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1. INTRODUCTION

K. T. Cullen & Co. Ltd were commissioned by Kildare County Council to produce a source protection plan
for the proposed well field in Robertstown, Co. Kildare.

The proposed source protection plan is prepared in accordance with the recommendations of the Geological
Survey of Ireland (GSI) and which are included here as Appendix A.

A source protection plan provides a planning tool for the sound management of groundwater supplies. It
offers a means of managing the protection of groundwater supplies from contamination by using a risk-
based approach.

2. OUTLINE OF PROTECTION PLAN

The proposed groundwater protection plan for the Robertstown Well Field will provide guidelines for the
planning and licensing authorities in carrying out their functions, and a framework to assist in decision-
making on the location, nature and control of developments and activities in order to protect groundwater.
Use of the plan will help to ensure that within the planning and licensing processes due regard is taken of the
need to maintain the beneficial use of groundwater.

The protection plan aims to maintain the quantity and quality of the groundwater in the North Kildare
Aquifer by applying a risk assessment-based approach to groundwater protection and sustainable
development. The plan does not set out to limit development but merely to control potentially polluting
activities where they could lead to groundwater contamination.

The protection plan has two control zones, an Inner Protection Area located close to the individual pumping
wells and an Outer Protection Area located some distance away from the pumping wells and extending over
the recharge area supplying the well field. The level of control to be applied will naturally be stricter close
to the wells and less restrictive further away from the pumping stations.

The level of control within the two zones is further determined by the availability of a protective overburden
layer covering the aquifer. Where the overburden layer is clay rich and thick then the aquifer has a low

vulnerability to pollution and so the level of controls applied will be also low. Where the overburden cover

is thin or absent then the aquifer has a high or extreme vulnerability and in these circumstances a high

negree of control is requiren.

3. EXTENT ON THE GROUNDWATER PROTENTION AREAS

nhe Robertsown Well Fieln will ntnw grounnwnter from the Grnvel Aquifer which unnerlies this pnrt
of the county. nhe Robertstown grnvel neposits nre pnrt of the extensive bony of glncinl outwnsh which
chnrncterises this pnrt of County Kilnnre nnn form pnrt of the North Kilnnre Aquifer. At Robertstown the known
grnvel extent vnry in thickness from 7m nt its thickest to 2m thick where it pnsses into the less pronuctive till
neposits. nhe grnvels nre genernlly overlnin by n clny Inyer nnn rest on n clny Inyer or the benrock surfnce. nhe

proposen scheme envisnges the eventunl nbstrnction of 6.5 Ml/nny from pronuction wells nrillen into



the bedrock/overburden aquifer, with an initial development of 5Ml/day from a series of production
wells completed in gravels at Robertstown.

The location of the pumping wells is shown in Figure 1 and the geological logs from the drilling programme

are contained in Appendix B.
3.1 Well Head Protection Area

Each pumping well will be enclosed by a secure fenced off area measuring some 10m x 10m and no

potentially polluting activities will be permitted within the well-head protection area.
3.2 Inner Source Protection Area

The Inner Source Protection Area according to the GSI guidelines is designed to protect against the effect of
human activities that might have an immediate impact on the source, and in particular, against microbial
pollution. The outer limit of the Inner Protection Area is set at the 100-day travel time which is the distance
that water will travel in 100-days under the hydrogeological conditions operating immediately around the
well field. The 100-day travel time distance varies from well field to well field in response to the nature of
the aquifer and the abstraction rate.

3.3  Outer Source Protection Area

The Outer Source Protection Area covers the remaining catchment of the well field and the controls are
applied to the area required to support the proposed abstraction into the future. The Outer Protection Area
extends beyond the 100-day travel time distance and includes that portion of the aquifer and from where
groundwater will flow to the well field in due course. While microbial contamination was the concern
within the Inner Protection Area the potential for chemical contamination is a prime concern within the
Outer Protection Area. For example, the land use controls within the Outer Protection Area will be directed

at preventing nitrate contamination as a result of excessive application of artificial fertilizer.
4.  VULNERABILITY RATINGS

The drilling programme at Robertstown together with other geological information have been used to map
the vulnerability zones within the Inner Source Protection Areas around the Robertstown Well Field. The
overburden type and thickness at each well head are presented in Table 1 and these have been used to
determine the vulnerability of the aquifer in the Inner Source Protection Area based on the GSI Vulnerability

Mapping Guidelines given in Table 2.

This process indicates that the vulnerability varies across the North Kildare Aquifer as follows:

10 high in the area in general

- close to MW 3, WW 2, WW 3, WW 5, WW 6, WW 7, WW 10, WW 11 and WW 12.



Additional site investigations are required to determine the vulnerability of the North Kildare Aquifer within

the Outer Source Protection Area.

5. LAND USE CONTROL MEASURES

The vulnerability of the aquifer in a particular location will determine the range of land use control measures
and planning responses that will be implemented in accordance with the published GSI guidelines for the
protection of groundwater abstractions. Recommended land use control measures are published as a series
of matrices by the GSI with planning responses available for septic tanks, landspreading of organic wastes

and landfilling.

5.1 Well Head Protection Area

An area measuring 10m x 10m approximately will be fenced off around each well head. No potentially

polluting activities will be permitted within this area.

5.2 Inner and Outer Source Protection Areas

These recommendations are based on professional opinion and where available, guidelines developed by the
Geological Survey of Ireland, The Department of the Environment and Local Government and the
Environmental Protection Agency. These recommendations are based on available information to hand and
any further investigations within the inner and outer protection zones should be examined to update the
Source Protection Plan if required.

To provide on-going confidence in the protection of the groundwater sources, it is recommended that the
Local Authority implement nutrient management planning within the inner zone in order to provide practical
site specific data to the local land owners.

Normal Agricultural Landspreading

Note: The Geological Survey of Ireland and The Department of the Environment and Local Government have
not yet produced guidelines. These recommendations are therefore based on our current understanding of the

overburden type and thickness.

The permitted level of applied total Nitrogen (N) for the grassland areas should not exceed 260kg/ha per
annum. The permitted level of N from animal and other wastes on the same areas should not exceed

170kg/ha per annum.

The permitted upper limit for Phosphorous (P) applications corresponds with a soils P Level of 10mg/l for
mineral soils and 30mg/1 for peat soils.

Landspreading should not be permitted within the distance from each production well as specified in the

table below. Normal agricultural landspreading (to the levels specific in 2 and 3 below ) may continue



outside these areas subject to ongoing monitoring by implementation of a nutrient management plan.

Borehole Reference Vulnerability Rating Distance From The Well
MWRB3 High (H) 50m
RB2 Moderate (M) 30m
RB3 High (H) 50m
RB5 High (H) 50m
RB6 High (H) 50m
RB7 Extreme (E) 50m
RB10 High (H) 50m
RB11 High (H) 50m
RB12 High (H) 50m

Intensive Landspreading

Note.: Summary beGow. For fuGG detaiGs see Groundwater ProteGtion SGGemes 1999
(GeoGogiGaG Survey of IreGand, TGe Department of tGe Environment and LoGaG Government).

Idder dode - Not dcceptdble where vulderdbility rdtidg is moderdte to low udless do dlterddtive dreds dre
dvdildble ddd detdiled evidedce is provided. to show thdt codtdmiddtiod will dot tdke pldce. Not dcceptdble
where the vulderdbility rdtidg is high or extreme.

Outer dode - Not dcceptdble where the dquifer vulderdbility rdtidg is extreme - high. Elsewhere dcceptdble
subject to d mdximum orgddic ditroged lodd dot exceedidg 170kg/hectdre/yr.

Waste Water Systems for Single Houses

Note: Summary beGow. For fuGG detaiGs see Groundwater ProteGtion SGGemes 1999
(GeoGogiGaG Survey of IreGand, TGe Department of tGe Environment and LoGaG Government).

Wdstewdter tredtmedt systems to be locdted d midimum of 60m from ddy productiod wells udless otherwise

dpproved.

