;

➢ Predict both flow and 
attenuation along the 
pathways; and 

➢ Propose & undertake 
management strategies to 
protect or restore, as 
appropriate



Source-Pathway-Receptor (SPR) 
Framework



Source-Pathway-Receptor (SPR) 
Framework

Pollutants/pressures 
– some significant, 

others not.

WFD/Habitats 
Directive/ Drinking 

Water/site Objective

Pathways

This presentation concentrates on the PATHWAY component



Receptor requirements

▪ Ecological, biological, hydrochemical, hydrological, 
hydromorphological, etc.

▪ WFD status, conservation status, untreated drinking water 
quality requirements, etc

▪ These requirements influence assessment of the situation, 
and the choice and location of mitigation actions.

▪ There are differences. Examples:
➢ PO4 EQS for WFD High status WBs ≤0.025 mg/l (mean) as P and is ≤ 

0.035mg/l (mean) for Good status WBs.

➢ NO3 EQS for Good status coastal WBs ≤2.6 mg/l as N

➢ NFGWS NO3 drinking water Guide Value = 28 mg/l as NO3 (6.3 mg/l 
(mean) as N).

➢ Ammonium, E. Coli, etc have differing limits, depending on the 
receptor.

➢ Groundwater can have different requirements to surface water, e.g. 
Groundwater Directive threshold values.



Pathways in the SPR continuum

❑ The SPR framework represents a continuum 
……..

❑ If knowledge of one of these is missing, the 
continuum is broken, and the ability to conclude 
on the correct ‘mitigation actions’ is reduced.

Both pollutants 
& pressures



The SPR Approach

▪ (Source or Hazard) Pressure              Impact

▪ So, there has to be a linkage between the source and 
the receptor, for an impact to occur.

▪ This is provided by the pathway.

▪ To prevent an impact:
➢ Remove/reduce the pollutant load

➢ Reduce/prevent mobilisation of pollutants

➢ Break the pathway (particularly for PO4, sediment, pathogens)

➢ Remediate the receptor.

▪ Therefore, an understanding of the pathway is 
critical.

Being able to characterise the relevant landscape 
factors enables this critical understanding.



Hierarchy of frameworks



The Two Main Pathway Elements

❑ The attenuation element
▪ Will pollutants be treated adequately before a 

receptor is reached?
▪ Or: how much attenuation occurs along the 

pathway before the receptor is reached?

❑ The hydraulic element
▪ Is the water (either rainfall and/or effluent discharged 

onto/into land) moving away:
▪ As underground flow?
▪ As overland flow and/or flow close to the land 

surface?

We evaluate these 2 elements by characterising the 
physical setting, i.e. the hydrogeological setting. 



The hydraulic element



The hydraulic element – what 
determines it?

▪ The key driver for water and pollutant 
movement in the landscape is permeability or 
drainage characteristics
➢ Therefore, when are considering a problematical 

situation, ask yourself all the time, what are the drainage 
or permeability characteristics – freely draining or poorly 
draining? 
• If freely draining (moderate to high K), the main pathway is 

underground.

• If poorly draining (low K), the main pathway is overland and 
shallow subsurface. 

➢ Slope is important in poorly draining situations, but 
permeability is the main driver.



Relevant geological layers

❑ Soil/topsoil
▪ Poorly draining (gleys)
▪ Free draining
▪ High organic matter (peaty)

❑ Subsoil
▪ Glacial till (mixture of silt, clay, 

sand, gravel)
▪ Sand/gravel
▪ Peat
▪ Alluvium

❑ Bedrock
▪ Limestone (~45% of country)
▪ Sandstone
▪ Shales
▪ Metamorphic rocks
▪ Granite
▪ Volcanics



Physical properties of subsoil  
Permeability & Transmissivity 

❑ Permeability = a measure of 
the ability of soil, subsoil 
and bedrock to transmit 
water

❑ Depends on the size of the 
voids/pores/joints
▪ gravel = ‘high’ permeability
▪ Glacial till = ‘moderate’ to 

‘low’
▪ Bedrock = high to low

❑ It dictates whether the water 
runs off or infiltrates 
underground.

