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REPORT SUMMARY

Applied Ground Engineering Consultants Ltd (AGEC) was commissioned by Shell E & P (Ireland) Ltd (SEPIL)
to prepare a ground stability assessment report to determine the potential for ground movement along
the proposed pipeline route. This assessment confirmed the stability of the ground along the proposed
pipeline route. The pipeline route design with respect to ground stability exceeds the minimum
requirements for stability with respect to the appropriate codes.

The various stability assessments of ground movements included in this report are presented in the
various sections of the report. Within each section are contained the relevant tables and figures together
with appendices, photographs and drawings as appropriate.

The following general stability assessments are included:

(1) Peat stability assessment

(2) Assessment of stone road in peat areas

(3) Assessment of landslide impact on stone road in peat

(4) Qualitative risk assessment of the relative potential for peat failure

In addition to the above, the following ground stability risk assessments were carried out to determine the
ground movement failure frequency principally for use in the Quantified Risk Analysis (QRA) for the
onshore pipeline:

(5) Ground stability risk associated with site of landfall valve installation (LVI)

(6) Ground stability risk associated with landsliding in peat areas

(7) Ground stability risk associated with landslides originating on Dooncarton Mountain

(8) Ground stability risk associated with settlement of pipeline and associated services in peat areas

(9) Ground stability risk associated with ruptured water pipe in stone road

(10) Ground stability risk associated with pipeline within tunnel

The slope stability analysis included in this report has been carried out using Eurocode 7 (NSAI 2005 and
2007), as appropriate. Traditionally slopes were designed using a global factor of safety, whereas designs
in accordance with Eurocode 7 are carried out using limit state design with partial factors applied to loads
and materials. Using Eurocode 7, a computed factor of safety (FosEC7) for a slope of unity (=1) or greater
satisfies the requirements of Eurocode 7 and provides an acceptable margin of safety against failure which
is equivalent to the traditional global factor of safety (FOSBS) for slopes of 1.3 or greater. Where
appropriate the equivalent global factor of safety is also included.

A summary of the findings of the geotechnical assessments of ground movements is given in the following
table.
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Table: Ground Stability Assessment – General

Section Title Description of Assessment Ground Stability Assessment General Findings

Peat Stability
Assessment

A peat stability assessment for the
proposed onshore pipeline route from
the landfall at Glengad Headland to
the Bellanaboy terminal site. This
involved the assessment of the
stability of natural peat slopes along
the proposed pipeline route. The
assessment was based on a walkover
survey, review and interpretation of
the ground investigation (GI) data,
and stability analysis.

(1) The walkover survey of the pipeline route, carried out to identify salient ground conditions and in particular
evidence of peat instability, identified no evidence of peat failure that would pose a risk to the pipeline route.

(2) Results of a stability analysis showed that the natural peat slopes along the proposed pipeline route have an
acceptable and relatively high Factor of Safety. The high calculated Factors of Safety for the route
corresponds to the findings of the walkover survey of the route which identified no evidence of peat failure.

(3) Several localised areas of weaker peat were identified along the route. These areas are not considered to
represent a risk to the pipeline construction, particularly taking into account the use of a stone road
construction method in the peat.

(4) Taking into account the findings of the walkover survey, the results of the stability analysis, and the proposed
stone road construction method it is considered that the pipeline can be safely constructed along the
proposed pipeline route.

Geotechnical
Assessment of
Stone Road
Construction in
Peat Areas

A geotechnical assessment report on
the proposed use of stone road
construction in areas of peat for the
proposed Corrib onshore pipeline.
This involved a comparison of
alternative road construction
methods in peat, an assessment of
ground investigation, an
interpretation of ground conditions,
and stability analysis of the stone
road.

(1) Stone road construction in peat areas is a proven method of construction in weak ground, and for many such
situations is the preferred construction method. The stone road comprises the excavation and removal of peat
and replacement with stone fill. The stone road top surface will be 12m wide.

(2) The stone road provides a dependable working platform and is low risk construction method in peat.
Furthermore, the stone road provides a stable platform in which to install the pipeline.

(3) Analyses were carried out to assess the stability of the stone road under various load cases. The results clearly
show that the stone road has an acceptable and high Factor of Safety and provides a robust and stable
platform for construction and long term stability, as would be expected from such a large gravity fill structure.

(4) The long term stability of the stone road in the peat was examined. The installation of the stone road into the
peat provides an acceptable and high long term Factor of Safety, and notably increases the stability of the
natural peat slope. This is as a result of the inherent greater shear resistance to sliding provided by the stone
fill within the road. The risk of instability of the stone road during the operation of the pipeline is considered
to be extremely unlikely.
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Table: Ground Stability Assessment – General

Section Title Description of Assessment Ground Stability Assessment General Findings

Assessment of
Landslide Impact on
Stone Road in Peat

An assessment of landslide impact on
the stone road within peat was
carried out using an applied lateral
load to simulate the impact of a
hypothetical landslide to determine
the Factor of Safety (FoSEC7).
The assessment assumes that the
stone road is founded on a layer of
weak sensitive clay with an undrained
shear strength of 5kPa.

(1) This assessment was requested in June 2009 by the Inspector chairing the An Bord Pleanála (ABP) Oral
Hearing of the Corrib Onshore Pipeline and was originally included as additional information at the time. This
assessment supersedes that previously submitted.

(2) Assuming a failure along a fictitious weak soil layer under the road the lateral resistance of the road to a
hypothetical landslide impact was determined. The results show the road could resist about 50kN per m run.

(3) The calculation was repeated using actual ground conditions. The actual ground conditions below the peat
comprise essentially clayey gravelly sand. An acceptable FoSEC7 of 1.56 is obtained for lateral loads up to
75kN, which is estimated to approximate to a hypothetical landslide impact loading.

(4) It is noted that the presence of a weak sensitive soil layer is identified as a risk to the works and included in
the Geotechnical Risk Register included in the EIS, Appendix M4. The Geotechnical Risk Register provides
control measures where sensitive soil is encountered.

Qualitative Risk
Assessment of the
Relative Potential
for Peat Failure

A qualitative assessment of the
relative potential for peat failure was
carried out along the proposed
pipeline route in peat areas. This used
a basket of environmental factors to
determine the relative potential for
peat failure with respect to sections
of the proposed pipeline route.

(1) The qualitative assessment provides an indication of where there are potentially a number of environmental
factors that may result in an increased potential for peat failure. This can be used to inform any confirmatory
investigation and to indicate to supervising geotechnical engineers during construction of possible stability
issues.

(2) The highest scores, representing greater relative failure potential, were determined for sections of the
pipeline route located downslope of the terminal. The stone road has already been safely constructed
through these sections.

(3) Based on the results of the qualitative assessment recommendations have been produced for each section.
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Table: Ground Stability Assessment – Ground Movement Failure Frequency

Section Title Description of
Assessment

Ground Stability Assessment General Findings Natural Ground Movement/Landsliding
Failure Frequency (Note 1)

(Pipeline rupture rate per 1000 km.y)
Ground Stability
Risk Associated
with Site of Landfall
Valve Installation
(LVI)

A geotechnical
assessment of the cliff at
the proposed site of the
Landfall Valve Installation
(LVI) for the proposed
onshore gas pipeline to
the terminal site at
Bellanaboy.

(1) Visual inspection showed that the shoreline cliff was slowly retreating
inland as a result of repeated minor failure and erosion of soil. The annual
rate of soil cliff regression estimated from the historical review is about
0.03m per year.

(2) Given the low rate of cliff regression, the distance of the LVI building from
the cliff and the proposed set back distances for works it is considered that
there is no/negligible risk to the LVI as a result of ground movement due to
cliff regression for the design life of the project.

Slope instability is considered negligible or
unlikely to occur giving failure frequency
in the range :

0 to (9 x 10 5)

Ground Stability
Risk Associated
with Landsliding in
Peat Areas

This addresses ground
movement as a result of
landsliding within the peat
areas along the route of
the onshore pipeline.

(1) Local susceptibility to landsliding has been assessed along the onshore
pipeline route using site specific data. Results show that the natural peat
slopes along the proposed pipeline route have an acceptable and relatively
high Factor of Safety.

(2) Notwithstanding the above, the onshore pipeline route design in peat areas
includes for the use of a stone road, which is 12m wide, into which the gas
pipeline is buried. The stone road is an integral mitigation measure for the
onshore pipeline route in peat and provides a secure platform in which to
install the pipeline.

(3) Stability results clearly show that the stone road has an acceptable and high
Factor of Safety and provides a robust and stable platform for construction
and long term stability, as would be expected from such a large gravity fill
structure.

(4) The installation of the stone road into the peat provides an acceptable and
high long term Factor of Safety, and notably increases the stability of the
natural peat slope. The risk of instability of the stone road during the
operation of the pipeline is considered to be extremely unlikely.

Slope instability is considered negligible or
unlikely to occur giving failure frequency
in the range :

0 to (9 x 10 5)
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Table: Ground Stability Assessment – Ground Movement Failure Frequency

Section Title Description of
Assessment

Ground Stability Assessment General Findings Natural Ground Movement/Landsliding
Failure Frequency (Note 1)

(Pipeline rupture rate per 1000 km.y)
Ground Stability
Risk Associated
with Landslides
Originating on
Dooncarton
Mountain

The onshore pipeline
crosses the Glengad
Headland about 1km
north of Dooncarton
Mountain where in 2003 a
number of shallow
landslides occurred. The
potential impact on the
onshore pipeline and
landfall valve installation
in the unlikely event of
further landslides from
Dooncarton Mountain is
addressed.

(1) Given the decreasing slope inclinations away from Dooncarton Mountain
slopes and the various obstructions to debris flows such as earthen ditches,
fences, roads, buildings it is highly unlikely that a debris flow on an open
slope would reach the pipeline route or landfall valve installation.

(2) Debris flows that move down slope could enter the existing watercourses.
Once channelised, the debris flows will travel a greater distance compared
to a debris flow on an open slope.

(3) Debris flows on open slopes are considered to have no impact on the
pipeline route and LVI.

(4) Where debris flows become channelised in watercourses the debris flows
will travel greater distances. Where these watercourses cross the pipeline
route the pipeline is satisfactorily protected either with a concrete slab or
within an infilled concrete lined tunnel buried at depth and as such there is
considered to be no/negligible risk to the pipeline.

Slope instability is considered negligible or
unlikely to occur giving failure frequency
in the range :

0 to (9 x 10 5)
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Table: Ground Stability Assessment – Ground Movement Failure Frequency

Section Title Description of
Assessment

Ground Stability Assessment General Findings Natural Ground Movement/Landsliding
Failure Frequency (Note 1)

(Pipeline rupture rate per 1000 km.y)
Ground Stability
Risk Associated
with Settlement of
Pipeline and
Associated Services
in Peat Areas

An assessment of the
settlement of the stone
road with the pipe and
associated umbilical
pipeline and service ducts
buried in the stone road
has been carried out. This
includes a sensitivity
analysis of the stone road
settlement for predicted
and worst case and the
corresponding pipe
stresses.

(1) The settlement of the pipeline within the stone road has been determined
for several cases. Based on calculations by the pipeline designers it is
concluded that the onshore pipeline routed through areas of peat and
installed in the proposed stone road would not be subject to failure due to
the predicted worst case settlement of the stone road. The risk of pipeline
rupture due to settlement is considered to be negligible to extremely
unlikely.

(2) As stone will penetrate into any peat underlying the stone road any
theoretical settlement will be notably reduced. Furthermore, a substantial
proportion of settlement is likely to occur prior to laying of the pipeline and
associated umbilical and service ducts.

(3) Monitoring of ground movements will be carried out along the stone road
during and following completion of stone road construction.

(4) Monitoring instrumentation shall include survey markers installed at regular
intervals along the length of the stone road to monitor movement. In areas
of deeper peat, inclinometers will be installed in peat adjacent to the stone
road to monitor any possible lateral movement of the peat. Groundwater
levels will be monitored from drive in piezometers installed in deeper peat
areas in advance of stone road construction.

(5) Construction staff will be made fully aware of the ground conditions
expected along the route of the pipeline. A dedicated geotechnical engineer
will be employed to oversee construction monitoring with respect to
ground movements.

Slope instability is considered negligible or
unlikely to occur giving failure frequency
in the range :

0 to (9 x 10 5)
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Table: Ground Stability Assessment – Ground Movement Failure Frequency

Section Title Description of
Assessment

Ground Stability Assessment General Findings Natural Ground Movement/Landsliding
Failure Frequency (Note 1)

(Pipeline rupture rate per 1000 km.y)
Ground Stability
Risk associated with
Ruptured Water
Pipe in Stone Road

An assessment of the
effect on the stone road
and the surrounding peat
has been carried out in
the event of an unlikely
rupture of the water
carrying outfall pipe. This
includes a qualitative
assessment of the likely
effect on the surrounding
ground during initial
rupture of the water pipe
and the effects
immediately post rupture.

(1) In the unlikely event of a sudden and complete rupture of water bearing
services the extent of any structural instability to the stone road would be
localised and would not affect the ability of the stone road to safely support
the pipeline and services.

(2) As peat is essentially saturated and has a very low permeability, no further
water is likely to be readily taken into the peat as a result of the rupture. As
such, escaped water entering the peat mass is not considered a stability
risk.

(3) With regards to the escaped water from the rupture it is considered that an
amount of the escaped water will be contained within the stone road fill,
and an amount of escaped water will drain into existing forestry drainage.