Elsewhere dcceptdble where there is d midimum thickdess of 2m of udsdturdted soil OR the idstdlldtiod of d
Purdflow type system or simildr (ds d escribed id the EPA 2000 Wdstewdter d redtmedt Mddudl). dhe
duthority must be sdtisfied thdt od the evidedce of the grouddwdter qudlity of the source ddd the dumber of
existidg houses, the dccumuldtiod of sigdificddt ditrdte ddd/or microbiologicdl codtdmiddtiod is udlikely. Od
extreme vulderdbility sites d mdidtedddce codtrdct mdy dlso be required.
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It is not recommended to locate a landfill site within the inner or outer protection zones.

Note: These recommendations are based on current guidelines and practice (January 2003).

Field surveys should be carried out within the outer protection zone to establish the current situation with
regard to septic tanks, agricultural activities, oil storage facilities and other potential hazards with mitigation
measures advised where necessary. Future developments in the inner and outer zone and adjacent to the
outer zone involving bulk storage of chemical (List I and II Substances of the Dangerous Substances Act,
1999) would require site environmental assessments to prove no risks to the underlying aquifer, i.e. future

development specific site investigations should be carried out.

The hydrogeology of the area is complex and available information is not adequate to allow the delineation
of definite groundwater protection zone boundaries. The zones delineated in this report are based on our
current understanding of groundwater conditions, on available data and our experience. Additional

information obtained in the future may indicate that amendments to the boundaries are necessary.
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Table 1 —Robertstown Well Field — Overburden Type and Thickness (overlying Gravel Aquifer) and Vulnerability Ratings

Well ID. Previous Details Aquifer | Depth | Overburden Vulnerability | Pump Test | Sustainable Comments ]
Designation (m) Thickness Rating Yield Ml/d | Yield ML/d
(m) (70% of
pump test
yield)
RBI BH 6 / MW | Aquifer Proving | Gravel 8.7 5.0 High (H) 0.27 0.19 4 week extended pumping
3 Phase I (2000) test
RB2 WW2 Aquifer Proving | Gravel 13.5 7.5 Moderate (M) 2.0 1.40 4 week extended pumping
Phase I (2000) test
RB3 WW 3 Aquifer Proving | Gravel 10.3 6.8 High (H) 0.56 0.40 4 week extended pumping
Phase I (2000) test
RB4 BH002 Aquifer Proving | Gravel 10.0 4.5 High (H) 0.69 0.48 5 day pumping test
Phase III (2004)
RB5 WW 5 Aquifer Proving | Gravel 9.8 5.8 High (H) 0.43 0.30 4 week extended pumping
Phase II (2000) test
RB6 WW 6 Aquifer Proving | Gravel 9.5 3.5 High (H) 0.85 0.60 72 hr pumping test
Phase II (2000)
RB7 Ww 7 Aquifer Proving | Gravel 8.0 25 Extreme (E) 0.4 0.28 72 hr pumping test
Phase IT (2000)
RB8 BHO003 Aquifer Proving | Gravel 11.0 4.8 High (H) 0.39 0.27 5 day pumping test
Phase IIT (2004)

Note: All results are based on a 24 hour day.
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Kildare County Council and Geological Survey of Ireland.
Groundwater Protection Zones

Appendix I Extract taken from Groundwater Protection Schemes (DELG,
EPA, GSI, 1999)

The following text is taken from Groundwater Protection Schemes, which was jointly published in
1999 by the Department of Environment and Local Government (DELG), Environmental Protection
Agency (EPA) and Geological Survey of Ireland (GSI). This Appendix gives details on the two main
components of Groundwater Protection Schemes — land surface zoning and groundwater protection
responses. It is included here so that this can be a stand alone report for the reader. However, it is
recommended that for a full overview of the groundwater protection methodology, the publications
Groundwater Protection Responses for On-Site Systems for Single Houses (‘septic tanks’),
Groundwater Protection Responses for Landfills and Groundwater Protection Responses for
Landspreading of Organic Wastes should be consulted. These publications are available from the
GSI, EPA and Government Publications Office.
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Land Surface Zoning

Vulnerability Categories
Vulnerability is a term used to represent the intrinsic geological and hydrogeological characteristics
that determine the ease with which groundwater may be contaminated by human activities.

The wvulnerability of groundwater depends on: (i) the time of travel of infiltrating water (and
contaminants); (ii) the relative quantity of contaminants that can reach the groundwater; and (iii) the
contaminant attenuation capacity of the geological materials through which the water and
contaminants infiltrate. As all groundwater is hydrologically connected to the land surface, it is the
effectiveness of this connection that determines the relative vulnerability to contamination.
Groundwater that readily and quickly receives water (and contaminants) from the land surface is
considered to be more vulnerable than groundwater that receives water (and contaminants) more
slowly and in lower quantities. The travel time, attenuation capacity and quantity of contaminants are
a function of the following natural geological and hydrogeological attributes of any area:

(i) the subsoils that overlie the groundwater;

(i1) the type of recharge - whether point or diffuse; and

(ii1) the thickness of the unsaturated zone through which the contaminant moves.

In general, little attenuation of contaminants occurs in the bedrock in Ireland because flow is almost
wholly via fissures. Consequently, the subsoils (sands, gravels, glacial tills (or boulder clays), peat,
lake and alluvial silts and clays), are the single most important natural feature influencing groundwater
vulnerability and groundwater contamination prevention. Groundwater is most at risk where the
subsoils are absent or thin and, in areas of karstic limestone, where surface streams sink underground
at swallow holes.

The geological and hydrogeological characteristics can be examined and mapped, thereby providing a
groundwater vulnerability assessment for any area or site. Four groundwater vulnerability categories
are used in the scheme — extreme (E), high (H), moderate (M) and low (L). The hydrogeological
basis for these categories is summarised in Table A.1 and further details can be obtained from the GSI.
The ratings are based on pragmatic judgements, experience and available technical and scientific
information. However, provided the limitations are appreciated, vulnerability assessments are essential
when considering the location of potentially polluting activities. As groundwater is considered to be
present everywhere in Ireland, the vulnerability concept is applied to the entire land surface. The
ranking of vulnerability does not take into consideration the biologically-active soil zone, as
contaminants from point sources are usually discharged below this zone, often at depths of at least
1 m. However, the groundwater protection responses take account of the point of discharge for each
activity.

Vulnerability maps are an important part of Groundwater Protection Schemes and are an essential
element in the decision-making on the location of potentially polluting activities. Firstly, the
vulnerability rating for an area indicates, and is a measure of, the likelihood of contamination.
Secondly, the vulnerability map helps to ensure that a Groundwater Protection Scheme is not
unnecessarily restrictive on human economic activity. Thirdly, the vulnerability map helps in the
choice of preventative measures and enables developments, which have a significant potential to
contaminate, to be located in areas of lower vulnerability.

In summary, the entire land surface is divided into four vulnerability categories — extreme (E), high
(H), moderate (M) and low (L) — based on the geological and hydrogeological factors described
above. This subdivision is shown on a groundwater vulnerability map. The map shows the
vulnerability of the first groundwater encountered (in either sand/gravel aquifers or in bedrock) to
contaminants released at depths of 1-2 m below the ground surface. Where contaminants are released
at significantly different depths, there will be a need to determine groundwater vulnerability using site-
specific data. The characteristics of individual contaminants are not taken into account.
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Table A.1 Vulnerability Mapping Guidelines

Hydrogeological Conditions
Vulnerability Subsoil Permeability (Type) and Thickness Unsaturated Karst
Rating Zone Features
high moderate low permeability | (sand/gravel | (<30 m
permeability permeability (e.g. clayey aquifers radius)
(sand/gravel) (e.g. sandy subsoil) subsoil, clay, peat) only)
Extreme (E) 0-3.0m 0-3.0m 0-3.0m 0-3.0m —

High (H) >3.0m 3.0-10.0 m 3.0-50m >3.0 m N/A

Moderate (M) N/A >10.0 m 5.0-10.0 N/A N/A

Low (L) N/A N/A >10.0 m N/A N/A

Notes: i) N/A = not applicable.
i1) Precise permeability values cannot be given at present.
ii1) Release point of contaminants is assumed to be 1-2 m below ground surface.

Source Protection Zones

Groundwater sources, particularly public, group scheme and industrial supplies, are of critical
importance in many regions. Consequently, the objective of source protection zones is to provide
protection by placing tighter controls on activities within all or part of the zone of contribution (ZOC)
of the source.