Photos: Donal Daly



Soils Map

An example of map showing six soil drainage categories; one freely draining, four
different grades of poorly draining mineral soils (alluvium is usually poorly
draining) and one poorly draining organic (peat) soil. Map is available at a scale
no greater than 1:40,000. (Map created on behalf of EPA Catchments Unit, by
Robbie Meehan)



Soil drainage map



Maps available on GSI website: https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx

https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx




Permeability (K) – 2 Types 

❑ Is not present in 
bedrock in the RoI.

1. Intergranular K 
where the water 
moves between 
the grains in 
subsoil and soil.



Subsoil Permeability

❑ The greater the proportion of clay and, to some degree, 
silt, the lower the permeability.

❑ Clayey till and alluvium = Low* permeability

❑ Silty, sandy till = moderate permeability

❑ Sand/gravel = high permeability

❑ Peat = low permeability

* The GSI  have mapped all of the RoI using these 
permeability categories(high, moderate and low) for 
subsoils >3m thick.



Subsoil Permeability

Subsoil Permeability Map

No permeability category is applied 
where the subsoil is mapped as <3m 
thick.

Source: GSIMaps available on GSI website: https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx

https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx


Generally 
dark grey in 
colour and 
‘plasticine 

like’.

Low permeability subsoil

Photo: Donal Daly



Usually brownish 
in colour due to 

oxidation of Fe in 
the subsoil.

Angular stones 
present.

Moderate permeability subsoil

Photo: Donal Daly



Sand/gravel

A high 
permeability 

subsoil

(rounded stones 
usually)

Photo: Donal Daly



D: Plasticity: Thread test
• Broken & moulded & moist sample. Check moisture content!!!

• Remove >2mm.

• Roll thread: 3mm. Palm hand. Remove excess.

BS5930: Approach
Principle Subsoil Type

Slide source: Coran Kelly



E:  Plasticity: Ribbon Test cont’d

Squeeze over finger till breaks

Repeat x 3, record each length

Compare with results of thread plasticity 

test using the flow chart.

BS5930: Approach
Principle Subsoil Type

Slide source: Coran Kelly



Peat & peaty soils
Water movement 

❑ Peat
▪ >88% water by volume.
▪ Upper active layer (10s 

cms; acrotelm) high 
transmissivity (T)

▪ Lower layer (several m; 
catotelm) low T.

▪ Main flowpath = 
horizontal.

Section 8, Volume 2. 



Subsoil permeability



Preferential flowpaths in topsoil

❑ Significance:
➢ Allows bypassing 

of the soil and 
upper part of the 
subsoil , e.g. by 
pathogens and P.

❑ Caused by 
desiccation, 
plant roots, 
worms

Photo: Donal Daly
Photo: Donal Daly



Preferential flowpaths in topsoil



Bedrock 
permeability 

Water flows in 
fissures, fractures, 
joints and bedding 
planes.
➢ Rocks are ‘old’ 

and ‘cemented’

Photos: Donal Daly

Highly fractured bedrock



An outcrop of bedded and 
fractured limestone

Photo: Donal Daly



Weakly 
fractured 
bedrock

Photo: Donal Daly

Fissures as fluid pathways



Weakly fractured bedrock

Fissures as fluid pathways

Photo: Donal Daly



Weakly fractured 
bedrock

Photo: Donal Daly



Variations in bedrock permeability (K)

❑Bedrock 
▪ Weakly fractured = low permeability
▪ Highly fractured = high permeability
▪ Solution features = high permeability



Highly fractured bedrock

Photos: Donal Daly



Photo: GSI

Solution features in 
pure limestone

Photo: Donal Daly



W

Photos: Donal Daly

Solution features in 
pure limestone



Transmissivity
❑ A measure of the rate that water moves through the 

full thickness of an aquifer (up to 100m) (based on the 
combined permeabilities of all rock layers)



Bedrock K 
usually varies 
with depth

Photo: Donal Daly



T

❑ T
▪ W

❑A
▪ I

Photo: Donal Daly

Transmissivity = bulk permeability



The geological layers

❑ Freely 
draining 
scenario

Photo: Donal Daly



The geological layers

❑Poorly 
draining 
scenario

Photo: Wexford County Council



Summary of physical properties

❑ Silty/sandy till (overlain by free draining soil usually)
▪ High porosity
▪ Moderate intergranular permeability (water can move vertically through it)

❑ Sand/gravel (overlain by free draining soil)
▪ High porosity (stores a lot of water)
▪ High intergranular permeability and transmissivity (water can move vertically and 

horizontally through it readily)

❑ Clayey till  (also gley/poorly draining soil)

▪ High porosity (stores a lot of water)
▪ Low (intergranular) permeability (water can’t move through it readily)

❑ Bedrock (soil drainage varies)

▪ Low porosity
▪ High permeability layers/zones usually present, but variable 

transmissivity (depending on rock type largely).
▪ Fissure permeability only



2 critical points as a summary of the 
hydraulic element

▪ When you are considering  water movement 
in the landscape, think in terms of three 
questions:

1. Is the area freely draining or poorly draining?

2. Is water flow mainly at the surface or 
underground?

3. If underground mainly, is it in subsoil or 
bedrock?



51

Questions?

Comments?



Groundwater movement/flow

1. The water table as a planar surface

2. Water table fluctuations

3. Groundwater flow direction

4. Groundwater flow velocity



Groundwater movement/flow
The water table

The depth to the water table depends on the 
permeability/transmissivity and the topographic location.

Unsaturated zone

Saturated zone



Groundwater movement/flow
Water table fluctuations

❑ Variation in levels 
can be due to:
▪ Effective rainfall 

amount (R-AE)
▪ Effective porosity
▪ Topographic 

location

❑ Seasonal variations

▪ Note:
▪ Time lag

▪ Variation in levels

Source: http://www.epa.ie/pubs/reports/research/water/ERC_17_Tedd_Groundwater_web.pdf

Sept ‘72 July ‘74

12m

40m



Seasonal groundwater level changes

EP = 2.4%

EP = 7%

EP = 20%

EP = Effective porosity



❑ Can arise in 
clayey subsoils

❑ Indicates 
seasonally high 
water table

❑ Take account of 
this when 
doing 
catchment 
walks in dry 
weather

Water table fluctuations -
mottling

Photo: Donal Daly



Mottling
Indicating intermittent 
saturation



Groundwater flow direction
❑ Flows ‘downhill’.

❑ The water table is a 
subdued reflection 
of topography.

❑ Water table deepest 
at topographic -
groundwater 
divides.

❑ Slope gives the 
‘hydraulic gradient’.

❑ Groundwater 
contributes 20-80% 
of the average flows 
in streams, 
depending on the 
geology.

Source: USGS



Source: UK Groundwater Forum

Groundwater 
Discharge



Groundwater movement/flow
A 3-D representation of the water table

river



Groundwater movement/flow
The water table

❑ Due to 
differences in 
transmissivity
/bulk 
permeability

❑ Note 
contrasting 
hydraulic 
gradients



Groundwater movement/flow
Groundwater flow velocity

❑ Why is this relevant?
▪ In conceptualising the flow of water & pollutants 

underground.
▪ In a qualitative way, in enabling an assessment of how 

quickly a pollutant will get to a stream.
▪ In a quantitative way, in estimating the time of travel 

(ToT) for pollutants, particularly microbial pathogens, to 
get to well or spring.

❑ Typical velocities (unpumped)
▪ 0.5-2.0 m/d in sand/gravel aquifers.
▪ 1.0-10.0 m/d in fissured sandstone and limestones.
▪ But, karstified limestones have velocities more 

typical of streams – 10s metres/hour.



Summary of groundwater movement

❑ Water table fluctuates: depends on ER (R-AE), 
effective porosity & topographic location 

❑ The water table is a subdued reflection of 
topography (except karst aquifers).

