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PROTECTING THE SOURCE: CHALLENGES FOR COMMUNITIES IN GROUNDWATER
ZONES

Brian MacDonald
Research & Evaluation Officer
National Federation of Group Water Schemes

ABSTRACT
Draft plans prepared under the Water Framework Directive (WFD) acknowledge that public support will
be required to achieve and maintain at least good status in our surface waters and aquifers. However,
despite the best efforts of those driving the consultation process, take-up by the public has been
disappointingly low.

This lack of engagement by ‘the plain people of Ireland’ doesn’t augur well for the future, because,
whatever about a need for consultation in formulating plans, public participation in implementing those
plans will be essential. Without it, we will be left with enforcement alone and we can be sure there will be
public representatives who will portray the WFD as another stick to beat the poor farmer. Indeed, this
charge has already been levelled by a councillor in my own county. Humbug, no doubt, but if such
misinformation is to be countered, then the WFD will need friends and activists who are embedded in
rural communities. This presentation is intended to explain why community-owned group water schemes
can and will provide such friends, if others are prepared to work with them on a basis of partnership.
This would have major implications in groundwater zones. While the ratio of source types for drinking
water supplies is usually given as 70% surface water and 30% groundwater, that ratio is more than
reversed in community-owned group water scheme supplies. Taken together, borewells and springs
account for 75% of GWS source types, while only 25% of schemes get their supply from lakes and rivers.
Yet, despite their reliance on groundwater supplies, group water scheme committees would be the first to
acknowledge that they know precious little about their source. Some sampling will undoubtedly have been
carried out to determine raw water quality, but as to the nature of their aquifer — its length, direction of
flow, overlay, recharge capacity, points of vulnerability etc. — they are in the dark and no one seems to
think that it would be a good idea to enlighten them! For all that they have legal responsibilities in
regard to their sources, group schemes have no enforcement powers and truth be told, they have been
largely by-passed in the formulation of policy. Apart from the environmental considerations, group
schemes have a direct financial incentive in ensuring that their sources are free of contamination. For
this reason alone, they are potentially a useful and willing ally in any initiative designed to improve water
sources. More than that, they represent the best hope of securing the co-operation of the communities
they serve (and of which they are part) in shaping source protection as a process of voluntary
participation by citizens.
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DETERMINING THE SUSTAINABLE YIELD OF GROUNDWATER SUPPLIES

Gerry Baker
WYG lIreland

ABSTRACT

There is currently no available guidance in Ireland to determine the sustainable yield of a
groundwater supply. To ensure sustainable development of Ireland’s groundwater resource
guidelines or regulations are needed to act as a support tool for the hydrogeological community
and for a reference document for water managers. The introduction of an abstraction licensing
system has been proposed as part of the WFD and it is recommended that guidelines and/or
regulations should be incorporated into any new abstraction licensing system. Suitable
guidelines are available from other countries. The leading international approaches adopt the
capture principle in assessing sustainability of groundwater supplies. It is crucial that an
oversimplified approach to regulation is not adopted which would needlessly restrict
development or overexploit aquifers. The application of such guidelines is shown by examples of
groundwater development completed in Co. Wicklow by WYG.

INTRODUCTION

At the present time, many Local Authority water supply infrastructures are stretched to their
limits and there is a significant lag time between completion of new regional water infrastructure
developments and the growing demand. Where new private developments are planned they must
source their own water supply and in many cases development can be limited by the sustainable
yield of the water supply developed on site.

Currently there are no guidelines available in Ireland to determine the sustainable yield of
groundwater abstractions. Typically the hydrogeologist will be asked to drill some wells, conduct
a pumping test and define the sustainable yield of the supply. When complete the results and
assessment are submitted to the Local Authority generally as part of a planning submission.
There is no standardised methodology used by hydrogeologists to define the potential yield of
the borehole or how to address its potential impact on the environment. There is no standard for
the Local Authority personnel to judge the quality of assessment. This has led in some cases for
Local Authorities to place very conservative restrictions on the amount of water that may be
abstracted. It is not uncommon for some Local Authorities to only allow 50% or even 25% of the
yield recommended by the hydrogeologist to be abstracted. This is an understandable approach
when there are no guidelines for the Local Authority to reference.