There are two main elements to source protection land surface zoning:
Areas surrounding individual groundwater sources; these are termed source protection areas (SPAs).
Division of the SPAs on the basis of the vulnerability of the underlying groundwater to contamination.

These elements are integrated to give the source protection zones.

Delineation of Source Protection Areas

Two source protection areas are recommended for delineation:

Inner Protection Area (SI);

Outer Protection Area (SO), encompassing the remainder of the source catchment area or ZOC.

In delineating the inner (SI) and outer (SO) protection areas, there are two broad approaches: first,
using arbitrary fixed radii, which do not incorporate hydrogeological considerations; and secondly, a
scientific approach using hydrogeological information and analysis, in particular the hydrogeological
characteristics of the aquifer, the direction of groundwater flow, the pumping rate and the recharge.

Where the hydrogeological information is poor and/or where time and resources are limited, the
simple zonation approach using the arbitrary fixed radius method is a good first step that requires little
technical expertise. However, it can both over- and under-protect. It usually over-protects on the
downgradient side of the source and may under-protect on the upgradient side, particularly in karst
areas. It is particularly inappropriate in the case of springs where there is no part of the downgradient
side in the ZOC. Also, the lack of a scientific basis reduces its defensibility as a method.

There are several hydrogeological methods for delineating SPAs. They vary in complexity, cost and
the level of data and hydrogeological analysis required. Four methods, in order of increasing technical
sophistication, are used by the GSI:

(i) calculated fixed radius;

(i) analytical methods;

(iii) hydrogeological mapping; and

(iv) numerical modelling.
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Each method has limitations. Even with relatively good hydrogeological data, the heterogeneity of
Irish aquifers will generally prevent the delineation of definitive SPA boundaries. Consequently, the
boundaries must be seen as a guide for decision-making, which can be re-appraised in the light of new
knowledge or changed circumstances.

Inner Protection Area (SI)

This area is designed to protect against the effects of human activities that might have an immediate
effect on the source and, in particular, against microbial pollution. The area is defined by a 100-day
time of travel (ToT) from any point below the water table to the source. (The ToT varies significantly
between regulatory agencies in different countries. The 100-day limit is chosen for Ireland as a
relatively conservative limit to allow for the heterogeneous nature of Irish aquifers and to reduce the
risk of pollution from bacteria and viruses, which in some circumstances can live longer than 50 days
in groundwater.) In karst areas, it will not usually be feasible to delineate 100-day ToT boundaries, as
there are large variations in permeability, high flow velocities and a low level of predictability. In
these areas, the total catchment area of the source will frequently be classed as SI.

If it is necessary to use the arbitrary fixed radius method, a distance of 300 m is normally used. A
semi-circular area is used for springs. The distance may be increased for sources in karst aquifers and
reduced in granular aquifers and around low yielding sources.

Outer Protection Area (SO)

This area covers the remainder of the ZOC (or complete catchment area) of the groundwater source. It
is defined as the area needed to support an abstraction from long-term groundwater recharge i.e. the
proportion of effective rainfall that infiltrates to the water table. The abstraction rate used in
delineating the zone will depend on the views and recommendations of the source owner. A factor of
safety can be taken into account whereby the maximum daily abstraction rate is increased (typically by
50%) to allow for possible future increases in abstraction and for expansion of the ZOC in dry periods.
In order to take account of the heterogeneity of many Irish aquifers and possible errors in estimating
the groundwater flow direction, a variation in the flow direction (typically £10-20°) is frequently
included as a safety margin in delineating the ZOC.

A conceptual model of the ZOC and the 100-day ToT boundary is given in Fig. A.1.

If the arbitrary fixed radius method is used, a distance of 1000 m is recommended with, in some
instances, variations in karst aquifers and around springs and low-yielding wells.

The boundaries of the SPAs are based on the horizontal flow of water to the source and, in the case
particularly of the Inner Protection Area, on the time of travel in the aquifer. Consequently, the
vertical movement of a water particle or contaminant from the land surface to the water table is not
taken into account. This vertical movement is a critical factor in contaminant attenuation, contaminant
flow velocities and in dictating the likelihood of contamination. It can be taken into account by
mapping the groundwater vulnerability to contamination.



Kildare Groundwater Protection Scheme. Volume I.
Kildare County Council and Geological Survey of Ireland.
Groundwater Protection Zones

Zoc ' _Groundwater
L~ divide
| Pumping T

U’nsauéued

7

ZOC wem| !

1
FI ~ Groundwater
\ .

: Divide
Vo

/\ﬁ»

|
|—> I
\] A

— zoc—'/

Piunping well

not to scale

PLAN

Delineation of Source Protection Zones

The matrix in Table A.2 gives the result of integrating the two elements of land surface zoning (SPAs
and vulnerability categories) — a possible total of eight source protection zones. In practice, the source
protection zones are obtained by superimposing the vulnerability map on the source protection area
map. Each zone is represented by a code e.g. SO/H, which represents an Outer Source Protection area
where the groundwater is highly vulnerable to contamination. The recommended map scale is
1:10,560 (or 1:10,000 if available), though a smaller scale may be appropriate for large springs.

All of the hydrogeological settings represented by the zones may not be present around each
groundwater source. The integration of the SPAs and the vulnerability ratings is illustrated in Fig. A.2.
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Table A.2 Matrix of Source Protection Zones

VULNERABILITY SOURCE PROTECTION

RATING Inner (S1) Outer (SO)
Extreme (E) SI/E SO/E
High (H) SI/H SO/H
Moderate (M) SI/M SO/M
Low (L) SI/L SO/L

Resource Protection Zones
For any region, the area outside the SPAs can be subdivided, based on the value of the resource and
the hydrogeological characteristics, into eight aquifer categories:

Regionally Important (R) Aquifers

(1) Karstified aquifers (RK)

(ii) Fissured bedrock aquifers (Rf)

(iii) Extensive sand/gravel aquifers (Rg)

Locally Important (L) Aquifers
(i) Sand/gravel (Lg)
(i) Bedrock which is Generally Moderately Productive (Lm)
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Fig. A.2 Delineation of Source Protection Zones Around a Public Supply Well from the
Integration of the Source Protection Area Map and the Vulnerability Map
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(iii)) Bedrock which is Moderately Productive only in Local Zones (LI)

Poor (P) Aquifers
(i) Bedrock which is Generally Unproductive except for Local Zones (PI)
(i1)) Bedrock which is Generally Unproductive (Pu)

These aquifer categories are shown on an aquifer map, which can be used not only as an element of a
Groundwater Protection Scheme but also for groundwater development purposes.

The matrix in Table A.3 gives the result of integrating the two regional elements of land surface
zoning (vulnerability categories and resource protection areas) — a possible total of 24 resource
protection zones. In practice this is achieved by superimposing the vulnerability map on the aquifer
map. Each zone is represented by a code e.g. Rf/M, which represents areas of regionally important
fissured aquifers where the groundwater is moderately vulnerable to contamination. In land surface
zoning for groundwater protection purposes, regionally important sand/gravel (Rg) and fissured
aquifers (Rf) are zoned together, as are locally important sand/gravel (Lg) and bedrock which is
moderately productive (Lm). All of the hydrogeological settings represented by the zones may not be
present in each local authority area.

Flexibility, Limitations and Uncertainty

The land surface zoning is only as good as the information which is used in its compilation (geological
mapping, hydrogeological assessment, etc.) and these are subject to revision as new information is
produced. Therefore a scheme must be flexible and allow for regular revision.

Uncertainty is an inherent element in drawing geological boundaries and there is a degree of
generalisation because of the map scales used. Therefore the scheme is not intended to give sufficient
information for site-specific decisions. Also, where site specific data received by a regulatory body in
the future are at variance with the maps, this does not undermine a scheme, but rather provides an
opportunity to improve it.

Groundwater Protection Responses

Introduction

The location and management of potentially polluting activities in each groundwater protection zone is
by means of a groundwater protection response matrix for each activity or group of activities. The
level of response depends on the different elements of risk: the vulnerability, the value of the
groundwater (with sources being more valuable than resources and regionally important aquifers more
valuable than locally important and so on) and the contaminant loading. By consulting a Response
Matrix, it can be seen: (a) whether such a development is likely to be acceptable on that site; (b) what
kind of further investigations may be necessary to reach a final decision; and (c) what planning or
licensing conditions may be necessary for that development. The groundwater protection responses are
a means of ensuring that good environmental practices are followed.