(4) In summary, the likely effect of a rupture of the water pipe within the stone
road is localised seepage and possible loosening of stone within the road
above the rupture. Larger scale ground movement of the stone road peat
mass is not considered a stability risk. Escape of water from a rupture of
water bearing services is considered a negligible to extremely unlikely
stability risk.

Slope instability is considered negligible or
unlikely to occur giving failure frequency
in the range :

0 to (9 x 10 5)

Ground Stability
Risk associated with
Pipeline within
Tunnel
(Note 2)

A qualitative assessment
of the potential ground
movements within the
completed tunnel has
been carried out.

(1) The completed tunnel will comprise a concrete segment lining and will be
constructed below Sruwaddacon Bay with sufficient cover above the tunnel
to prevent any surface influence.

(2) The tunnel with the pipe and services installed will be backfilled using
cement grout.

(3) Considering the tunnel construction, burial depth of tunnel and the infilling
of the tunnel it is considered that there is a negligible risk of ground
movement adversely effecting the pipeline.

Slope instability is considered negligible or
unlikely to occur giving failure frequency
in the range :

0 to (9 x 10 5)

Notes

(1) In accordance with PD 8010 3:2009, Table B.15.
(2) Detailed assessment of ground movement adversely affecting the pipeline within the tunnel is not included.



Corrib Onshore Pipeline – Ground Stability Assessment

Page x

agecagec

TABLE OF CONTENTS

Page No.

REPORT TITLE i

DOCUMENT APPROVAL FORM ii

REPORT SUMMARY iii

TABLE OF CONTENTS x

1 CORRIB ONSHORE PIPELINE PEAT STABILITY ASSESSMENT 1

1.1 Summary 3

1.2 Introduction 4

1.2.1 Background 4

1.2.2 This Section 4

1.3 Route Description and Geomorphology 6

1.3.1 General 6

1.3.2 Review of Reported Peat Failures within the Area 6

1.3.3 Route Description and Geomorphology 8

1.3.4 Glengad Headland 8

1.3.5 Sruwaddacon Bay Tunnel Crossing 9

1.3.6 Aghoos to L 1202 Ch 88,650 to Ch 90,150 9

1.3.7 L 1202 to Terminal Ch 90,150 to Ch 91,720 9

1.4 Ground investigation 11

1.4.1 General 11

1.4.2 Ground Investigations 11

1.5 Ground Conditions 15

1.5.1 General 15

1.5.2 Glengad Headland 15

1.5.3 Sruwaddacon Bay Tunnel Crossing 15

1.5.4 Aghoos to L 1202 16

1.5.5 L 1202 to Terminal 18

1.5.6 Drained Strength Parameters for Peat 21

1.6 Peat Stability Analysis 22

1.6.1 General 22

1.6.2 Stability Model 22

1.6.3 Partial Factors 23

1.6.4 Stability Analysis 24

1.6.5 Eurocode 7 and British Standard 25



Corrib Onshore Pipeline – Ground Stability Assessment

Page xi

agec
1.6.6 Stability Analysis Results 26

1.6.7 Glengad Headland 26

1.6.8 Aghoos to L 1202 26

1.6.9 L 1202 to Terminal Site 28

1.6.10 Intact Peat Downslope of Aghoos Compound and Stringing Area 30

1.6.11 Temporary Stockpiled Peat at Aghoos Compound and Stringing Area 30

1.7 Summary of Findings 31

1.8 References 34

2 GEOTECHNICAL ASSESSMENT OF STONE ROAD CONSTRUCTION IN PEAT AREAS 68

2.1 Summary 69

2.2 Introduction 70

2.2.1 Background 70

2.2.2 This Section 70

2.3 Stone Road Construction 71

2.3.1 Typical Stone Road Details 71

2.3.2 Typical Proposed Sequence of Stone Road Construction 71

2.3.3 Comparison of Alternative Road/Access Construction Methods in Peat 72

2.4 Route Description 78

2.4.1 General 78

2.4.2 Aghoos to L 1202 to Terminal Site, Ch 88,650 to 91,720 78

2.4.3 Distribution of Peat along Route 78

2.5 Ground Conditions 80

2.5.1 General 80

2.5.2 Glengad Headland Ch 83,400 to Ch 84,000 80

2.5.3 Sruwaddacon Bay Tunnel Crossing Ch 84,000 to Ch 88,650 81

2.5.4 Aghoos to L 1202 Ch 88,650 to Ch 90,150 81

2.5.5 L 1202 to Terminal Ch 90,150 to Ch 91,720 81

2.6 Assessment of Stone Road Stability in Peat 83

2.6.1 General 83

2.6.2 Stability Model 83

2.6.3 Partial Factors 84

2.6.4 Short and Long term Stability 84

2.6.5 Stability Analysis 84

2.6.6 Stability Analysis Results 87

2.6.7 Potential Impact from Peat Slide on Stone Road 90

2.7 Construction Practice in Peat Areas 91



Corrib Onshore Pipeline – Ground Stability Assessment

Page xii

agec
2.8 Summary of Findings 93

2.9 References 96

3 GEOTECHNICAL ASSESSMENT FOR SITE OF LANDFALL VALVE INSTALLATION (LVI) 106

3.1 Introduction 107

3.2 Site Description 108

3.3 Ground Conditions 109

3.4 Findings of Field Survey 110

3.5 Causes of Cliff Erosion Based on ECOPRO Methodology 113

3.5.1 Field Survey 113

3.5.2 Historical Survey 113

3.5.3 Likely Causes of Cliff Erosion 114

3.6 Stability Analysis 115

3.6.1 General 115

3.6.2 Stability Model 115

3.6.3 Partial Factors 115

3.6.4 Stability Analysis Results 116

3.7 Summary of Findings 117

3.8 Additional Construction Measures 118

3.9 References 119

4 ASSESSMENT OF LANDSLIDE IMPACT ON STONE ROADWITHIN PEAT 133

4.1 Introduction 134

4.1.1 General 134

4.1.2 Stability Model 134

4.1.3 Partial Factors 135

4.1.4 Stability Analysis 135

4.3 Plausibility of Model 137

4.4 References 140

5 QUALITATIVE ASSESSMENT OF THE RELATIVE POTENTIAL FOR PEAT FAILURE 147

5.1 Introduction 148

5.2 Methodology Used For Qualitative Assessment 149

5.3 Findings of Qualitative Assessment 151

5.4 Mitigation Measures for High Risk Category Sections 152

5.5 References 153

6 GROUND STABILITY RISK ASSOCIATED WITH LANDSLIDING IN PEAT AREAS 158

6.1 Introduction 159



Corrib Onshore Pipeline – Ground Stability Assessment

Page xiii

agec
6.2 Pipeline Design and Related Ground Stability in Peat 160

6.3 Quantified Risk Analysis (QRA) and Ground Movement in Peat 162

6.4 References 164

7 GROUND STABILITY RISK ASSOCIATED WITH LANDSLIDES ORIGINATING ON
DOONCARTON MOUNTAIN 168

7.1 Introduction 169

7.2 Assessment 170

7.3 Landslides on Dooncarton Mountain 171

7.4 Northern Slopes of Dooncarton Mountain 172

7.5 Debris Flow Run out Distance on Open Slopes 173

7.6 Debris Flow Channelised within Watercourses 175

7.7 Summary 177

7.8 References 180

8 GROUND STABILITY RISK ASSOCIATED WITH SETTLEMENT OF PIPELINE AND
ASSOCIATED SERVICES IN PEAT AREAS 188

8.1 Introduction 189

8.2 Assessment 190

8.3 Methodology Used to Determine Settlement of Stone Road 191

8.4 Findings of Settlement of Stone Road 193

8.5 Instrumentation and Monitoring 194

9 GROUND STABILITY RISK ASSOCIATED WITH RUPTURED WATER PIPE IN STONE
ROAD 199

9.1 Introduction 200

9.2 Assessment 201

9.2.1 Introduction 201

9.2.2 Review of Water Main Pipe Ruptures 201

9.2.3 Qualitative Assessment 202

9.3 Findings of Qualitative Assessment 205



Corrib Onshore Pipeline – Ground Stability Assessment

Page 1

agec

1 CORRIB ONSHORE PIPELINE PEAT STABILITY ASSESSMENT

SECTION CONTENTS
TEXT

TABLES (within section text)

FIGURES

Figure 1 Comparison of Undrained Shear Strength (cu) for Peat with Depth for Hand
and Mechanical Shear Vanes

Figure 2 SPT 'N' Value versus Depth for Mineral Soil below Peat, Aghoos to L 1202
Figure 3 Shear Vane Strength (cu) for Peat with Depth, Aghoos to L 1202
Figure 4 Shear Vane Strength (cu) for Peat with Depth against Chainage along Pipeline

Route, Aghoos to L 1202
Figure 5 Shear Vane Strength (cu) for Peat with Depth, L 1202 to Terminal Site
Figure 6 Shear Vane Strength (cu) for Peat with Depth against Chainage along Pipeline

Route between L 1202 and Terminal Site
Figure 7 Factor of Safety (EC7) against Chainage along Pipeline Route between

Aghoos and L1202, undrained failure in Peat
Figure 8 Factor of Safety (EC7) against Chainage along Pipeline Route between

Aghoos and L1202, drained failure in Peat.
Figure 9 Factor of Safety (EC7) against Chainage along Pipeline Route between

Aghoos and L1202, undrained failure in Mineral Soil
Figure 10 Factor of Safety (EC7) against Chainage along Pipeline Route between

Aghoos and L1202, drained failure in Mineral Soil
Figure 11 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202

and the Terminal Site, undrained failure in Peat
Figure 12 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202

and the Terminal Site, drained failure in Peat
Figure 13 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202

and the Terminal Site, undrained failure in Mineral Soil
Figure 14 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202

and the Terminal Site, drained failure in Mineral Soil

APPENDICES

Appendix A Findings of Geomorphological Survey
Appendix B Route Photographs from Walkover
Appendix C Peat Effective Strength Parameters
Appendix D Stability Analysis Results

DRAWINGS (see EIS, Appendix M3)

Drawing No. 1012_01_001 Location Plan
Drawing No. 1012_01_002 Geomorphological Plan (1 of 2)



Corrib Onshore Pipeline – Ground Stability Assessment

Page 2

agec
Drawing No. 1012_01_003 Geomorphological Plan (2 of 2)
Drawing No. 1012_01_004 Plan and Longitudinal Section (1 of 3)
Drawing No. 1012_01_005 Plan and Longitudinal Section (2 of 3)
Drawing No. 1012_01_006 Plan and Longitudinal Section (3 of 3)



Corrib Onshore Pipeline – Ground Stability Assessment

Page 3

agec

1.1 Summary

Applied Ground Engineering Consultants Limited (AGEC) was commissioned on behalf
on behalf Shell E&P (Ireland) Ltd (SEPIL) to prepare a peat stability assessment for the
proposed onshore pipeline route from the landfall at Glengad Headland to the
Bellanaboy gas terminal site. This involved the assessment of the stability of natural
peat slopes along the proposed pipeline route. The assessment was based on a walkover
survey, geomorphology derived from the walkover survey, review and interpretation of
the ground investigation (GI) data, and stability analysis.

Approximately 3km of the proposed Corrib onshore pipeline is to be constructed within
peat areas. The peat varies in depth along the route between 0.25 and 4.1m with about
60% of the peat between 2 and 3m deep.

There are two sections where the proposed pipeline route passes through peat areas
namely Aghoos to L 1202 (Ch 88,650 to Ch 90,150), and L 1202 to the terminal site (Ch
90,150 to Ch 91,720).

A summary of the findings of the assessment of the stability of natural peat slopes along
the proposed pipeline route are as follows:

(1) The walkover survey of the pipeline route, carried out to identify salient ground
conditions and in particular evidence of peat instability, identified no evidence of
peat failure that would pose a risk to the pipeline route.

(2) Results of a stability analysis showed that the natural peat slopes along the
proposed pipeline route have an acceptable and high Factor of Safety. The high
calculated Factor of Safety for the route corresponds to the findings of the walkover
survey of the route which identified no evidence of peat failure.

(3) Several localised areas of weaker peat were identified along the route. These areas
are not considered to represent a significant risk to the pipeline construction,
particularly taking into account the use of a stone road construction method in the
peat.

(4) Taking into account the findings of the walkover survey, the results of the stability
analysis, and the proposed stone road construction method it is considered that the
pipeline can be safely constructed along the proposed pipeline route.
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1.2 Introduction

1.2.1 Background

Applied Ground Engineering Consultants Ltd (AGEC) was requested by Shell E&P
(Ireland) Ltd (SEPIL) in November 2008 to prepare a peat stability assessment for the
proposed Corrib onshore pipeline route from the landfall at Glengad Headland to the
Bellanaboy terminal site (Drawing 1012_01_001).

This assessment examines the stability of natural peat slopes along the route of the
proposed pipeline. The assessment is based on the findings of a walkover carried out by
AGEC in December 2008, geomorphology derived from the walkover, review and
interpretation of the ground investigation (GI) data compiled along the proposed
pipeline route and stability analysis.

The proposed onshore pipeline route is approximately 8.3km long, from the landfall at
Glengad Headland (Ch 83,400) to the terminal (Ch 91,720). The onshore pipeline crosses
approximately 3km of peatland, with peat depths ranging from 0.25 to locally 4.1m. The
two sections where the pipeline crosses over peatland are: Aghoos to L 1202 (Ch 88,650
to 90,150); and L 1202 to Terminal Site (Ch 90,150 to 91,720).