Much needed developments should not be limited by lack of confidence in the hydrogeological
community’s practices. It is therefore crucial that some guidance/regulation is provided to act as
a support tool for hydrogeologist and also for a benchmark for local authorities. Article 11.3(e)
of the Water Framework Directive (WFD) requires that abstraction controls be introduced which
include a register of abstractions and a requirement for “prior authorisation”. It is recommended
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under current proposed approach for an abstraction licensing system (CDM 2009) that
Environmental Reports are completed as part of the licence for large supplies. There is an
opportunity here to incorporate clear and informative guidelines on the approach to such an
Environmental Report. The aim of this paper is to address the key issues which must be
considered in defining sustainable yield of groundwater supplies and review some guidelines
already developed in other countries.

DEFINING SUSTAINABLE YIELD

There are innumerable definitions of the term sustainable yield. For a summary of the most
widely used of these see Kalf et al (2005). Alley and Leake (2004) chart the development of the
concept in detail from the term ‘safe yield’ first documented in 1915. It must be recognised that
there are two facets incorporated with the sustainable yield of a supply. Firstly is the
determination of the amount of water that can be permanently abstracted from the well without
continuing depletion of the storage in the aquifer. Secondly is some assessment of how
sustainable this yield is in terms of its impacts on environmental receptors, other water supplies
and water quality of the supply.

The UK Water Industry Research provides useful guidance in defining these two aspects as
Potential Yield and the Deployable Output (UKWIR 1995). The UKWIR defines Potential Yield
as “The yield of a commissioned source or group of sources as constrained only by well and/or
aquifer properties for specified conditions and demands™ and Deployable Output (DO) as “the
output of a commissioned source or group of sources or of bulk supply as constrained by:
licence, if applicable, water quality, environment, treatment, raw water mains and/or aqueducts,
pumping plant and/or well/aquifer properties transfer and/or output main, for specified
conditions and demands.”

There are established methodologies available for considering both the Potential Yield (Wright
1985) and the Deployable Output (Environment Agency 2007) of a groundwater abstraction.

THE CAPTURE PRINCIPLE

The assessment of quantitative status of groundwater bodies (GWB) has recently been completed
(CDM 2009). The status has been defined by comparing the total groundwater abstraction in the
GWSB to the recharge. Where a certain percentage of recharge is exceeded the status of the GWB
is reduced (GWG 2005). The definition of quantitative status also considers any observed
impacts on surface water bodies or groundwater dependant terrestrial ecosystems (GWDTE). A
relatively small number of GWB have been defined as being at less than good status following a
detailed assessment.

The approach of defining the available resource in an aquifer by comparing it to the long term
recharge has been defined in the literature as the Water Budget Myth (Bredehoft et al 1982). It
can be shown that this approach is not suited to determining the sustainable yield for individual
abstractions.

Theis (1940) defined the source of water to well as follows - “Under natural
conditions...previous to development by wells, aquifers are in a state of approximate dynamic
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equilibrium. Discharge by wells is thus a new discharge superimposed upon a previously stable
system, and it must be balanced by an increase in the recharge of the aquifer, or by a decrease in
the old natural discharge, or by loss of storage in the aquifer, or by a combination of these™.

In this case recharge can be in the form of: downward flow though the unsaturated zone, lateral
and/or vertical flow from other aquifer systems, induced flow from nearby surface water bodies,
artificial recharge e.g. infiltration points. Discharge could be to streams, lakes, wetlands,
saltwater bodies, and springs or via evapotranspiration. The sum of increase in recharge and
decrease in discharge is referred to as Capture (Lohman et al 1972).

Some logical consequences of the principle of capture when an aquifer system is subject to
development are:

¢ Some groundwater must be removed from storage before the system can be brought into
equilibrium — i.e. water levels dropping during pumping

e The time that is required to bring a hydrological system into equilibrium depends on the
rate at which discharge can be captured

e The rate at which discharge can be captured is a function of the characteristics of the
aquifer system and the placement of the pumping wells — spacing, distance to recharge
zones, distance to discharge zones, rate of expansion of the cone of depression (CoD)

e Equilibrium is reached only when pumping is balanced by capture. In many cases this
may take quite some time!!