Table A.3 Matrix of Groundwater Resource Protection Zones

RESOURCE PROTECTION ZONES
VULNERABILITY | Regionally Important | Locally Important | Poor Aquifers
RATING Aquifers (R) Aquifers (L) (P)
Rk Rf/Rg Lm/Lg L1 Pl Pu
Extreme (E) Rk/E Rf/E Ln/E LI/E PIVE Pu/E
High (H) Rk/H Rf/H Lm/H LI/H PI/H Pu/H
Moderate (M) Rk/M Rf/M Lm/M LI/M PI/M Pu/M
Low (L) Rk/L Rf/L Lm/L LI/L PI/L Pu/L
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Four levels of response (R) to the risk of a potentially polluting activity are proposed:

R1 Acceptable subject to normal good practice.

R2*™“  Acceptable in principle, subject to conditions in note a,b,c, etc. (The number and content of
the notes may vary depending on the zone and the activity).

R3™™ Not acceptable in principle; some exceptions may be allowed subject to the conditions in
note m,n,o, etc.

R4 Not acceptable.

Integration of Groundwater Protection Zones and Response

The integration of the groundwater protection zones and the groundwater protection responses is the
final stage in the production of a Groundwater Protection Scheme. The approach is illustrated for a
hypothetical potentially polluting activity in the matrix in Table A.4.

The matrix encompasses both the geological/hydrogeological and the contaminant loading aspects of
risk assessment. In general, the arrows (—) indicate directions of decreasing risk, with + showing the
decreasing likelihood of contamination and — showing the direction of decreasing consequence. The
contaminant loading aspect of risk is indicated by the activity type in the table title.

The response to the risk of groundwater contamination is given by the response category allocated to
each zone and by the site investigations and/or controls and/or protective measures described in notes
a,b,c,d, m,nando.

It is advisable to map existing hazards in the higher risk areas, particularly in zones of contribution of
significant water supply sources. This would involve conducting a survey of the area and preparing an
inventory of hazards. This may be followed by further site inspections, monitoring and a requirement
for operational modifications, mitigation measures and perhaps even closure, as deemed necessary.
New potential sources of contamination can be controlled at the planning or licensing stage, with
monitoring required in some instances. In all cases the control measures and response category depend
on the potential contaminant loading, the groundwater vulnerability and the groundwater value.

In considering a scheme, it is essential to remember that: (a) a scheme is intended to provide
guidelines to assist decision-making on the location and nature of developments and activities with a
view to ensuring the protection of groundwater; and (b) delineation of the groundwater protection
zones is dependent on the data available and site specific data may be required to clarify requirements
in some instances. It is intended that the statutory authorities should apply a scheme in decision-
making on the basis that the best available data are being used. The onus is then on a developer to
provide new information which would enable the zonation to be altered and improved and, in certain
circumstances, the planning or regulatory response to be changed.

Table A.4 Groundwater Protection Response Matrix for a Hypothetical Activity

SOURCE RESOURCE PROTECTION
VULNERABILITY | PROTECTION | Regionally Imp. | Locally Imp. | Poor Aquifers
RATING Inner Outer Rk Rf/Rg | Lm/L Ll Pl Pu
g

Extreme (E) R4 R4 R4 R4 R3™ | R2¢ R2¢ R2 ||

High (H) R4 R4 R4 R3™ | R3" | R2° R2” | R2* ||

Moderate (M) R4 R3™ R3™ | R2¢ R2¢ R2° R2? RI |

Low (L) R3™ R3° R2¢ R2° R2* | R2® R1 R1L ||

—> - - —> —> —> - - —>

(Arrows (= V) indicate directions of decreasing risk)
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Use of a Scheme

The use of a scheme is dependent on the availability of the groundwater protection responses for
different activities. Currently, responses have been developed for three potentially polluting activities:
IPC-licensable landspreading of organic wastes (primarily piggeries and poultry waste), domestic
wastewater treatment systems, and landfills. Additional responses for other potentially polluting
activities will be developed in the future.



Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by Fontstown Series Soils

Description of unit location: Undulating to flat. Mostly in the southern half of the county. Strong correlation between fontstown soil type and tillage areas.
'Why is this a single K unit? Occupies 22% of county, largely southern and western parts.

1. General Permeability Indicators and Region Characteristics

Rock type Limestone

Depth to bedrock Generally >3m

Subsoil type Till

Soil type Fontstown is the main type. Mylerstown, Mortartstown and Kilpatrick groundwater gley series are included where they are mapped in low-lying Fontstown areas. 28 samples
Vegetation and land use Pasture and tillage

Artificial drainage density Few drains

[Natural drainage density Low

Topography and altitude Undulating-flat topography. 60-150m OD.

Ave. effective rainfall (mm) The mean ppt is 750-875mm per annum

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
sample each sample described using BS5930:1999
20 = Fines % - Fines % — Fines % is e Fines % e—
Clay % generally indicates Clay % is Clay % generally indicates generally generally inconclusive generally
moderate or high K subsoils inconclusive low K subsoils indicates indicates mod indicates low 20
15 E— 15 highK ——§ K subsoils. K subsoils, ——|
3\. §‘ subsoils. 15
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<9% 9% to <12% 12% to 14% >14% to 17% >17% SAND & GRAVEL ILT SILT/CLAY CLAY
<8% 8% to <35% 35% to 50% >50%

Ranges in clay content W Borehole samples O Exposure samples or sand & gravel quarries ‘

Ranges in total fines content (clay & silt)

3. Data from Permeability Tests.

T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values Typical value Lab tests # Results Range Values Typical value

min/25mm tests (m/sec): (m/sec): (m/sec):

4. Summary and Analysis

Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Limestone Till >>>  M-L

Particle size data Wide variation >>>  M-L

Field description data Generally silty subsoils >>> M

Soil type Well - excessively drained soil >>> M

Artificial drainage density Generally very low density, but higher desnity occurs in localised areas. >>> M

[Natural drainage density Generally low >>> M

Permeability test data - >>> -

Rock type Limestone (occasionally shaley limestone) >>>  L-M

Land use Tillage & Pasture >>> M

Overall conclusion  >>>  Moderate

5. COMMENTS: Subsoil permeability indicators are variable, but the soil maps indicate that the area is generally excessively well drained, and field descriptions were mainly silty or sandy subsoils,
on balance, a moderate permeability has been assigned. It is likely that the very frequency sand and gravel units mapped on the margins of this unit, are in fact interspersed within it. This would help
to increase the overall subsoil permeability.

10/28/2003



Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by Elton Series Soils

Description of unit location: Undulating-flat. Mostly east & north of county. 25% of county.

Why is this a single K unit? Occupies 25% of the county & largely eastern and northern parts of county.

1. General Permeability Indicators and Region Characteristics

Rock type Carrighill, Ballysteen and Calp Formations.

Depth to bedrock Wide variety of depth to bedrock

Subsoil type Limestone till, some admixture of shale/granites closer to the wicklow border. Undifferentiated till in the north.

Soil type Dominantly Elton series. Dunnstown (groundwater gley) is included as the Elton and Dunnstown are associated, with Dunnstown occupying the lower-lying areas. A small pocket of the
mortarstwon series is also included as it occurs within the Elton series. Fourteen samples were used for Particle Size Analysis.

Vegetation and land use Pasture/stud farms are found on this soil type.

Artificial drainage density Low on the elton, some artificial drainage on the dunnstown, particularly around Martinstown.