1.2.2 This Section

This section includes the following:

(1) Description of route and geomorphology

(2) Review of ground investigation

(3) Interpretation of ground conditions along the route, principally within peat areas

(4) Characterisation of ground conditions and design parameters

(5) Peat stability assessment of natural peat slopes with respect to:

(a) Stability within the peat and at the basal interface

(b) Stability within the immediate underlying mineral soil

(c) Stability assessment with and without construction loading

For reporting purposes the proposed onshore pipeline route has been divided up into
four sections based on the ground conditions encountered as shown below.

Section Chainage Peatland

1 Glengad Headland 83,400 to 84,000 No

2 Sruwaddacon Bay Tunnel Crossing 84,000 to 88,650 No

3 Aghoos to L 1202 88,650 to 90,150 Yes

4 L 1202 to Terminal Site 90,150 to 91,720 Yes

The chainages used to determine the extent of the individual sections are based on the
ground conditions and do not relate to land boundaries.
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The peat sections of the proposed onshore pipeline route are described as follows:

(1) Aghoos to L 1202. This section of proposed onshore route is on gentle slopes within
peat which extends from the landfall at the southern end of Sruwaddacon Bay at
Aghoos to a local road (L 1202). The ground comprises blanket peat overlying
mineral soil.

At about Ch 89,250 the route passes across a stream, Leenamore Inlet, where there
is some reclaimed agricultural land. There is a peat cutting to the east and adjacent
to the reclaimed agricultural land at Ch 89,350, which also marks the start of an
area of open peatland that extends to about Ch 89,550.

From Ch 89,550 the route is essentially within forestry until about Ch 90,150 where
a local road (L 1202) and a stream are crossed.

At the shoreline at Aghoos the ground elevation is about 4m OD which generally
rises gradually to a high point of about 25m OD at Ch 90,300 south of the local road
(L 1202).

(2) L 1202 to Terminal Site. This section of the proposed onshore pipeline route is
located on gentle sloping ground. The ground comprises blanket peat overlying
mineral soil. The route is within forestry and intersects some areas of dense forestry
comprising both juvenile and mature trees and open land. The forested areas
contained a network of open drainage channels.

The topography initially generally rises gradually to a high point of about 25m OD at
Ch 90,300 south of the local road (L 1202). From this high point the elevation
gradually falls to where a minor stream is encountered at about Ch 90,680 before
rising in elevation to about 36m OD at the terminal.
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1.3 Route Description and Geomorphology

1.3.1 General

As part of the peat stability assessment for the proposed onshore pipeline, AGEC
undertook a walkover survey of the route in December 2008 together with a review of
available records of peat failures within the area.

The purpose of the walkover survey was to provide a record of the salient
geomorphological features of the route and to provide an assessment of ground
conditions, particularly peat conditions and evidence of peat instability that may pose a
risk to the pipeline route.

At the time of survey the weather was clear, with no rainfall. The weather preceding the
survey was typical for the time of the year. The survey was carried out by geotechnical
engineers/engineering geologists experienced in peatland assessment.

The following salient geomorphological features were included in the survey:

(1) Morphology, such as slope inclination and break in slope

(2) General ground conditions

(3) Indications of active, incipient or relict instability particularly within the peat

(4) Drainage conditions and wet areas

(5) General land use, such as agriculture, peat cutting

(6) General peat conditions including description, thickness, strength

The survey covered all reasonably accessible areas along the route.

The method adopted for carrying out the survey relied on the survey team carrying out
a visual assessment of the site with peat depth probing and recording of salient
geomorphological features.

Aerial photographic interpretation was also used to supplement the field survey.

The results of the survey were used to compile the geomorphological plans (Drawing
1012_01_002 and 003).

1.3.2 Review of Reported Peat Failures within the Area

The Geological Survey of Ireland (GSI, 2006), Irish landslides Working Group report a
number of peat failure events within Mayo, some of which are historical events. There
are some 120 landslide events recorded in the GSI database for Ireland with 12 of these
events occurring in County Mayo.
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In recent times there have been a number of recorded peat failure events within the
vicinity of the pipeline route. Details of some of the recent relevant events are given
below.

(1) Dooncarton mountain landslides, September 2003.

On 19 September 2003 a cluster of 40 separate shallow landslides, including
significant peat failures, occurred on Dooncarton Mountain during an exceptional
rainfall event (Dykes and Warburton, 2008).

The trigger for landslides was the exceptional rainfall (in excess of 100 year return
period) in combination with steep topography (generally greater than 20 degrees
and up to 40 degrees) and local soil characteristics.

The mountain slopes are covered in blanket peat which thins gradationally upslope.
The peat was underlain by a dominantly sandy mineral soil, including a buried
topsoil horizon, derived from weathering of the mainly schist bedrock, and bedrock
at shallow depth.

Most of the landslide scars are coincident with the upper slope area where the peat
cover gives way to thin peaty soil, and the slope is at its steepest and greatest
convexity. It is considered that rapid ingress of water into the upper slope caused a
build up of a perched water table below the thin peat/soil cover that resulted in
loss of effective stress leading to a reduction in shear resistance and ultimately
failure.

Analysis of the upper part of the slope (Dykes and Warburton, 2007) showed that
the slope convexity, where the peat cover gives way to thin peaty soil, defined the
zone of minimum stability. Failure of the slope segment immediately above the
convexity was controlled by the depth of peat and the build up of water pressure
within the slope.

The prevailing topographic and soil conditions on Dooncarton Mountain are notably
different from the conditions that exist along the pipeline route. A notable pre
condition of failures on Dooncarton Mountain was the combination of steep slopes
(generally greater than 20 degrees and up to 40 degrees) and thin peat cover.

In contrast to Dooncarton Mountain, the slope inclinations within the peat areas
along the proposed pipeline route are gentle with inclinations not exceeding about
5 degrees, furthermore the peat cover generally exceeds 2m, see below for details.

(2) Peat landslip on L 1202 road, Aghoos, Erris, May 2008.

In comparison to the above events, this landslip incident was relatively minor in
nature. The incident was located adjacent to a minor public road (L 1202),
approximately 0.8km from the pipeline route. The incident occurred during
widening works for the road by Mayo County Council on 8 May 2008.
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The incident comprised movement of peat over a length of over 40m along the
north side of the road. The movement appeared to extend some 15 to 20m distance
away from the road, and affected an area possibly up to 800m2 with peat depth
estimated at 2 to 3m. Total affected volume was estimated at up to 2400m3.

The upper section (about 1m thick) of the failed peat appeared to be fibrous and
was underlain by more amorphous peat. The incident area was vegetated by coarse
grass, reeds with occasional bushes, trees and tree stumps with forestry some 30 to
50m from edge of the road. The lateral extent of the landslip was possibly
controlled by the presence of drainage ditches that run perpendicular to the road.

The existing road is a floating road and appeared to be undamaged by the incident.

The reasons for the incident are not known in detail but based on descriptions of
the event and an inspection of the site the possible cause of the landslip was
bearing failure of the in situ peat due to excessive loading. The loading was as a
result of placement of excavated peat and quarry stone placed during the road
widening. This loading likely caused a bearing failure within the in situ weaker peat
that would have initially failed as rotational movement resulting in heave followed
by limited translational movement.

The inadvertent loading of weak peat has been identified in a number of peat
failures. For the construction of the pipeline it is proposed to limit placing of load
onto the peat surface by the construction of a stone road through the peat areas.

Stone road construction within peat areas is a recognised construction method for
access in particularly deep peat areas and has been used for example on the Mayo
Galway gas pipeline. The constructed stone road provides a stable platform for
subsequent construction work, so reducing construction impact on the surrounding
peat, and provides stable ground in which to install the pipeline.

1.3.3 Route Description and Geomorphology

Detail description of the route is provided in Appendix A and shown on the
geomorphological plans (Drawing 1012_01_002 and 003) with a summary of the route
and the geomorphology given below. For chainage location of features described below
refer to the geomorphological plans.

Photographs associated with the geomorphological plans are presented in Appendix B.
The details given below are those identified or/and recorded from the walkover, further
sub surface ground details are given in the section on Ground Conditions.

1.3.4 Glengad Headland

The pipeline landfall is on the northeast coast of the headland (Ch 83,400). At the
landfall the sea cliff is some 2.5 to 3m high with bedrock exposed at the base of the cliff.
The route passes through mostly agricultural land where the topography is relatively
uniform with slope inclinations about 1 degree.
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Areas of sand hills are present to the north and it is possible that sand underlies part of
the route.

Several watercourses carrying streams from Dooncarton Mountain to the south cross
the route.

Overall there is little peat cover in the area with typically peaty topsoil present with a
thickness of about 0.5m.

1.3.5 Sruwaddacon Bay Tunnel Crossing

This section of proposed works passes below Sruwaddacon Bay. The foreshore area on
the Glengad Headland comprises a shallow beach terrace comprised of fine sandy
sediments.

The foreshore area on the Aghoos side also comprises a shallow beach terrace formed
dominantly of slightly gravelly silt with occasional tree roots. There is a small cliff formed
dominantly in peat about 2 to 2.4m high.

1.3.6 Aghoos to L 1202 Ch 88,650 to Ch 90,150

This section contains extensive areas of blanket peat.

South of the Sruwaddacon Bay at Aghoos the pipeline route is within peat which
extends from the landfall at the shoreline to the terminal site at Bellanaboy.
Immediately adjacent to the foreshore there is a minor cliff formed mostly in peat some
2 to 2.4m high. The peat thickness for the section typical ranges from about 2 to about
4.2m, except where a stream is crossed (Leenamore Inlet) where peat is absent.

At about Ch 89,250 the route passes across the Leenamore Inlet, where there is some
reclaimed agricultural land. There is a peat cutting adjacent to the reclaimed agricultural
land, which also marks the start of an area of open peatland that extends to an area of
forestry.

Drainage within this section comprises a stream and some ditches on property
boundaries or adjacent to local access tracks.

The route within this section is on typically gentle peat slopes with inclinations from 2 to
3 degrees increasing to locally about 8.5 degrees as the route crosses the Leenamore
steam inlet and peat thickness becomes thinner.

In general, the peat surface condition in this section varied from surface hummocks with
some water logging to reclaimed peatland. Close to cuttings the peat was drier and
firmer underfoot.

1.3.7 L 1202 to Terminal Ch 90,150 to Ch 91,720

This section contains extensive areas of blanket peat.
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The topography initially generally rises gradually to a high point of about 25m OD at Ch
90,300 and then gradually falls to where a minor stream is encountered at about Ch
90,680 before rising in elevation to about 36m OD at the terminal.

The peat thickness for the section typical ranged from about 2 to locally about 5m.

The route is on typically gentle peat slopes with inclinations typically from 0.5 to 3
degrees increasing to about locally 4 to 8 degrees as the route crosses a tributary of the
Leenamore River and peat thickness becomes thinner.

Drainage within the area comprised a stream and regularly spaced forestry drainage.

Generally the route is within forest breaks that run through the forestry plantation.

In general, the peat surface condition in the area varied from some local water logging
to well drained peat in parts of the forestry. A stone road was present for part of the
pipeline route near the terminal.
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1.4 Ground investigation

1.4.1 General

The purpose of the ground investigations (GI) was to define the subsurface conditions
along the proposed onshore pipeline route for the construction of the proposed
onshore pipeline. The ground conditions investigated were as follows:

(1) Peat conditions, and

(2) Granular and cohesive soils below peat and bedrock.

In this section attention is given to the peat areas, with data from GI used to determine
particularly thickness and strength of the peat for assessment of peat stability.

1.4.2 Ground Investigations

A number of ground investigations have been carried out along the current proposed
route, with some of the investigations having been carried out along earlier proposed
pipeline routes. The following ground investigations have been carried out from the
Glengad Headland landfall to the terminal site, namely:

(1) IDL (2002). Included percussion boring, trial pits and pipe bearing tests along the
entire proposed onshore pipeline route from the landfall at Glengad Headland to
the terminal.

(2) AGEC (July 2004). Included peat probing, peat sample logging, trial pits and in situ
shear vane testing in peat along proposed onshore pipeline route from Glenamoy
River Estuary to terminal site.

(3) AGEC (September 2004). Included trial pits either side of the west end of
Sruwaddacon Bay along an earlier proposed pipeline route.

(4) Osiris Projects (2004). This included a geophysical marine survey at the
Sruwaddacon Bay Lower Crossing.

(5) GES (2007). Included percussion boring with follow on rotary drilling along the
proposed onshore pipeline route carried out on the Glengad Headland and
Rossport (West) along an earlier proposed pipeline route.

(6) Osiris Projects (2007). This included a hydrographic and geophysical survey across
Sruwaddacon Bay and its close environs.

(7) IDL (2008). Included percussion boring with follow on rotary within Sruwaddacon
Bay at the two locations between Glengad Headland and Rossport (West), and
between Rossport (Commonage) and Aghoos along an earlier proposed pipeline
route across Sruwaddacon Bay.
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(8) RPS (2008). Included peat probing and shear vane testing of the peat along a

proposed earlier onshore pipeline route through the blanket peat area in Rossport
(Commonage) and along part of the currently propose route south of
Sruwaddacon Bay.

(9) AGEC (January 2009). Site walkover and mapping of exposures along the northern
shoreline of Sruwaddacon Bay.

(10) IDL (2009). Boreholes carried out at Glengad and Aghoos sites at proposed launch
pit sites for the original proposed crossing at the west end (mouth) and southern
end of Sruwaddacon Bay.

(11) RPS (2010) and AGEC (2010) peat probes carried out in the Aghoos area.

1.4.2.1 IDL (2002)

Ground investigations carried out along proposed onshore pipeline route from the
landfall at Glengad Headland to the terminal site.

Comprised cable percussion boreholes, trial pits and pipe bearing tests with associated
laboratory testing carried out along the relevant onshore pipeline route. The boreholes
were taken to depths between 2.1m (BH1) and 6.0m (BH2) below ground level (bgl).

Trial pits were excavated to depths between 3.2m (TP9) and 3.7m (TP1) bgl.

Pipe bearing tests were carried out in a shallow trench. A sealed length of pipe was
placed on in situ ground within base of trench and settlement with time recorded.

1.4.2.2 AGEC (July 2004)

Ground investigations carried out along proposed onshore pipeline route from
Leenamore to the terminal site.

The depth of peat was determined along the proposed onshore pipeline route by way of
probing. The probes were carried out along the centre line with a probe off set at 20m
either side of the centre line.

A total of 8 trial pits (TP 01 to TP 08) were carried out. Trial pits were excavated to
depths between 2.30m (TP 06) and 5.10m (TP 03) using either a Hitachi EX60 or JCB
JS130 excavator. Bulk samples were taken of all underlying mineral soil.

Peat sample logging was carried out and samples were retrieved using a Russian Peat
Borer (RPB). The samples were logged in accordance with the von Post Classification.

Mechanical vane testing was carried out using a Geonor H 10 mechanical vane in peat.
Testing was carried out at typically 0.5m depth intervals in peat.
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1.4.2.3 AGEC (September 2004)

Ground investigations carried out on the foreshore between Glengad Headland and
Rossport (West).

Trial pitting was carried out along the foreshore with a total of 12 trial pits (TPW 1 to
TPW 6 and TPE 1 to TPE6). Trial pits were excavated to depths between 1.2m (TPE 5)
and 3.0m (TPW 1, TPW 2, TPE 2 and TPE 6) bgl. Samples were taken for rock strength
testing.

1.4.2.4 Osiris Projects (2004)

This non intrusive geophysical marine survey was carried out to ascertain the bedrock
level for the proposed onshore pipeline between the Glengad Headland and south of
the Rossport jetty.

1.4.2.5 GES (2007)

Ground investigation carried out along proposed onshore pipeline route by GES
between the Glengad Headland and Rossport (West).

A total of 15 number cable percussion boreholes with rotary core follow on was carried
out with 7 number exploratory holes in the vicinity of the current onshore pipeline
layout. The exploratory holes were taken to depths between 19.9m (BH003 07) and
25.1m (BH016 07) bgl. Soil and rock samples were taken for laboratory testing.

Acoustic and optical televiewer surveys were carried out in a number of exploratory
holes; these surveys indicated bedrock features such as rock dip angle, rock
orientations, fractures and faults.

1.4.2.6 Osiris Projects (2004)

The main objectives of the marine geophysical survey were to produce detailed
bathymetric charts, which showed the distribution of all of the main channels within the
area and to map sediment thicknesses/depth of bedrock.

1.4.2.7 IDL (2008)

Ground investigation carried out at two locations across Sruwaddacon Bay; the first
between Glengad Headland and Rossport (West), and the second between Rossport
(Commonage) and Aghoos.

Total of 14 cable percussion boreholes with rotary core follow on carried out within
Sruwaddacon Bay. These exploratory holes were carried out from a jack up rig at
locations shown on Drawings 1012_01_004 to 006. The exploratory holes were taken to
depths between about 25 and 35m bgl. Soil and rock samples were taken for laboratory
testing.
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1.4.2.8 RPS (2008)

Ground investigations carried out by RPS at Rossport (Commonage) across blanket peat.

The depth of peat was probed along the onshore pipeline route with a total of about 53
probes in Rossport (Commonage) with some 80 probes in total. The probes were carried
out approximately on the centre line at varying spacing along the proposed pipeline
route. From probe records peat was recorded at a depth between 0.25m and 5m. Vane
testing within the peat was also carried out.

Within the section from Aghoos to the L 1202 a number of probes were also carried out
together with vane testing in the peat.

In situ vane testing was carried out in peat using a SL800 hand vane. Testing was carried
out at various depth intervals in peat.

1.4.2.9 AGEC (January 2009)

Site walkover and mapping of exposures along the northern shoreline of Sruwaddacon
Bay. Included visual inspection and mapping of rock and soil exposures along the
shoreline with details annotated on geomorphological plans.

1.4.2.10 IDL (2009)

Ground investigations carried out at the two original proposed launch pit sites for earlier
proposal to use micro tunnelling.

Comprised two cable percussion boreholes with rotary core follow on carried out for
proposed launch pits, one at Glengad and one at Aghoos at the launch pit site.
Boreholes were carried out to depths of between 23.5m and 26m bgl. Bedrock was
recorded at 4.3m at the Glengad site and at 8.2m at the Aghoos site.

1.4.2.11 RPS (2010)

Ground investigation carried out at the proposed Aghoos tunnel compound.

A total of 74 peat probes were carried out across the Aghoos site. Peat depths ranged
from 0.15m to 3.8m in thickness. The thinnest peat was recorded in the southern half of
the site, with the peat becoming thicker to the north.

1.4.2.12 AGEC (2010)

Ground investigation carried out to the east of the L1202 road in Aghoos

Comprised a number of peat probes carried out along the route of the pipeline within
forestry.
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1.5 Ground Conditions

1.5.1 General

The ground conditions along the proposed onshore pipeline route vary considerably and
include mineral soil, blanket peat, cohesive and granular mineral soil beneath the
blanket peat, and marine deposits and rock within Sruwaddacon Bay.

Interpreted ground conditions along the land portion of the proposed onshore pipeline
route are shown in Drawing Nos. 1012_01_004 to 006.

The ground conditions of importance to peat stability are as follows:

(1) Peat conditions, and

(2) Mineral soil conditions immediately below peat.

The ground conditions for each section are reported below with only outline ground
conditions provided for non peat areas.

1.5.2 Glengad Headland

This section of proposed onshore pipeline crosses Glengad Headland between Ch 83,400
and about 84,000.

The overburden material on Glengad Headland was described as generally granular
deposits over bedrock. The granular deposits ranged between typically 4 and 5m below
ground level (bgl).

The granular deposits were described as medium dense to very dense sandy gravel or
gravelly sand.

The bedrock underlying the granular deposits was described as moderately strong to
very strong psammite and semi pelite with moderate weathering.

Groundwater was encountered in boreholes at depth, typically between about 3 and 4m
bgl, which is not necessarily representative of the true groundwater level.

There is no significant peat cover in this section and as such this section is not
considered further.

1.5.3 Sruwaddacon Bay Tunnel Crossing

This section of proposed onshore pipeline crosses Sruwaddacon Bay between Ch 84,000
and Ch 88,650. Two ground investigations have been carried out in the bay (at time of
writing). These investigations included exploratory holes which were carried out from a
jack up rig at locations across the bay, and trial pits on the west and east shores. A
summary of the investigations is as follows;
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BHF001 08 to BHF013 08, including BHF014b 08 (IDL, 2008).

TPW 1 to TPW6 and TPE 1 to TPE 6, (AGEC, Sept. 2004).

The above investigations were carried out to indentify marine deposits and rockhead
and associated rock properties. The rock beneath the bay crossing consists of
moderately strong to very strong semi pelitic schist, and very strong psammite with
elements of weathering.

This section is not considered further.

1.5.4 Aghoos to L 1202

This section of the proposed onshore pipeline is between Ch 88,650 and Ch 90,150. The
ground investigation carried out consisted of cable percussion boreholes, trial pitting
and probing. A summary of the investigations is as follows;

BH008 07, BH009C 07 (GES, 2007).

PL 20 and TP 06 (AGEC, 2004).

AGEC also carried out a walkover in December 2008 and 2010 along this section of
proposed onshore pipeline route. This walkover included identifying geomorphology
features, logging exposures and probing peat to determine depths in the area of the
proposed onshore pipeline route.

1.5.4.1 Ground Conditions and Material Properties

The ground cover between Aghoos and L 1202 was identified as grassland between Ch
88,650 and about Ch 89,510 from AGEC walkover with the remainder comprising
forestry. Blanket peat effectively underlies the entire section. The exploratory holes
described peat over cohesive soil over granular over bedrock.

The peat depths along this section of the proposed onshore pipeline route ranged from
0.4m to 4.2m bgl in the southeast (RPS, 2008), with the granular and cohesive soils
ranging between 5.8m and 7.2m bgl. Drilling into the bedrock was taken to depths
between 8.8m and 25.4m bgl.

The peat was described as very soft fibrous and decomposed peat; the peat was more
fibrous for approximately the upper metre. Peat strength along the route was
determined using both in situ hand held and mechanical vane. Comparison of test
results from both vanes (Figure 1) shows a reasonable comparison for lower bound
results.

The cohesive soil was described as locally very soft to soft sandy gravelly clay beneath
the peat (BH009C 07) with cohesive soil (glacial till) recorded below the granular soil
and above the bedrock described as stiff slightly sandy gravelly clay (BH008 07 and
BH009C 07).
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The bedrock was described as moderately weak to moderately strong psammite.

Standard Penetration Testing (SPT) was carried out in boreholes in mineral soil below
the peat with SPT N values ranging from 6 to 50 with a mean value of 24, see Figure 2.

Particle Size Distribution (PSD) testing was carried out on samples taken from boreholes
giving fines values (% passing 63 micron sieve) between 10% and 41%. The majority of
the results showed fines in the order of 15% passing the 63 micron sieve which classifies
the material as generally cohesive with granular soil also present.

The natural moisture content was determined on samples with values ranging from 7%
to 100%, the high natural moisture contents are attributed to organic matter, with lower
bound values being attributed to the cohesive and granular soils. The cohesive soils are
classified as generally clay with low plasticity, with localised results indicating clay and
silt of intermediate to high plasticity.

Peat

The strength descriptions of peat indicate undrained shear strengths less than 20kN/m2.

Peat depth along this section of proposed onshore pipeline was determined by way of
probing. The probes were carried out along the centre line of the proposed onshore
pipeline, with probe depths varying from about 0 to 4m, with an average thickness of
about 2m (Drawings 1012_01_005 and 006).

The undrained strength from the SL800 hand vane (RPS, 2008) ranged between 1 and
19kPa with a mean of 11kPa (Figure 3). The low strength values at shallow depth are not
considered representative. Variation of shear strength along onshore pipeline route is
shown in Figure 4.

For the purpose of peat stability assessment between Aghoos and the L 1202, hand
vane undrained strengths recorded along this section will be adopted. A summary of
engineering properties of peat is given in Table 3.

Parameter Typical Range
of Values

Design
Value

Comments

Weight density (kN/m3) 10 to 11 10.5 Assumed based on
experience of ground
investigation of blanket
peat.

Undrained shear strength, cu
(kN/m2)

1 to 19 1 to 19 Based on strengths
determined from in situ
hand vane, see Figure 3.

Table 3 Geotechnical Properties of Peat from Aghoos to the L 1202
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Mineral Soil (Cohesive Soil)

Mineral soil below the peat was generally recorded as cohesive from boreholes, though
granular sols were also recorded. Examination of exposures in the cliff during the
walkover confirmed the presence of generally cohesive mineral soil below the peat.

The material described as cohesive in exploratory holes indicate strengths locally
between <20kN/m2 to 40kN/m2, and typically between 75kN/m2 to 150kN/m2. Strength
estimated from SPT data, using a conservative f1 value of 5 gave strength of typically
between about 90kN/m2 and 250kN/m2.

Mineral soil exposed in the cliffs on the foreshore was described as firm to locally soft
dark to light brown slightly sandy to very sandy slightly gravelly to gravelly slightly
organic silt. Locally the mineral soil was more granular.

Geotechnical properties of mineral soil are given in Table 4.

Parameter Typical Range of
Values

Design Value Comments

Effective angle of
friction, ' ( )

28 to 40 30 Assumed based on description
and experience

Effective
cohesion, c' (kPa)

1 Assumed based on description
and experience

Undrained shear
strength, cu (kPa)

Soft to firm 20kPa(1) Immediately below the peat

Notes
(1) Tomlinson (2001)

Table 4 Geotechnical Properties of Mineral Soil from Aghoos to the L 1202

1.5.4.2 Groundwater

Groundwater was struck in exploratory holes between ground level and 2.3m bgl. No
standpipe or piezometer records were available and the true groundwater level is not
necessarily represented by the strikes recorded in the site investigation.

1.5.5 L 1202 to Terminal

This section of proposed onshore pipeline is between Ch 90,150 to Ch 91,720. The
overburden material between the L 1202 and the Terminal Site is typically peat over
mineral soil. The ground investigation along this section of onshore pipeline included
probing, trial pitting, peat sampling and mechanical vane testing. The following is a
summary of the ground investigations;

TP 01 to TP 05, PL 01 to PL 19, PL01A to PL 11A and PL 14A to PL 18A (AGEC, July
2004).

TP8 to TP10 (IDL, 2002)
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Peat depth along the proposed onshore pipeline route, using peat probe depths
typically along centre line, varied from about 2.1m to 4.6m, with an average thickness of
3.3m (see Drawing 1012_01_006).

Undrained shear strength (cu) of in situ peat was determined by IDL (Irish Drilling Ltd)
using a Geonor H 10 mechanical vane (AGEC, July 2004). Results are not factored based
on findings from previous investigations in blanket peat (see for example Hanrahan,
1967, Piggott et al., 1992 and AGEC, 2004); these previous investigations back analysed
failures and found that unfactored vane results provided a reasonable estimate of the
operating undrained shear strength.

Shear strength recorded from vane testing ranged between 2 and 35kPa with a mean of
10kPa. Plot showing the relationship between depth and peat cu is shown in Figure 5.
Variation of shear strength along pipeline route is shown in Figure 6.

No direct peat strength measurements were carried out in the IDL (2002) investigation.
From trial pits, peat was described as very soft and soft. Based on BS 5930 (BSI, 1999),
this would suggest peat strength of between ‘less than 20’ and up to 40 kPa.

A summary of engineering properties of peat is given in Table 5.

Parameter Typical
Range of
Values

Design
Value

Comments

Weight density (kN/m3) 10 to 11 10.5 Assumed based on experience of
ground investigation of blanket
peat.

Undrained shear
strength, cu (kPa)

2 to 35 2 to 35 Undrained shear strength (cu) of
in situ peat from Geonor H 10
mechanical vane, see Figure 5.

Table 5 Geotechnical Properties of Peat from L 1202 to the Terminal Site

Geotechnical Properties of Mineral Soil

From AGEC (2004), trial pits TP 03 and 06 were taken into mineral soil below peat. From
IDL (2002), trial pits TP8 to TP10 were taken into mineral soil.

In most trial pits mineral soil was not reached as sidewall collapse in peat prevented
deeper excavation.

Mineral soil comprised the following and was described (from AGEC, July 2004) as:

(1) Grey/brown slightly silty gravely SAND with occasional cobbles (Upper Till) which
overlies,

(2) Blue grey clayey gravely fine SAND with occasional cobbles (Lower Till).
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In IDL (2002) mineral soil was described as gravelly sandy SILT.

Upper Till was not encountered in all trial pits and in IDL (2002) was only encountered in
TP8. The Upper Till formed a relatively thin and discontinuous layer with thickness of
about 0.3 to 1m, and is not considered further.

Lower Till was exposed in the bottom of trial pits over a depth of 0.35m to 1.1m. The
base of the Lower Till was not encountered.

Where mineral soil was encountered in IDL (2002) trial pits, an iron pan was recorded
above mineral soil. The presence of an iron pan at this horizon is considered suspect as
extensive investigations at the nearby terminal site found no iron pan and examination
of soil exposures within excavations for the terminal showed no significant iron pan.

Strength descriptions were not included in trial pit logs. Based on trial pit descriptions
and discussions with AGEC logging engineering geologist, the mineral soil was
considered to be of relatively low strength when exposed and disturbed; and that the
actual in situ strength was difficult to determine for this reason.

In some trial pits the Lower Till was described as ‘running’ (TP 03 and TP 06) or
‘saturated silts unstable’ (TP9 and TP10) and where encountered in trial pits was
saturated and sensitive to disturbance. Where there is disturbance and/or removal of
confining pressure (overburden) from the Lower Till liquefaction can occur. Liquefaction
is a localised effect due to removal of confining pressure; re establishing the confining
pressure, such as placing of stone fill, will prevent liquefaction.

Based on the above descriptions the strength of these materials is given in Table 6.

Parameter Typical Range of
Values

Design Value Comments

Effective angle of
friction, ' ( )

30 Assumed based on description
and experience

Effective
cohesion, c' (kPa)

1 Assumed to behave as cohesive
soil

Undrained shear
strength, cu (kPa)

Soft to firm 40kPa(1) Lower Till where saturated is
sensitive to disturbance and is
liable to liquefy when exposed

Notes
(1) Tomlinson (2001)

Table 6 Geotechnical Properties of Mineral Soil (Lower Till) from L 1202 to Terminal Site
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1.5.6 Drained Strength Parameters for Peat

To determine a suitable drained strength value for peat a review of published
information on peat was carried out. Appendix C (Peat Effective Strength Parameters)
shows a summary of the published information on peat together with drained strength
values.

From Appendix C the values for c’ ranged from 1.1 to 10kPa and ’ ranged from 21 to
40°. The average c’ and ’ values are about 4kPa and 30° respectively. Based on the
above, it was considered to adopt a conservative approach and to use design values
below the averages.

For stability assessment of peat the following general drained strength values have been
used for all peat locations:

c’ = 2kPa
’ = 25 degrees
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1.6 Peat Stability Analysis

1.6.1 General

A stability analysis was carried out to determine the stability of the existing natural peat
slopes in sections where blanket peat exists along the proposed onshore pipeline route,
namely; Aghoos to L 1202, and L 1202 to Terminal.

Stability analysis was carried out in accordance with Eurocode 7 (EC7) as follows:

(1) IS EN 1997 1 Eurocode 7: Geotechnical Design Part 1: General Rules (NSAI, 2005),
and

(2) IS EN 1997 1 National Annex. Irish National Annex to Eurocode 7: Geotechnical
Design Part 1: General Rules (NSAI, 2007).

The stability analysis method used to determine the stability against sliding failure of
peat slopes along the proposed onshore pipeline route was an infinite slope analysis
(Skempton and DeLory, 1957). This analysis is conservative and the calculated degree of
stability is underestimated.

1.6.2 Stability Model

Using the traditional approach, for an infinite slope method, one of the following basic
equations must be satisfied. Traditionally the minimum acceptable FoSBS is taken as 1.3.

Undrained: FoS = cu
sat z sinbcosb

Drained: FoS = c' + ( sat z – w zw) z cos
2btan ’

sat z sinbcosb

where:
sat weight density of saturated peat
w weight density of water
’ angle of shearing resistance

c’ effective cohesion
cu undrained shear strength

angle of inclination of slope/sliding surface
z depth to base of peat
zw height of water above base of peat/sliding surface

Using EC7, the following inequality must be satisfied for ultimate limit state, namely:

Ed Rd

where:

Ed is the design value of the effect of actions
Rd is the design value of the resistance to an action
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The above infinite slope equations can be re written as inequalities to define the design
values of effect of actions and resistance to action as follows:

Undrained: G sat z sinbcosb 1 cu

R;e cu

Drained: G sat z sinbcosb 1 [ c' + G ( sat z – w zw) z cos
2b tan ’ ]

R;e c’ ’

where: G, cu, c’, ’, R;e are partial factors as defined below.

Stability can also be expressed as the ratio of Rd/Ed, which is commonly referred to as
the Factor of Safety (FoSEC7).

Using EC7, a FoSEC7 of 1 or greater is considered acceptable.

1.6.3 Partial Factors

For ultimate limit state calculations, EC7 specifies three design approaches (DA1 to
DA3), all of which are permitted for use under the Irish National Annex (NSAI, 2007).
Design approach 1 (DA1) includes two combinations (C1 and C2) of partial factors; DA2
and DA3 includes one combination of partial factors.

The various design approaches use different combinations of partial factors as follows:

Design Approach (DA) Partial Factor Combination

DA1.C1 A1 M1 R1
DA1.C2 A2 M2 R1
DA2: A1 M1 R2
DA3: (A1 or A2) M2 R3

The following partial factors (A, M and R) apply.
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SetAction (A) Symbol
A1 A2

Unfavourable 1,35 1,0
Permanent

Favourable G 1,0 1,0
Unfavourable 1,5 1,3

Variable
Favourable Q 0 0

Source: IS EN 1997 1:2005, Table A.3

SetMaterial Soil Parameter (M) Symbol
M1 M2

Angle of shearing resistance ’ 1,0 1,25
Effective cohesion c’ 1,0 1,25
Undrained shear strength cu 1,0 1,4
Weight density 1,0 1,0
Source: IS EN 1997 1:2005, Table A.4

SetResistance (R) Symbol
R1 R2 R3

Earth resistance (for slopes) R;e 1,0 1,1 1,0
Source: IS EN 1997 1:2005, Table A.14

In practice, the following is generally found to be the case for slope stability problems:

DA1.C2 is usually more critical than DA1.C1
DA3 usually gives the same result as DA1.C2
It is generally not recommended to use DA2 for slope stability problems

The stability results given in the following sections have been calculated using EC7
partial factors, using DA1.C2.

DA1.C1 was also checked however the calculated factors of safety were higher than
those for DA1.C2.

1.6.4 Stability Analysis

The stability analysis examined the following scenarios:

(1) Potential failure in the peat within the basal zone of the peat (total stress and
effective stress condition), and

(2) Potential failure in the mineral soil just below the peat mineral interface (total and
effective stress condition).

Stability was analysed using two conditions, namely total stress and effective stress.
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The total stress condition applies to short term conditions occurring during construction
and for a short time following construction until construction induced pore water
pressures dissipate. Undrained shear strength values (cu) for peat are used for total
stress conditions.

The effective stress condition in the peat, which applies to long term conditions
occurring after construction and at a time when construction induced pore water
pressures have dissipated. A drained analysis requires effective cohesion (c’) and
effective friction angle ( ’) values for the calculations. These values can be difficult to
obtain because of disturbance experienced when sampling peat and weak soils. In
particular, there are difficulties in accurately interpreting test results for peat due to the
excessive strain induced within the peat. To determine suitable drained strength values
a review of published information on peat was carried out see Appendix C.

The following assumptions were used in the analysis of stability of natural peat slopes.

(1) Peat strength and depth of base of peat determined from ground investigations.

(2) The shear strengths for the analysis were determined as follows;

(a) For peat, undrained shear strength (cu) was determined using the results from
vane tests, see Figure 3 and 5.

(b) For peat the drained strength ( ’ and c’) was determined from published data,
see above and Appendix C.

(c) For mineral soil, undrained shear strength (cu), and the drained strength ( ’ and
c’) were determined from strength descriptions and experience. Design cu
varied from locally 20 to 40kPa immediately below the peat. For peat stability
analysis only a generalised worst case of 15kPa was used for the whole of the
route in peat.

(3) The failure (sliding) surface is assumed to occur at the base of the peat as
determined from probe results. Where failure is within the mineral soil then it is
assumed that the failure surface occurs within the mineral soil, 0.1m below the base
of peat is used.

(4) Slope angle of failure (sliding) surface is assumed to be parallel to the ground
surface.

For stability analysis, two load cases were considered representing the likely general
range of loadings that may occur during construction, assuming that construction in
peat will essentially be isolated from the peat by the use of ‘stone road’. These load
conditions are (1) no applied loading and (2) 10kN/m2 applied loading.

1.6.5 Eurocode 7 and British Standard

There has been a change in design philosophy with the introduction of Eurocode 7 (EC7)
(IS EN 1997 1:2005). The effects of actions and resistances are treated separately and
partial factors are applied to actions (A), material soil parameters (M) and resistances
(R) as required.
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The Eurocode requires that it is verified that no relevant limit state is exceeded. Both
the ultimate limit state (ULS) and the serviceability limit state (SLS) are considered. For
the ULS, provided that the design value of the resistance (Rd) is greater than the design
value of the effect of actions (Ed), the design is considered safe.

Unlike the traditional approach, EC7 does not provide a direct measure of safety, since
global Factors of Safety are not used.

The previous code of practice for earthworks BS 6031:1981 (BSI, 1981), states that for a
first time failure with a good standard of site investigation the design Factor of Safety
(FoSBS) should be greater than 1.3. This code, which has since been superseded, has
been previously used for earthworks design, and for comparative purposes only is
included.

A new edition of BS 6031 was published in 2009 which is consistent with Eurocode 7.

1.6.6 Stability Analysis Results

Stability Analysis results are included in Appendix D.

The results of the stability analyses have been determined using the approach of EC7
with the result expressed in terms of FoSEC7.

For comparative purposes only the FoSBS determined using the previous approach of BS
6031:1981 is also included.

1.6.7 Glengad Headland

There was no blanket peat recorded in this area, therefore no peat stability analysis is
required.

1.6.8 Aghoos to L 1202

Ground investigation work (RPS, 2008) in this area included a number of probes
together with hand vane testing in the peat. The following analysis uses data collated
from the above investigation and AGEC walkover carried out in December 2008.

Further confirmatory investigation work is to be carried out within the peat along this
section of the proposed pipeline route prior to construction in order to confirm the
ground conditions.

1.6.8.1 Failure within the Basal Zone of the Peat

Undrained Analysis

An infinite slope analysis was carried out to determine the against peat instability along
the pipeline route between Aghoos and L 1202 for the undrained condition. This
analysis includes an assessment of peat stability assuming failure occurs just above the
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base of the peat. The undrained condition would correspond for example to the effect
of sudden loading of the peat.

An analysis was carried out using the in situ peat vane strength at the test locations
along the proposed route.

A FoSEC7 less than 1 was recorded in the area of about Ch 89,017 (Figure 7). The
calculated FoSEC7 for load condition (2) was 0.66. This corresponds to a notably low and
anomalous value of undrained strength (1kPa) at 1m bgl. The strength used in the
analysis (1kPa) is notably low and possibly not representative of the peat conditions.

Given the apparent low peat strength in this area further ground investigation will be
carried out prior to construction to confirm the peat conditions.

Where low peat strengths exist then construction controls should be exercised in this
area, particularly loading of the peat should be avoided.

Drained Analysis

An infinite slope analysis was carried out to determine the FoS against peat instability
along the pipeline route between Aghoos and L 1202 for the drained condition. This
analysis includes an assessment of peat stability assuming failure occurs just above the
base of the peat. The drained condition would correspond for example to concentrated
water ingress into the base of the peat from an intense rainfall event.

The effective stress parameters used were ’ of 25o and c’ of 2 kPa, see Appendix C.

Results of analysis show that all FoSEC7’s are greater than 1 (Figure 8). This assessment
shows that the peat between the South of Sruwaddacon Bay and L 1202 section of the
proposed onshore pipeline has an adequate FoSEC7 for the drained or long term
condition which from the walk over survey would be considered the case as there are
no signs of rainfall induced failures of the peat within the area.

1.6.8.2 Failure within the Mineral Soil below the Peat

Undrained Analysis

An infinite slope analysis was carried to determine the FoSEC7 against sliding instability
within the mineral soil below the peat along the pipeline route between Aghoos and L
1202 for the undrained condition. This analysis includes an assessment of the stability
0.1m below the peat mineral interface within the mineral soil. The undrained condition
would correspond for example to the effect of sudden loading of the peat.

The total stress parameters used for the mineral soil was assumed to be cu of 15kPa
which is assumed a worst case based on an undrained shear strength of less than 20kPa.

Results of analysis show that all FoSEC7 were greater than 1 (Figure 9).
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This assessment shows that the mineral soil along Aghoos to L 1202 section of the
proposed onshore pipeline has an adequate FoSEC7 for the undrained or short term
condition.

Drained Analysis

An infinite slope analysis was carried to determine the FoSEC7 against sliding within the
mineral soil below the peat along the pipeline route between Aghoos to L 1202 for the
drained condition. This analysis includes an assessment of the stability 0.1m below the
peat mineral interface within the mineral soil. The drained condition would correspond
for example to concentrated water ingress into the base of the peat from an intense
rainfall event.

The effective stress parameters used for the mineral soil was assumed to be; ’ of 30o

and c’ of 1 kPa.

Results of analysis show that all FoSEC7 were greater than 1 (Figure 10).

This assessment shows that the mineral soil between Aghoos and L 1202 section of the
proposed onshore pipeline has an adequate FoSEC7 for the drained or long term
condition.

1.6.9 L 1202 to Terminal Site

1.6.9.1 Failure within the Basal Zone of the Peat

Undrained Analysis

An infinite slope analysis was carried out to determine the FoSEC7 against peat instability
along proposed onshore pipeline route between L 1202 and the terminal site for the
undrained condition. This analysis includes an assessment of peat stability assuming
failure occurs just above the base of the peat. The undrained condition would
correspond for example to the effect of sudden loading of the peat.

A FoSEC7 less than 1 was recorded in the area of about Ch 90,838 (Figure 11). The
calculated FoSEC7 for load condition (1) was 0.92, and for load condition (2) was 0.65 This
corresponds to a notably low value of undrained strength (2kPa) with a slight increase in
the slope inclination at this location. The strength used in the analysis (2kPa) is notably
low and possibly not representative of the peat conditions.

Given the apparent low strength in this area further ground investigation should be
carried out prior to construction to confirm the peat conditions.

A stone road has already been safely constructed in this area.

Where low peat strengths exist then construction controls should be exercised in this
area, particularly loading of the peat should be avoided.
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This assessment shows that the peat between the L 1202 and terminal site section of
the pipeline has an adequate FoSEC7 for the undrained or short term condition.

Drained Analysis

An infinite slope analysis was carried out to determine the FoSEC7 against peat instability
along the pipeline route between L 1202 and the terminal for the drained condition.
This analysis includes an assessment of peat stability assuming failure occurs just above
the base of the peat. The drained condition would correspond for example to
concentrated water ingress into the base of the peat from an intense rainfall event.

The effective stress parameters used were ’ of 25o and c’ of 2 kPa, see Appendix C.

Results of analysis show that all FoSEC7’s are greater than 1 (Figure 12). This assessment
shows that the peat along between the L 1202 and terminal section of the proposed
onshore pipeline has an adequate FoSEC7 for the drained or long term condition which
from the walk over survey would be considered the case as there are no signs of rainfall
induced failures of the peat within the area.

1.6.9.2 Failure within the Mineral Soil below the Peat

Undrained Analysis

An infinite slope analysis was carried to determine the FoSEC7 against sliding instability
within the mineral soil below the peat along the pipeline route between L 1202 and the
terminal for the undrained condition. This analysis includes an assessment of the
stability 0.1m below the peat mineral interface within the mineral soil. The undrained
condition would correspond for example to the effect of sudden loading of the peat.

The total stress parameters used for the mineral soil was assumed to be cu of 15kPa
which is assumed a worst case based on an undrained shear strength of less than 20kPa.

Results of analysis show that all FoSEC7’s are greater than 1 (Figure 13). This assessment
shows that the mineral soil along the L 1202 to the terminal section of the proposed
onshore pipeline has an adequate FoSEC7 for the undrained or short term condition.

Drained Analysis

An infinite slope analysis was carried to determine the FoSEC7 against sliding within the
mineral soil below the peat along the pipeline route from the L 1202 and the terminal
for the drained condition. This analysis includes an assessment of the stability 0.1m
below the peat mineral interface within the mineral soil. The drained condition would
correspond for example to concentrated water ingress into the base of the peat from an
intense rainfall event.

The effective stress parameters used for the mineral soil was assumed to be; ’ of 30o

and c’ of 1 kPa.
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Results of analysis show that all FoSEC7 were greater than 1 (Figure 14). This assessment
shows that the mineral soil along the L 1202 and the terminal section of the proposed
onshore pipeline has an adequate FoSEC7 for the drained or long term condition.

1.6.10 Intact Peat Downslope of Aghoos Compound and Stringing Area

A check on the stability of the in situ peat at the Aghoos compound and stringing area
was carried out using peat probe results (RPS, 2010) and available shear vane results.

The area of peat under the compound and stringing areas will be partly excavated and
replaced with suitable stone. Given the shallow slope inclinations in the area and the
increased shear resistance due to the placed stone instability is not considered an issue.

An area of peat will be left intact between the downslope margin of the compound and
stringing areas and the shoreline of Sruwaddacon Bay. The stability of this area of peat
has been assessed. Given the near vertical peat cliffs along the shoreline and the nature
of the drainage in the area, the peat in this area has over time been effectively drained
with an associated increase in shear strength. Hand held shear vane results in the area
show peat shear strength in excess of 20 kPa. By inspection, this area of peat would
have an acceptable margin of stability.

1.6.11 Temporary Stockpiled Peat at Aghoos Compound and Stringing Area

The acrotelm (‘scraw’) peat layer excavated from the Aghoos compound and stringing
area will be safely stored temporarily on site for restoration purposes following
completion of the works. It is proposed to temporarily stockpile the excavated peat
upslope of the compound and stringing area and downslope of the L 1202 road. The
footprint of the stockpile peat is on ground that is partly cut over and drained peat (see
Drawing No.1012_01_003).

Within the cut over peat area below the proposed temporary stockpile, mineral soil is
exposed which has been described as firm to stiff silt. Given the competent nature of
the ground below the stockpile and the presence of the stone filled compound and
stringing area downslope it is considered by inspection that there is an acceptable
margin of stability with respect to failure of the intact ground below the stockpile.

A detailed stockpile management plan will be produced to ensure that the stockpiles
themselves are suitably stable. The plan will include for example, peat handling,
stockpile height/geometry, surface shaping, drainage.
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1.7 Summary of Findings

The finding of the assessment of peat stability assessment for the proposed onshore
pipeline route from the landfall at Glengad Headland to the Bellanaboy terminal site are
as follows.

(1) An assessment of the peat stability along the proposed onshore pipeline route was
carried out and included the following: walkover survey of the route and
production of geomorphological plans, review of ground investigation and
interpretation of ground conditions, and assessment of peat stability.

(2) The proposed onshore pipeline route is approximately 8.3km long, from the
landfall at Glengad Headland to the terminal. The onshore pipeline crosses
approximately 3km of peatland, with peat depths ranging from 0.25 to locally
about 5m with about 60% of the peat between 2 and 3m deep.

(3) The two sections where the proposed pipeline crosses passes through peatland
are Aghoos to L 1202 (Ch 88,650 to Ch 90,150), and L 1202 to terminal site (Ch
90,150 to 91,720).

(4) The general geology along the route and the depth of peat is shown on Drawings
1012_01_004 to 006. The deepest peat is recorded between L1202 and the
terminal site, where peat is locally up to about 5m deep.

(5) The walkover survey of the pipeline route was carried out to identify salient
ground conditions, in particular evidence of peat instability that may pose a
potential risk to the pipeline route. The findings of the walkover survey of the
route identified no apparent signs of peat instability that would pose a risk to the
pipeline route.

(6) A stability assessment of the route was carried out using an infinite slope
approach to model the stability of natural peat slopes. The stability analysis
examined the following potential failure models:

(5) Potential failure in the peat within the basal zone of the peat (total and
effective stress condition), and

(6) Potential failure in the mineral soil just below the peat mineral interface (total
and effective stress condition).

(7) The stability analysis examined two load cases namely (1) no applied loading and
(2) 10kN/m2 applied loading.

(8) The results of the stability analysis (for all potential failure models) showed that
the natural peat slopes along the proposed pipeline route have an acceptable
Factor of Safety (FoSEC7) of 1 or greater in accordance with relevant standards
(Eurocode 7) where the peat is not loaded.
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(9) In the case where the peat is loaded by 10kPa the FoSEC7 was less than 1 for

undrained failure within the basal zone of the peat at two locations (Ch 89,017
and 90,838).

(10) The localised areas where the FoSEC7 was low corresponded to locations where
there were particularly low undrained strength values (1 and 2kPa) recorded from
the in situ hand vanes.

(a) At about Ch 89,017 results of analysis show that the FoSEC7 is 0.66. This
corresponds to an area of relatively intact peat, where the peat strength is
1kPa at 1m bgl. The strength used in the analysis (1kPa) is notably low and
considered anomalous and not representative of the peat conditions.

(b) At about Ch 90,838 on the approach to the terminal results of analysis show
that the FoSEC7 is 0.92 for load condition (1) and 0.65 for load condition (2).
This corresponds to a notably low value of undrained strength (2kPa) with a
slight increase in the slope inclination at this location. The strength used in the
analysis (2kPa) is notably low and possibly not representative of the peat
conditions. A stone road has already been safely constructed in this area.

(11) Overall the results of the stability analysis showed that the natural peat slopes
along the proposed pipeline route have an acceptable and relatively high Factor of
Safety (FoSEC7).

(12) Extensive ground investigations have been carried out along the route though
investigation has been limited in some areas due to access difficulties. Using the
investigation data the stability assessment has shown that the natural peat slopes
have a satisfactory FoSEC7. Notwithstanding the above, prior to construction
confirmatory ground conditions will be carried out in selected areas to re confirm
the ground conditions as follows:

(a) In situ vane tests (using mechanical vane) and undisturbed sampling for
associated laboratory testing in peat to establish strength and general
characteristics.

(b) In situ tests and undisturbed sampling for associated laboratory testing in
underlying mineral soil to establish strength and general characteristics.

(13) In conclusion

(a) The walkover survey of the pipeline route, carried out to identify salient
ground conditions and in particular evidence of peat instability, identified no
evidence of peat failure that would pose a risk to the pipeline route.

(b) Results of a stability analysis showed that the natural peat slopes along the
proposed pipeline route have an acceptable and relatively high FoSEC7. The
high calculated FoSEC7 for the route corresponds to the findings of the
walkover survey of the route which identified no evidence of peat failure.
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(c) Localised areas of weaker peat were identified along the route. These areas

are not considered to represent a significant risk to the pipeline construction,
particularly taking into account the use of a stone road construction method
in the peat.

(d) Taking into account the findings of the walkover survey, the results of the
stability assessment and the proposed stone road construction method it is
considered that the pipeline can be safely constructed along the proposed
pipeline route.
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Figure 1 Comparison of Undrained Shear Strength (cu) for Peat with Depth for Hand and
Mechanical Shear Vanes
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Figure 2 SPT 'N' Value versus Depth for Mineral Soil below Peat, Aghoos to L 1202
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Figure 3 Shear Vane Strength (cu) for Peat with Depth, Aghoos to L 1202

Note
(1) Results based on in situ tests using SL810 hand vane with 33mm diameter vane
(2) Vane results are not corrected for plasticity.
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Figure 4 Shear Vane Strength (cu) for Peat with Depth against Chainage along Pipeline
Route, Aghoos to L 1202
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Figure 5 Shear Vane Strength (cu) for Peat with Depth, L 1202 to Terminal Site

Note
(1) Results based on tests using Geonor H 10 mechanical vane with 65mm diameter
(2) Vane results are not corrected for plasticity.
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Figure 6 Shear Vane Strength (cu) for Peat with Depth against Chainage along Pipeline
Route between L 1202 and Terminal Site
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Note: Low FoS at ch 89,017 corresponds to anomalous low undrained strength of 1kPa at 1m bgl

Figure 7 Factor of Safety (EC7) against Chainage along Pipeline Route between Aghoos
and L1202, undrained failure in Peat

Figure 8 Factor of Safety (EC7) against Chainage along Pipeline Route between Aghoos
and L1202, drained failure in Peat
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Figure 9 Factor of Safety (EC7) against Chainage along Pipeline Route between Aghoos
and L1202, undrained failure in Mineral Soil

Figure 10 Factor of Safety (EC7) against Chainage along Pipeline Route between Aghoos
and L1202, drained failure in Mineral Soil
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Note: Low FoS at ch 90,838 corresponds to notably low and possibly unrepresentative undrained strength
of 2kPa. A stone road has already been safely constructed in this area.

Figure 11 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202
and the Terminal Site, undrained failure in Peat

Figure 12 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202
and the Terminal Site, drained failure in Peat
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Figure 13 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202
and the Terminal Site, undrained failure in Mineral Soil

Figure 14 Factor of Safety (EC7) against Chainage along Pipeline Route between L1202
and the Terminal Site, drained failure in Mineral Soil
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APPENDIX A
FINDINGS OF GEOMORPHOLOGICAL SURVEY
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Table A1 Section 1 Geomorphological Summary of Proposed Onshore Pipeline Route (see Notes at end)

Approximate
Chainage

Slope
(degs)

To From

Morphology General Soil and Rock Conditions Drainage General Land
Use/Land Cover

Peat Conditions Photo

83.400 84.065 1o Uniform slope with
undulations to the
north

At landfall area:
0 0.5m peaty topsoil
0.5 – 2.5m firm brown very sandy
gravelly silt with some to much angular
cobbles
2.5 3m Very dense brown gravelly
angular to sub rounded mixed lithology
cobbles. Gravels showing localised
foliation.
Variable rockhead from >1.6m to 3m at
landfall. Strong light brown to grey
medium grained psammite/semi pellite
extensively fractured and locally
weathered. 3 sets of sub vertical
fractures spacing commonly <100mm.
Sub horizontal fractures spacing
commonly<300mm

Sand underlies part of the route.

Surface run off
and several large
ditches

Grazing land Peaty topsoil 1.1
1.2
1.3

84.065 84,075 Shallow <1o Shallow beach terrace
on foreshore of bay.

Tidal zone Grass None 2.1

84,075 88,640 Sruwaddacon Bay
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Table A2 Section 3 Geomorphological Summary of Proposed Onshore Pipeline Route (see Notes at end)

Approximate
Chainage

Slope
(degs)

To From

Morphology General Soil and Rock Conditions Drainage General Land
Use/Land Cover

Peat Conditions Photo

88,640 88,650 Shallow <2o Shallow beach terrace
on foreshore of bay

Occasional bedrock exposures with
sand gravel and angular cobbles and
boulders

Tidal zone Tidal None 5.1

88,650 88,660 Locally
steep to
sub vertical

Locally steep 2 – 2.4m
soil peat cliff

0 – 2.1m soft to firm dark brown
fibrous peat with lower 0.3m
amorphous peat. Tree roots at 1.8m
2.1 – 2.4m firm brown silt with
rootlets.

Erosion drains
occasionally
cutting through
cliff face

Peat locally eroded at cliff face due to
surface runoff channels

6.1
6.2

88,660 89,100 2 to 4.5o Uniform slope
becoming steeper
eastwards

0 – 2.1m soft to firm dark brown
fibrous peat

Surface runoff.
Single ditch along
field boundary

Grassland/grazing Depth: 2.1m at foreshore and
upslope, reducing to 0.8m eastwards.
Drainage: Surface drainage,
occasional ditch.
Land use: Grazing. Area of cut peat to
the south
Condition: Peat generally soft to firm,
extensively hummocky and
undulating (likely due to over
grazing) with dendritic water
channels forming in between
hummocks.

6.3

89,100 89,190 4.5 to 6.5o Sloping down
eastwards and
increasing at break of
slope.

0 – 1.1m soft to firm dark brown
fibrous peat. Localised cultivation. Tree
roots at base of peat common.
>1.1m firm to stiff brown very sandy
gravelly silt with angular to sub
rounded cobbles.

Surface runoff.
Single ditch cross
cutting proposed
pipeline.

Extensive areas of cut
peat. Grazing.
Grasslands

Depth: 1.1m reducing eastwards to
0.5m. Extensive areas where peat
removed by cutting. Drainage:
Surface runoff. Single drainage ditch
perpendicular to proposed pipeline.
Land use: Some cut peat. Grazing to
the east
Condition: Peat soft to firm.
Eastwards peat likely to have been
reclaimed for agriculture.

6.4
6.5



Corrib Onshore Pipeline – Ground Stability Assessment

Page 49

agec

Table A2 Section 3 Geomorphological Summary of Proposed Onshore Pipeline Route (see Notes at end)

Approximate
Chainage

Slope
(degs)

To From

Morphology General Soil and Rock Conditions Drainage General Land
Use/Land Cover

Peat Conditions Photo

89,190 89,200 Sub vertical
to sub
horizontal

Locally steep soil and
man made rubble
wall adjoining flat
man made
stone/rubble track

0 – 0.7m rubble wall
0.7 – 1.3m firm light brown very sandy
gravelly silt

Surface runoff Access None 6.6

89,200 89,240 Sub
horizontal

Flat lying river
crossing with low
terraces

Sandy gravel with extensive cobbles. Surface runoff None 6.6

89,240 89,250 Sub vertical
to sub
horizontal

Locally steep soil
bank adjoining flat
man made
stone/rubble track

0 – 0.2m soft to firm dark brown peaty
topsoil
0.2 1.2m firm dark to light brown
slightly organic sandy gravelly silt with
occasional cobbles

Surface runoff.
Erosion feature
on bank
channelling runoff

Access None

89,250 89,330 4.5 to 8.5o Uniform to convex
slope

0 to 1.5 m soft to firm dark brown
fibrous silty peat. Likely reclaimed.

Surface runoff.
Localised
channelling

Grazing. Grasslands.
Reeds

Depth: 0.2 to 1.5m – onwards
Drainage: Surface runoff. Localised
channelling
Land use: Grazing
Condition: Peat likely to have been
reclaimed for agriculture

6.7

89,330 89,370 4o Slightly convex slope 0 – 2m soft to firm fibrous peat Surface runoff.
Ditches to east,
west and north

Domestic cut peat Depth: 2m to the east, 1.5m to the
west
Drainage. Ground waterlogged
where peat excavated. General
surface runoff northwards into
ditches.
Land use: Domestic cut peat.
Condition: Peat cut in bays with
narrow banks of intact peat in
between. Intact peat uneven and
area where peat excavated
undulating and waterlogged
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Table A2 Section 3 Geomorphological Summary of Proposed Onshore Pipeline Route (see Notes at end)

Approximate
Chainage

Slope
(degs)

To From

Morphology General Soil and Rock Conditions Drainage General Land
Use/Land Cover

Peat Conditions Photo

89,370 89,530 2.5 to 3.5o Generally uniform
slope. Slightly convex
and raised to the
west

0 – 3.5m soft to firm peat Surface runoff.
Ditch at boundary
to east

Grazing. Grasslands Depth: +3.1m to the south and
northeast. 2.7m to the northwest
Drainage: Surface runoff with
discrete shallow water channels
northwards and minor valley
Land use: Grazing
Condition: Intact peat slightly
undulating and uneven

89,530 90,250 0.5 to 1o Generally gentle
slope to north with
very slight N S
trending depression
and stream in west

0 – 3.3m soft to firm fibrous peat Drainage ditches
trending NW SE
generally at 3.5m
centres and
occasional NE SW
trending ditches
along access
tracks and
firebreaks

Forestry land with
dense mature trees
to the west young
trees and harvested
areas to the east and
north

Depth: 1.2m to the west, 3.3m to the
east.
Drainage: Forestry drainage ditches
generally spaced at 3.5m centres
with water flow to the west. Ditches
along firebreaks and tracks flowing N
to NE
Land use: Forestry
Condition: Peat extensively
vegetated and generally well drained
at surface
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Table A3 Section 4 Geomorphological Summary of Proposed Onshore Pipeline Route (see Notes at end)

Approximate
Chainage

Slope
(degs)

To From

Morphology General Soil and Rock Conditions Drainage General Land
Use/Land Cover

Peat Conditions Photo

90,250 90,360 0.5 to 1o Initially gentle slope
reducing as
approaching ridge
line

0 – >3.8m soft to firm brown to dark
brown peat

Drainage ditches
NE SW trending
ditches along
access
track/break

Edge of forestry land
overgrown with scrub
and bushes

Depth: 3.2m to the northeast,
>3.8m at the ridge line
Drainage: Forestry drainage ditches
spaced along access track draining
northeast
Land use: Forestry
Condition: Peat vegetated and
drained at surface

90,360 90,620 0.5 to 1o Gentle slope south
increasing
southwards

0 – >3.7m soft to firm brown to dark
brown peat

Drainage ditches
E W 3 to 6m
spacing. N S
trending ditches
along access track

Forestry land with
mature trees to the
west and young trees
to the east

Depth: >3.7m to the south, 3.7m to
the north
Drainage: Forestry drainage ditches
spaced at 3 to 6m with drainage
west. N S trending ditches along
access track draining south
Land use: Forestry
Condition: Peat extensively
vegetated and generally well
drained at surface

7.1

90,620 90,650 2 to 4o Slightly concave slope 0 – >3.4m soft to firm dark brown peat Drainage ditches
E W trending 3 to
6m spacing. N S
trending ditches
along access track

Forestry land with
mature trees to the
west and east

Depth: >3.4m
Drainage: Forestry drainage ditches
spaced at 3 to 6m with drainage
west. N S trending ditches along
access track draining south
Land use: Forestry
Condition: Peat extensively
vegetated and generally well
drained at surface

7.2
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Table A3 Section 4 Geomorphological Summary of Proposed Onshore Pipeline Route (see Notes at end)

Approximate
Chainage

Slope
(degs)

To From

Morphology General Soil and Rock Conditions Drainage General Land
Use/Land Cover

Peat Conditions Photo

90,650 90,680 0 to locally
8o near

stream bank

‘U’ shaped
meandering stream
valley with irregular
slopes

0 – 3.6m soft to firm dark brown silty
peat.
Silty gravely sand in stream bed

Drainage ditches
and surface
runoff into stream

Stream valley
bordering forestry
land

Depth: 2.3m to the east, 3.6m to
the west
Drainage: Drainage ditches and
surface runoff into westward
flowing stream
Land use: Forestry
Condition: Peat soft and
waterlogged adjacent to stream

90,680 90,710 1o Gentle slope north 0 – 3.6m soft to firm dark brown peat Drainage ditches
E W trending 3 to
6m spacing.
Occasional NW SE
and N – S
trending ditches
crosscutting

Forestry land with
sparse young trees

Depth: +3m to east and west.
Drainage: Forestry drainage ditches
E W trending 3 to 6m spacing.
Occasional NW SE and N – S
trending ditches crosscutting and
flowing north.
Land use: Forestry with firebreaks
Condition: Peat soft to firm drained
at surface by ditches

90,710 91,070 3o Uniform slope to the
north north west.

0 3.7m soft to firm brown to dark
brown peat with upper 0.6m fibrous

Drainage ditches
E W trending
commonly 15m
spacing. N S
trending ditch
adjacent to area
of stacked peat
approx 20m east
of access track.
Surface runoff
along access track

Forestry land with
dense mature trees
to east and west of
access track/firebreak

Depth: 3.7m to the south and 3.1m
north reducing to 3.1m in central
areas.
Drainage: Forestry drainage ditches
E W trending commonly 15m
spacing. N S trending ditch
adjacent to area of stacked peat
approx 20 east of access track.
Land use: Forestry with firebreaks
Excavated peat stacked <1m high
between 12 and 20m wide on east
side of 12m wide access track
Condition: Peat soft to firm fibrous
over top 0.6m. Well drained by
surface ditches
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Table A3 Section 4 Geomorphological Summary of Proposed Onshore Pipeline Route (see Notes at end)

Approximate
Chainage

Slope
(degs)

To From

Morphology General Soil and Rock Conditions Drainage General Land
Use/Land Cover

Peat Conditions Photo

91,070 91,550 1 to 2o Uniform slope to the
north north west.

0 >3.1m soft to firm brown to dark
brown peat with upper 0.6m fibrous

Drainage ditches
E W trending
commonly 15m
spacing. N S
trending ditch
adjacent to area
of stacked peat
approx 20m east
of access track.
Surface runoff
along access track

Forestry land with
dense mature trees
to east and northwest
of access
track/firebreak and
sparse young trees to
the southwest

Depth: +3.1m to the north, 3.1m to
the southwest typically 2.6m to the
south east and in central areas.
Drainage: Forestry drainage ditches
E W trending commonly 15m
spacing. N S trending ditch
commencing approx 130m from
southern end adjacent to area of
stacked peat approx 20 east of
access track. Localised waterlogged
ground to the south east.
Land use: Forestry with firebreaks
Excavated peat stacked <1m high
between 12 and 20m wide on east
side of 12m wide access track and
excavated peat stacked <1m high
5m wide on west side of track.
Condition: Peat soft to firm fibrous
over top 0.6m. Generally well
drained by surface ditches

7.3

91,550 91,710 Within terminal site

Notes
(1) Approximate chainages given above relate to the chainages shown on specifically the geomorphological plans reference should be made to these plans.
(2) Peat depths are based on probing carried out as part of the walkover survey. Further data on peat depths is available from the ground investigations carried out along the route.
(3) The general soil and rock conditions are based on exposures recorded in the walkover survey. More detail data is available from the ground investigations carried out along the route.
(4) The above details are based principally on the findings of the walkover survey carried out by AGEC in December 2008.
(5) Some details have been compiled from aerial photographic interpretation, particularly where there was no readily available access to lands.
(6) For photograph location refer to geomorphological plans. Photographs are presented in Appendix B.
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APPENDIX B

ROUTE PHOTOGRAPHS FROMWALKOVER
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Photo 1.1 View west adjacent to proposed pipeline route showing grasslands

Photo 1.2 View west showing foreshore and cliff
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Photo 1.3 View south showing grasslands and waterlogged areas

Photo 2.1 View south east showing sandy silt terrace



Corrib Onshore Pipeline – Ground Stability Assessment

Page 57

agec

Photo 5.1 View north showing beach, spit feature to the right and terrace

Photo 6.1 View showing peat/sub soil profile with ancient tree root
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Photo 6.2 View east showing beach, terrace and peat cliff

Photo 6.3. View northeast showing peatland
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Photo 6.4 View west showing area of excavated peat and ancient tree roots

Photo 6.5 View east showing grassland and area of proposed river crossing
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Photo 6.6 View south showing river crossing and terraces

Photo 6.7 View northeast showing peatland
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Photo 7.1 View north along bog mat road

Photo 7.2 View south along proposed pipeline route
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Photo 7.3 View north along proposed pipeline route showing recently completed stone road near
terminal
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APPENDIX C
PEAT EFFECTIVE STRENGTH PARAMETERS
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Table C1 List of Effective Cohesion and Friction Angle Values

Reference Cohesion, c’ (kPa) Friction Angle, ’
(degs)

Testing Apparatus/ Comments

Hanrahan et al (1967) 5 to 7 36 to 43 From triaxial apparatus

Rowe and Mylleville
(1996)

2.5 28 From simple shear apparatus

2 to 4 27.1 to 32.5 Mainly ring shear apparatus for normal
stress greater than 13kPa

Landva (1980)

5 to 6 At zero normal stress

Carling (1986) 6.5 0

0 38 From ring shear and shear box apparatus.
Results are not considered representative.

Farrell and Hebib
(1998)

0.61 31 From direct simple shear (DSS) apparatus.
Result considered too low therefore DSS not
considered appropriate

1.1 26 From simple shear apparatusRowe, Maclean and
Soderman (1984) 3 27 From DSS apparatus

Sandorini et al (1984) 4.5 28 From triaxial apparatus

6 38 From triaxial apparatus using soil with 20%
organic content

McGreever and Farrell
(1988)

6 31 From shear box apparatus using soil with
20% organic content

Hungr and Evans
(1985)

3.3 Back analysed from failure

Madison et al (1996) 10 23

Dykes and Kirk (2006) 3.2 30.4 Test within acrotelm

Dykes and Kirk (2006) 4 28.8 Test within catotelm

Warburton et al
(2003)

5 23.9 Test in basal peat

Warburton et al
(2003)

8.74 21.6 Test using fibrous peat
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APPENDIX D
EXAMPLE STABILITY ANALYSIS RESULTS
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Location Material Properties BS 6031:1981 Condition (1) Condition (2)

100% Water 100% Water

Chainage Slope
Undrained

shear
strength

Weight
density of

Peat

Peat
Depth

Factor of Safety for Load
Condition

FOS
Critical

Combination
FOS

Critical
Combination

(deg) cu (kPa) (kN/m3) (m) Condition (1) Condition (2)
100% Water 100% Water

88946 2.2 6 10.5 1.5 9.9 6.0 7.09 DA1.C2 3.80 DA1.C2
89018 2.1 11 10.5 1.2 23.8 13.0 17.03 DA1.C2 8.17 DA1.C2
89019 2.1 13 10.5 1 33.8 16.9 24.15 DA1.C2 10.50 DA1.C2
89017 2.1 1 10.5 1.5 1.7 1.0 1.24 DA1.C2 0.66 DA1.C2
89017 2.1 11 10.5 1.5 19.1 11.4 13.62 DA1.C2 7.30 DA1.C2
89137 1.8 12 10.5 1.4 26.0 15.2 18.57 DA1.C2 9.63 DA1.C2
89329 4.2 12 10.5 1.5 10.4 6.3 7.45 DA1.C2 3.99 DA1.C2
89369 3.4 8 10.5 2 6.4 4.3 4.60 DA1.C2 2.79 DA1.C2
89480 2.6 11 10.5 1.75 13.2 8.4 9.44 DA1.C2 5.41 DA1.C2
89550 2.3 11 10.5 1.1 24.1 12.6 17.19 DA1.C2 7.88 DA1.C2
89650 1.9 11 10.5 1.1 28.6 15.0 20.42 DA1.C2 9.36 DA1.C2
89714 2.4 8 10.5 1.5 12.0 7.2 8.56 DA1.C2 4.59 DA1.C2
89784 0.8 8 10.5 3.6 16.0 12.5 11.40 DA1.C2 8.37 DA1.C2
89860 1.9 8 10.5 2.7 8.5 6.2 6.05 DA1.C2 4.08 DA1.C2
89950 1.5 4 10.5 2.5 5.7 4.1 4.08 DA1.C2 2.68 DA1.C2
90040 1.4 4 10.5 3.6 4.5 3.5 3.21 DA1.C2 2.36 DA1.C2
90263 0.5 4 10.5 4.2 10.4 8.4 7.42 DA1.C2 5.67 DA1.C2

Table D1 Example Undrained Infinite Slope Analysis Results for Sliding Failure in Peat and Peat Interface (Cu values based on Hand Vane Results) Aghoos to L 1202

Notes:

(1) Assuming a bulk unit weight of peat 10.5 (kN/m3)

(2) Assuming a surcharge equivalent to peat depth of 1.0 m (Condition 2).

(3) angles are based on contours and AGEC field measurements.

(4) cu based on actual undrained strengths recorded by RPS (2008) using hand vane.
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DRAWINGS

See EIS, Appendix M3
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2 GEOTECHNICAL ASSESSMENT OF STONE ROAD CONSTRUCTION IN PEAT AREAS

SECTION CONTENTS

TEXT

TABLES (within section text)

FIGURES

Figure 1 Shear Vane Strength (cu) for Peat with Depth, Aghoos to L 1202
Figure 2 Shear Vane Strength (cu) for Peat with Depth, L 1202 to Terminal Site
Figure 3 Stability Analysis with No Load on Stone Road
Figure 4 Stability Analysis with UDL of 20kPa on Stone Road
Figure 5 Stability Analysis with Uniform Loading from Pipelayer with Maximum Lift on

Stone Road
Figure 6 Stability Analysis with Eccentric Loading from Pipelayer with Maximum Lift on

Stone Road (Water level at 3.4m below surface of stone road)
Figure 7 Stability Analysis with Eccentric Loading from Pipelayer with Maximum Lift on

Stone Road (Water level at 1.5m below road surface)
Figure 8 Stability Analysis with Eccentric Loading from Pipelayer with Maximum Lift on

Stone Road (Water level at top surface of stone road)
Figure 9 Stability Analysis with 10kPa Uniform Loading on Bog Mats at 2m from Road

Edge
Figure 10 Stability Analysis with 20kPa Uniform Loading on Bog Mats at 2m from Road

Edge
Figure 11 Long term Stability of Peat with Stone Road (Peat depth 2.5m and 4 degree

peat slope)
Figure 12 Long term Stability of Peat with No Stone Road (Peat depth 2.5m and 4

degree peat slope)

DRAWINGS (see EIS, Appendix M3)

Drawing No. 1012_02_001 Typical Details of Stone Road in Peat Areas
Drawing No. 1012_02_002 Typical Details of Stone Road in Peat Areas Transverse Plugs
Drawing No. 1012_02_003 Typical Cross Section
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2.1 Summary

Applied Ground Engineering Consultants Ltd (AGEC) was commissioned by Shell E & P
(Ireland) Ltd (SEPIL) initially in November 2008 to prepare a geotechnical assessment on
the proposed use of stone road construction in areas of peat for the proposed Corrib
onshore pipeline. This involved a comparison of alternative road construction methods
in peat, an assessment of ground investigation, an interpretation of ground conditions,
and stability analysis of the stone road.

Approximately 3km of the proposed Corrib onshore pipeline route will be constructed
through peatland. Within peatland areas it is proposed to install the pipeline within a
stone road. The extent of proposed pipeline route passes through peatland and where
stone road construction is proposed is from Aghoos to L 1202 road (Ch 88,650 to Ch
90,150), and from the L 1202 road to Terminal Site (Ch 90,150 to Ch 91,720).

Within the peatland areas through which the pipeline route passes the peat depth
varies between 0.25 and locally up to 5m with about 60% of the peat between 2 and 3m
deep.

The findings of the geotechnical assessment on the proposed use of stone road
construction in areas of peat for the proposed onshore pipeline are summarised as
follows:

(1) Stone road construction in peat areas is a proven method of construction in weak
ground, and for many such situations is the preferred construction method. The
stone road comprises the excavation of peat and the placement of stone fill. The
stone road top surface will be 12m wide. The stone road provides a dependable
working platform and is a low risk construction method in peat. Furthermore, the
stone road provides a stable platform in which to install the pipeline.

(2) Analyses were carried out to assess the stability of the stone road under various load
cases (Table 4). The results clearly show that the stone road has adequate stability
and provides a robust and stable platform for construction and long term stability.

(3) The long term stability of the stone road in the peat was examined. The installation
of the stone road into the peat provides a greater degree of stability against a peat
slide. This is as a result of the greater shear resistance to sliding provided by the
stone fill within the road which is some 12m wide. The risk of instability of the stone
road during the operation of the pipeline is considered to be extremely unlikely.
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2.2 Introduction

2.2.1 Background

Applied Ground Engineering Consultants Ltd (AGEC) was requested by Shell E & P
(Ireland) Ltd (SEPIL) initially in November 2008 to prepare a geotechnical assessment on
the proposed use of stone road construction in areas of peat for the proposed Corrib
onshore pipeline.

The onshore pipeline route is about 8.3km in length of which about 3km passes through
areas of peat; it is within these peat areas that it is proposed to construct a stone road.

The construction of a stone road is proposed and will entail the excavation of peat,
where present, along the onshore pipeline route and replacement with suitable granular
fill to effectively form a stone road within the peat. It is proposed to install the onshore
pipeline within the proposed stone road.

Typical details of the proposed stone road are shown in Drawing No. 1012_02_001.

2.2.2 This Section

This section includes the following:

(1) Description of typical stone road details

(2) Comparison of alternative road/access construction methods in peat

(3) Assessment of onshore pipeline route and identification of peat areas

(4) Route description

(5) Characterisation of ground conditions, particularly peat along route

(6) Stability assessment of stone road with respect to:

(a) Stability of stone road with construction loading

(b) Effect of stone road on surrounding peat

(c) Effect of potential impact on stone road from hypothetical peat failure
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2.3 Stone Road Construction

2.3.1 Typical Stone Road Details

Stone road construction is a recognised construction method for access in peat areas
and has been used for example on parts of the Mayo Galway gas pipeline. Altogether
there is about 54km of peat along the Mayo Galway pipeline route.

The constructed stone road provides a stable platform for subsequent construction
work, reducing construction impact on the surrounding peat, and provides stable
ground in which to install the onshore pipeline.

A comparison with alternative construction methods in peat is given below.

The proposed stone road comprises the excavation of peat and replacement with
suitable ‘stone’ to form a road within the peat (Drawing No. 1012_02_001).

2.3.2 Typical Proposed Sequence of Stone Road Construction

Typical proposed outline sequence and summary of stone road construction are as
follow (refer to Chapter 5 of EIS for details):

(1) The upper about 0.5m of peat, or in selected areas intact peat turves, will be
removed in advance of the main works and stored as per details given in the
Environmental Impact Statement (EIS) report. The upper (acrotelm) layer (about 0.5
to 1m thick) of peat is generally fibrous in nature and of higher strength than the
lower peat layer (catotelm). It will be stockpiled and re instated, as appropriate,
after installation of the pipeline within the stone road.

(2) Following removal of the upper about 0.5m peat/intact turf the remaining peat
(catotelm layer) will be excavated over the width of the road and safely stored in
designated areas. The stone road will be founded on mineral soil, or other
competent stratum, below the peat. A nominal 0.5m thickness of in situ peat will be
left in place above the mineral soil to reduce hydraulic transmission of groundwater
across the peat/mineral soil interface. This peat layer will be penetrated by coarse
stone fill to form a stone peat matrix.

(3) The extent of the excavation for the stone road will depend on the depth and
condition of the peat. In shallower peat, the side slopes of the excavation may
temporarily be unsupported prior to backfilling with suitable stone. In deeper peat,
the side slopes of the excavation are likely to be locally unstable and construction
works would need to be phased such that excavation and backfilling are co
ordinated to limit the extent and time side slopes remain exposed.

(4) Where there is deep peat the excavation faces may not be sufficiently stable to
allow removal of peat to depth. In this case, suitable coarse granular fill may be
placed into the base of the excavation to displace the peat. Displacement will be
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carried out by forcing the granular fill into the peat using the bucket of an
excavator. By initially excavating the sides of the line of the 12m wide road
sufficient stone can be placed to support the peat faces allowing deeper excavation
in the central part of the excavation. In some localised cases, the excavation faces
may need to be supported by for example sheet piles placed in advance of the
excavation works.

Where practical, pre drainage of the peat in deep peat areas may be carried out in
advance which will drain the peat increasing strength and allow for improved
excavation face stability.

(5) Suitable ