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l. Introduction

1.1 Overview

This report is an updated version of the report produced during the 2020 Oral Hearing to inform the
hydrogeology assessment for the updated EIAR and updated NIS as part of the response to the request by
ABP for further information in December 2023. This Appendix has been updated to incorporate all data
presented during the oral hearing. The data presented also includes subsequent data that has been collected
during the intervening period since the 2020 Oral Hearing, which includes data that is publicly available, and
data specifically collected for this project.

Moycullen Bogs NHA was identified as one of the Groundwater Dependant Terrestrial Ecosystems in Chapter
10 of the updated EIAR. The Moycullen Bogs NHA encompasses three separate bog sites including, from west
to east, the main area near Lough Inch, and two isolated areas at Tonabrocky and Letteragh. The hydrogeology
of the peatland water table has been assessed in detail in Section 10.3.3.1 of Chapter 10 of the updated EIAR
and the impact assessment undertaken in Section 10.5.3 of Chapter 10 of the updated EIAR.

Areas of the Moycullen Bogs NHA at Lough Inch are either in a separate catchment or down gradient of the
proposed N6 GCRR and therefore are not at risk from groundwater drawdown induced from cuttings.

The area of the Moycullen Bogs NHA at Tonabrocky lies in a distinct sub-catchment to that of the proposed
N6 GCRR. Tonabrocky and the proposed N6 GCRR are separated by a surface watercourse, with the proposed
N6 GCRR located 450m distant from Tonabrocky at its closest and the proposed N6 GCRR is raised on an
embankment in that section. Accordingly, the area of the Moycullen Bogs NHA at Tonabrocky is not at risk
from groundwater drawdown induced from cuttings.

The area of the Moycullen Bogs NHA at Letteragh lies on high ground west of the River Corrib. The NHA
lies on the catchment divide between (i) groundwater that drains eastward and northwards to the River Corrib
and (ii) groundwater that drains southward towards Galway Bay. In the granite area, the surface water and
groundwater catchments are the same.

The proposed N6 GCRR in this location comprises:
e the main alignment, which is in a deep cutting at Letteragh

o the N59 Link Road North, which is at grade, or on embankment close to Moycullen Bogs and then in a
cutting just before the N59 Moycullen Road

This Eco-Hydrogeology Report summarises the ecological and hydrogeological assessments which have
been undertaken at the Moycullen Bogs NHA (Letteragh) from the mainline of the proposed N6 GCRR and
the N59 Link Road North. The results of this assessment includes four cross-sections drawn between the
proposed N6 GCRR at Moycullen Bogs NHA (Letteragh), which are presented in Appendix A of this
updated A.10.8. The sections comprise:

e Section A-A: North south section between the mainline Letteragh cutting and the main area of the NHA
that is permanently ponded

e Section B-B: North south section between the mainline Letteragh cutting and a satellite area of the NHA
that is permanently ponded

o Section C-C: West east section from the N59 North Link Road cutting to both the main and satellite
ponded areas

e Section D-D: North south section from N59 North Link Road to a closest point to the NHA

Galway County Council N6 Galway City Ring Road
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2. Groundwater Dependent Qualifying Habitat at
Moycullen Bogs NHA

Moycullen Bogs NHA is designated as a Natural Heritage Area under the Wildlife Acts 1976 to 2019 for
peatland habitats. The main habitat on the site is the Annex [ habitat Blanket bog [*7130] but the site also
supports a diversity of other peatland and fen habitats including Wet heath [4010], Dry heath [4030] and
Alkaline fen [7230].

The Moycullen Bogs NHA lies immediately adjacent to the proposed N6 GCRR boundary at Letteragh. At
Letteragh, the NHA comprises a mosaic of habitats including dystrophic lakes (FL1), reed and large sedge
swamp (FS1), wet grassland (GS4), dry siliceous heath (HH1), wet heath (HH3), lowland blanket bog (PB3),
poor fen and flush, (PF2), transition mire and quaking bog (PF3) and scrub (WS1). The Annex I habitat types
present at Tonabrocky are Dystrophic lakes [3160], Wet heath [4010], Dry heath [4030], Blanket bog
[*7130], Transition mires [7140] and Rhynchosporion depressions [7150].

The extent, distribution and condition of peatland habitats are predominantly controlled by hydrological
processes, with water being supplied by a combination of precipitation, overland flow and flow through the
peat layer. The depth of peat and the depth of the water table are also critical components of a peatland
ecosystem in determining habitat extent and distribution.

The hydrogeological regime, particularly the natural groundwater table, must be maintained so that the area,
distribution and depth of the peatland habitats and their constituent/characteristic vegetation zones and
communities are not reduced or compromised in any way.

The Fossitt classifications of the habitats within Moycullen Bogs NHA at Letteragh, that lie in the immediate
vicinity of the proposed N6 GCRR, are shown on Figures 8.19.5 and 8.19.6 of the updated EIAR. For ease of
reference the habitats with Fossitt classifications are reproduced below in Figure 1 noting that this was
considered in the application documentation (Figure 1 below is Figure 8.19.6 of the updated EIAR for the
purposes of clarification).

The Annex I classifications of the habitats within Moycullen Bogs NHA at Tonabrocky, that lie in the
immediate vicinity of the proposed N6 GCRR, are shown on Figures 8.22.5 and Figure 8.22.6 of the updated
EIAR. For ease of reference the habitats with Annex I classifications are reproduced below in Figure 2
noting that this was considered in the application documentation (Figure 2 below is Figure 8.22.6 of the
updated EIAR for the purposes of clarification).
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Figure 1 Fossitt classifications of the habitats within Moycullen Bogs NHA at Letteragh
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Figure 2 Annex | Classification of the habitats within Moycullen Bogs NHA at Letteragh

Galway County Council N6 Galway City Ring Road

GCRR_4.04.03_30.9.10_A.10.8.1 | Issue 3 | 28 March 2025 | Ove Arup & Eco-hydrogeology Summary Report for Moycullen Bogs NHA Page 4
Partners Ireland Limited



3. Hydrogeology Impact assessment

The hydrogeology of the Galway Granite Batholith includes areas where there is poor drainage and water
ponding at the surface, and these areas include the Moycullen Bogs NHA. Where surface water ponding
occurs, there is often little or no seasonal variation in the water level, with most areas remaining ponded
throughout the summer.

The undulating topography of the Galway Granite Batholith includes areas of topographic highs where
bedrock is near surface and topographic lows where the subsoils are thicker (up to 3m). On the topographic
highs, rainfall runs off as overland flow whilst it is the low-lying ground where surface ponding, as discussed
above, tends to occur.

The GSI vulnerability data and the Project ground investigation data together with the Tailte Eireann
topographic data show that the granite has an undulating rock topography. As the granite is of low
permeability, it will perch surface water and where drainage is poor, such in flat lying areas, surface water
will be impounded and ponded. Due to the way that granite weathers, it forms an undulating rounded
topography of ridges. The ridges occur where the rock is competent, hard and not weathered. The low points
form where the granite has weathered, and these are the main areas where water collects and forms
permanent ponds. The water level in these areas tends not to vary as it is limited to spill points in the
surrounding rock topography.

Connectivity between groundwater and the ponded surface water will be slight. As such, the water ponding
on the surface at the Moycullen Bogs is not groundwater from the bedrock but water ponded on the top of
the bedrock that has saturated the subsoil, has no natural discharge point, and so breaches the ground surface
(i.e. pluvial ponding).

The Letteragh cutting on the mainline is shown on Figure 10.6.006 (plan and profile) of the updated EIAR
with minimum and maximum groundwater levels shown. The drawdown extents calculated for the Letteragh
cutting and the N59 Link Road North are shown on Figure 10.7.106 (construction) and 10.8.106 (operation)
of the updated EIAR.

As reference above, four additional cross-sections are included in Appendix A of this updated A.10.8 to
show the extent of drawdown relative to the permanently ponded areas in Moycullen Bogs NHA (Letteragh).
These cross-sections show drawdown from the mainline Letteragh cutting as well as the N59 Link Road
North. Sections A-A and B-B show the drawdown from the mainline Letteragh cutting to the main
permanent ponded area in the NHA as well as a satellite ponded area located to the southeast. Sections C-C
shows drawdown from the main cutting on the N59 Link Road North and Section D-D shows the proposed
road at its closest proximity to the Moycullen Bogs NHA (Letteragh).

For all granite cutting assessments, the lateral extent of drawdown is calculated using the Sichardt
calculation, which is an empirical calculation based on the vertical extent to which the groundwater table is
lowered at the point of groundwater dewatering and permeability. The Sichardt calculation is presented in
Appendix A.10.6 to Chapter 10, of the updated EIAR and for clarity also presented below:

R, = 3000 hvK (Sichart equation)
Where,

R, = Radius of influence (m)

h = Drawdown (m)

k = Hydraulic conductivity (m/sec)

The two variables used in calculating the lateral extent of drawdown, the vertical lowering and permeability,
were assessed conservatively.

Galway County Council N6 Galway City Ring Road
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Vertical lowering is the height difference between drainage invert and peak recorded groundwater table (for
granite the water table is often at, or near, surface). The dewatering level along any road level is the invert of
trenches excavated for road drainage. To ensure that drawdown was assessed conservatively, the drainage
invert was set to Im deeper than the maximum invert level. On this basis a dewatering level of road surface
minus 3m was set for the full alignment on granite. A conceptualisation of the cutting assessment is
presented in Figure 3 below.

Further conservative measures were used in estimating the permeability which is the second variable in
determining the lateral extent of drawdown. A permeability value of 4.6x10°m/s was used, which is
considered high for granite except where significant fractures are present. It is noted that fracturing is
identifiable by geophysics and both seismic and resistivity surveys were completed along the full length of
the mainline cutting at Letteragh and the cutting at the N59 Link Road North. The mainline cutting does not
show any significant zones of weathering along its length. The N59 Link Road North cutting has a vertical
weathering zone at Ch 0+260 but as with the dominant fracture orientation in the area this feature is aligned
generally north south and away from the Moycullen Bogs NHA (Letteragh).

Managing groundwater inflows at cuttings is included in the Construction Environmental Management Plan
(CEMP) in Appendix A.7.5 of the updated EIAR and Appendix C of the updated NIS. Where significant
inflows occur then the karst protocol detailed in the CEMP will be used to manage flows and prevent impact
to receiving waters.

Figure 3 Conceptualisation of the cutting assessment at Letteragh Cutting Ch. 7+900

Using this assessment, the drawdown extent has been delineated and is presented in Figure 10.7
(construction) and 10.8 (operation) of the updated EIAR (for description of drawdown extent calculation
refer to EIAR Chapter 10 section 10.4.6 and EAIR Appendix 10.6).

Galway County Council N6 Galway City Ring Road
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As part of the ground investigation undertaken at the Letteragh cutting, boreholes were drilled to prove the
depth to bedrock as well as a geophysical survey. This data confirms that the bedrock at the Letteragh cutting
is either at or consistently close to surface. On this basis, groundwater levels will not be lowered beyond the
maximum conservative drawdown presented in the updated EIAR. Based on the assessment there is no risk
to the Moycullen Bogs NHA at Letteragh from drawdown in the bedrock groundwater induced by the
Letteragh cutting or N59 Link Road North cutting.

4, Conclusion

The Project poses no risk of affecting the hydrogeological/hydrological regimes supporting the peatland
habitats in Moycullen Bogs NHA (Letteragh).

Mitigation measures proposed ensure that the proposed N6 GCRR does not affect the hydrogeological
regime supporting the groundwater dependent habitats in Moycullen Bogs NHA (Letteragh).

In circumstances where the hydrogeological zone of influence does not extend to Moycullen Bogs NHA, and
where neither construction nor operation of the proposed N6 GCRR will have any effect on the
hydrogeological regime within Moycullen Bogs NHA, habitat degradation because of impacts on the
existing groundwater regime in Moycullen Bogs NHA will not arise. Therefore, there are no residual direct
or indirect groundwater related impacts that could have any likely significant residual effects on Moycullen
Bogs NHA.

In conclusion, there will be no groundwater related impacts to the Moycullen Bogs NHA (Letteragh).

Galway County Council N6 Galway City Ring Road
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l. Introduction

1.1 Overview

This report is an updated version of the report produced during the 2020 Oral Hearing to inform the
hydrogeology assessment for the updated EIAR and updated NIS as part of the response to the request by
ABP for further information in December 2023. This Appendix has been updated to incorporate all data
presented during the oral hearing. The data presented also includes subsequent data that has been collected
during the intervening period since the 2020 Oral Hearing, which includes data that is publicly available, and
data specifically collected for this Project.

1.2 Location of Coolagh Lakes

Coolagh Lakes are located to the east of the River Corrib and are part of the Lough Corrib SAC. The location
of the Lough Corrib SAC is presented in Plate 1 relative to the buried valleys that form part of the
palaeolandscape, which have been identified in the wider area.

Plate 1 Lough Corrib SAC

The River Corrib is a substantial river that is not dependent on groundwater. However, the Coolagh Lakes,
which ultimately discharge to the River Corrib, are mainly groundwater fed. Groundwater contributions are a
combination of flow from a karst spring (Western Coolagh Spring) as well as from seepages around the
periphery of the lakes. The location of Coolagh Lakes and Western Coolagh Spring are shown on Plate 2.
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Plate 2 Location of Coolagh Lakes relative to Lackagh Quarry

1.3 Purpose of report

Biodiversity assessments have identified that the habitats at the Coolagh Lakes are dependent on the lake
water level and lake water quality. On this basis, the groundwater dependant terrestrial ecosystems
(GWDTE) around the lake margins are dependent on the groundwater contribution to Coolagh Lakes. The
hydrogeological setting and interaction between groundwater, the Coolagh Lakes and the River Corrib are
explored in terms of both water level and water quality in this summary report.

The Geotechnical and Hydrogeological Appraisal of the Lackagh Tunnel (EIAR Appendix A.7.3 of the
updated EIAR and Appendix F of the updated NIS) and Chapter 10 of the updated EIAR assessed whether
construction dewatering activities or the operational presence of the tunnel may act as a barrier to flow and
intercept or divert the groundwater flow supplying Coolagh lakes, with the risk of compromising the
integrity of the habitats.