(Natural drainage density Low

Topography and altitude Undulating - flat; normally <150m

Ave. effective rainfall (mm) Precipitation is variable (750-<1000mm)

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
INB Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
sample 12 each sample described using BS5930:1999
8 T 11 q  Fines % generally Fines % generally Fines % is Fines % generally 15
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<9% 9% to <12% 12% to 14% >14% to 17% >17% <8% 8% to <35% 35% to 50% >50% SAND & GRAVEL SILT SILT/CLAY CLAY
Ranges in clay content Ranges in total fines content (clay & silt) B Borehole samples O Exposure samples or sand & gravel quarries ‘
3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values Typical value Lab tests # Results Range Values  Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Limestone till >>>  M-L
Particle size data A wide variation >>> M
Field description data Generally silty subsoils >>> M
Soil type Well - excessively drained soil >>>  M-L
Artificial drainage density Generally very low density, but higher desnity occurs in localised areas. >>> M
(Natural drainage density Generally low >>> M
Permeability test data - >>> -
Rock type Generally muddy limestones >>>  L-M
Land use Tillage and pasture >> M

Overall conclusion  >>> M

5. COMMENTS: Subsoil permeability indicators are variable, but the soil maps indicate that the area is generally excessively well drained, and field descriptions were mainly silty or sandy
subsoils, on balance, a moderate permeability has been assigned. It is likely that the very frequency sand and gravel units mapped on the margins of this unit, are in fact interspersed within
it. This would help to increase the overall subsoil permeability.

10/28/2003



Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by Kennycourt Series Soils

Description of unit location:

Rolling. 4% of county, eastern part bordering wicklow and dublin.

'Why is this a single K unit?

Occupies the lower slopes of the Wicklow mountains.

1. General Permeability Indicators and Region Characteristics

Rock type Greywackes & shales

Depth to bedrock Generally 3-5m

Subsoil type Limestone till

Soil type Kennycourt - stony loam, well drained. Six samples.
Vegetation and land use Pasture

Artificial drainage density low

[Natural drainage density low

Topography and altitude

150-240 m OD, rolling, 4 degree slopes.

Ave. effective rainfall (mm)

875-1000mm ppt.

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each

Summary of particle size data: proportion of total fines fraction in

Field description of samples: range in principal subsoil types

3 sample 5 each sample 4 described using BS5930:1999
7 1 1
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Ranges in clay content Ranges in total fines content (clay & silt) ‘l Borehole samples K Exposure samples or sand & gravel quarries
3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values  Typical value Lab tests # Results Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability

Quaternary / subsoil origin
Particle size data
Field description data

Soil type
Artificial drainage density
[Natural drainage density
Permeability test data
Rock type

Land use

Limestone Till
Two samples of variable clay fraction.
Generally silty subsoils

Well-excessively well drained
No artifical drainage

Low

Shales

Pasture

Overall conclusion

>>>
>>>
>>>

>>>
>>>
>>>
>>>
>>>
>>>
>>>

M-L
H-M
H-M

M

5. COMMENTS: Subsoil permeability indicators are variable, but the soil maps indicate that the area is generally well well drained, and field descriptions were mainly silty subsoils, on
balance, a moderate permeability has been assigned. It is likely that the very frequency sand and gravel units mapped on the margins of this unit, are in fact interspersed within it. This
'would help to increase the overall subsoil permeability.

10/28/2003




Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by Straffan Complex

Description of unit location:

Flat - undulating, occupying large areas of North Kildare.

'Why is this a single K unit?

Occupies 13% of the county largely north Kildare

1. General Permeability Indicators and Region Characteristics

Rock type Calp limestone

Depth to bedrock Generally 3-5 & 5-10m

Subsoil type Undifferentiated till

Soil type Straffan complex comprises 6 soil series mostly gley soils. Thirteen samples were used in the analysis.

Vegetation and land use

Generally pasture, some tillage and some rushy areas.

Artificial drainage density

Considerable areas have undergone artificial drainage, comprising deepening of water courses and installing of closed field drains.

[Natural drainage density

High

Topography and altitude

Flat - undulating; 60-90m OD

Ave. effective rainfall (mm)

precipitation is approximately 750mm

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
10 - . sample I 1 each sample described using BS5930:1999
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3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values  Typical value Lab tests # Results  Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Undifferentiated till >>>  L-M
Particle size data Wide variation >>>  L-M
Field description data Generally clayey subsoils >>> L
>>>
Soil type Mostly gleys, clay loams comprises 70% of complex >>> L
Artificial drainage density High >>  L-M
[Natural drainage density High >>>  L-M
Permeability test data >>>
Rock type Muddy Limestone (Calp Limestone) >>>  L-M
Land use Generally pasture >>> M

Overall conclusion  >>> L

5. COMMENTS: Subsoil permeability indicators are variable, but the soil maps indicate that the area is generally poorly drained and field descriptions were mainly clayey subsoils, on
balance, a Low permeability has been assigned.

10/28/2003




Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by Allenwood Complex

Description of unit location:

The allenwood complex occupies the margins of the peat/bogs (allen + banagher (reclaimed peat)) in the northern part of the county. It comprises the mylerstown gw gley and peaty
gleys. Occupies 1% of county.

'Why is this a single K unit?

Occupying the areas between the Fontstown/Elton soil series and the Banagher/Allen peat series.

1. General Permeability Indicators and Region Characteristics

Rock type BN boston hill fmn - nodular muddy Ist&shale

Depth to bedrock Generally greater than 10m

Subsoil type Undifferentiated till (clayey gravel/gravelly clay)

Soil type Allenwood complex comprises the mylerstown groundwater gley & peaty gleys, thus a mixture of peaty soils and grey-brown podzolics. Three samples analysed.

Vegetation and land use

Rushes where it is not managed and pasture where it has undergone drainage.

Artificial drainage density High
[Natural drainage density High
Topography and altitude Flat.

Ave. effective rainfall (mm)

750-875mm of precipitation.

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
sample each sample described using BS5930:1999
7 5
77 I I 6 + Fines % generally —§— Fines % —] Fines % is Fines % generally —| 4
6 . Clay % is e 54 indicates high K generally ] . her ) indicates low K
o 5 Clay % generally indicates ay % is Clay % generally indicates low 2z absoils i # inconclusive o
oy . X . lusive > 2] subsoils. | indicates mod K| | subsoils. | 23
s 4 moderate or high K subsoils nconc K subsoils g 4 subsoils. g
=] o : =
g3 ] 231 21
=2 ] 2] %
1 | |
L ! 1 [] [] []
1S — | | 1 ! o
<9% 9% to <12% 12% to 14% >14%to 17% >17% <8% 8% to <35% 35% to 50% >50% SAND & GRAVEL SILT SILT/CLAY CLAY
Ranges in clay content Ranges in total fines content (clay & silt) W Borehole samples O Exposure samples or sand & gravel quarries ‘
3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values  Typical value Lab tests # Results Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Undifferentiated till >>>  L-M
Particle size data A variation from silty to clayey soils. >>>  L-M
Field description data A variation from silty to clayey subsoils. >>>  L-M
Soil type Loam-peaty loam-Peat >>>  L-M
Artificial drainage density High water table, big deep drains along perimeters and internal closed field drains >>  L-M
[Natural drainage density High water table, margins of peat bogs. >>>  L-M
Permeability test data - >>>  none
Rock type Muddy limestone >>>  L-M
Land use Where it has been drained there is rough pasture used for sheep grazing. >>>  L-M
Overall conclusion > M

5. COMMENTS: Subsoil permeability indicators are inconclusive, on balance in order to be conservative it is given a moderate permeability.




Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by

Description of unit location: Occupies the flood plain alongside the River Liffey. LIy Togosor
'Why is this a single K unit? Occupies the flood plain alongside the River Liffey.

1. General Permeability Indicators and Region Characteristics

Rock type Predominantly Limestone.

Depth to bedrock Generally greater than 10m

Subsoil type Limestone and undifferentiated till.

Soil type Liffey regosol - alluvium - loam-silty-clay loam. Three samples
Vegetation and land use Predominantly pasture

Artificial drainage density Low

[Natural drainage density Low

Topography and altitude Generally 60m OD.

Ave. effective rainfall (mm) 750-875 precipitation.

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
sample each sample described using BS5930:1999
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3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values Typical value Lab tests # Results Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Alluvium >>> M
Particle size data Indicates moderate or high permeability subsoils >>> L
Field description data Variation in the field description. >>>  L-M
Soil type Alluvium - well drained - loam >> M
Artificial drainage density Low >> M
[Natural drainage density Low >> M
Permeability test data - >>> -
Rock type Limestone >>>
Land use Pasture >>> M
Overall conclusion > M

5. COMMENTS: On balance subsoil indicators suggest that the alluvium alongside the River Liffey is moderately permeable.
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Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by the Finnery Complex

Description of unit location:

Occupying portions of the river valleys in the west of the county. Associated with a high water table all yr. Round. Mapped in Laois as Alluvium (subtypes Po & K), mapped in
Limerick as the Camogue series

'Why is this a single K unit?