❑ The depth to the water table depends on 
topographic location and transmissivity.

❑ Water table slope gives the ‘hydraulic gradient’., 
e.g. i = 0.005 or 5m in 1,000m.

❑ Groundwater velocities ‘low’; a few metres per year 
usually. But there is an exception…. karst limestone 
areas.



Water in karst limestone 
landscapes



Limestones – our 
dominant rock type

Blue areas on map

Recommended reading
Drew, D. (2018) Karst of Ireland. Published by 

the GSI. 
https://www.gsi.ie/en-

ie/publications/Pages/Karst-of-Ireland-
Landscape-Hydrogeology-Methods-David-

Drew.aspx

https://www.gsi.ie/en-ie/publications/Pages/Karst-of-Ireland-Landscape-Hydrogeology-Methods-David-Drew.aspx


Limestones and water
❑ Limestones underlie over 45% 

of the RoI.

❑ Karstified limestones underlie 
~20% of the country. These 
have characteristics not 
present in the other 80% of 
the country.

❑ Remaining (impure) 
limestones are fractured 
rather than karstified.



Karst – solution of limestones

In ‘pure’ limestone, the secondary or fissure permeability can be 
increased by solution during groundwater movement. This 

process, which is called karstification, causes distinctive 
characteristics of topography, hydrology and hydrogeology.

Limestone    +   weak acid  ➔ Calcium bicarbonate

CaCO3 +     H2CO3 ➔ Ca(HCO3)2

Karst is an area of limestone in which the landforms 
are of dominantly solutional origin, and in which the 

drainage is underground in solutionally-enlarged 
fissures and conduits.



Distinctive features of karst areas

➢Bare and shallow rock
➢Enlarged conduits, ranging from cms to metres

(caves)
➢Swallow holes and sinking streams.
➢Collapse features (called dolines)
➢Turloughs (many are SACs)

➢Large springs
➢Groundwater flooding, e.g. Gort/Kinvara, Lough Funshinagh)

➢Often a freely draining, ‘dry’ landscape.
➢A high level of connectivity between groundwater 

and surface water.



Burren, Co. Clare

Karst 
features: 
limestone 
pavement



Karst features: Shallow bedrock

Photo: Donal Daly



Karst features: Shallow bedrock

Photo: Donal Daly



Photos: Donal Daly



Kesh Caves, Co. Sligo

Photo: Donal Daly

Karst features: caves



Karst features: caves

Photo: Donal Daly



Karst features: swallow hole with sinking stream 
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Karst feature: sinking stream

Photo: Donal Daly



Photo: Donal Daly



Photo: Donal Daly

Karst features: swallow hole 
(intermittent)

78



to a spring

Karst features: swallow hole with sinking stream

Photo: Donal Daly



Swallow holes and 
sinking streams at a 
geological boundary 

Source: Drew, D. (2018)) Karst of Ireland. 

Poorly draining 
and low 

permeability area 
where runoff is 

generated.

Karst area where 
water flows are 

underground

The runoff 
water ‘sinks’ at 
or close to the 

geological 
boundary which 
can be either i) 

a low 
transmissivity 

bedrock or ii) a 
low 

permeability 
subsoil 

overlying the 
karst bedrock.



Karst limestone area in Roscommon overlain by low permeability 
subsoil and poorly draining soils, with runoff to a swallow hole

linked to a spring, which is a drinking water source

Photo: Joe Gallagher, NFGWS



Karst features: 
limestone pavement

Photo: Donal Daly Photo: Donal Daly



Karst features: 
limestone pavement

Photo: Donal Daly Photo: Donal Daly



Tracing 
results

Source: GSIMaps available on GSI website: https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx

Swallow holes 
and sinking 
streams

Springs

https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx


Karst features: Springs

Photos: Donal Daly

❑ Large springs common; many 
used for water supplies

❑ Discharge rates and quality 
can vary.



Karst features: follow the river underground and at the surface 

Photo: Donal Daly



Karst features: follow the river underground and at the surface 

Photo: Donal Daly



Karst features: follow the river underground and at the surface 
Photo: Donal Daly



Karst features: follow the river underground and at the surface 
Photo: Donal Daly



Karst features: follow the river underground and at the surface 
Photo: Donal Daly



Coole Lough, Co. Galway

Karst features: follow the river underground and at the surface 
Photo: Donal Daly



Kinvarra, Co. Galway

Karst features: follow the river underground and at the surface 
Photo: Donal Daly



Co. Galway

Karst features: flooding at a swallow hole 
Photo: Donal Daly



Photo: Donal Daly

Karst features: dolines (collapse features)



Photo: Donal Daly

Karst features: dolines (collapse features)



Current river 
drainage pattern 
in mid Galway –

post-arterial 
drainage 

Source: Drew, D. (2018) Karst of Ireland. 



Pre-arterial 
drainage

Several of what might 
appear to be natural 

rivers are actually 
aqueducts

Source: Drew, D. (2018) Karst of Ireland. 



Turloughs – temporary/seasonal 
lakes (more than 500)

Turloughs are “groundwater 
dependent terrestrial 

ecosystems”.
“A topographic depression in karst which 
is intermittently inundated on an annual 

basis, mainly from groundwater, and 
which has a substrate and/or ecological 
communities characteristic of wetlands”

Many have to achieve WFD 
status objectives and 70 have 

been designated under the 
Habitats Directive as 

SAC/SPAs. 



Karst features: Turloughs

Photo: Donal Daly Photo: Donal Daly



Karst features: Turloughs

Photo: Henning Moe, CDM Smith



Photo: GSI



Photo: GSI



Freely draining landscape underlain by karstic 
limestones

Co. Galway
Photo: Donal Daly

A groundwater dominated 

scenario
103



Karst 
features

Note: not all of
the country has 
been mapped for 
karst features

Source: GSIMaps available on GSI website: https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx
104

https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx


Limestone aquifers 
and water supplies 

❑ Supplies ~25% of our drinking 
water from wells and springs.

❑ Pale blue limestone areas 
dominated by ‘conduit’ flows –
springs are main sources.

❑ Darker blue/green dominated by 
‘diffuse’ flows – wells are main 
sources.

❑ Brown areas are ‘poorly 
productive’.



Water quality in karst areas

❑Groundwater in most karst areas is:
➢ Extremely vulnerable to pollution as the limestone is 

covered by no or shallow subsoil.
➢ Recharged by sinking streams in places.

❑ Three main water quality issues arise:
➢ Presence of microbial pathogens.
➢ Presence of silt and colour after heavy rainfall, particularly 

in the Autumn/early Winter.
➢ Phosphate, which can impact on ecosystems in turloughs.

❑ Pollution of private and farm wells is common
❑Therefore, the required mitigation actions must 

take account of the distinctive, complex karst 
landscape characteristics.



Characteristics of karst areas

❑ Distinctive landforms of dominantly solutional origin, such as swallow 
holes, dry valleys, caves, enclosed depressions, karren (small - mm-m 
- solution channels on bare rock);

❑ Drainage is largely underground, in solutionally enlarged fissures and 
conduits, so sinking streams, sparse or intermittent surface streams 
and large springs are common;

❑ Fast flow rates - up to 200 m/hour -which is untypical of groundwater;

❑ Variable permeability and unpredictable groundwater flow directions;

❑ Large areas of bare rock and shallow subsoil, consequently the 
groundwater is vulnerable and pollution of wells is common - more 
than 50% of wells and springs (both public and private) in some areas 
are polluted intermittently during their use, usually by faecal bacteria.

❑ A major source of drinking water – public, group scheme, private.



Useful reference

❑ The Karst of Ireland: Landscape, Hydrogeology, 
Methods by David Drew. https://www.gsi.ie/en-
ie/publications/Pages/Karst-of-Ireland-Landscape-
Hydrogeology-Methods-David-Drew.aspx

❑ All karst areas in the country are described.

https://www.gsi.ie/en-ie/publications/Pages/Karst-of-Ireland-Landscape-Hydrogeology-Methods-David-Drew.aspx


Springs

❑ A spring is: 
▪ A groundwater discharge at the land surface.

▪ An area or point where the water table meets 
the land surface.

▪ A zone of focussed groundwater flow.



Springs



Small spring

Photo: Donal Daly



Springs

Co. Leitrim
Photo: Donal Daly

NB: Springs can ‘deliver’ pollutants, such as nutrients to streams. And also
‘clean’ water that improves the WQ of streams.



Spring 
issuing 
along a 
bedding 
plane in 
limestone

Co. Leitrim
Photo: Donal Daly



Springs

Photos: Donal Daly



Water
discharging 
from a spring 
can only come 
from 
upgradient

Source Protection 
Zones around a 
spring



Wells

A “cone of 
depression” is 
formed by 
pumping water 
out of the aquifer.



Con

Illinois Environmental Protection AgencyUK Groundwater Forum



Groundwater 
flow to a well



❑ Size and shape 
depends on the 
pumping rate, 
transmissivity and 
recharge.

❑ ZOC for a domestic 
supply well
▪ 600 l/d
▪ 15-30m wide
▪ 10m downgradient
▪ 150->500m 

upgradient.
▪ Area = 1,000-

2,500m2

Groundwater 
flow to a well



Groundwater flow 
to a well

❑ Diagram shows 
the zone of 
contribution 
(ZOC) 
▪ Varies with 

abstraction 
rate and 
recharge      
(R-AE) rate

Section 6.4.2, Volume 3. 

Abstraction 
rate 50 
m3/d

Abstraction 
rate 150 
m3/d



Summary of groundwater flow to a 
well

❑ The ‘zone of contribution’ (ZOC) is the 
catchment area to the well.

❑The ZOC size depends on the abstraction 
rate and recharge rate. 

❑Most of the ZOC is upgradient (uphill) of the 
well

❑ Pumping causes a ‘cone of depression’ 
around the well.



Contaminated 
surface water 
drawn in 
when 
pumping

122



Properly, 
designed, 
constructed 
and sealed 
well

123



Photo source: David Ball

Well casing not grouted Well casing grouted



Presence of subsoil 
over bedrock a 
critical factor in 
vicinity of well

Photos: Donal Daly



Farm/private wells: summary advice

◼ Check EPA website for information: 
http://www.epa.ie/water/dw/hhinfo/protprivwell/

◼ Seal around top of well, if needed.

◼ Don’t store chemicals in pump house or fertilizers 
close by.

◼ Locate new wells ‘up hill’/up-gradient of potential 
pollution sources and where there is protection 
from subsoil overlying bedrock.

◼ Get water analysed every year, preferably in late 
Autumn.

◼ Treat water with a UV system.

http://www.epa.ie/water/dw/hhinfo/protprivwell/


Aquifers

❑ Examples
▪ Sand/gravel: high porosity & high permeability = good aquifer
▪ Clayey till: high porosity & low permeability = non aquifer
▪ Fractured sandstone: low porosity & high transmissivity = potentially a 

good aquifer (if thick enough)
▪ Schist or granite: low porosity and low transmissivity = poor aquifer

❑ All bedrock in the RoI is classed as an aquifer. (Sufficient water for a 
domestic supply can be found almost everywhere.)

❑ The only subsoil capable of being an aquifer is sand/gravel.

❑ Definition 
▪ Bedrock or subsoil that contain sufficient voids to store

water and are permeable/transmissive  enough to allow 
water to flow through them in significant quantities.
▪ store & transmit



Aquifer Categories

❑Regionally Important (R) Aquifers
(i) Karstified limestone aquifers (Rk)

(ii) Fractured bedrock aquifers (Rf)

(iii) Extensive sand/gravel (Rg)

❑Locally Important (L) Aquifers
(i) Sand/gravel (Lg) 

(ii) Karstified limestone aquifers (Lk)

(ii) Bedrock which is generally moderately productive (Lm)

(iii) Bedrock which is moderately productive only in local zones (Ll)

❑Poor (P) Aquifers
(i) Bedrock which is generally unproductive except for local zones 
(Pl)

(ii) Bedrock which is generally unproductive (Pu)
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Aquifer Map

https://www.gsi.ie/en-
ie/data-and-

maps/Pages/Groundwate
r.aspx

https://www.gsi.ie/en-ie/data-and-maps/Pages/Groundwater.aspx


Summary: Aquifers

❑ ‘Pure’ limestones are the most imp aquifer.
❑ All the land surface is underlain by bedrock 

aquifers.
❑ Productive aquifers underlie ~30% of the 

country.
❑ ~25% of drinking water comes from 

groundwater.
❑ Karstification is significant  in ~20% of the 

country.
❑ Sand/gravel is the only subsoil/intergranular K  

aquifer (~3% of country)



❑ For details on aquifers and 

groundwater vulnerability, 
see link here:

https://www.gsi.ie/documents/Groundwater%
20Protection%20Schemes.pdf

Guidance document on 
groundwater protection

https://www.gsi.ie/documents/Groundwater%20Protection%20Schemes.pdf


Surface runoff

Photos: Donal Daly



Hydrograph response to a rainfall event

Copied from: https://www.bbc.co.uk/bitesize/guides/zpqwwmn/revision/1



Contrasting hydrograph response to a rainfall 
event

Poorly permeable 
scenario 

Highly permeable 
scenario 



Summary: water movement on land and in 
the landscape
Influence of soils/subsoils

❑ Gley soil & Poorly draining (clayey) subsoil (glacial till & 
peat)

➢ ‘Horizontal’ flowpaths; rapid response (to rainfall) catchments; 
peaky hydrographs; high drainage density; high flooding potential.

❑ Moderate permeability subsoil (sandy/silty till)
➢ ‘Vertical’ flowpaths to water table; slow response catchments; 

gradually rising/falling hydrographs; moderate-low drainage 
density

❑ High permeability sand/gravel
➢ Vertical flowpaths to water table; slow response catchments; low 

drainage density.

➢ Good baseflows to watercourses.



Summary: water movement on land and in the landscape
Influence of bedrock aquifers

In general,         
water flows in the 
blue, green and red 
areas are  mostly 
underground as 
groundwater, 
whereas in the 
brown areas, 
surface flows 
dominate.

See Table 10-5, Volume 
1 for details on the flow 
regimes in each aquifer 

category area



Karst aquifer 
subtypes: Rkc

 

Map of limestone aquifers

Conduit flow is dominant 
▪ Caves, sinking streams and 

large flashy karst springs are 
common.

▪ Long underground flowpaths
common.

▪ Storage is low and locating 
areas of high permeability is 
difficult. Therefore, 
groundwater development can 
be problematical.

▪ Strong interconnection 
between groundwater and 
surface water.

▪ Localised input to streams, 
which may ‘dry up’ in Summer.

▪ Low drainage density.



Karst aquifer 
subtypes: Rkd

 

Diffuse flow dominated
▪ Where flow is more ‘diffuse’ 

along bedding planes and in 
small conduits.

▪ This is the most imp aquifer in 
the country, with many high 
yielding wells & springs.

▪ Generally gives a more 
consistent and widespread 
groundwater input to streams 
in dry weather, i.e. good 
baseflows

▪ Some caves & sinking streams 
present, and the springs less 
flashy.

▪ Low drainage density (unless 
overlain by poorly draining 
subsoils)

https://www.gsi.ie/en-ie/publications/Pages/Karst-of-Ireland-Landscape-Hydrogeology-Methods-David-Drew.aspx

Map of limestone aquifers

https://www.gsi.ie/en-ie/publications/Pages/Karst-of-Ireland-Landscape-Hydrogeology-Methods-David-Drew.aspx


❑ Substantial fissure 
permeability to 10s 
metres depth.

❑Deep groundwater flows.
❑Drainage density varies; 

mainly low.
❑Good baseflows to surface 

water.
❑ Lm and Lf aquifers have 

similar properties, but less 
available groundwater 
resources

Summary: water movement on land and in 
the landscape
Influence of Regionally imp. fissured aquifers (Rf)



❑ Main flow paths in upper 
fractured zone & along 
narrow fault zones.

❑Permeability decreases 
with depth.

❑Well yields usually low.
❑Drainage density varies, 

depending on rock type & 
overlying subsoil mainly.

❑ Low baseflows to surface 
water in summer.

❑ Small streams and 
drainage ditches common.

Summary: water movement on land and in 
the landscape
Locally important bedrock, moderately productive 
only in local zones (Ll)



❑ Lowest transmissivity 
bedrock in country, with 
limited fracturing.

❑ Well yields invariably low.

❑Drainage density high.

❑ Low baseflows (i.e.
limited groundwater 
input) to surface water.

❑ Runoff is ‘flashy’, i.e.
‘rapid response’ sub-
catchments.

Summary: water movement on land and in 
the landscape
Poor aquifers (PL and Pu)



Using the bedrock geology map to 
conceptualise groundwater and 
surface water flow

Table 21.1 in
Appendix 5 of 
Volume 1 for 
summary details on 
the hydrogeological 
flow regimes for all  
27 bedrock units.

This summary 
should help in 
conceptualising 
water movement in 
the catchment 
areas of WBs.



Using the bedrock geology map to 
conceptualise groundwater and 
surface water flow

Section 5.8 and Table 5-1 Volume 5. 



Recommendations

❑ Read this paper: Understanding pathways
transferring nutrients to streams: review of a major
Irish study and its implications for determining water
quality management strategies. Authors: Deakin, J. et
al.. Biology and Environment: Proceedings of the Royal
Irish Academy. Vol. 116B, No. 3 (2016), pp. 233-243.

http://www.jstor.org/stable/10.3318/bioe.2016.19

❑ Check the aquifers and the geology maps for your 

county and visualize the likely water movements.

http://www.jstor.org/stable/10.3318/bioe.2016.19


Receptor

Poorly productive aquifer
(70% of country) 145

A slice ~60m deep through the 
landscape



Receptor

Poorly productive aquifer
(70% of country) 146



Receptor

Poorly productive aquifer
(70% of country) 147

Low transmissivity bedrock – mostly 
with low permeability but with high 

permeability zones



The Irish landscape is variable and complex, 
with a wide variety of flow conditions

A surface runoff dominated scenario due 

to presence of low permeability subsoil 

and poorly-draining soils
Photo: Donal Daly148



❑ ‘Dry’ drains in 
summer are 
common in areas 
of low 
transmissivity 
bedrock and/or 
low permeability 
soil/subsoil  

Drainage indicators of water 
movement

Photo: Donal Daly



❑ ‘Dry’ drainage 
channels in Summer 
and flowing drains in 
Winter are potential 
routes for loss of 
nutrients and 
sediments from the 
land.

❑ Channels are like 
‘veins’ in a catchment 
transporting water 
and, in certain 
circumstances, 
pollutants.

Drainage indicators 
of water movement

Photo: Donal Daly



Free draining area underlain by karstified limestone 
shown by vegetation indicators and absence of ditches 

and streams

Co. Galway
Photo: Donal Daly

A groundwater dominated 

scenario



Free draining area underlain by karstified limestone 
shown by vegetation indicators and absence of ditches 

and streams

Co. Galway
Photo: Donal Daly

A groundwater dominated scenario in 

foreground and surface runoff dominated 

scenario in background

Galway granite 
in upland

Karstified
limestone in 

lowland



M

Section 6.2 Volume 3 and Section 3 Volume 5. 



T

❑ T
▪ W

❑A measure of the bulk permeability
▪ I

Source: UK Groundwater Forum

https://www.youtube.com/watch?v=ci-ABWPG7LQ

https://www.youtube.com/watch?v=ci-ABWPG7LQ
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Questions?

Comments?