Extensive assessments were undertaken to ensure that the hydrogeological regime was fully understood so
that any potential impacts could be assessed.

To assess the potential for any impacts, the hydrogeological regime requires characterisation. This summary
describes the major features of the hydrogeology and answers two critical concerns:

1. Does the groundwater from Lackagh Quarry drain to Coolagh Lakes?

2. What is the extent of the Coolagh Lakes groundwater catchment and by what flow mechanisms are the
Lake water level and Lake water quality supported?

The nature of the groundwater dependant terrestrial ecosystems (GWDTE) at Coolagh Lakes are described
below in Section 2 of this report. Section 3 outlines a summary of the data assessed. Section 4 summarises
the hydrogeological conceptual model and explores the above two questions. Section 5 summarises the
assessment of potential impacts.
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Appendix A to this updated Appendix A.10.8.2 includes groundwater contour maps for winter (Appendix A-
1) and summer (Appendix A-2) as well as three sets of Hydrographs. (Appendix A-3)

e Hydrograph i (Appendix A-3i) shows groundwater responses in Lackagh Quarry

e Hydrograph ii (Appendix A-3ii) shows groundwater responses related to a perched groundwater table
from a shale bed

e Hydrograph iii (Appendix A-3iii) shows the groundwater levels recorded adjacent to Coolagh Lakes

This assessment includes both detailed and conceptual cross-sections to aid the understanding of the area.
The conceptual cross-sections are presented in Section 3 below while the three detailed sections are
presented in Appendix B to this updated Appendix A.10.8.2. The cross-sections comprise of:

e Appendix B Section A-A: Southwest to Northeast cross-section from the River Corrib to Ballindooley
Lough via the Coolagh lakes and Lackagh Quarry (split over 4 drawings to allow sufficient detail)

o Appendix B Section B-B: A West to East cross-section through Lackagh Quarry along the alignment
including the proposed Lackagh Tunnel

e Appendix B Section C-C: North to South section through Coolagh Lakes showing the relationship
between the lake level and groundwater level

2. Groundwater Dependent Qualifying Habitat at
Coolagh Lakes (Lough Corrib SAC)

The Coolagh Lakes and the associated fringing wetland habitat form part of the qualifying interests of Lough
Corrib SAC.

The Coolagh Lakes themselves correspond with the qualifying interest Annex I habitat Hard water lakes
[3140]. The lakes in turn support an associated wetland complex of wet grassland (GS4), wet heath (HH3),
fen (PF1 and PF2) and reed swamp (FS1); areas of which correspond with the qualifying interest Annex I
habitat types Molinia meadow [6410], Cladium fen [*7210] and Alkaline fen [7230]. Other Annex I habitat
present which also form part of the associated wetland habitat complex are Residual alluvial forests [*91E0],
Hydrophilous tall herb [6430], Wet heath [4010] and Transition mires [7140].

The full complex of wetland habitats associated with the Coolagh Lakes, including the fringing reed swamp,
fen, marsh, wet heath, wet woodland and wet grassland habitats integrate with and support the structure and
functions of the lake habitat. Equally, the area, distribution and quality of these habitats are dependent upon
water levels and the water quality in the Coolagh Lakes.

The hydrogeological regime, particularly the groundwater contribution, must be maintained so that the area,
distribution and depth of the lake habitat and its constituent/characteristic vegetation zones and communities
are not reduced.

Critically, maintaining the area and condition of all fringing habitat, and not just those qualifying interest
Annex I habitats, is a key component of the conservation objectives for Hard water lake [3140] habitat in
Lough Corrib SAC.

An overview of where the qualifying interest Annex I habitat types of Lough Corrib SAC are located in
relation to the Coolagh Lakes are shown on Plate 9.1 of the NIS.

Figure 11.3.3 of the NIS illustrates the collective extent of the groundwater dependent qualifying interest
habitats of Lough Corrib SAC. It shows the extent of both the qualifying interest Annex I habitats and the
other fringing habitats which provide a supporting role to the lake habitat itself.
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The Fossitt classifications of the habitats associated with the Coolagh Lakes in the immediate vicinity of the
proposed road development are shown on Figure 15.3 of the NIS.

The Annex I classifications of the habitats associated with the Coolagh Lakes in the immediate vicinity of
the proposed road development are shown on Figure 1.7 of the NIS.

3. Hydrogeology background

3.1 Hydrogeological Overview

The ground investigations along the route of N6 Galway City Outer Bypass (2006 GCOB) and undertaken
for the Project identify four locations where the geology is interrupted by deep buried valleys (River Corrib,
Coolagh Lakes/Lackagh Quarry, N84 Headford Road and N83 Tuam Road). These buried valleys locally
interrupt the regional groundwater gradient and either impound and/or deviate the regional trend. The
location of these relative to Coolagh Lakes and Lackagh Quarry are presented in Plates 1 above and Plate 3
below.

The hydrogeological study undertaken to inform the EIAR and NIS for the proposed N6 GCRR identified 4
no. groundwater bodies (GWB) that contribute groundwater to the groundwater dependant habitats in the
Lough Corrib SAC. They are Ross Lake GWB, Lough Corrib Fen 1 (Menlough) GWB, Lough Corrib Fen 2
GWB and the Clare-Corrib GWB. The location of these GWBs are explained and illustrated in Section 4.2 of
NIS Appendix A. Plate 6 of NIS Appendix A (included below in Plate 3 for ease of reference) illustrates
those groundwater bodies that contribute groundwater to the Lough Corrib SAC.

Plate 3 Generalised hydrogeology interactions with Lough Corrib SAC

The hydrogeological setting at Coolagh Lakes comprises of the lakes occurring in topographic depressions
within an extent of thick, low permeability silt and clay subsoil deposits, which are bound to the north and
cast by limestone. The thick clay subsoils are part of the palaeolandscape in the limestone bedrock that have
been infilled with fine grained sediment. A deep buried landscape at the eastern extent of the Lough Corrib
Fen 1 (Menlough) GWB recorded a thickness of 106m of silty clay. The contact of the palacolandscape is
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sharp and vertical, and not dissimilar to that of the head of canyon or gorge. The Western Coolagh Spring is
located at the margin of this significant palaeolandscape feature, where limestone crops out and encompasses
the northern, eastern and southern margins of the Coolagh Lakes. The Coolagh Lakes fill the topographic
depression where the deep subsoil deposits occur. These features are shown on Plate 2 above.

Due to the thickness and low permeability of the fill sediment from its fines dominated nature, any
groundwater contribution through the base of the lakes is considered insignificant. Other than Western
Coolagh Spring, there are no other karst springs around the periphery of the lakes. It is noted that the only
other ‘spring’ feature associated with Coolagh Lakes is a pond at the head of a drain, which has been named
Eastern Coolagh Spring. Eastern Coolagh Spring is located within the thick clay deposits in the valley floor,
approximately 35m away from limestone that rises steeply on the north and western sides from the valley
floor. Although no flow is measurable at Eastern Coolagh Spring or immediately downstream of it, it is
anticipated that groundwater in the surrounding subsoil will migrate to it as seepages. It is noted from
walkover surveys that the margins of the lake remain permanently wet even during summer, indicating that
constant groundwater seepage occurs at the limestone/buried valley interface around the lake periphery.

Manual groundwater level monitoring data is presented in Appendix A.10.3 of the updated EIAR which is
discussed in Chapter 10 of the updated EIAR and Appendix A of the updated NIS. This data has been
presented in Appendix A to this updated Appendix A.10.8.2 as groundwater level contours for Winter and
Summer. Hydrographs are presented in Appendix A to show the seasonal variation.

3.2 Regional groundwater level

The regional hydraulic gradient was developed for the limestone area using groundwater levels recorded in
monitoring boreholes both upgradient and downgradient of the proposed N6 GCRR, as well as groundwater
levels measured along the proposed N6 GCRR and the receiving water level at the River Corrib, Terryland
River and Galway Bay.

A triangulation net was constructed across limestone groundwater bodies to provide a comprehensive
assessment of gradient and flow direction. This allowed hydraulic gradients between monitoring points to be
calculated and used to plot groundwater contours beyond the centreline and in the wider extent of the
aquifer. The groundwater monitoring network allows groundwater flow directions to be calculated. An
example of the triangulation net used is presented below in Plate 4.

Plate 4 Example of the triangulation net used (June 2016 water levels)

Based upon the gradient calculations and generation of groundwater contours (Refer to Appendix A-Figure 1
and Figure 2) the predominant groundwater flow of the regional groundwater system is towards the surface
water features (the River Corrib and Terryland River).
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There are seven groundwater monitoring boreholes in the wider limestone bedrock area. These include
monitoring boreholes from 2006 GCOB (RC and MW) and the four monitoring boreholes designed to
monitor surface water groundwater interaction (RP-02 series). In addition, the three Lackagh Quarry
monitoring wells (LQMW series), BHO4 and BHOS installed as part of the Lackagh Tunnel investigation and
three surface water monitoring locations (SW-02 series) were also used to develop hydraulic gradients. The
River Corrib (including the OPW gauge for the River Corrib at Dangan) and the Terryland River were used
as receiving water for groundwater and where appropriate used to triangulate groundwater flow directions
and gradients.

Groundwater levels are available for five monitoring wells in or adjacent to Lackagh Quarry (LQMW4,
LOMWS, LOMW6, BH0O4 and BHOS) (refer to EIAR Appendix A.10.3 Figure 1). The hydrographs i, ii and
iii included in Appendix A show the seasonal responses of groundwater levels for Lackagh Quarry and
Coolagh lakes. Water levels at the River Corrib, Western Coolagh Spring, Eastern Coolagh Spring are
included for completeness. Cross-Section A-A, B-B and C-C (Appendix B of this updated A.10.8.2) show
the groundwater levels in the Lackagh Quarry and Coolagh lakes area.

The Lackagh Quarry monitoring wells (LQMW1 to LQMW6) were originally installed when the quarry was
operational, and no geological logs are available. LQMW 1 to LQMW3 were not included in the monitoring
network as the groundwater levels recorded were identical to the level at LOMW4. LQMW4 was chosen as
representative of all these wells as it was in the best condition.

LOMWI, LOMW2, LOMW3 and LQMW4 are in the quarry void. LOMWS5 and LQMW6 are to the south-
west, in the quarry yard area and quarry access road respectively. These locations are shown on Figures 1
and Figure 2 of Appendix A of this updated A.10.8.2.

The geology of these wells was determined based on the condition survey (which determined their depth),
the geological mapping of the quarry and from boreholes drilled for the project.

3.3 Perched groundwater level

In additional to the regional groundwater system there is also local perching of groundwater at specific
stratigraphic horizons. One horizon in particular, an argillaceous limestone observed in Lackagh Quarry,
perches recharge in the Menlough/Lackagh Quarry area. The geometry of the ‘shale’ bed dips at 2 degrees
with a strike of 288 degrees. Plate 5 (reproduced from Figure 3.15 of the Lackagh Tunnel Geotechnical and
Hydrogeological report in Appendix A.7.3 of the updated EIAR and Appendix F of the updated NIS)
illustrates this shale bed above the limestone. Cross-sections A-A, B-B and C-C in Appendix B of this
updated A.10.8.2 show the geometry of the shale horizon in the Lackagh Quarry and Coolagh Lakes area.

Plate 5 Shale bed in Lackagh Quarry
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The location of boreholes in Lackagh Quarry is presented in Appendix A — Figures 1 & 2 of this updated
A.10.8.2. The seasonal variation of groundwater levels in Lackagh Quarry are presented in Appendix A
Hydrograph (i), which is derived from Plate 10.5 in Chapter 10 of the updated EIAR and Appendix A.10.3 of
the updated EIAR and Appendix F of the updated NIS.

This geological geometry of the shale bed controls perching of recharge in the local area between Menlough
and Lackagh Quarry. The groundwater levels at BHOS5, LOMW6 and RP-2-05S reflect the interaction of
groundwater levels influenced by the shale bed. BH04 and LQMW4 are included to show the water level
measurements in regional groundwater table as they measure below the shale horizon.

From mapping the geology at the wells, LQMW4 is entirely in the limestone aquifer below the shale horizon
as is the screen for BHO4. As outlined above, the argillaceous limestone (also referred to as shale bed)
observed in Lackagh Quarry, perches recharge in the Menlough/Lackagh Quarry area. LQMWS is installed
through the shale horizon into the lower aquifer and as such picks up both deeper and shallower
groundwater. LQMW6 (by extrapolation of the geology geometry) is also installed through the shale horizon
but on the opposite side of a buried valley to LQMWS5. These monitoring locations of all these wells are
shown on the water level contour plots (for the main aquifer) which are shown in Appendix A of this
document.

The geological logging of the five boreholes installed as part of the proposed N6 GCRR along the alignment
of Lackagh Tunnel was used to cross check this. These are shown in Plate 6 below (also refer below to
Figure 5 in Appendix A of the Lackagh Tunnel Geotechnical and Hydrogeological Appraisal in Appendix
A.7.3 of the EIAR and Appendix F of the NIS for completeness). Of these five boreholes, three (BH04,
BHO5 and BH06) were completed with piezometers.

BHO04 and BHOS are located in the narrow strip of limestone that lies to the west of the quarry, between the
quarry and the buried valley (refer to Plate 6 below). Both BHO4 and BHOS also encountered the shale bed.

In BHO4 the shale was reported as mudstone with clay above and below it in a unit from 13.77mOD to
12.62mOD. In BHOS a zone of core loss and clay occurred between 13.94mOD to 13.69mOD.

In both BHO4 and BHOS5, the piezometer response zone is installed below the shale horizon.
e BHO04: 9.49 to -2.83mOD
e BHO0S5: 11.54 to -5.84mOD

Based on the geology encountered, whilst BH04 has a significant thickness of shale and perches recharge
above it, the shale horizon in borehole BHOS is weathered and will leak. As such, although shale bed perches
recharge in the local area, there are locations where leakage occurs down to the regional groundwater table
below and in these locations there will be localised recharge spikes in the regional groundwater table. These
responses will be storm event related and temporary as the regional groundwater table equilibrates.
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Plate 6 Locations of boreholes BH03, BH04, BH05 and BH06

3.4 Peak groundwater levels in Lackagh Quarry

Peak groundwater levels in the aquifer below the quarry floor were measured in LOMW4 at 15.4mOD, on 11
January 2016 which also matched the standing water level in the quarry on the day. This was the peak static
water level recorded in the aquifer below the quarry floor (LQMW4) and for flooding on the main quarry
floor. The level of 15.4m represents the peak groundwater flooding that occurred on the main quarry floor
during the 2015/2016 winter from the groundwater table. After that time the water level and groundwater
level receded.

The following groundwater levels were measured between 5 January and 11 January 2016 and are used to
describe how the perched groundwater and main groundwater table responded to the storm event of early
January 2016:

o BHO04 was manually measured on 5 January 2016 at 14.29mOD and peaked on 11 January 2016 at
15.74mOD. The delayed peak response in BH04 is caused by the recharge percolating down to the main
aquifer and then passing through the shale horizon, which is a leaky barrier.

e BHOS5 was manually measured on 5 January 2016 at 19.46mOD and on 11 January 2016 at 16.66mOD.
The water perched above the shale horizon peaked early after the storm event and then took a few days
for the perched groundwater to leak down through the shale and into the main aquifer below. As the
perched groundwater table leaked into the main aquifer the water level in BHOS lowered and this was
followed by a steady rise and subsequent peak response in nearby BH04 on 11 January 2016.

As was stated in Section 3.3, the shale horizon can be weathered and is expected to be extensively leaky. The
short-lived high groundwater levels in BHO5 on January 5, 2016 are a recharge response to the storm event
but are not representative of the main regional groundwater table. Following rainfall, recharge will flow via
multiple pathways through the thick unsaturated zone to where there are intercepted by the shale and become
perched. Due to the leaky nature of the shale, the perched groundwater is able to drain through the shale and
down to the regional groundwater table. Where natural weathered gaps in the shale bed occur then these will
focus leakage down to the main regional groundwater table below. Where the perched water flows along the
shale and into the quarry void, such as in the southwestern corner of the quarry, then this groundwater
cascades down onto the quarry floor.
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On 5 January 2016 a small area at the southwestern corner of the quarry floor had standing water at
15.69mOD. This was related to localised flow into the quarry from groundwater perched above the shale
horizon. This localised flooding was not representative of the groundwater flooding occurring on the main
quarry floor, instead it was caused by impoundment of runoff in that specific area by old quarry berms and
mounds.

The hydrographs included in Appendix A ii show the seasonal responses of groundwater levels in wells that
interact with the shale bed.

3.5 Water levels at Coolagh Lakes

As described in Section 10.3.3.2 of Chapter 10 of the EIAR, the water level in the Coolagh Lakes is
controlled by a combination of flow from Western Coolagh Spring and flow from the Coolagh Lakes to the
River Corrib. When groundwater level rises in the Lough Corrib Fen 1 GWB the flow at Western Coolagh
Spring increases, conversely when groundwater levels lower, the flow at the spring reduces. On this basis the
flow at Western Coolagh Spring is seasonal, with peak flows occurring in the winter and flow reducing in the
summer to the extent that flow ceases.

The groundwater levels within the Lough Corrib Fen 1 (Menlough) GWB are included in the water level
database presented in Appendix A.10.3 of the updated EIAR, which includes both groundwater levels
recorded in monitoring boreholes, as well as the springs and Coolagh Lakes. The hydrographs included in
Appendix A iii show the seasonal responses of groundwater levels at the River Corrib, Western Coolagh
Spring, Eastern Coolagh Spring and groundwater levels in wells around the periphery of Coolagh Lakes.

The level of the River Corrib influences the water level in the Coolagh Lakes so that generally the levels of
both are comparable. However, as the River Corrib responds more rapidly than the groundwater levels (and
Western Coolagh Spring) the River Corrib can rise slightly higher than the Coolagh Lakes during storm
events (by up to 25cm). This can lead to water from the river entering the lower lake and mixing with the
lake water. The rise of the level in the lower lake will cause impoundment in the upper lake but it is unlikely
that river water will enter the upper lake due to the narrow connecting channel between lakes.

The hydrographs included in Appendix A iii show the seasonal responses of groundwater levels in wells that
interact with the shale bed.

3.6 Water quality at Coolagh Lakes

Water sampling was undertaken during the hydrogeological study to characterise the groundwater quality
across the study area. Groundwater samples were taken from Western Coolagh Spring and monitoring
boreholes around the periphery of Coolagh Lakes (RC133, RP-2-055&D and MWO03). The waters from
these monitoring boreholes and also from Western Coolagh Spring are confirmed as having a high alkalinity
(>180mg/1 total alkalinity CaCOs), which is in line with the habitat description for Coolagh Lakes supporting
alkaline fen. On this basis the fen is dependent on both the quality and quantity of groundwater.

Of the water samples taken from limestone, the total alkalinity from Western Coolagh Spring and borehole
RC133 was slightly lower than other boreholes. It is likely that Western Coolagh Spring and RC133, which
is adjacent to turlough K31, discharges younger groundwater which has had a shorter and/or faster flow
through the aquifer, which has the effect of a reduced limestone contact when compared to groundwater from
deeper fracture flows sampled from boreholes. On this basis it would be expected that groundwater seeping
from the margin of the limestone aquifer around Coolagh Lakes will be higher alkalinity than the water
emergent from the karst system at Western Coolagh Spring.

The hydrographs included in Appendix A iii show the seasonal responses of groundwater levels at the
Western Coolagh Spring, Eastern Coolagh Spring and groundwater levels in wells around the periphery of
Coolagh Lakes. Water levels in the River Corrib (Dangan) are also presented (Source OPW
http://waterlevel.ie).

As discussed in relation to water levels at Coolagh Lakes, there are times, particularly in response to storm
events, when the River Corrib water enters the lakes, this occurs when the river rises more rapidly than

groundwater. On these occasions there will be a temporary natural fluctuation in water quality at the lower
Coolagh Lake, with total alkalinity reducing due to mixing. Whilst the upper lake can become impounded
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due to water level rise in the lower lake it is unlikely that a change in water quality at the upper lake occurs
due to the restricted flow in the connecting channel between the two lakes.

4 Hydrogeological Conceptual Model

The information presented in the above section allows a conceptual model to be developed for the area
between Lackagh Quarry and Coolagh Lakes. This conceptual model is based on all monitoring ground
investigation data presented in the updated EIAR and is framed against the two questions posed above which
are key to informing any potential impact assessment.

As outlined above detailed cross-sections have been prepared to illustrate the information available (refer to
Appendix B Cross-sections A-A, B-B and C-C in Appendix B of this updated A.10.8.2).

A simple illustration of the conceptual hydrogeological model for Coolagh Lakes is presented in Plate 7
which is based on the information provided above and presented on the cross-sections (Appendix B).
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Plate 7 Conceptual model for Coolagh Lakes
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4.1 Does groundwater from Lackagh Quarry drain to Coolagh Lakes?

The hydrogeology at Lackagh Quarry has been complicated by the quarry itself. Prior to the quarry operation
groundwater was clearly divided into two regimes, a regional groundwater regime and a perched
groundwater regime. With the development of the quarry, the perched groundwater regime has been
removed from the aquifer at Lackagh Quarry. Rainfall now directly recharges the regional aquifer via the
floor of the quarry and inflows to the quarry from perched groundwater occur from above the shale bed.

The regional groundwater regime is shown by the monitoring data to be south westwards towards the River
Corrib south of Coolagh Lakes, with the groundwater flow direction being partially defined by the infilled
buried valleys that form barriers to groundwater flow. Appendix A Figures 1 and Figure 2 of this updated
A.10.8.2 show interpreted groundwater level contours for the Lackagh Quarry and Coolagh Lakes areas.
These interpretations confirm that groundwater flows from the upland area north of Lackagh Quarry. This
data also shows that the buried valley immediately west of Lackagh Quarry causes a bifurcation of the
groundwater into two directions, part of the flow diverts west to the River Corrib and the other diverts flow
south and then south westwards, via Lackagh Quarry and towards the River Corrib (south of Coolagh Lakes
near Terryland).

Regarding the pre-quarrying groundwater flow directions: whilst the quarry has not changed the route of the
regional groundwater flow, it has significantly altered the perched groundwater regime. Prior to the quarry,
the perched groundwater would have flowed further west and would have contributed to Coolagh Lakes.
Lackagh Quarry has severed the connection of the perched groundwater and drained these flows into the
quarry void. As such, the perched groundwater regime of Lackagh Quarry is no longer connected to Coolagh
lakes. The concept of the shale bed in Lackagh Quarry is clearly shown in Cross-sections A-A and B-B in
Appendix B of this updated A.10.8.2.

On the basis that the regional groundwater table drains away from Coolagh Lakes and the perched
groundwater table has been intercepted by the quarry, then neither the regional nor perched water table at
Lackagh Quarry drains to Coolagh Lakes. Therefore, groundwater from Lackagh Quarry does not drain to
Coolagh Lakes. This regime will not be modified by the proposed N6 GCRR and as such the groundwater at
Lackagh Quarry will remain separate to Coolagh Lakes.

4.2 What is the extent of the Coolagh Lakes groundwater catchment and by
what flow mechanisms are the lake water level and lake water quality
supported?

Based on groundwater level monitoring and the description of the regional groundwater contours above, the
catchment to Coolagh Lakes is limited to a reasonable small area that comprises of:

1. The catchment to Western Coolagh Spring (karst)

2. The seepages that emerge around the rock periphery of the Coolagh Lakes where the sediments fill the
buried valley

On this basis the catchment can be divided into two flow types: (1) karst flow from the Western Coolagh
Spring, which provides most of the volume to the lakes and (2) groundwater seepages from the surrounding
limestone aquifer which keeps the margins wet and provides a year round supply of groundwater that is
likely to be small in volume compared to Western Coolagh Spring but is very important in terms of the
habitat in the marginal areas. Therefore, the only way there can be an impact to Coolagh Lakes water level or
water quality is by way of an impact to the groundwater contribution from Western Coolagh Spring or by
way of an impact to the groundwater seepages around Coolagh Lake.

The catchment to the Western Coolagh Spring comprises the Lough Corrib Fen 1 (Menlough) GWB. The
catchment for seepages to Coolagh Lakes comprises Lough Corrib Fen 1 (Menlough) GWB, Lough Corrib
Fen 1 (Lackagh) GWB and the Clare-Corrib GWB. The catchment to Coolagh Lakes does not include
Lackagh Quarry.

Cross-sections C-C in Appendix B shows a section through Coolagh Lakes and confirms the high
groundwater table around the periphery where limestone occurs. This high groundwater table provides
source for constant seepage to the lakes all year round.
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It is noted that prior to the quarry operations, the catchment would have included the perched groundwater
regime at Lackagh Quarry, but it is important to recognise that the regional groundwater system at Lackagh
Quarry has always been separate to Coolagh Lakes due to the buried valley that lies in between.

3. Impact assessment

The impact assessment for the habitats at Coolagh Lakes is considered in terms of potential for changes in
the hydrogeological regime (water levels and flows) and the water quality during the construction and
operation phases. The potential hydrogeological effects of the proposed road development on Lough Corrib
SAC are detailed in Section 9.1.4.3 of the NIS.

Assessment of potential changes to the hydrogeological regime is based on the conceptual model presented
in Section 4. The hydrogeological conceptual model provides a robust assessment of the groundwater regime
at Lackagh Quarry that confirms that groundwater flow in Lackagh Quarry, both the perched and regional
groundwater flows, do not drain to Coolagh Lakes (Section 4.1). The regional groundwater regime at
Lackagh Quarry is isolated from Coolagh Lakes by a substantial buried valley that lies between them and the
perched groundwater has been intercepted by the quarry void.

On this basis, the assessment of potential impacts below focuses only on those design elements that lie
within the catchment to Coolagh Lakes, which is clearly stated in Section 4.2. These design elements include
viaduct foundations, infiltration basins and small scale works to existing roads in the local area.

Mitigation is applied to Lackagh Tunnel and is included in the Schedule of Environmental Commitments
comprising an enforcement of a no groundwater lowering in Lackagh Quarry. While the preceding text has
illustrated the quarry is in a separate groundwater regime, this mitigation is highlighted here in recognition
that Coolagh Lakes is a sensitive groundwater receptor less than 1km away from the quarry.

5.1 Potential Impacts to the Hydrogeological regime from proposed N6 GCRR

The potential hydrogeological effects of the proposed N6 GCRR on the Coolagh Lakes, and the associated
groundwater dependent habitats that make up and support the qualifying interests of Lough Corrib SAC,
relate to the two types of groundwater contribution (1) the karst spring and (2) groundwater seepages around
the periphery of the lakes. As was described in Section 3 above (Hydrogeology Background), Eastern
Coolagh Spring is included as part of the seepage that supplies the margins of the lakes and is not a karst
feature.

Western Coolagh Spring, which is a karst spring with conduit flow, is a discharge point from a karst system
in the Lough Corrib Fen 1 (Menlough) GWB. The limestone seepages that occur around the periphery of the
Coolagh Lakes are maintained by a high groundwater table in the limestone aquifer that is impounded by the
buried valley upon which the Coolagh Lakes formed.

Assessment of the proposed road development assesses potential impacts on both the karst and seepage
system that are important for groundwater contribution to Coolagh Lakes. The section below identifies those
elements of the design that (1) have the potential to lower groundwater levels and (2) potential impacts that
may cause a reduction in water quality.

5.1.1 Groundwater Lowering and Groundwater Quality

Those elements of the proposed N6 GCRR in the catchment to Coolagh Lakes that have the potential to
interact with groundwater during construction include viaduct foundations and infiltration basins. All areas
of cutting in limestone in this location are located above the regional water table. The following risk
assessment is based upon the conceptual hydrogeological model for the area in Section 4 above, (and also
which is summarised in Appendix A and Appendix F of the updated NIS):
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Except for the potential for intercepting groundwater conduits when constructing the supporting piers for the
Menlough Viaduct, the construction of the proposed N6 GCRR will not affect the existing hydrogeological
regime in terms of the quantity of water supply to the Coolagh Lakes or the frequency of flooding. To
reiterate, groundwater dewatering during construction is not permitted within the design (see Section 5.2.1.2
of Appendix A of the updated NIS) in the catchments that drain to Coolagh Lakes.

In regard to the construction of the viaduct piers at Menlough, mitigation measures will ensure that flow in
groundwater conduits will be maintained during construction of the Menlough Viaduct (refer to Section
10.5.3.1.2 of Chapter 10 of the updated EIAR and the CEMP in Appendix A.7.5 of the updated EIAR and
Appendix C of the updated NIS). These mitigation measures include the control and treatment of site run-off
during construction, preventing groundwater impacts arising from encountering karst features on site during
construction works and ensuring that, during operation, the drainage system and infiltration basins function
as designed over the life of the proposed road development.

The Clare-Corrib (Terryland) GWB overlaps with groundwater dependant habitats along the eastern edge of
the Coolagh Lakes (Figures 11.3.7 and 11.3.8 of the updated NIS). Construction works at the Lackagh
Quarry access road and along Bothar Nua and Sean Bothar have the potential to interact with groundwater.
These works are small scale and do not include dewatering or require significant excavations.

As per all areas of the alignment of the proposed N6 GCRR, there is a risk that the accidental spillage of
pollutants during construction could affect groundwater quality in the GWB, specifically the karst flows
associated with Western Coolagh Spring, which in turn could affect the conservation objectives of the Lough
Corrib SAC at Coolagh Lakes and the supported fringing wetland habitats. These issues are assessed in
Section 10.5.3.1.2 of Chapter 10 of the updated EIAR and managed by the CEMP (Appendix A.7.5 of the
updated EIAR and Appendix C of the updated NIS).

In the catchment of Coolagh Lakes, all runoff from construction drains either to infiltration basins or
attenuation ponds (that themselves drain to the River Corrib), and hence the runoff risk to Coolagh Lakes is
removed. The infiltration basins and attenuation ponds are designed to be used during both construction
phase for site runoff and operational phase for road runoff and will be part of the initial works undertaken for
the proposed N6 GCRR.

The design of each infiltration basin is specific to the local hydrogeology, taking into account the unsaturated
zone available and including placement of engineered appropriate subsoil to provide the required infiltration
capacity. All infiltration basins include pre-treatment by hydrocarbon interceptor and containment areas to
provide an appropriate holding time to contain accidental spillages. All infiltration basins will be excavated
into bedrock, with an over excavation to accommodate the thickness of appropriate subsoil. The sides of the
excavation will be lined to control groundwater infiltration so that all discharges drain through a constructed
subsoil appropriately placed for the thickness of the unsaturated zone. The design of the infiltration basins,
coupled with the inclusion of hydrocarbon interceptor and containment area, will provide a robust level of
protection to prevent contamination of groundwater from the infiltration basins during construction and
operation.

Risk has been identified of accidental spills during construction for those areas where limestone outcrops,
such as those areas where the groundwater has extreme or high vulnerability (Figure 3.01 and 3.02 of
Appendix A of the updated NIS) and in cuttings and excavations. Mitigation measures will ensure that
groundwater quality is not affected during construction (refer to Section 10.6.2 of Chapter 10 of the EIAR
and by the CEMP (Appendix A.7.5 of the EIAR and Appendix C of the NIS).c

The drainage design (as described in Section 2, and Appendices A, F and D of the updated NIS) will ensure
that groundwater quality will be maintained during operation, this includes inspection at maintenance
intervals, with remediation actioned to ensure that karst features do not affect the functioning of the
infiltration basins during operation. This will ensure that they continue to function as designed for the
operational lifespan of the proposed road development (see Section 10.3.1.2 of the NIS).
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5.2 Potential Effects to Lough Corrib SAC Qualifying Interest Habitats from
hydrogeological impacts
This section examines how the groundwater dependent qualifying interest habitats of Lough Corrib SAC

associated with the Coolagh Lakes would be affected by the potential hydrogeological impacts identified in
Section 5.1.

These potential impacts are as follows and, in both instances, the risk of an impact occurring is highly
unlikely:

e The potential of intercepting groundwater conduits in the Lough Corrib Fen 1 (Menlough) GWB when
constructing the supporting piers for the Menlough Viaduct and the potential

e The potential of an accidental pollution event affecting groundwater quality in the Lough Corrib Fen 1
(Menlough) GWB, Lough Corrib Fen 1 (Lackagh) GWB and the Clare-Corrib GWB

Hard water lakes [3140]

As described above in Section 2, the conservation objectives for Hard water lakes [3140] includes the
associated fringing lake habitats. Affecting water quality in the Coolagh Lakes and/or affecting the
functioning or quality of the existing hydrogeological regime during construction (even though the risk of
any perceptible effect is low) could affect the Annex I status of the lake thereby reducing habitat area and the
distribution of this habitat type within Lough Corrib SAC. These impacts could also affect the type,
abundance and distribution of the typical species supported by the lakes, the vegetation composition and
distribution, the area and condition of the fringing aquatic vegetation, lake substratum quality and water
chemistry.

Based upon the hydrogeological assessment outlined in Section 5.1 above, there will be no changes to the
groundwater regime in this area. Minor water quality impacts associated with construction may occur and
mitigation measures have been proposed as robust preventative measures to specifically manage accidental
spills and sediment runoff (refer to Section 5.3). No impacts have been identified for the operational phase of
the proposed N6 GCRR.

Molinia meadow [6410], Cladium fen [*7210] and Alkaline fen [7230]

Affecting water quality in the receiving environment and/or affecting the functioning or quality of the
existing hydrogeological regime could affect ecosystem functioning and the condition of areas of these
habitat types such that their area and distribution is reduced within Lough Corrib SAC. These impacts could
also affect the vegetation composition and structure and the abundance and distribution of typical and locally
distinctive species associated with QI habitats.

Introducing/spreading non-native invasive plant species could locally affect the extent, diversity, and
vegetation composition or structure of these habitats within Lough Corrib SAC.

The assessment of potential groundwater impacts on the site specific conservation objectives for Molinia
meadow [6410], Cladium fen [*7210] and Alkaline fen [7230] habitats in Lough Corrib SAC is presented in
full in Table 9.16 of the NIS.

Based upon the hydrogeological assessment outlined in Section 5.1 above, there will be no changes to the
groundwater regime in this area. Minor water quality impacts associated with construction may occur and
mitigation measures have been proposed employed as robust preventative measures to specifically manage
accidental spills and sediment runoff (refer to Section 5.3). No impacts have been identified for the
operational phase of the proposed N6 GCRR.

5.3 Mitigation Measures

The mitigation measures in Lackagh Quarry to not lower the groundwater level are included as a
precautionary approach even though Lackagh Quarry and Lackagh Tunnel do not drain to Coolagh Lakes.

The mitigation measures required to protect the existing groundwater regime supporting the groundwater
dependent qualifying interest habitat of Lough Corrib SAC, including those associated with the Coolagh
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Lakes, relate to potential groundwater quality impacts due to construction only. These potential impacts are
mitigated by:

e Implementation of best practice construction practices and environmental controls to control the potential
for, and respond to any, accidental groundwater pollution events on site as set out in the CEMP
(Appendix A.7.3 of the EIAR and Appendix C of the NIS) — Section 10.3.1.1 of the NIS

e Application of the Karst Protocol to prevent groundwater impacts arising from encountering karst
features on site during construction works — Section 10.3.1.2 of the NIS

These mitigation measures are robust and have been implemented successfully on other schemes and will be
effective to ensure that the proposed N6 GCRR does not adversely affect the integrity of Lough Corrib SAC
from hydrogeological impacts to the Coolagh Lakes.

6. Conclusion

Considering the design measures associated with the Project, particularly those related to the Lackagh
Tunnel, groundwater supply supporting groundwater dependant habitats in Lough Corrib SAC will not be
affected during operation.

The detailed mitigation strategy outlined above in Section 5 and described in Section 10.3 of the NIS will
ensure that the proposed N6 GCRR will not affect groundwater supply to the Coolagh Lakes during
construction of the Menlough Viaduct and will not affect the quality of groundwater contributing to the
Coolagh Lakes during construction and/or operation. These mitigation measures include the control and
treatment of site run-off during construction, preventing groundwater impacts arising from encountering
karst features on site during construction works and ensuring that, during operation, the drainage system and
infiltration basins function as designed over the life of the proposed road development.

These mitigation measures will be implemented through the CEMP during construction (construction
pollution risk) and by Galway County Council/TII over the operational lifespan of the Project (maintenance)
and will ensure that hydrogeological impacts do not occur.

As a result, habitat degradation because of impacts on the existing groundwater regime will not occur or
affect the conservation objective attributes and targets supporting the conservation condition of any
groundwater dependent qualifying interest habitats and species of Lough Corrib SAC, including those
associated with the Coolagh Lakes. Therefore, there are no residual direct or indirect groundwater related
impacts that could adversely affect the integrity of Lough Corrib SAC.
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Appendix A

Groundwater Monitoring and Hydrographs
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A.1  Groundwater Monitoring and Hydrographs
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APPENDIX A - Hydrograph ii: Groundwater and surface water levels River Corrib to Lackagh Quarry
Characterising groundwater perched by the shale bed
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APPENDIX A - Hydrograph iii: Groundwater and surface water levels River Corrib to Lackagh Quarry
Characterising groundwater contributions to Coolagh Lakes (Lough Corrib ¢SAC)
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B.1  Cross-Sections

Galway County Council N6 Galway City Ring Road

GCRR_4.04.03_30.9.10_A.10.8.2 |Issue 3 | 28 March 2025 | Ove Arup & Eco-hydrogeology Summary Report for Lough Corrib SAC Page B-2
Partners Ireland Limited



mo.

e 99 UONENURUOD J0}

10

_ 5 D &
¥ X oX c 3
e) X i) z 8
= © < £ i 000008T :
= H & t 000 5 08587 |
c S ° 006} —16¢" R
< E] gt L ooooar vegek [ st
=z 2 $ S £ " oooosst [-zzesr | sorsr Q QOOORET Jov ST geret |
c L o000 L e
o) © g $ w P 2 00009/} —8¥ZSL 8rLL m ooo.own" \mmm.mﬂ 86281 s = EN
< Dnuu 3 3 g 2 a L 0000vZL g 0922t < N 000'0LL) (—22E'SL Seost v 2 2=
Z g a 8 3 o \ L o000z YBL YL Z10ZL 2 > 000°09.1 |—8vz'5h €9L°LL % =
v 3 2 3 g @ g | [ oo s 28191 3 @ 000°0571—690°SH vy iL 3 5
o ) £ 2 8 g g [ 000022t —9L6FL e 000°0521 — - 092 o 2 o
= S 8 15 000012} -2S0°S 651 3 =) 00°0VLL i —p6L vL 21671 2 & T
o & = a0k 2 c 000°0€L1 [—688VL L0'Z) 2 @ T
= o r mmmmmm” L .3 58001 W h 000021 —9L6%) va.@— m. < Q
- ° L 000089l \mww.mr 287Gl & — 000°0LL |—250°GL Ge0l o < X
5 S [ Socoer verel | seror g 000°007 1966+ o 5 2
c < — 000099} [—2E¥'SlL NM:: [ wwo‘omop [0rosl wmwm” 3 £ NM. m'w
o ® R (R4 | 0°089L (el . k] =] c |€
Qp| [ 000'0vo1 \amv.m,‘ AV - 000°0£91 \vmvmﬂ reest 5 3 6 ;8
) ) [ 000 68Y°SL §EL 4L o 9] 000°099} |—Z€+" %Lyl 3 <=| B8P o
= > 0'0€9} —960'9 . £ = vl 861" o ©
2 L 000'0zol —siz 4 €152 3 ] 0000591 985 v o 2| E
2 o zie 2 000°079k —gap- 20T VT 5] £ 8
8 000'019} —26€ 5 Al sev D |2 =3
S o 500-008 coere o = 000°0£91 —960°9L mm.t £2 ol L »
Sl r kT @ S 000029} (51212 e 2= 2(2=(. 8
d 8 T 000085} 56575 8eLee £ o o) 000°0L9} (26842 s SlEs 2 a
g & | 00008} —eze 950've 2 £ 5 000°0091 [ 2E€+E EX GIERER
% 2 | [ ooooest St 3 8 © 000065 —zeyvz |- 8€L s e
] ~ NG 000085} 952" €2
g @ 04 3 o Sl —95¢ve -
3§ ] Fooosi £ s 2 ooooser |zzwve [ %
[ 2 /[ ooooesk Pee s 5 2 0000951 —8L6'€C
) 3 \ L 000'0z5} —9v9" 1, ] 000°0551 T 60£€ ololz
2 @ ,ﬁ r Sa.emw \wmm,mm I 0000751 —060°€Z E|3|2
m [ 0000051 #6546 E 000°0es1 1992
P | [ 0000691 -g10-26 000°0251 —~9v9'€Z
2 L 0000001 o068 000045} (25608 olalz
= - I 000°0L¥L [—29." 000005 76E£E B
o [ L X L'GE 000 L 3]
38 < f 000'09%} [—SE6'VE a0 Le
ore:
5 E] S [ Q00gsyry9reve 000027} (2928
= = €] L ooooeyt | cobee 000°0971 | —SE6'VE 2|2z
[d > F 000'0ZY} [L25 e oo gsyL—SHERE
o & S L 0000LYL (~801L2E 000 07PL [ —590°ve
= e — 000°0€¥L [—E0L" slg
= C 000°007F L€ 000" €€ §|8
a 4 L 000°06€L gy ®© 0°02v) (—L252E S8 e
et P [ o000e) ari-1& - 000°0L¥) [—801°Z€ g|g|a
[S) 4 L 000'02€4 [—816°0€ (0))] 00000y 6664 8|8
g - 000'00€ 1 |99 0¢ 00006E} [ —Gyerie s
S [ 000 OSE L —SEE6E 000°08€} —0LL"1€ al=|g
e , L ooo.ov& [ geeee \ 000°0/EL —816'0€ 2
3 | [ ooooess [vesee 000'09¢1 |-999'08
| L 00002El —2£9" 0000551 T S€€°6€
W © ooocss | seae 00007E} Cizros
] [ 000°00¢1 | 862" 0000E€} (—PE9'6C o
o 3 B Grotcct | seoos 3
= X | [ ooo0szL—€v88e 000'0L€L |—2€5'62 e
£ | I 0000221 (—25€'82 gooo0et 86262 =
© { I 000092} -5+9'22 0'06Z} —ge )62 el 3
= \ 000052 5864 00008zl | —£vE 8¢ ] 3
4 | [ 0000KEL sy 000'0LEL —ZSEAE 2 3
[ e orel Crsoez 000092} [—Gv9" g
4 [te) | 00§21 —LIEVT L o
O < | [ oovoezh —logee oogoezL 1 9804 £ Z
1) 4 | [ ooooizk —le0ee Oeooner 13092 * g
) L 0000671 \n ﬁ 000°02ZL [—L0E€T 2 2|
z < I 000°08LL \mmmmw 000012 [—LE0'ET O I8
f- 000°0LL} —920'6L 00000z €z & 2 5
L 0000941 15281 0611 —ygeze 2 ol g
- © 000°05 18894 N 000081} | —€£4202 [
o L 00001t —gppay . 0000241 —920'64 ENO]
T s \, [ oooosrs eorer \ 0000941 —15Z'8) ) °
I e = | [ ooo0zkl —nEL o 5= L
] 3 | [ 0000LLL 9865l 00V I—g6p'gL -
. har 0000 8+oH (@) 000°0E L} (—6EL'SL
] LT 000°080) 766 + | = 00002k} —¥18'%h Qe
 m=d [ ot oo | 5/ Jooiii et
E | [ 000001 —8liGt S i 84004 5
|| oo00s0r |-szLsL 2 0000601 —zegrc) S
| oo . 080l 2 da
| 000°0501 | 889°5+ | 2LS) 228
| [ 0000%0r gz il 00000} (—8}4'G1 828
1000 | [ 000'0g0 ee2dt o © o 000°0901 52254 pit
1 | [ o000zo) 5895l 8 o googsr —8%e
T | [ 000010} -69E°9L «Qq = oom.mgF [geagt
—+1 ( 0000001 —8€E4H = O — ¥ "0€0} [—225'Gh
T | [ 000066 oy ¥ £< = b 000'020} [—S89'GH
1 [T 9oo0ss \SN.MF & E o | 0000401 [—69E9) o
5 L . g z< | | 001 96, ©
+ | 000'026 —618°LL c © | AL B S )
1 o | [ 000096 —ls9Lk =g i 066 | —0ps 21 a =2
T < | 000056 —259% z3 ! 000086 —LLLZL 5 3
1 < T 000°0¥8 — /00" v o w / 00006 —618°LL SA ° 8=
t 1900 < @ - 000°0€6 \mmwww 5 ADn \/ o) 000096 —1S9LL m Q 25 g
X C woo”oma |- z68'9L o3 iR 000056 [ootr %M L 88
1 o | 00016 —8SE9L oS o= 000066 |—Eo0 st g S g S
3 o [ 000°006 | —£E7-9 =3 D = 0000 6C'LL RS 8 )
| S o | |- 000068 —gg|" o ) 26 —168°91 x < 858
] 3 [ o oee [aaLo oS- © L 000046 |—8SE'O} &=
1 - | [ o008 Ceecar <8 < c 000005 | —£27°9 £
1 b - 000098 [-0£0 t 8 0N = 000068 [gg.- ok
| 020G} <3 (2 000 8191 3
i () T 0000 SOL bl sy T 00088 (—CLLGL o
] - L ooo.oww [ ravy 5= 000°0/8 —€22'Sh o
1 S | [ 000rS [Teeetl I 000098 [—0E0'SH 28
] n [ 000028 (—piSLL 8 & oo 0S| +SHF » T
T - 000018 [~z ol =< mmo‘o% I geael o
+ 000°008 | —6E7-6+ ) o 0068 | —1E6ZL oo
1 L 00006/ —zgg Z W 00028 —VL5'bL 238
T L 00008, \oom.mw W 2 000018 [—22ZL'0L « B
1 - 00004, [~ 086 Zz O 000008 | 6&+ 0% 3=
1 - 00008z |- 020 or 00006/ |50} sz
1 000067 —E£E°8 S 000082 (—90E'0k o &
T I 00007 — eg6'2 < WSHOR —0L£'6 g«
I - 0000eL — €957 00'09L - 0206 8®
T - 000°02L (— 2L oo0'0s €468 S
1 - 00001 [ L6L2 0L 1~ g967 L3
1 00000 oty 000°0€L (—€95'L Z0
i - 000069 — muc. 000022 | 2i¥'L won
I - oo0oeo [ 6165 000°0LL |- 1614 2
4 = 00009 — . 000°00. $58°9-
1 L ooo.omw \www.w 000069 — gpb'o e
i . 000089 |- 8LE" <
L 000059 9E¥9 § 9
1 L 0000¥9 — gpe: { 000029 (—2v'9
j J600! L oo00es |- 8650 000099 — ¥9¥'9
A - 000029 000059 BEFG-
I " Go0oss | sero 0000¥% |- gre'9
1 . |- 859
0 S :
5 I [ 000065 |- 2 S 0001029 [ €869
S I " oovoss [ 6269 000019 |— 9€2°9
1 = 000048 — g 000009 25¢9-
=) I [ Jo00.s [~ eeze 000065 - s0c'e
Q R 000°055 €799 000'08S — 6L¢'9
X T [ geesee . ) 000045 |— 662'9
8 I L oooos |- begs ,, 000098 [~ 4339
iR — 000025 — g 0007055 £#9°9-
= 8re ;
[©) 1 ~ 0000LS \mwm,w Mwm.ovm 8829
© + 000006 | 8+69 056 —86C9
] 1 L 000067 — gt 000025 (— 8YE'9
8 I " oooosr | oore 000015 |~ 6829
1 L 0000t |- 619 | 000005 T 8PE9
T I 000'09% |— 8029 000067 — g6p'9
1 000-057—|—#+60 000087 (— O¥¥'9
1 L 00005 |- soo 00004y |— 6149
I 1 - oovoey |- 1889 f 00009 | 8029
B — 4+ - 0000zy — L0¥'9 000°05 Y[ #+O°9
ettt . ERRE T R F 0000LY |—S/T9 Wmo.oz\\hmo.o
T NIRRT B o i 008 — L9G'9
T v ommmmw 464 000°02¥ — LOV'9
1 r € | 510" ozy 2
g1 - S 813 oo - 4123 !
A L 00008 — ZLb" 000°007 $9 o
1 - [ o0009e \:me 000°06¢ e
1 S 00005 pedy 00008 (— S¥2'9
L "05€ 8% 000°0LE [— g
A 0000V€ — 649 8 LIv'9
1 I 000'08E (— €259 00009€ — ¥8€'9
iR L 00002E |— €65" = 000°05¢ B8+9-
T [ oooole I oE.w © 0000VE — p61'9
1 00000 15cg =~ 000°0€€ (— €259
L 000068 7 000°02€ — €65
A 00062 — 1,099 @ 000 €659
1 - 00008z [—€.29 = 000LE — 9199
4 - 00002 |- 1SS'9 000°00€ L9059 ¢ <
1 [ 00009z | L9v0 000'06Z - 109'9 s
T 000052 —+S¥9 000082 — €29 I
I L 00007 - 2199 00002 |~ 1559 $3
T _ [ ooooss L See9 000092 | 19v'9 £
4 ~ 00002C — - 000°05C LGH9 £
1 % F 00002 — wmm‘w f 000°0¥Z | z19'9 S s
1 o 000°007 %669 { 000°0€Z |— 9SE'9 i3 8
I a L 00006 |~ b | 00002 |— 689 i3 E
1 © L oooosL \wmmw | 00004 (—96L°L SE " 3
T =< = 0000k — g 000°00Z 166°9- 2 3 /m 3
1 < - ooo,oow L mmw.w 000°06L |— 4029 mmm o5 = : g
+ 000°051— 98599 000°08L — ¥LE'9 g2 3 g % 2
1 S - 000°0bL (— 00002} |— 6629 o £: 5§ 3%
I © " ooooel | t65s 000091 |— Siy'9 EEERINE I bk
1 ° L 000021 | 0€0° 000"051—859°% SE o8 &S AN
1 8 " Qoo | v / 00008 [ org9 25 3% g0 i
T ) \ 000 00F a4 K" WNWWM” o9 w m W.m m,m mim,
1 L 00006 — gog: 02} |- 080'L 2§ S5 ¢: =8
1 " ooo0s | G907 00004} |~ 8Y0'L EERE R
+ - 0000, —6559 oA oL Sy 45 9F is
s 1 - 00009 it 00006 |~ 8082 Y g £ 8
S + 000°05 59 ooo.ww [ €0 §f 55 ST <8
1B L 000 L ) L 6559 =& XS Lz I3
n_.lu g — L ooo.m_m [ s 00009 [—SLv'9 FE E
[ A 00 L 0000z | €0z'9 000°06— 579 S35 g5 i3 §3
3 I 00001 |—0zv'9 00007 |- L0e'9 £ 8% 8 3%
. 0000€ — O£ £ 5§38 Sz
V4 WALl 000006479 | . €29 5 £2 88
evel Lero " | \ 00002 ) 5 33 33 o
® & 5 0000} — 0Z¥'9 $§ 95 %%
— -~ 2 000008479 “ 33
[7)) Level v 2 P
= 4 Lev9 E S
o 3 %) £% i
= S & St
o ) — 2 o B i:
s T3
(o) - o 0 3 H
© [@)] Q o - 3 Y
= = 3 S - ° i1
'S B~} 2 s
- 8 ] Q @ o @ 3 o
~ > o c c 7] £ 3
- O x b = = o g 335
| ] 2 i
< [0 c 7} Q ) g5
5 © O = o 5% £3
~ L o £ S
= H i

©Arup

Do not scale



A g
) —~—r P i ]
z 1 - g f C
5 | S 2 -
- £ > 000'0992 c N 2
_N I @ O & 3 g TL99099C eypiL [ 2 % i
S T m g E & 8 ([ 000°059Z [ 908°+F 900-088¢ 6 o
74 N 182600 3 & s 3 [[0000v9C oL A EeRd AT a ©
o N~ T El g 3 [ \ooo.omww €886 L < ) mxc.cmaa §05 1+ 5 ) M
e X ™ 1 g 8 & § | [pooooeoe 0991k - S = 00v9¢ =} 0} 2 5 :
> ~ T s 8 g £ | 000019 €002 |- S 000°0£9Z |— €886 8 3
x . X I = & & % [oopoogg oS — 000029 |—099'} g = S
14 ) l2550 [ -000065¢ (0761 |- ) o | 000019z €00zt o = x
o 1 I Loooossz [orve |- x O [000009z 185 T 5 2
e 1 g | powosz seist |- 5 | 000065 oz s 2 :a
—/ T .. S | foovosse (esoor - m | ooossemlonvl S ¢l =8
T © h 000°0557 | +69°9) 000'0452 —S9L°SL c m o B [8)
3 2500 S ® | [O000EE eyl - 000'092 —€0°9L 3 2| §1°°
1 Qo) 0] \ 4 (00005 (57981 |- 00p0s57 - 1699 s 8 & o
1 ) | poovoesz 1zl - © [ 0000rSEIevigl Sls5|
4 i} | Fooooise Forger |- I 000°0€SZ 598l 22 @8 QS| b
1 < / 0000057 —4E0°6+ m 0000252 [—828'8L EE LloE| @
1 [ 00006V [zziiz |- Rl oooolsz —aiasl EZ 21Eo 2
1 ( 10000872 [#0LVE |- = 000°0057 2666+ ES O S5ELIBR
1 | loovozre eesoz |- = 00006¥2 —zz| Iz C
1 | [oooosre fovouz |- c 000°08¥Z —Y0L'v¢
T c ] 000057z 6VEFE ] 000'0L¥2 (—€65'92
1+ P2 5] | lo000nE verzz i) 0000972 [—9¥0'L2
1 = ) Looooeve (eC6le |- °© 000 osye | 6¥Ee I
| 31 f i [} i 9lg
- Q loooozvz -€60v | > 000'0¥7C —y8)°2g RS
T o ] F0000LE (Hbbie - o 000°0EvZ |—226°Le
1 £ = , 000 0Ore L2522 — 000°02Z¥2 €60+
s B2350 = © | [0000BEC [gezsz - G [ oooowwz—ivyie 2
1 o g | [-00008eT 698G |- \ T [ToovDoRT %25 39|
+ = S——= | Foovoue fesior f S | 00008t¢ —gezye
1 p” Cooooose lezzez L \ 5 000°08€Z —698'9¢
1 g < 00005766552 \ c 000'0€2 —€G2°9C
EENY300 X L 0000562 [zpe- r | =3 000'09€Z (022’92 Slal >
1 Q z 4 Cooooece [F16es [ O oovose6erS ==
1 %] o | oo A { = QoogsEL | 667 5
V4 \ 00007 [6067C |- \ O 0VEC —zpe'se
4 © W, Loooorez lJ8sez |- \ 000°0€€z —115'5C 2ls
T z [ 000°00EZ 79822 \ 000'0z€Z —606'v2 8182
1 PEEN 100000 Leorzr | 000'01€Z [—288'€C 3|13|8
T | pooooeez H9vee - 000°00EZ | P98°E2 8|8
1 | Foovosee Feoszz [ 0000622 |—£02 22 -
1 | L 000'092z l-seLeg C 000'0822 —2912C o= 2
T / 0000522 T +H6€ 000°04ee —605°22 *
E i2200) / Lo000vee Fgipez |- 000'092Z [—S€} €2
1T | (-000062 —¥S8.C - s 000°05ZC T+76°€
+ | 000’022z [£Iv0s |- f 000'0¥2¢ G115z
] | Loooolzz 0z1e - 000°0€2Z (—¥58'L2 °
1 I 000007 89+2€ oao‘ozee —L1y08 i}
El2150 | L0006l uz1ee |- ) 0000422 —40Z'L€ ?
] | |-000'081z [-4S6€E |- / 000°00z7 | 89+2€ 2
| Looooslz [-szove | / 000'061¢ g1 g6 o j
f Looooors lsezes | ) 0000812 —1S6'EE @ >
/ 000°0512 | 989 000'0212 [—S29'¥E ] 3
f [ 000°05tT / 000'0942 (2.2 x @
0000VLC [ezi'ge [ / V2 —LL2°58 :
L ooooetz |-6v666 | 0000512 98%9€ 2 >
[Looooziz [-seeor |- ) 000'0742 ez} g¢ [id 8
Loooollz 2961y |- QD 000042 —06'6€ - gl o
000°0017—-586:2% [ 0000242 —G26'0% = B
[ 000'060% |erebp |- e 0000112 —296'LY O |«
L 000’080z /vy |- ) 000001z | S86°EF z | E
-~ |looooL0z [ezeRr - 00010602 g1 vty E ®| 2
| poovosoz Hevez - TSR 0000802 — L6 =
[o000s0z | 6L T a P 000'0£02 (—62€'8Y =0
| [F0000¥0Z 60 o ( 0000902 [—}€v'9Z o o |y
| 000080z |80EL |- ] ) 0000502 T B8E£ 2+ 5z g |z
| [oovoeoz |-evTh & § 000070 6.0} °
| Loooowoz [ss0 C % J ooo.omow —180°¢h
000-0007— 482+ 1%} { 000°020Z (—€L¥'ZL © 0
10000660 [se'9 - V 0000102 —SL0EL gz
000086} [6L06L ° 000°0007 | £248¢H 52
Looo'oz6l [-6200L |- 3 i 00010661 |- 7e°9} gz
[ o006l [wvvel | 5 S~ \ 000'086} —6L0'6L 288
000 0SG | —+SEES > ©OZ | 00006} (—620'9L LA
L 0000V6L oLgc, - b2l 5 £ = / 000'096} [—¥rr°EL 5 W W
| L 000086l 8¥0'SL |- 919Gl © a x S S 000°056¢ V9 €F o
[ ooo0z6l |-ee6vl |- 9659) | 8 § Y 53_Y 0000¥6L —ol6el s | 8
> Cooo0iel |ooeel |- esesr | 3 JS—r 000'0€6} —8Y0'SL aggL | @
T i 28 3 Ji 000'0261 —8¢6¥1 %59l | S
S e [ RE | ST 5 | owooiet -ssesi |- a5 | 29
S 1-000°088) |£287¢CL L pgor g E o 000°0061 828CH € SO
2 1 Foovossr favezr | NMM.MN_ Z9 000°068} —zgz'¢| 13605 &< 2
& ¢ || roovoosr osez ol | S e 000088} |- 42820 - v800Z | 8 & &3
B 3 0000581 | EEEEF z= 000°0/8} (—¥VETL 29861 3 2 082
o L 000" i 20561 0000981 |—09€" - we 223
g o 00008l [ooezr - oreer | 2B booETE | 996 | x s g2
g o (-000°0€8L 2SESL - Z6L'6L 5 < 000°058 1| EE 205°6T 52 H 53
g < ooo0zel |eerzs L sooer | @O 000OVEL | -sozL |- ovesl | £ 3 fgg
2 Loooosr [evost [ zissr | B8 000'0e8} —cSESL - ToLel | Z X § £22
S 0000081 99+ O8] 000'028} [—S6Y'ZL 150'6) on © 388
7, 10000621 [6¢'9 A Z . 0000181 —6v9°EL z.98L =]
[ 000° 91 g6z8l | O & 99454 TR=]
| poovoszl 8ISL - szosl = R osger—| WS
o | [oovout gessk | sarul < = 000°06.L 1691 g6zl | QT
S < | [oo00oLL |-vzsL |- vl s MWM.WWMW \Mwm St Geo'gl m S
000 600°GH- . eeest €92’ 5
® ,, T I 15 @ 0000921 |-8+Z'SL oo | 98
) | |ooooezL |-6s8FL (- zeLoL Sz 000°0571 6005+ ooz < B
> o | Fooooe fossvi - oseeL | § 0000VLL syt [ 2l02E | &3
z S Coooorsl zeoer L S 000'0€2} —688'¥L 8191 <
© o =——000"007 1066+ L ® 000022} —9L6'¥L oegol | B
3 bre 7 1-000085¢ [oporer wmﬂm” = - 0000421 —250°SL o<
g - | poooosoL HekSl |- vees a4 — 000°0071 0867+ ssoor—| ® ©
= IR ' Foowosor eerst - oerr =3 000069} —0p0'g) 28v'GL =
S o £ | [oovoser [zevsi - ssiv &o o] 0000891 (-LelGL | veesL |
9] = 2 sorc) s o =) , 000049} (—¥2y'Sl - S
~ [0 <] 000°0591 G4 G- 20TV ] 2 o] 000" B 96Vl Z 0O
9] O S ) FO0000WSL [egrL |- cebzl | < 2 o , 0099} —cevsl |- servk | O
© n @ [-0000E9L 96001 |- £15ZE 8 o oogosey 967 S wer | 2
- & @ Loooozel [sizie |- S Qg 0000591 —6gyst gelll | O
5 ‘ Looootor z6ev2 | 2 %) 000'0€9} —9609 - €lgee | J
g 0000091 —£EEF 2 5 000'029} [—S12'12 <
k] 1000065} [zeppz |- 82L€T 5 O | 000019} —26E T
g c 000085} 9SCve - 9S0'vC 3= 000°009t T 2E€F
: | poovost eeeve - 25 ! 000'095: 565 7% prasked
8 | poovosst felser |- 5§ O 0000851 | —95¢v¢ 950'2
® d , o00DeeI 2646 g O™ 000045} (—22Z'+Z
g | [ 0000%r Foegsz - 8 0000951 |-8.6°€2
] J ~0000€S} H499CC - 000°05G €04 €
2 , 1000025} (-9v9ET 1 Souoeer [-Je0ce
& , |-000015L [2S608 |- 00851 —199°¢¢
el , 000-00G #6246 00002} 9792
= 1 [-000'06%F [gL0se 0000161 |—256°0¢
Q d l-0000871 #OV9E |- 000005+ #6E4E
&) , [oooozrt [zorse |- 000069} —810'/¢
= , l-oo00ovl [seeve - 000087} | —Y0¥'9¢
W [ 00005 BHEFE 000°0L¥L —29.'SE
= & ,, 000557 Loogve | 00009 —SE6'7E
| ~0000€¥L €0L'EE - 0000571 SHEFE
Ie) , Looooerl [Lesze | 0000v¥L I—590've
n ﬁ Looooivl [-sobze |- 000°0€v1 —€01°€€
'y i 000-00vI—-606-+€ 000°02¥1 [—225°2¢
| L0000 Tovere I 000047} —801ZE
| ~00008€} FOLLLE - 000°00v} | 686+€
4 [ooo0/€L (81608 |- 000°06€L —gpgr1e
L 00009l 09908 00008} —0L1'IE
000°05E T SE€0€ 000°0LE} (—816°0€
L0000rEl yzi08 |- 000°09€} —999°0€
1 b 1-000°0E} ¥€96C | 000°05EL 9668
. l000'0zEL [2e96z |- 0000VEL —121-08
o 1 L-0000LEL [-2€562 |- 000'0E€E} (—VE9'6C
< 1 a 000°00€ | -862°62 000'02€1 —2€9'62 o
N4 1 C0000% eerer - 00004} [—2€562 2
1 , 00008z €v8'8C |- 000°00E 186862 5
: , lo00'0s2L [2se8z |- 0000621 —ge 6z
1 & | Foooses [oveie |- 000°082} | -EV8'8C
1 { 000-05 715802 000'0£2} —2S€'8Z
0 ] | [O000%E Fpsgr [ 000092} [—G¥9'LC
< ] | [ooooeet tieve - 000°05Z 19864
N . | poooozzl hioetz - 000°0v2} —p50°9g
E | Foworz fsose | 000°0€2) (—LI€'¥C
1 v 0000021624 000022} —LOE'EZ
‘ ] o000 [yeeze 000012} [—1£0°€2
. | [oo00eLl |EIECc - 000°002 1684 o<
. | poovozit rezosL |- 000061 —yGegg i3
I © 4 | -00009LL ST [ 000084} —€22°02 £8
i < 0000511 88€ 9 000°024} —920'61 S5
1100 = EO000E [eorer | 000°094} [—1G2'8) £
T = | Looo0gLl -BELSL ¢ [ 00005t —8¢E9 £
+ Ie] g | [poo00ziL plERL - 000007145617l $§ g
1T - | F0000LLL [9S6'SH [ 000°0€k} —6EL'GL 23 s
I 000°001 | 8+6°9% 0000241 (—¥18'%L e H
. i 33 3
1 d [ 000:060) [ze61 - 000041 —9G6'GL £5 3
1+ O 000080} (<€2LGL |- [ 0000011 8+6°9F 93 g 3
o [ ooo'0s0r eizgh - 000060} —zep'gL SRS N
- | 000090} —Sz/'GL |- 000080} (—¢2Z 'Sl g3 3§ §% 8
| 000°0501889°GH 000001 -8 L5t Se f: 5% 3%
s - : — ¥ S 2% 2% 3
1000 000001 [ezget - ' oovas S RI B LB
L eSSk - 000°0501 989+ <% 58 §5 ¢s
+ | Lo000z0k [-S89SE - bt 000'0%0} —629°GL £ §3 29 &%
T I Toooolor leseer L W 0000€0} (— 2SSl > 5§53 £% <
T 000°0007 18684+ — 000020} | —589'SL Sg 8% &Y 3%
1 | [ 000086 Foysa = ’ 000°040} (—69€'9L §5 59 3§ 33
] | Foooogs HLIZL - o ( 0000007 86E 4+ T 23 8y 53
1 | poovos pelesl - - { 000066 | —0yz:2} $¥ 88 5§ I3
<71 < 000096 [469ZL - _ 000086 |~} L} 3§ 5% 5% B
1 3 00005612554+ ) 000046 (—618°LL L N
——=| [N N ,, 300008 voomr - - 000096 (—1S9'LL 35 9% 23 g8
w/ﬁ‘ | oovoss EeTil |- © 000°056 |59 L T
I ® | [ oo00zs (a689L - < woo.oqm 20081 33 51 88 3¢
] | _[ooo0is (B9l - S 00'066 —€6CLL £ 5% i O°
] 000 00542+ 9 000'026 (—L168'9} S 8% 3% o
] — " \ 000016 —8SE9L § 6f 85 °©
1 7)) N e A e 000°006 |4+ 9% g m 5
] = Level % ig
] @ 0 _ 2 i3 is
1 0 3 %) o S Tt
1 2 | o) > 35 55
i o () o () §% T3
] o = | 3 3 | s §3
] © o) o () - o 2 32
] = s 8 = ) s iz
] ‘© = 9 © j=2 ) 2 S5
1 2 @0 oy k= £ o i s
JE0-HO-IS-HMOD Joy Buimelq 8eg uonenunuog Joy | O X o ® 5 o £% 23
= : 1 Wb | o < 2 o iF £s
S &) x = 1% 33
3 w o i: °os
£3 58
s ~ i
) = E i3

10

©Arup

Do not scale



7

= /@
5 [ ‘\E ] .
o nlU \ . 80 m
> 3 €
_AMM w ) £ w 068 6081 T
=
| 5 [ 000" g
= B g 3 0000621 |~ 920} T 8LEeE
o £ 0 s 3 B 00008/L |- 8€L'Z 2992
= 3 =] £ 0000221 |— T [ Lee9T ,
L © H B s " L 00000zt — Serel - , 0£/°1081 A
z o ° = s 5 000°05: veviL - | umm.cc 3 SeetT 8/£'92
o 2 3 8 % | 000052t 87T 8T 0611 — 92/LL 9769 |
x| *© 7 g 8 g 3 [0000LL |- Svgel - 8IY°eT P 000082, — serar L 79692 c
¢} 00 3 g @ % 00'0ELL (— €616 0cL0e g 000°02LL 8eLZh - LeE'9T 2 2o
Q N\ g ¢ g [000sss | soeoz [ 000012} |- STrel |- 2 i
° —f © -000°0LZL — 982702 ~ S0E€T 000052 — evLiL a
o 9000021 8¢ [ reiee 0000521 — Spo'sl 2z b= 3
0 o [oo00ser |- lgsce [ 6iiee ooooess | eorer | % g @ <
6 S 000089} |- 8222C |- 4 00005ss 1 sreoe L 8 T
g 2 000029 — Seeee |- el fooleL, |- eleoz o s0ete g = Q
[ ® , 0000991 |— 98v'2Z - €ev'ee 000002t 9802 |- ¥eLET e o 4
] o0 | [ 000-059% co 0000651 |- 12628 ZEV'E o g «»
3 v oo orer [ g5z - Sorneer Caez I 81 ? 2
600 | [ovoogsr - briee |- ooy [z [ = > 8| |28
< | 0000291 | €0v° 0000 svzzz - sev c I RER*]
( L 000" vz 99} — 98" cree S c| =8
0000181 | /2612 | 000'059 e - 3 8| 8- ©
000°0091 il 0000rel | seass 5 B
& [ 0o006aL I rercs \ ooo.omwv gscee - O @, El g
z 0 E [ooooser | zz0r |- y e L 22 258 2
= [ oooozer wmo.m_ L ooo.osw - eoviz - > = w |56 F
i 1] oo00ses | szost | Qo00isl [~ Leeve £g 8123
| 0000 b= ekl 000-0651 YT g S R g
o [ 000°0SSt 8 ] 00661 |— ¥4 o o |8 ]
| 2 e s e Sk
1 ] Looooser — serzt L | 000° Lo
7 | | [oest - seear [ | & e e
I V0SS 0" 12 o
1 | 0000671 — ovses ooo.mmm” L Gopzr L 'mer* I
| wen i, |- 5 mis P | :
4 e ~0000L¥) — A - 0000 [ i
s % 1 % I-00009pL mmmmw r 000 cmmv - oos81L |-
1 x [000-05vt v 0000651 | goges EREAE:
o 1T - \mwo,ovv— — mww‘mm L 000087 — mwm‘mw r ©
£ 1 1400 g [oooaEyl |- 9izee - Qoo0zst [ osese
.m T © ; Foo0orss |- seose | 000 mwﬁ [ Seeve ¢ HEIE
a 21 8 iR T oo | |
iR [ 068 — A / 000°0! L r
o | S z [ posecest - A A Sooery I pazee [ =
] / . L ]
i 8 ; 2 | Foooostr - soeas [ / 0000t - saove 218,
Z ( — 90z'eZy - / 0000071 B 318|38
w | 000051 | ovody g0 0oed CEE L HE
- N = 1300 -o000gEl |~ RE 000108E) 1= SL8E |- NEE
[ oooozer |- szoor |- 00009¢} syLoy - Nk
t-oo00LEL — A ~ —90ZCZy
000°00€¢ Loviy g e
| 500062, | Geagy 001 OVEL — 695y |-
Ve [ I 000" 5688y 0°0€€L |— SLE"
( 00°08ZL . . Sle9r
| AW\ 3 1250 | [ o000z21 SSr0S wmmomf C sio0p °©
[ 200 1o 0 L A - Q
x 000092} — N%Mw L 000 S__M” Loviy ®
, 905082t [ shoet 0000351 -~ ey o 8
L 000 I Sspes - 082) L eopos L 5
| soscs |- 5o ot | iiois g :
[ oooozzs - ceese - 000 Lols - 8
« [ ( [ oooorzr SE6'ES |- 00921 |— zz12s - [v4 3
Q [ 9/2%5 |- 000°05Z1 )] !
\ i , [ oogo0eE 162 000'0h¢L | Sevee £ >
i ‘ Foooett |- Jobss |- oonoeel | szaes | T ]
o pmeime otee [ st | > |Blz
2, ﬁ [oovool | oeve |- 000 s_m_ [ Sevs 2 | &
— 000°05 11 r oo oy paltE z 5
A\\\ P , 0000%i1 |- zez e oooterl |- 156ss |- g 2|5
0000 [ .. r . L eo/vS =
e, ® R awoni i £ & :
> S [F000°0LLL — omo,m L 00005 bvsvs ¢ M © o
o T [oogoor—i® \ o0 oatt [ gocve £z 3 |2
- o W MWW 060L |— Nnm.«nu_. 0000ELL wmw S - @ o
. Loooosor  sezor - — 000" eievs - -
w ( 000020, — mmw.wr ~ " owo.om: — 080vS |-
[ 000 26091 - PE R 00LLL [ 0L0° 0o
- 0901 |— 2SO0 - 0 0vs 53
~ o 9l (] \ 00°00% o gz
\omc.cuc— re8's (=) ! 000°060L |— Q«‘S g9
o < [ 000070} |~ e IS , b0ty a1 58
| < 5 0000501 |- 00251 e = ,,, vt Cosear °g3
< |-000°020L — Ol ~ LSLvL | 00009 [ 9L - 822
nn\.w g l-ooooror | mw.mw Loosivl | o % H 000 SE L zsoor - o MWW
: osoonot|—zver osevi | 8 p ,, 0000501 | 0225 3 "3
2 B ooe,omm IS 4 77} a) < | 0000801 — ooﬁm— L hem |e
8 roco‘%m L omgl - NK.S 59 S 0000201 \o:\,ﬁ L s [Sa
_ g \ooo,ca C zioer - BN £ 0000101 |— 5»2 L ooscvk |20
» 096 |— 0€9'GL wwﬂ.ﬁ 3 % 3 000°000% sl - oosLrk | &<
o X [ [ 500008 s O S 200066 | 88121 oer— D E
Xe) 9, o 076 [~ 28061 |- e = < 3 000086 | OpL- LT |RS LT
lw\ b 00086 | 801 z= 3 000' pLgL - LGL o 55
< L 000026 801Gl E=) ] { 046 - 2L08L - LYl | = &3
o) [ o000le ove'sl sk ,/M 000096 | 0£9'Gh zLrpL |0 = 9 8%
_ ,mw\ /5 - ezst | 55 000°056 L oVern |€2| B Besg
[ 0007006 w - 000058 cgoer v = H g2z
16 000068 |— 912l 0o 4 S 000086 woer | o 3 2|z 520
> I 000 H ORS] i I sorsL [ <] sEE
% 2 550 o D 28 5 move oo o3| 8 i
© O, [ 00008 |~ lOL'€Z €2 |O & g 000016 s 08 583
S Sagy 000008 | esose [ oo 53 o) 000°006 e B e -
(e L mmctw« croe nm_ = O 000068 wneo,.uv 8=
T = - [ 00008 — Eess 5 S n X s oz z>
)] 000°0€8 | cc - o 000 91zsL . oo
| L 000 2001 =] 000/8 | LOL'S sezlL |2 D
ke | Lo 028 |~ £LL0Y [ o 000098 | 6 € | ezl |3
[} I 00018 |— 29/°6€ & I e 00005 €9eC - m 2
© | 000°00 L & 000" SISET o -
3 , 005060 |- Goes 52 e W00KE |- SEEEE |- er
— 750 [ Q0008L |- s60se L L ® T s e g2
S | s 11 |~ 88G/E |- Z o ~ 000018 | sor6e | L)
b f 0009, |— 010°2¢€ W_ Fe [ 00000 L6E - 8
000057 r 00008; L gzea8 w
L ooorz |- Svece zg 3™ = o L EZ
| L ooooes | soeve - 3 I \ (95) 00008 |- 56088 |- zZ9
[ © , [ 0000z |— 0vove L < m 00009, | 885.€ - g
c | 00000, — lz2ve 00 01028 Z
5 ,, 000069 roe - 0000b, | Speoe o
[~ | . |- -
- L F Q0066 | EGOEE - S0008s |- soave E
> 650 ﬁ \ooo,mwo - sozze | 000022 | owo‘wm -
= { L 000 9 — b9le | 00001, | Zz2 r
1 w | ccwcw@ L zzzie - © mcccc uvm -
o i
<] [ gooose | vosoe = 00098 L §eoes |
< 500 [ 0000e9 — 886°6C L foa) 000049 | wom‘wm r
[=)] 0000029 |— L¥S'62 000°099 91 -
© 000019 — 6 - 9er'yl \ —eeTie -
X 66’82 | 862" 000°059
" [ o [000°009 vy 443 - 000079 — 608°0¢
© S 000065 |[— 9f .g¢ €TV 000°0! vOE0E |-
- . 3 [ Sooee |- ez I a4 T2 000069 |- BegEz |-
g HNWOHQB L Jroze - 8907k , 2 000019 |— wmm..mw b oervl
) £ 0095 | 0859z - mwm,m_ | f 000°009 587 | 86zvl
| X 2 [ 000055 how 06°¢) ) 000065 | abe7e o
_| < a [ 0000¥5 | — ooree | oot | A2 000085 | Nwm,R 3244
00 [ 000065 |- auyse | ecotr - , & J0008s [T zlsie - soohl
L 000" - elzse 2 000096 — 08S" ~ 886’
Q000es [ fiese oSt 5 \ , 0000 e | oot
[ 000009 908 [ Lerer o | 000058 | L0658 978°C
\Wmm.wmv [ Sogre | Bigsr 2 4_ o e el
p . vl 3 000° — 659"
450 L 000" BELET . 2 025 | €12 9€L
w Ke) 0000y | . 0L6%L < 000" €12 .
L 000 9 000 L gg0° ¥.S
.wa\ oy e [ o - \ cccsm soose [ level
[ooo0sy——po 27z9L / 000'005 808 YT | 818
ogoery - S6E | Sl / Soroer [ Gree boe vl
| [ 00008Y | ¥8YZZ |- s05°41 000041 \%QN L o6pL
[ oo0zy |- ez - L9181 c 1 000'09% \%rmm [ 4856k
| 0001y — 92tz £v8'8L 2 / 00005 6822 L 21291
[ 00000% g ces6l 2 / 0000vy — A x44 9589
- 00006E |~ s8Lte | EeTOe = / i oy g 08t
\mmo.omm C sez1z L 8Y6°0C 3 \ 000028 \mwm,ww L Joisl
\oom‘mnm — 8skie - s A | 0000LY  — mmﬁmm [ Ereel £
000 cwm [ o0 - [ { 1 mmuccau €87 PN [ cesel m
o — [000°05E—| 8 i o L
%00 [ SeEE [ ,, \ e e Er6 08
000088 | sos6L 68881 000028 [ eie -
/ L 0000z | Zo0oslL L yzzeL \ 000098 G
I o000l | evezL r 50581 \ 00 OSE 11902
L mcc.ccr 917'S 98e'LY ooo'ove  — mwr,co S87°0C
] N [ ooooee I SR [ ! A e
0 [ ooo0se - wevel |- 1 o [Cigea [ pa
0z — ovr 000" o8l | goe
[ 00005 oLzl - \ ole | svelL 58l
— 0000 z — €8LTh - \ Q0000E——9t7's FooseLl
%% [ Seet | e
[ oo00te — reaer L \ e Lewet [ s
© Covooee |- sizer [ " Qoo [ oet -
- A\ 0000l |~ 6222 |- I 000052 siec - hES]
B 000°00C 56 { 0000V [24°823 H S
| | o006l |~ oorEr pi o [Cmz S5 S
[ [ oooosr — cerwr L /1 000022 1ezeL | 98eTL 323 8
0 | o000zl (— bz r 0000 9z2L Sz <
— ) oo I b [ | 2 ez - H
000°05T sslal - | 00006, 661 €T §3 ER-
— ., = = Fn
— 00Uk - 41 © ooooe. |- serwr [ CE BN -
B 0el 2 000" YL g2 £§ §9 H
00 [ oooer L terer [ comnr <5 Q0oL - LiIw |- fe I &f 31
I 00001l | cvzoL - €8Tl - 0000 — 88LSL - St N m.m e
o 000°00t » - v89LlL () ooo‘owﬂ [ mest 8 S 35S B
[ Q0006 I Zeg ol piEst u— 00wy [ reed I £8 38 ¢ g5
0 r ooo‘ow L osior - Gra8l In| (] 000020 | vmm‘m: L zssoL z s $5 iz £8
- oo |- sigst - 4681 = R o S RS I
00009 |— /€61 LLyBL 2 0000 Y29l - ¥89LL $& ¢ 5% S2
000°05 F SveelL INE%) | 00006 z9°9t Se 23 5+ ES
L 000" 199t ~ N 06— LY VIR03 £§ 48 85 33
- [ 00007 | — 59591 |- 082°02 o 1 0000 [T Lo | sl g8 8¢ 53 £
S wmwom L coeol mmgm Oo® \ 0000, mmm.mp L 2681 35 18 S8 &g
I 000 Foosk . C ol £3 35 5% &
\00 L ooy [ soeer [ vsie e T 00005 | ssear L sl $5 33 i} is
\ SrirEienT o - y0g€l - mmm,rw om | 00005 o - sv8'6l IS HEER
Level™ 0oou B608°ET | 00005 |- #9501 g5¢.9¢ 33 i if 4
€68 T H A IR I g Il $% 85 &8 3%
< » ¢ 2 ¥ & | 00002 |— mmm,mp - 0skie £ £3 23 o3
* 2 ER I 1 P I A $f 2% EY ©
— L ® - 966 $5 95 8%
o) > evel 00000 508t 74 & 53
o > ) eoeee Ey L
— & ° 2] © S < i3
< o | 2 3 =
A - Q c o = R 53
X © £ a > () 5 3
~ < % | 2 o | 8| 3 : o
© = o)) 3
- @) = o S ho] : 3%
< a = 2 0] H I3
) o £ £ @ 5 £
i @© = Q 53 33
© f < L Q iE EH
~ o | o o S
© L o S5 S m

©Amp

Do not scale



g
— ®) Sz
- 3 3 ~ A
nNu - [(WE : B 892°€LL1 Socorsr = 2 ig
i g g [ T0000LLL [— 92LbL { - 9zLvh @ <
E % 1750 s & £ L 0000921 — zgebGL i 00099} |— ZEVSL & o
< 1 2 2 = P 000°05Z1 860°ST { it 1 e 9 3
s T 8 2 S 5 - 000'0PLL (— JSE'GL \ 8%2 [~ L8ESH o Q +
' T T 03 g 5 I 000°0€2L [— 9LL'GL I 000:0E2L (— 9bL'Sh 2 & 5
o T s g 2 < [-000°022} (— 266'%L 000KTzLL (— 2667} a c :
e S 700 s 8 g 4 F 0000k} (— z2L'SL / 000@424 |— Lebst g o F
z 1 * * © = | 000°00Z1 06751 [ 2 Jor et o |mna S o
Z + | 000085 | 0065 | 000869} — 0065k 3 Q 23
x 1 o | [oooes: - siol [ o00De9l | L8)-ol - 3| 5|50
T | [-0000/9} — 8L9'OL / L — 8L991 < 2 g
i 1+ N 5 S | [o00098l |- L0zt ) 0008991 — 202°LL 3 & B ©
b T 000°059% loﬁqr Y2621 5O
T S ® ,\ L 0000701 — /6561 000°0%9L — /8E'6L o 3|, m M.
T oo 0 v I-000°0€9} [— 08202 000PE9} [— 082702 22 D& W
T ) | |-o000z9L - €8L'1T 00050291 — €8l'1Z s 2155 &
s a1 600 - | loovolol - ei5'lz 000819} — €671 5 m olE529
T < , 000°009t |22 0007009t |—5281Z Ed OlE2I8&
| [000065L |— £00'¢C 00065} — €00°2C
QMJ | [oooosst (- o6viz 0009851 (— 06V'12
tV | o000t i— gz 000895} — 9/8'1Z
1550 @ | [oo0osst - is6lz :D.V 000095} — 186'k2
0007055 \ 000°0551 020°C Q12| 8
J [ 0000581 |— ¢85 1% o 0000751 | c89't¢ z|z| &
| [o000Est — L0512 N mw \ wmw.mmwv = 20512
|- 0000251 — 060°1Z '0Z5L (— 060°2
1500 | Looooist | teeoz W Q 000015 [ 18E0Z ool
w T 000°005% V0002 N 00070051 70002 =18
ST | [00006%) — S8¥l a 000'06vL — S8Y'6L
. B , L 000°08%L — 6£0'6L o 00008Vl [— 6£06L
o4 | Foooosrl — 008l 000047k — 0058
a ¥ ,, [ 00000, L 12621 000°09vL — L26'LL 22| &
X T [ 00005V 97T 00005V 197t
+ | [ 0000KYL [ 855 000'0v7L [~ 8799
+ | 0000EVL |- S89GH ooo0epL | 9895k g(8
1 | [o000zyL — zi6bh 00002} [~ 26Vl 515
i 1400} | [0000kk = ZvEYL 000°0kpL — ZvE'YL 8|88
1 I 000°00VT 1 0000011 111ET 8|8
T | [~000°06€}L [— €0S°€EL 000°06€} — €0S°€L -
1 | |-ooooser  oozer \ 00008E} [~ 00Z°EL o|=| 3
1 | Foovosel — osgz { 000'0EL (— 0S8'Zh <
E 1350 5 | [oovosel | ieszh / n_n.w 00009€} | LBSZL
000 0S5t
1 = Rt V8 000 0vEL |- forer
+ S | Fooooeel |- Lz \ @ 000'0EEL | — L¥EZL o
T | Foooozel — 9z8'LL 2 000°0z€} — 928'LL 8
1 2 | Fooooiel |~ re60L Q@ 0000VEL = V2604 A
1 @ [ 000°00ET 000°00ET 698 =
+ 4 ,, | Go006eL | g6l L ,7.. 0000621 |— €612 - 5
1 < | pooooszL - Lero I goooeey | et 3 3
T I 00000221 [ 0.8'9 - o0/89 3
. 1250 m W L 00009z — 0v0'Z A‘ Joooosel - ovor X @
1 o [000°0sZE Y0 | 000°05C V0L = >
S | Fo000KZL - 56 | oooovzl | 1969 (4 8
T | - 000°0€2L [— LL0Z / Jocooezs — 1102 < 8o
T | pooooee |- piaL | 000022} — ¥19'L = <8
T [ (- 000012l — €€8L ( 000012} — €€8°L O |9
1 000002 000002+ 0 > ol| B
1 " Fooooert |- Lo | flocoetL — iv0e g 8|2
1 | [FoooostL (— oo { 00008k} — 0£0'8 £
1 | o000zl (— 0v92 , 0000LL 1= 0v9'L Y]
1 | foooooll - eis \ p]000°0SL [ OLSL 5 © e g
000051 000°0511 9v6'9 3 & 3
1 [Foooorit - 2res \ \ 0000vHL (— 2799 = ee
+ | [ 00008LL |~ s268 | /| 0000ELL — ST6'S - .
T 000021l — ¥66'S | 00002t} — ¥66'S 2o
E 1100 L 000'0LL [— 628 ,, 0000LLL — S28'G g8z
T 00000 00070011 618G -
T L 000060+ — oewe ,, flocoosor (- osss P 8se
T 000080} |— €61 I 000080} |— €61 mm g
T [ 00000L (— 6£LG , Jooo0z04 - eess 825
E 1050 L 0000901 | 9ov2'G o , 000090 — 9¥L'S ° it
1 2 000°050% 97°G £ | 000°050F 97° ©
T 2 ~0000¥0} — €.L°G o 2 | 0000¥0L — €L 3
| e 1S R L e :
T I 0000201 (— €8S 7] I €8s ]
i 1000 b |- 0000L0L [— LbL'S = 8 3 ” 000°0L0F — I¥L'S i)
T < 0000001 5< < | 000°000F 852G o I )
1 g | ‘Goooss [ 908 2E K | \ 000066 |— 491G e £
T S | [ 000086 | — /g6 z2 S | 000086 — LE6'G g S &3
= | - 00006 — 822’9 £ - 3 = i /| 000026 |— 8229 u o 9 8%
5 I 000096 — r6L9 = ke 8 | 000096 — L6L'9 35S 352
g 000°056 TAA) o2 ] g | 000°056 STr'Y c2 H Iag
—_ ] - 0000¥6 (— 8Z¥'9 5< - * | )| 0000v6 — 8Zh'9 Zk 2 T2
ettt — - 000086 [~ Szv'9 el < ;, 000086 |— S2v'9 ga g g2
- 000026 [— 6259 [ %=1 w 000026 — 6259 Eo o 8548
I 000016 |— 8EV'Q m S 5 )] oooore - sevo Qs
T 000006 679 [ ) 0007006 679 » T
T I- 000068 |— 8GE'9 =24z O | \ 000068 [— 8S€'9 o~
1 L | oovose [ zrvo 5 = e \ ] 000088 — 219 z>
T 5 | I 000028 [~ 9.6 ? 3 5 i 0000/8 {— 916G Ss
1 © | - 000098 |— ¥/L'9 o3 © g\ 000098 — ¥ZL'9 =]
4 o™ a £ Q ow
o 000°058 €29 o o \ 0007058 €29 7 —
T <C 2 I 000:0V8 — 9v0'9 ST < | A 0000v8 — 909 oy
1T - 0000€8 — €21'9 % & ‘\ 000°0€8 — €219 < ..
I ® I 000028 — 9rL'9 a< | oooloes - 9v1o g2
T o 000018 1109 - @ ,A 7] 0000L8 L1109 % @
T S [ 000008819 Z W | oo oty -
| | 000062 |~ 2229 s | 0006. [~ 2429 =
T Q | - 00008 — €419 =35 \ /] 00008, — €L1'9 E<
1 e - 000022 |- 2885 &o 0000L. [~ 288 z9
1 - | 000092 |- 136G 5 { 000092 |~ 156'G =
T 000°0% < 4000052 £86°S z
+ 2 L Gooov: [ 520 h 000072 — 4209 o
15 © 00002 [— £90°9 | 00002 £90'9 Ee
4+ (&) L 0000z — 2509 I 00002, — 250'9
T wn - 0000 — 006G \ 0000L (— 006
1 000°00 000007 806G
1T | 000066 | b0 000069 |— ¥06'G
1 I 000089 — 0.8 000089 |~ 0/8G
I | [ 000029 |~ €50'9 00009 |~ €09
1 || oo00ss |- e " 000099 [— BLEQ
1 000°059 Q 000°059 828'9
+1 W [ Q0000 | 1520 = 0000V9 [ LLL'
T Foowoes [ soo g 0000£9 |— 808'9
+ | ooooey |- soz9 o 000029 (— 2919
5 : ;600! I 000019 — 6v8'9 O | 000049 |— 6V8'9
o T 000°009 090 (2] | 000°009 090
Q& 1 | [ 000068 |- bic | 000065 I~ vicL
3 1 | |- oo008s |~ oezs [ 0001085 |~ 9€Z'L
- 1 | Foooozs - eov | 000:025 [~ 6ov
< 1 o |- 000095 [ 0zE'L , 000095 |— 02€'2
000055 000 USS 1314
- 1 S | [ o000ss - I65 1 ES5o2 w 000'0yS — 1867
< 4+ 2 [ L cc 0000€§ |— 22€L
& T o | [ o000z — £v9 N5 5 1< 00002§ |~ €v9'L
c = + | 000015 — 9562 LonQ 000015 |— 9567
9] o 1 2 I S0Y®
= o] = [ 000°005 €698 @) 000 005 TSO'8
5 8 T 5 [ gog00s T &ige 000067 — 0L9'6
= + S I 00008y [— LIE'}L gooosy — L€l
= 1 r L 0000y | 6Li2h 0000y (— 61121
L] T W [ 00009y |— ¥EB'EL 000097 — vE6'EL
® T = 000057 000°0SY ovS vt
o + 4 [ 000'0v5 — 9886l 00007 |- 9EEGL
4 o | [ ooooer - gerst 0000y — €2LGL
< - T 00002y — 68091 00002y — 680791 N
3 < | [ oovorr [ oerer 0000l [— 022Gl H
Z 2 i 000001 £00°9T @ 000068 gloer s
fe 2 | oo00se - 6Los = 00006€ |— 619Gl
3 | [ oooose |- 8rLGl N 00008¢ — 8¥LGL
2 | 00006 — 9286k I 000026 — 928Gk
g ([ o0o0es — oswal i 000'09€ (— OEV'S)
a 000709 000 05% S9S VT
,, [ 0000p¢ — ocaeL m 000076 |- 0Z8€l
T 000°08E — 12921 000°0€€ — LL9CL
L o000ze [ £850L - 69002 AN 000'02€ |— €ES0L  690°0C
| [ oooore - sses e / 0000k — 9688 2e9
000 00% 000 00t g1e [44 .
W | 00006 | 000G orls \N 00006¢ [~ 0008 Yor2e £5
| [ 00008z | 9lv8 €212 000082 — 9t'8 €212 Bl
\ | 0000 |- it68 [ SsLvT 5 000042 (— L¥68 [~ S54HT St
\| T 00009z |~ £08%6 616l 3 000092 |— €08'6 €661 R
000°05Z T 000°05C 1YE 0L e
\ | oooore |- ssoor | 3 0000ve |- 900r |- if s
) j - 000062 — €168 S \ 0000€C |— €.6'8 3 B
c | [~ 0000z [~ €228 o 000022 — €2C'8 £3 ¥
= I L 000012 |— $592 o 0000L — YS9 5] 3
© 900 00e 0007007 0287 SEi ¥ 3
T | [ o006t - 5t 00006} |— €162 3% .8 .5t
= e | - o008l — Lsz'8 il 00008l — 1528 §5 13 %2 &
1 3 M 0000/ — S¥8'8 g 000041 L cpee £ £33 5y
& E | [ Ooooer |- sive 8 000084 (~ Siv'6 S: %y o i
T O o 00005 / 00005t 192°0F T35 58 58S i%
] o g s 2 0000pL |- 96v'LL I8 3% %o i
] © £ L o000t — sever £ 00008} [ ¥8ZEL 2% 3§ I3 &S
© [ ooooey [ e 5 000024 |~ ¥S6'SL Sg 8% 8% s°§
| Fooont [ zeer 000011 |- 2828l £5 89 3§ 38
1 000°00F 000001 86661 3% 55 By 53
+ [ o006 [ zieve 00006 |- Zlzie g5 498 85 13
T | 00008 | S9glT 00008 |— 9L 23 §§ 58 8¢
T ﬁ - 0000, |~ l£9'1T 0000 — L£9'1C L N
1 - 00009 — L6§°1C 00009 — L69°1C 35 9% 23 g8
i 000°05 000°05 88V 1T 25 %5 8% :3%
1 | F o000 - ers 00007 — LIG'1LZ §3 3% 8 it
1 | [ oooooe - 9oelz 0000§ |— 99€'LT :S £+ 5% °F
| | [ %oooe i sbiie 0000z = SLile $Y 5% 3% o
il 00! | [ 0000l - plo'le 00001 [— VIOl §5 95 85 7
C BEBTREQNRTE 000°00 690°1C M i ® A 8 N B 00000 690°1¢C i ,WIH
2 £
Level B Level B um w. um w
(7)) () w w S 3¢
—_— S 83
o o o ) i B
> > 13 §S
o | - o | = E It
[0) 1 Lo) % - ko) is
g o | 2 g o % :
c s 8 c c 8 3 3
= = o = = 9 is 33
T 7 3 s e S
< 4 2 o 4 e is i3
© w o L o S: S
® ™ 53 i3
© ~ = = i £

10

©Arup

Do not scale



	Contents
	Appendices

	1. Introduction
	1.1 Overview

	2. Groundwater Dependent Qualifying Habitat at Moycullen Bogs NHA
	3. Hydrogeology Impact assessment
	4. Conclusion
	Appendix A
	Cross-Sections

	A.1 Cross-Sections
	GCRR-4.04.03_30.9.10_A.10.8.1 A1-4 combined.pdf
	Appendix A1 - Cross-section Letteragh A-A
	Appendix A2 - Cross-section Letteragh B-B
	Appendix A3 - Cross-section Letteragh C-C
	Appendix A4 - Cross-section Letteragh D-D

	GCRR-4.04.03_30.9.10_A.10.8.2 Eco Coolagh Lakes_I3.pdf
	Contents
	Appendices

	1. Introduction
	1.1 Overview
	1.2 Location of Coolagh Lakes
	1.3 Purpose of report

	2. Groundwater Dependent Qualifying Habitat at Coolagh Lakes (Lough Corrib SAC)
	3. Hydrogeology background
	3.1 Hydrogeological Overview
	3.2 Regional groundwater level
	3.3 Perched groundwater level
	3.4 Peak groundwater levels in Lackagh Quarry
	3.5 Water levels at Coolagh Lakes
	3.6 Water quality at Coolagh Lakes

	4. Hydrogeological Conceptual Model
	4.1 Does groundwater from Lackagh Quarry drain to Coolagh Lakes?
	4.2 What is the extent of the Coolagh Lakes groundwater catchment and by what flow mechanisms are the lake water level and lake water quality supported?

	5. Impact assessment
	5.1 Potential Impacts to the Hydrogeological regime from proposed N6 GCRR
	5.1.1 Groundwater Lowering and Groundwater Quality

	5.2 Potential Effects to Lough Corrib SAC Qualifying Interest Habitats from hydrogeological impacts
	Hard water lakes [3140]
	Molinia meadow [6410], Cladium fen [*7210] and Alkaline fen [7230]

	5.3 Mitigation Measures

	6. Conclusion
	Appendix A
	Groundwater Monitoring and Hydrographs

	A.1 Groundwater Monitoring and Hydrographs
	Appendix B
	Cross-Sections

	B.1 Cross-Sections
	GCRR-4.04.03_30.9.10_A.10.8.2 A1-5 combined.pdf
	Appendix A1 - Figure 1 Lackagh Quarry Winter GWL I1
	Appendix A2 - Figure 2 Lackagh Quarry Summer GWL I1
	Appendix A3 - Hydrographs i ii and iii I1

	GCRR-4.04.03_30.9.10_A.10.8.2 B1-4 combined.pdf
	Appendix B1 - Lackagh Cross section A_A_part 1_I1
	Appendix B2 - Lackagh Cross section A_A_part 2_I1
	Appendix B3 - Lackagh Cross section B_B_I1
	Appendix B4 - Lackagh Cross section C_C_I1