Perhaps the most important implication of the capture principle is that antecedent recharge does
not determine sustainability. Sustainability is determined by what induced recharge is created
and existing discharge is captured. This can be clearly displayed in water budget format
(Lohman, 1972):

The equilibrium condition before any pumping occurs is:

R=D (1)
Where — R = Antecedent Recharge, D = Antecedent Discharge. With the addition of pumping
Theis (1940) tell us this becomes:

R+AR=D+AD + Q + S Ah/At 2)

Where AR is the change in recharge caused by pumping, AD is the change in discharge caused
by pumping, Q is the abstraction rate and S Ah/At is the rate of change of storage. When the
system is in equilibrium the recharge will equal discharge (R=D) and there are no changes in
storage over time (S Ah/At=0). Substituting D in Eqn 2 for R and allowing S Ah/At = 0 the
resulting equation is:

AR =AD + Q, or:
Q=AR+AD

Thus these equations conceptually confirm that it is the change in recharge and discharge caused
by pumping that determine the sustainability of the abstraction. The groundwater abstracted from
a well is captured from one of the following sources;

e Reduction in groundwater contribution to baseflow
¢ Drying up of Springs
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Reduction in yields from boreholes on adjacent properties

Reduction in supply to Groundwater Dependant Terrestrial Ecosystems (GWDTE)
Induced flow from surface water bodies such as rivers flowing close to the source
Capture of groundwater from adjacent aquifers

Increased recharge due to the acceptance of previously rejected recharge.

ACHIEVING EQUILIBRIUM

The relationship between reduced storage, decreased discharge and induced recharge as a result
of an abstraction are shown in Figure 1 (Leake 2001). The system returns to equilibrium when
the increased inflow and decreased outflow
equal the rate of abstraction.

=
=3
oE

Figure 1 — Effects on pumping on inflow,
___ Decreased outflow outflow and storage.

/ The sustainability of the supply can only be
' fully assessed once the change in storage has

reduced to nil. In practical terms this is when
the water level in the borehole stops dropping.
During this initial phase of a pumping test the
Time —» cone of depression is expanding. The equation
for groundwater flow to wells (Thies 1935)
tells us that the cone will continue to expand and levels continue to drop indefinitely! The cone
of depression will only cease to stop and the water levels cease to drop once the abstraction rate
is equalled by capture.

Percent of water pumped
L

The response of a groundwater system depends on the aquifer parameters (transmissivity &
storage coefficient), boundary conditions and the positioning of the abstraction. The Cooper-
Jacob distance drawdown method (Cooper & Jacob 1946) clearly shows (Equation 3) that the
rate of propagation of the cone of depression is not determined by the pumping rate, rather the
duration of pumping (t), transmissivity (T) and storage coefficient (S) are the key properties. The
response of some Irish aquifers based on WYG experience of aquifer parameters is shown in
Table 1 below.

s _ 2.252Tt v - [27.25 Tt 3)
r, S

Table 1 - Propagation of Cone of Depression in Irish Aquifers

24hrs | 72hrs | Day 7 | Day 14 | Day 30 | Day 60 | Day 90
Aquifer Type | T (m?/d) S Extent of Cone of Depression - Ro(m)
Rf/ Rkd 200 0.02 150 260 397 561 822 1,162 | 1,423
Rg 200 0.2 47 82 125 177 260 367 | 450
LI 20 0.01 67 116 177 251 367 520 636
PI 2 0.01 21 37 56 79 116 164 201
LI Confined 20 0.0002 474 822 | 1,255| 1,775| 2,598 | 3,674 | 4,500
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The speed of propagation of the cone of depression (CoD) is not proportional to the productivity
of the aquifer. These values should be considered in the light of typical groundwater flow path
lengths and drainage densities in the aquifers in question (Fitzsimons 2005). Flow path lengths in
Regionally Important Karst Aquifers (Rkd) can be over a kilometre. From the example in Table
1 it would take approximately 14days for the diameter of the cone of depression in the Rkd
scenario to reach 1km. The range in size for the 72hr test for unconfined aquifers is quite small
(37 - 260m).

Using typical recharge values as an indication of though flow in unconfined aquifer types, it is
possible to estimate how much flow is captured within each aquifer type based on the size of
CoD in Table 1. The table shows very limited abstractions may be captured in poorly productive
aquifers even after 7 days of pumping.

Table 2 - Flow Captured within Cone of Depression

24hrs | 72hrs | Day 7 | Day 14 | Day 30 | Day 60 | Day 90
Aquifer Type | Recharge (mm/yr) Flow Captured within this period (m®/d)
Rf/Rkd 500 97 290 678 1,356 2,905 5,810 8,715
Rg 10 29 68 136 290 581 871
Rf/Rkd 300 58 174 407 813 1,743 3,486 5,229
Rg 6 17 41 81 174 349 523
LI 150 6 17 41 81 174 349 523
PI 100 0.4 1 3 5 12 23 35

ALLOWING FOR DROUGHT CONDITIONS

Another aspect of defining the sustainable yield of a well is how to allow for drought conditions.
It is common policy to extend the size of the Zone of Contribution (perhaps by 50%) to allow for
drier conditions (DoELG/EPA/GSI 1999). During drought conditions there is no recharge to the
aquifer but discharge continues e.g. baseflow in rivers, as a result storage is reduced and
groundwater levels fall. This reduction in levels means a reduction in the gradient and in an
unconfined aquifer a reduction in the saturated thickness which would result in a reduction in
flow through the aquifer. This reduction in flow means the area required to capture the yield of
the well must increase.

Testing a well at 150% of the required yield does not represent the response of the aquifer in
drought conditions. When storage in an unconfined aquifer as a whole has been reduced the
transmissivity and response of the aquifer to pumping could be quite different. Entire fissures
may become dewatered and in karst aquifers flow directions can change completely. This cannot
be represented by pumping one well at a higher rate during a wet season. Pumping at this higher
rate may not be suitable or efficient based on the borehole construction and limiting a supply on
this basis is a false positive.

It is recommended (Besson et al. 1997) to extrapolate pumping test results to 200 days using the
response of the well during the pumping test and the Cooper-Jacob equation (or similar
depending on suitability). The increased drawdown over this period can be incorporated in an
impact assessment. It should be noted that this methodology is not suitable where levels have
stabilised during the pumping test and that it ignores heterogeneity and boundaries in the aquifer.
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DEFINING POTENTIAL YIELD

A method for determining the optimal yield of wells was provided by Wright (1985). The author
recommends a step test is completed for the supply and a specific capacity graph is developed.
Figure 2 shows the typical well response to incremental pumping rates. Where there is a clear
change in the response, as indicated by a break in the slope of the graph, the well should not be
pumped higher than the abstraction in the step before the break in slope.

Fig 2 a&b — Step test & Constant Rate Test

The break in slope is indicative of a marked change in well efficiency (Biershenk 1963) which
may be related to the borehole construction or productivity of the aquifer. It is best to use a wide
range of pumping rates for the step test. WY G recommend using at least five steps range from a
fraction to the drillers yield estimate to the maximum output of the pump. The steps should be
continued until the drawdown has stabilised preferably for an hour. When the step test is
complete the well should be allowed to recover (typically overnight) and a constant rate test
conducted at the optimised abstraction rate.

The constant rate test should be conducted for as long as feasible. The time drawdown graph is
plotted on a semi-log graph. The results will fall into one of three typical responses. In Example
A after a certain time the water table ceases to drop. This implies the CoD has ceased to expand
and the well has captured enough flow. In Example B the CoD is still expanding and a longer
test is needed. In Example C a boundary has been encountered or a significant water bearing
fissure has been dewatered and the well cannot capture the required amount within the aquifer,
storage will continue to be depleted until the water level drops below the pump.

Once these tests have been completed for long enough, the hydraulic capabilities of the borehole
should be well understood. Longer tests may be required where equilibrium has not been
achieved. Just because equilibrium has not been achieved within the timeframe of the pumping
test does not imply the abstraction rate is unsustainable. Rather it means a longer test is needed.

A complete understanding of the functioning of an aquifer cannot be achieved during a 72hr or 7
day test. There is a need for an adaptive, iterative assessment of the aquifer. Hydrogeologists in
Ireland are commonly requested to define the sustainable yield of a supply based on a (typically)
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short pumping test due to cost issues for longer term tests. The results of pumping tests can only
apply to the conditions they are conducted in. Project timelines may not always allow for
pumping tests to be completed in late summer when groundwater levels are generally expected to
be at their lowest.

It is therefore recommend that an initial conservative estimate of the potential yield of the well is
derived from the pumping tests. This should be followed by a review of well response to
pumping after one full year of operation. This will allow the well response under a variety of
conditions to be examined. UKWIR provide an excellent methodology for the use of operational
data to determine Potential Yield and Deployable Output (UKWIR 2000, Beeson et al. 1997).
This could be adopted as a requirement for licensing of new supplies.

HYDROGEOLOGICAL IMPACT APPRAISAL

Once the potential yield of the well has been defined an assessment of the potential impact on
environmental receptors and other supplies is required. The Environment Agency in the UK has
developed an excellent methodology for this purpose — Hydrogeological Impact Appraisals for
Groundwater Abstractions (2007). The method has been developed with the Capture Principle
and adaptive management at its heart. The methodology identifies the need to address the overall
quantitative status of the GWB and to develop a conceptual model of the aquifer and site.

Importantly it distinguishes between flow impacts and dewatering impacts. The capture principle
leads to an understanding that all groundwater abstractions are capturing flow which would have
ultimately discharge to a surface water body or GWDTE. The cone of depression does not need
to extend to the receptor for this reduction in discharge and flow impact to occur. Therefore risk
assessments based on the distance to the receptor are not valid. All groundwater abstractions
should be therefore considered in light of the quantitative status, low flow conditions (e.g.
95%ile) and ecological requirements of the associated surface water bodies.

Drawdown impacts will occur where the CoD extends to the receptor. It is important to note that
the CoD extends beyond the zone of contribution to the well. GWDTEs can be very sensitive to
drawdown (e.g. Pollardstown Fen cSAC 396) and appropriate monitoring needs to be considered
(Kilroy & Dunne 2008). Impact on a GWDTE may often need considerable assessment due to
the lack of available information/studies on the habitat requirements. Where drawdown occurs at
a receptor and it is within the Zone of Contribution (ZoC) there will be direct flow from the
receptor (e.g. river) to the abstraction point and the implications for the water quality of the
abstraction point need to be considered accordingly. The proportion of contribution from the
contributing water body should be assessed and this can be completed using standard
hydrogeological methods e.g. image well theory (Kruseman & de Ridder 1994).

The guidance requires that appropriate monitoring and mitigation measure are developed where a
significant impact is identified and these are revised when monitoring information has provided
an improved conceptual model for the system.

CASE STUDIES

WYG has been involved in developing groundwater supplies in County Wicklow for a number
of years. The supplies have been developed in a range of hydrogeological environments. There
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are no regionally important aquifers located in County Wicklow and the potential to develop
significant groundwater resources is quite limited. In this light the yield from the resources
developed must be optimised.

Example 1 — Bedrock Aquifer adjacent to a GWDTE

In the first example a groundwater supply is required for proposed residential development. The
development is located on a steeply sloping bedrock aquifer (Kilmacrea Fmt — Ordovician
Metasediments -L1). Geophysics and bedrock mapping indicated the location of potential water
bearing faults towards the lower elevations on the site. Three trial wells were drilled to 90m at
150mm diameter. A 24hr step test was conducted on each well, followed by a combined 72hr
test.

The results show that there is a distinct change in well response above 300m’/d (Figure 3a). The
pumping rate for the constant rate test is chosen as 300m*/d. The drawdown during the constant
rate test plots a straight line up to the first day of pumping (1,440 minutes). The level then
stabilises suggesting either the CoD has extended to capture sufficient flow in the aquifer or a
recharge boundary has been encountered. An assessment of water features in the area identifies
the presence of a GWDTE (Arklow Marsh SAC1931). It is recommended that a longer test is
conducted at the well during which standpipes should be installed at various locations in the
marsh and the water level monitored during the test. The aquifer properties and distance to the
feature suggest it is possible that the CoD could extend this far in one day.
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Figure 3a &b - Example 1 Pumping Tests

In summary there will inevitably be a flow impact on the marsh as the wells will capture
discharge to the feature. This must be considered in the context of the ecological requirements of
the marsh. Further testing is required to determine if there will be a drawdown impact on the
marsh.

Example 2 — Bedrock Aquifer

The second example is a groundwater development for a public supply. The well, one of three in
the area, is located in a bedrock aquifer (Oaklands Fmt - Ordovician Metasediments - L1) which
is overlain by a considerable thickness of till but there is highly variable till thickness in the area.
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The wells are drilled to 90m at a thickness of 200mm. The well is located quite close (70m) to an
upland stream. The steps used in the step test were relatively high for this aquifer and there was
no stabilisation at the higher steps. An abstraction rate of 200m’/d was selected for the constant
rate test.

The constant rate graph shows four distinct slopes (Figure 4b). The first slope (0-11mins) is
steeper than the second slope (12 — 1,920mins). The break in slope occurs at 13m drawdown is
roughly coincident with the thickness of subsoils at the well. The third slope (1,920 — 3,960mins)
is much flatter and water levels appear to have stabilised, however minor reductions in level
continue. From 3,960mins to the end of the test (13,680mins) the level starts to drop again.

Based on the aquifer parameters (Transmissivity 13m?/d, Storage Coefficient 0.004) the CoD
should have extended to the river within approximately 1 day (1,440 minutes). This could be
coincident with the third, flatter slope. However clearly the recharge available at this boundary is
insufficient to satisfy the full requirement of the well and the storage becomes depleted again.
The total duration of the test was 7 days and the pumping rate selected does not appear to be
sustainable.
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Figure 4a&b - Example 2 Pumping Tests

The wells are located in a small upland catchment and it appears the topographic catchment to
the well may only provide in the order of 400m’/d in annual average recharge. The bedrock
permeability is quite poor and although the cone of depression may have intercepted the river,
the ability of the aquifer to transmit this water to the wells is limited. In this case the capture
requirement cannot be met due to the low permeability and throughput in the aquifer. A lower
pumping rate is more suitable at this location.

Example 3 — Sand & Gravel Aquifer

There are small fluvial sand & gravel aquifers located within the steeply dipping bedrock valleys
in County Wicklow. These aquifers are not extensive and represent a locally important resource.
In this example 4 wells have been located in close proximity in one of these aquifers. The aquifer
is 17m thick and the gravels are poorly sorted and tend to have occasional layers of clay. The
initial testing of the wells suggests the aquifer is highly productive and large yields are available
(~2,000m’/d).
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Figure 5a&b - Example 3 Pumping Test Results

The results of the step test showed a very high productivity and well efficiency with little drop in
efficiency (80%) while pumping at highest rates (c. 2,000m’/d) The wells were tested at the
maximum pump output for the constant rate test and stabilisation occurred in all wells after c. 2
days (3,240mins). The aquifer parameters (Transmissivity - 500m®/d, Storage Coefficient -
0.015) suggest the cone of depression should have extended 125m in this time. This agrees well
with the distance of from the wells to the river.

The gravel aquifer is restricted (250m wide, saturated thickness 12m) and is recharged by direct
rainfall but also from runoff and discharge from the up-gradient bedrock aquifer. The recharge to
the well field based on the topographic catchment and suitable recharge coefficients is estimated
to be 1,450m’/d. The four wells developed produce 6,500m’/d. In this case, where atmospheric
recharge alone used to determine the sustainability the well field would appear be unsustainable.
However, the total abstraction represents 4% of the river 95 percentile flow (1.75m’/s) and
therefore there is little danger of dewatering the river.

As there is a direct contribution from the river the influence of this quality must be assessed.
Initial groundwater modelling indicated that c. 77% of the water may be contributed from the
river; this agrees well with the recharge calculations. Groundwater quality results during the
testing indicate good water quality. It is thought that Bank Filtration (Hiscock 2002) is acting as
a natural filter and treatment process in the aquifer. To prove sustainability of the supply, it is
hoped to conduct longer-term testing and more detailed modelling to develop a more confident
understanding of the aquifer/surface water interaction.

CONCLUSIONS

There is currently no available agreed guidance in Ireland to determine the sustainable yield of a
groundwater supply. Guidelines and/or Regulations could be incorporated into any new
Abstraction Licensing system. Suitable guidelines are available from other countries. The
leading international approaches adopt the capture principle in assessing sustainability of
groundwater supplies. It is crucial that an oversimplified approach to regulation is not adopted
which would needlessly restrict development or overexploit aquifers. In particular long term
recharge should not be the sole benchmark used to define the sustainability of groundwater
abstractions. In summary — Things should be made as simple as possible, but not simpler.
(Einstein 1934).

124



Session V

REFERENCES

Alley WM & Leake SA (2004) The journey for safe yield to sustainability. Groundwater 42 (1)
12-16.

Beeson S, Misstear BD, van Wonderen JJ (1997) Assessing the Reliable Outputs of Groundwater
Source. J. CIWEM, 11, pp 295-304.

Bierschenk, W.H. 1963. Determining well efficiency by multiple step-drawdown tests. Intern.
Assoc. Sci. Hydrol. Publ. 64, pp. 493-507.

Bredehoeft JD, Papadopulos SS, Cooper HH Jr (1982) The Water Budget Myth. In: Scientific
Basis of water resource management, studies in geophysics. National Academy Press, Wash,
DC, pp 51-57

CDM (2009) Groundwater Abstraction Pressure Assessment. Dublin City Council.

Cooper, H.H. and C.E. Jacob 1946. A generalized graphical method for evaluating formation
constants and summarizing well field history. Am. Geophys. Union Trans. Vol. 27, pp. 526-534.

DoELG/EPA/GSI (1999) Groundwater Protection Schemes. Dept. of Env, and Local
Government.

Einstein A (1934) On the Method of Theoretical Physics. Phil. of Sci.,Vol.1,No2, pp.163-169

Environment Agency (2007) Hydrogeological Impact Appraisal for Groundwater Abstractions.
Environment Agency

Fitzsimons V (2005) Rock Type Vs Fractures — Current understanding of Irish Aquifers. Proc of
International Association of Hydrogeologists (Irish Group) 25™ Conference Proceedings.

GWG (2005) WFD Pressures and Impacts Assessment Methodology: Guidance on the
Assessment of the Impact of Groundwater Abstractions. Guidance document No. GW5. Prepared
by the national Groundwater Working Group, March 2005. www.wfdireland.ie

Hiscock KM & Grischek T (2002) Attenuation of Groundwater Pollution by Bank Filtration.
Journal of Hydrology. Vol266, 3 pp139-144.

Kalf FRP & Woolley DR (2005) Applicability and methodology of determining sustainable yield
in groundwater systems. Hydrogeol. J. 13 (1) 295-312

Kilroy G & Dunne F (2008) Framework for the Assessment of Groundwater Dependent
Terrestrial Ecosystems under the Water Framework Directive. Environmental Research Centre
Report. Prepared for the Environmental Protection Agency and National Parks Wildlife Service.

Kruseman GP & de Ridder NA (1994) Analysis and Evaluation of Pumping Test Data.
International Institute for Land Reclamation and Improvement

LEAKE SA (2001) Some thoughts on scale of recharge investigations. Proc. of SAHRA
Recharge Workshop. New Mexico, 22-23 March.

125



Session V

Lee, C. H. (1915). The determination of safe yield of underground reservoirs of the closed-basin
type. Transactions, American Society of Civil Engineers, Vol. LXXVIII, Paper No. 1315, 148-
218.

Lohman SW (1972) Ground-Water Hydraulics. USGS Professional Paper 708. 70pp

Theis, CV (1935) The relation between the lowering of the piezometric surface and the rate and
duration of discharge of a well using ground-water storage. Transactions of the American
Geophysical Union, v. 16, p. 519-524 .

Theis CV (1940) The source of water derived from wells. Civ. Eng. 10 (5) 277-280

UK Water Industry Research Ltd (1995) Methodology for the Determination of Outputs.
Groundwater Resources. UKWIR

UK Water Industry Research Ltd (2000) A Unified Methodology for the Determination of
Deployable Output from Water Sources, Vol 2. Report Ref 00/WR/18/2. UKWIR

Wright G (1985) Pumping Tests. A guide to the testing of water wells for public, industrial and
farm supplies. Geological Survey of Ireland

126



Session V

HAS GROUNDWATER A ROLE IN SUPPLYING DUBLIN'S WATER NEEDS?

EurGeol Kevin T. Cullen PGeo.

ABSTRACT

Of course groundwater has a role in supplying Dublin’s water needs. The degree to which it
does eventually will be determined by the availability of alternative water sources, policy and
timing. To date, Dublin has been able to call upon the water resources that are either located in
or drain from its neighbouring counties to meet the capital’s water requirements. Today Dublin
gets its water from the Vartry, Dodder and Liffey catchments. A very small percentage of
Dublin’s water demand is met by groundwater, possibly as low as 1%, with the Bog of the Ring
abstraction at Balbriggan being the only abstraction of any significance.

It is projected that the greater Dublin area needs a further 300ML/d (66Mg/day) to meet the
2031 demand. A recent study has concluded that the groundwater resources within 80kms of the
city might at best supply 125Ml/day or c. 40% of the projected 2031 requirement. However, as
the groundwater option was deemed as not having sufficient capacity to meet Dublin’s supply
needs it was not considered further in the environmental assessments. Those with the
responsibility of developing Dublin’s water demands will now go on to assess the surface water
sources that have being identified with a single abstraction from the Shannon Catchment
appearing to be the preferred option. In fairness to the Working Group charged with the task of
securing the next stage of the capital’s water needs, a single abstraction from the Shannon has
endless engineering benefits. A single large abstraction allows for economies of scale,
predictable water quality and limited piping. Unfortunately life is never than simple and there
are those who feel that such a large scale abstraction from the Shannon is unsustainable both
environmentally and commercially. Critically, there are many who believe that not enough
consideration was given to the other options identified by Working Group.

It is likely that these objectors will bring their concerns and arguments to the planning process.
The promoters of the Shannon abstraction will then be obliged to satisfy the regulator that the
selection process was well founded, robust and lacked bias towards the preferred option. For
example, was a mix of groundwater and surface given serious consideration with groundwater
contributing say 25% of the 2031 shortfall? Such a scenario would significantly reduce the
required Shannon abstraction. Was groundwater given due consideration in the security of the
capital’s water supply in the context of the near 100% reliance on surface water abstractions.
This was an important recommendation of the Groundwater Report commissioned by the
Working Group.

The debate may also inquire into the concept that groundwater beneath the city was considered
as not being potable. This might sound strange when a surface water source such as the Liffey
River which receives farm, domestic and industrial waste water discharges is considered
suitable as a safe source of potable water, after treatment of course. Also, a statement in the
Groundwater Report that the northern side of the Dublin Region is not particularly well served

127



Session V

with groundwater resources appears to ignore the near total reliance of the country’s market
gardening industry on groundwater and which is located in north county Dublin.

I recall that a planned, but contentious, abstraction from the River Slaney at Rathvilly in County
Carlow in the late 1980’s ended up in the courts. In that case, if | recall correctly, the
Geological Survey of Ireland was called upon to provide independent expert evidence on
groundwater availability. 1 wonder will the current Shannon proposal have a similar fate?

NOTES
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