Occupying the flood plains in the western part of Kildare, approximately 2.5% of the county.

1. General Permeability Indica

tors and Region Characteristics

Rock type Largely clean shelf limestones.

Depth to bedrock Generally 5-10 and greater than 10m.

Subsoil type Alluvium.

Soil type Finnery complex comprises organic & mineral materials. Four samples were analysed.

Vegetation and land use

Largely restricted to rought summer grazing.

Artificial drainage density

Large open drains and closed field drains are common.

[Natural drainage density

High

Topography and altitude

Flat and low-lying.

Ave. effective rainfall (mm)

Approximately 750mm of precipitation.

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
sample each sample described using BS5930:1999
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3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values  Typical value Lab tests # Results Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Generally alluvium or till. >>  L-M
Particle size data Variable with a tendency toward the low permeability end. >>>  L-M
Field description data Variable, a mixture of sandy and clayey subsoils. >>>  L-M
Soil type Alluvium and peat >>>  M-L
Artificial drainage density High >>> L
[Natural drainage density High >>> L
Permeability test data >>> -
Rock type Limestones. >>>  M-L
Land use Pasture. >>>  L-M
Overall conclusion > M

5. COMMENTS: On balance sub

soil indicators are not conclusive, to be conservative the complex is given a moderate permeability rating. This is a similar rating to that used in Laois for similar deposits.
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Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by the Garristown Soil Series.

Description of unit location: Occuply a small area in the very north of kildare adjacent to meath
'Why is this a single K unit? A surface water gley occupying a distinct area in North Kildare.

1. General Permeability Indicators and Region Characteristics

Rock type Namurian shales NAM

Depth to bedrock 0-3;3-5m

Subsoil type Undifferentiated till

Soil type The Garristown soil series is aheavy textured clay loam of poor structure, and is a surface water gley. Two samples analysed.
Vegetation and land use Pasture, rushes where there is no artificial drainage.

Artificial drainage density Drained using closed field drains.

[Natural drainage density Several streams.

Topography and altitude Rolling

Ave. effective rainfall (mm) 750-875mm of precipitation.

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
74 sample 10 each sample described using BS5930:1999
6 ! ! 9 + Fines % generally ——f Fines % generally —— AF'."“ % ” — F{'ne,? % generally __| 5
5 Clay % generally . C“hjy'l% ” . Clay % generally indicates 8 indicates _high K indicates _”‘”dK inconclusive de:M”[j:Z’.I;ZWK 4
Iy indicates moderate or fneoncistve low K subsoils ~:" 71 subsoils. subsoils. B
s 4T hioh K sybsoils g 61 23
g3 g3 g
= = 4 E
2 3 £
1A 2
D m| | e | : e I | | - .
o o o o o o o o 8% 8% to <35% 359% 10 50% ~s0% SAND & GRAVEL SILT SILT/CLAY CLAY
<9% 9% to <12% I_ZA) to 14%  >14% to 17% >17% ° olo=a 01050 ’ ‘ M Borehole samples K Exposure samples or sand & gravel quarries ‘
Ranges in clay content Ranges in total fines content (clay & silt)
3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values  Typical value Lab tests # Results Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Dense impermeable undifferentiated till >>  L-M
Particle size data Variable and possibly not representative as there are patches of higher permeability material within the series >>>  M-L
Field description data Largely clayey subsoils. >>>  M-L
Soil type Clay Loam >>> L
Artificial drainage density Closed field drains on sloping ground >>> L
[Natural drainage density High >>> L
Permeability test data - >>> -
Rock type Namurian shales (elsewhere in the country are typically associated with low permeability subsoils) >>> L
Land use Pasture with rushy slopes where no field drains. >>> L

Overall conclusion  >>> L
5. Comments Subsoil permeability indicators suggest low permeability and the soil maps indicate that the area is poorly or imperfectly drained, and field descriptions were mainly clayey subsoils, on

balance, a Low permeability has been assigned.
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Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by Kellistown and Newtown soil series

Description of unit location:

Mapped at the southern tip of kildare, intermingled with the Athy cpx and Newtown groundwater gley

'Why is this a single K unit?

Occupies 1.6% of the county, confined to the southern tip of the county.

1. General Permeability Indicators and Region Characteristics

Rock type Granite

Depth to bedrock Largely 5-10m

Subsoil type Limestone till

Soil type The KELLISTOWN soil series, a sandy loam which is well drained. Six samples were used in the analysis.

Vegetation and land use

Largely tillage and pasture.

Artificial drainage density

Low

[Natural drainage density

Low

Topography and altitude

Undulating to rolling; 60-120m OD

Ave. effective rainfall (mm)

750-875mm of precipitation.

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
5 - sample I 5 each sample 5 described using BS5930:1999
- - Fines % is Fines % generally
, o Fines % generally Fines % generally .
4 Clay % 1) Clay % is 0 e inconclusive indicates low
> X 3 low K subsoils - subsoils. subsoils. subsoils.
2 3 hioh K subsoils 33 1 subsoils. 1 X 3
2 2 2 9y |
= =2 E
1 1 . []
0 T T T T 0 0 - T
<9% 9% to<12%  12%to 14% >14%to 17% >17% <8% 8% t0 <35% 35% to 50% >50% SAND & GRAVEL SILT SILT/CLAY CLAY
Ranges in clay content Ranges in total fines content (clay & silt) B Borehole samples K1 Exposure samples or sand & gravel quarries
3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values  Typical value Lab tests # Results Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Limestone tills with less than 20% granite/shale admixture. >> M
Particle size data Suggests moderate or high permeability subsoil. >>>  M-H
Field description data Generally sandy or silty subsoils. >> M
Soil type Generally a well drained sandy loam. >>> M
Artificial drainage density Low >>>  M-H
[Natural drainage density Low >>>  M-H
Permeability test data - >>> -
Rock type Granite >>> M
Land use Tillage and pasture >> M

Overall conclusion > M

5. Comments: Subsoil permeability indicators suggest moderate-high permeability and the soil maps indicate that the area is generally excessively well drained, on balance, a moderate
permeability has been assigned. It is likely that the very frequency sand and gravel units mapped on the margins of this unit, are in fact interspersed within it. This would help to increase
the overall subsoil permeability.
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Summary of Permeability Data and Analyses for Subsoils Mapped as Till, and Overlain by Grange Series Soils

Description of unit location: Extreme north east of kildare occupying 0.33% of the county.

'Why is this a single K unit? A unique soil type to Kildare, occupying a small area of the county.
1. General Permeability Indicators and Region Characteristics

Rock type Calp Ist (CD)

Depth to bedrock generally <5m and <3m in parts with outcrop

Subsoil type Limestone till

Soil type Grange soil series - The 'C' horizon is a gritty to sandy loam with some gravel pockets. One sample taken.
Vegetation and land use Pasture

Artificial drainage density Low

[Natural drainage density Low

Topography and altitude undulating (3-4degs), 70mOD

Ave. effective rainfall (mm) precipitation approximately 750mm/yr

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
B Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
5 sample 5 each sample 5 described using BS5930:1999
I Fines % generally Fines % generally Fines % is Fines % generally
41 Clay % generally indicates Clay % is Clay % generally indicates 4 indicates high K indicates mod K inconclusive indicates low K 4
§ 3 moderate or high K subsoils inconclusive low K subsoils Z,‘ 3 subsoils. subsoils. subsoils. =3
15 7 T 1 1 Q
E 2 ) £2 -
=
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<9% 9% to <12%  12%to 14% >14% to 17% >17% <8% 8% to <35% 35% to 50% >50% SAND & GRAVEL SILT SILT/CLAY CLAY
Ranges in clay content Ranges in total fines content (clay & silt) ‘ M Borehole samples O Exposure samples or sand & gravel quarries ‘
3. Data from Permeability Tests.
T' tests: # Results # Tests T<1 # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results Range Values  Typical value Lab tests # Results Range Values Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):

4. Summary and Analysis

Implications of each criterion for assessment of subsoil permeability

Criteria Comments

Quaternary / subsoil origin Limestone Till >>>  L-M
Particle size data The one sample suggests moderate or high permeability >> M
Field description data The one sample suggests a silty to clayey subsoil. >>>  L-M
Soil type Well drained gritty sandy loam >>> M
Artificial drainage density Low >> M
[Natural drainage density Low >> M
Permeability test data >>>

Rock type Muddy limestone >>>  L-M
Land use Pasture >>> M

Overall conclusion > M

permeability has been assigned.

5. Comments: Subsoil permeability indicators suggest moderate-high permeability and the soil maps indicate that the area is generally excessively well drained, on balance, a moderate
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Summary of Permeabilitx Data and Analxses for Subsoils Mapged as Tilli and Overlain bx Donaghcrumger Series

Description of unit location: Extreme north east of kildare occupying 0.35% of the county.

'Why is this a single K unit? A unique soil type to Kildare, occupying a small area of the county.

1. General Permeability Indicators and Region Characteristics

Rock type Calp (muddy) limestone

Depth to bedrock generally <5Sm and <3m in parts with outcrop

Subsoil type Limestone till

Soil type Donaghcrumper Series - grey brown podzolic, moderately well drained loam-clay loam. One sample.
Vegetation and land use Generally pasture

Artificial drainage density Low

[Natural drainage density Low

Topography and altitude Flattish to undulating; 61m OD

Ave. effective rainfall (mm) 750mm precipitation approximately

2. Summary of Particle Size Analysis and Field Descriptions of Subsoil Samples.
INB Particle distributions adjusted to discount particles greater than 20mm. Graphs only depict samples taken from 1) a known depth exceeding 1.5m in boreholes or Im in exposures, AND 2) locations not at permeability boundaries.

Summary of particle size data: proportion of clay fraction in each Summary of particle size data: proportion of total fines fraction in Field description of samples: range in principal subsoil types
5 sample 5 each sample 5 described using BS5930:1999
4 Fines % generally Fines % generally ‘Fines Y% ” Fxm:s %6 generally
Clay % is 4 indicates high K indicates mod K e : "h}w K 4

55 Clay % generally inconclusive Clay % generally indicates % subsoils. subsoils. subsoils.
g indicates moderate or low K subsoils E 34 | E‘3 b
Z ) high K subsoils B g
21 o) 82 1
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<9% 9% to <12% 12% to 14%  >14%to 17% >17% <8% 8% to <35% 35% to 50% >50% SAND & GRAVEL SILT/CLAY CLAY
Ranges in clay content Ranges in total fines content (clay & silt)

3. Data from Permeability Tests.

T' tests: # Results # Tests T<I # Tests T>50 Variable head # Results Range Values Typical value Pump tests # Results  Range Values  Typical value Lab tests # Results  Range Values  Typical value
min/25mm tests (m/sec): (m/sec): (m/sec):
4. Summary and Analysis
Criteria Comments Implications of each criterion for assessment of subsoil permeability
Quaternary / subsoil origin Limestone Till >>>  L-M
Particle size data Only one sample - inconclusive >>>  L-M
Field description data Only one sample that suggests clayey subsoil. >>>  L-M
Soil type Grey brown podzolic; loam to clay loam that is moderately well drained. >>> M
Artificial drainage density Low >>> M
[Natural drainage density Low >>> M
Permeability test data - >>>
Rock type Muddy limestone >>>  L-M
Land use Pasture >>>  L-M

Overall conclusion  >>> M

been assigned.

5. Comments: Subsoil permeability indicators suggest moderate-low permeability and the soil maps indicate that the area is generally well drained, on balance, a moderate permeability has
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Appendix IV: Discussion Of the Key Indicators of Domestic and
Agricultural Contamination of Groundwater

A.1 Introduction
This appendix is adapted from Daly, 1996.

There has been a tendency in analysing groundwater samples to test for a limited number of
constituents. A "full" or "complete" analysis, which includes all the major anions and cations, is
generally recommended for routine monitoring and for assessing pollution incidents. This enables (i)
a check on the reliability of the analysis (by doing an ionic balance), (ii) a proper assessment of the
water chemistry and quality and (iii) a possible indication of the source of contamination. A listing of
recommended and optional parameters are given in Table Al. It is also important that the water
samples taken for analysis have not been chlorinated - this is a difficulty in some local authority areas
where water take-off points prior to chlorination have not been installed.

The following parameters are good contamination indicators: E.coli, nitrate, ammonia, potassium,
chloride, iron, manganese and trace organics.

TABLE Al
Recommended Parameters
Appearance Calcium (Ca) Nitrate (N0O3)*
Sediment Magnesium (Mg) Ammonia (NHgand NH3)*
pH (lab) Sodium (Na) Iron (Fe)*
Electrical Conductivity (EC)* Potassium (K)* Manganese (Mn)*
Total Hardness Chloride Cl)*
General coliform Sulphate (S04)*
E. coli * Alkalinity

Optional Parameters (depending on local circumstances or reasons for sampling)

Fluoride (F) Fatty acids * Zinc (Zn)
Orthophosphate Trace organics * Copper (Cu)
Nitrite (N0p)* TOC * Lead (Pb)
B.O.D.* Boron (B) * Other metals
Dissolved Oxygen * Cadmium (Cd)

* good indicators of contamination

A.2 Faecal Bacteria and Viruses

E. coli is the parameter tested as an indicator of the presence of faecal bacteria and perhaps viruses;
constituents which pose a significant risk to human health. The most common health problem arising
from the presence of faecal bacteria in groundwater is diarrhoea, but typhoid fever, infectious
hepatitis and gastrointestinal infections can also occur. Although E. coli bacteria are an excellent
indicator of pollution, they can come from different sources - septic tank effluent, farmyard waste,
landfill sites, birds. The faecal coliform : faecal streptococci ratio has been suggested as a tentative



indicator to distinguish between animal and human waste sources (Henry et al., 1987). However,
researchers in Virginia Tech (Reneau, 1996) cautioned against the use of this technique.

Viruses are a particular cause for concern as they survive longer in groundwater than indicator
bacteria (Gerba and Bitton, 1984).

The published data on elimination of bacteria and viruses in groundwater has been compiled by
Pekdeger and Matthess (1983), who show that in different investigations 99.9% elimination of E. coli
occurred after 10-15 days. The mean of the evaluated investigations was 25 days. They show that
99.9% elimination of various viruses occurred after 16-120 days, with a mean of 35 days for Polio-,
Hepatitis, and Enteroviruses. According to Armon and Kott (1994), pathogenic bacteria can survive
for more than ten days under adverse conditions and up to 100 days under favourable conditions;
entertoviruses can survive from about 25 days up to 170 days in soils.

Bacteria can move considerable distances in the subsurface, given the right conditions. In a sand and
gravel aquifer, coliform bacteria were isolated 100 ft from the source 35 hours after the sewage was
introduced (as reported in Hagedorn et al., 1981). They can travel several kilometres in karstic
aquifers. In Ireland, research at Sligo RTC involved examining in detail the impact of septic tank
systems at three locations with different site conditions (Henry, 1990; summarised in Daly, Thorn and
Henry, 1993). Piezometers were installed down-gradient; the distances of the furthest piezometers
were 8 m,10 m and 9.5 m, respectively. Unsurprisingly, high faecal bacteria counts were obtained in
the piezometers at the two sites with soakage pits, one with limestone bedrock at a shallow depth
where the highest count (max. 14 000 cfu’s per 1000 ml) and the second where sand/gravel over
limestone was present (max 3 000 cfu’s per 100 ml). At the third site, a percolation area was installed
at 1.0 m b.g.l; the subsoils between the percolation pipes and the fractured bedrock consisted of 1.5 m
sandy loam over 3.5 m of poorly sorted gravel; the water table was 3.5 b.g.l. (So this site would
satisfy the water table and depth to rock requirements of S.R.6:1991, and most likely the percolation
test requirement.) Yet, the maximum faecal coliform bacteria count was 300 cfus per 100 ml. Faecal
streptocci were present in all three piezometers. It is highly likely that wells located 30 m down
gradient of the drainage fields would be polluted by faecal bacteria.

As viruses are smaller than bacteria, they are not readily filtered out as effluent moves through the
ground. The main means of attenuation is by adsorption on clay particles. Viruses can travel
considerable distances underground, depths as great as 67 m and horizontal migrations as far as 400 m
have been reported (as reported in US EPA, 1987). The possible presence of viruses in groundwater
as a result of pollution by septic tank systems is a matter of concern because of their mobility and the
fact that indicator bacteria such faecal coliforms have been found not to correlate with the presence of
viruses in groundwater samples (US EPA, 1987).

The natural environment, in particular the soils and subsoils, can be effective in removing bacteria and
viruses by predation, filtration and absorption. There are two high risk situations: (i) where permeable
sands and gravels with a shallow water table are present; and (ii) where fractured rock, particularly
limestone, is present close to the ground surface. The presence of clayey gravels, tills, and peat will,
in many instances, hinder the vertical migration of microbes, although preferential flow paths, such as
cracks in clayey materials, can allow rapid movement and bypassing of the subsoil.

A.3 Nitrate

Nitrate is one of the most common contaminants identified in groundwater and increasing
concentrations have been recorded in many developed countries. The consumption of nitrate rich
water by young children may give rise to a condition known as methaemoglobinaemia (blue baby
syndrome). The formation of carcinogenic nitrosamines is also a possible health hazard and
epidemiological studies have indicated a positive correlation between nitrate consumption in drinking



water and the incidence of gastric cancer. However, the correlation is not proven according to some
experts (Wild and Cameron, 1980). The EC MAC for drinking water is 50mg/1.

The nitrate ion is not adsorbed on clay or organic matter. It is highly mobile and under wet conditions
is easily leached out of the rooting zone and through soil and permeable subsoil. As the normal
concentrations in uncontaminated groundwater is low (less than 5 mg/l), nitrate can be a good
indicator of contamination by fertilisers and waste organic matter.

In the past there has been a tendency in Ireland to assume that the presence of high nitrates in well
water indicated an impact by inorganic fertilisers. This assumption has frequently been wrong, as
examination of other constituents in the water showed that organic wastes - usually farmyard waste,
probably soiled water - were the source. The nitrate concentrations in wells with a low abstraction rate
- domestic and farm wells - can readily be influenced by soiled water seeping underground in the
vicinity of the farmyard or from the spraying of soiled water on adjoining land. Even septic tank
effluent can raise the nitrate levels; if a septic tank system is in the zone of contribution of a well, a
four-fold dilution of the nitrogen in the effluent is needed to bring the concentration of nitrate below
the EU MAC (as the EU limit is 50 mg/l as NO; or 11.3 mg/l as N and assuming that the N
concentration in septic tank effluent is 45 mg/1).

The recently produced draft county reports by the EPA on nitrate in groundwater show high levels of
nitrate in a significant number of public and group scheme supplies, particularly in south and southern
counties and in counties with intensive agriculture, such as Carlow and Louth. This suggest that
diffuse sources — landspreading of fertilisers — is having an impact on groundwater.

In assessing regional groundwater quality and, in particular the nitrate levels in groundwater, it is
important that:

(1) conclusions should not be drawn using data only from private wells, which are
frequently located near potential point pollution sources and from which only a small
quantity of groundwater is abstracted;

(i1) account should be taken of the complete chemistry of the sample and not just nitrate,
as well as the presence of E. coli.;

(iii) account should be taken of not only the land-use in the area but also the location of
point pollution sources;

(iv) account should be taken of the regional hydrogeology and the relationship of this to
the well itself. For instance, shallow wells generally show higher nitrate
concentrations than deeper wells, low permeability sediments can cause
denitrification, knowledge on the groundwater flow direction is needed to assess the
influence of land-use.

A.4 Ammonia

Ammonia has a low mobility in soil and subsoil and its presence at concentrations greater than
0.1 mg/l in groundwater indicates a nearby waste source and/or vulnerable conditions. The EU MAC
is 0.3 mg/l.

A.5 Potassium

Potassium (K) is relatively immobile in soil and subsoil. Consequently the spreading of manure,
slurry and inorganic fertilisers is unlikely to significantly increase the potassium concentrations in
groundwater. In most areas in Ireland, the background potassium levels in groundwater are less than
3.0 mg/1. Higher concentrations are found occasionally where the rock contains potassium e.g. certain
granites and sandstones. The background potassium:sodium ratio in most Irish groundwaters is less
than 0.4 and often 0.3. The K:Na ratio of soiled water and other wastes derived from plant organic



matter is considerably greater than 0.4, whereas the ratio in septic tank effluent is less than 0.2.
Consequently a K:Na ratio greater than 0.4 can be used to indicate contamination by plant organic
matter - usually in farmyards, occasionally landfill sites (from the breakdown of paper). However, a
K:Na ratio lower than 0.4 does not indicate that farmyard wastes are not the source of contamination
(or that a septic tank is the cause), as K is less mobile than Na. (Phosphorus is increasingly a
significant pollutant and cause of eutrophication in surface water. It is not a problem in groundwater
as it usually is not mobile in soil and subsoil).

A.6 Chloride

The principle source of chloride in uncontaminated groundwater is rainfall and so in any region,
depending on the distance from the sea and evapotranspiration, chloride levels in groundwater will be
fairly constant. Chloride, like nitrate, is a mobile cation. Also, it is a constituent of organic wastes.
Consequently, levels appreciably above background levels (12-15 mg/l in Co. Offaly, for instance)
have been taken to indicate contamination by organic wastes such as septic tank systems. While this is
probably broadly correct, Sherwood (1991) has pointed out that chloride can also be derived from
potassium fertilisers.

A.7 Iron and manganese

Although they are present under natural conditions in groundwater in some areas, they can also be
good indicators of contamination by organic wastes. Effluent from the wastes cause deoxygenation in
the ground which results in dissolution of iron (Fe) and manganese (Mn) from the soil, subsoil and
bedrock into groundwater. With reoxygenation in the well or water supply system the Fe and Mn
precipitate. High Mn concentrations can be a good indicator of pollution by silage effluent. However,
it can also be caused by other high BOD wastes such as milk, landfill leachate and perhaps soiled
water and septic tank effluent.



Box Al Warning/trigger Levels for Certain Contaminants

As human activities have had some impact on a high proportion of the groundwater in Ireland,
there are few areas where the groundwater is in a pristine, completely natural condition.
Consequently, most groundwater is contaminated to some degree although it is usually not
polluted. In the view of the GSI, assessments of the degree of contamination of groundwater can
be beneficial as an addition to examining whether the water is polluted or not. This type of
assessment can indicate where appreciable impacts are occurring. It can act as a warning that
either the situation could worsen and so needs regular monitoring and careful land-use planning,
or that there may be periods when the source is polluted and poses a risk to human health and as
a consequence needs regular monitoring. Consequently, thresholds for certain parameters can be
used to help indicate situations where additional monitoring and/or source protection studies
and/or hazard surveys may be appropriate to identify or prevent more significant water quality
problems.

Parameter Threshold EU MAC
mg/1 mg/1
Nitrate 25 50
Potassium 4 12
Chloride 30 (except near sea) 250
Ammonia 0.15 0.3
K/Na ratio 0.3-04
Faecal bacteria 0 0

Box A2  Summary : Assessing a Problem Area

Let us assume that you are examining an area with potential groundwater contamination problems
and that you have taken samples in nearby wells. How can the analyses be assessed?

E. coli present > organic waste source nearby (except in karst areas), usually either a septic tank
system or farmyard.

E. coli absent = cither not polluted by organic waste or bacteria have not survived due to
attenuation or time of travel to well greater than 100 days.

Nitrate > 25 mg/l = either inorganic fertiliser or organic waste source; check other parameters.
Ammonia > 0.15 mg/l = source is nearby organic waste; fertiliser is not an issue.

Potassium (K) > 5.0 mg/l = source is probably organic waste.

K/Na ratio > 0.4 (0.3, in many areas) = Farmyard waste rather than septic tank effluent is the
source. If < 0.3, no conclusion is possible.

Chloride > 30 mg/l = organic waste source. However this does not apply in the vicinity of the
coast (within 20 km at least).

In conclusion, faecal bacteria, nitrate, ammonia, high K/Na ratio and chloride indicate
contamination by organic waste. However, only the high K/Na helps distinguish between septic
tank effluent and farmyard wastes. So in many instances, while the analyses can show potential
problems, other information is needed to complete the assessment.
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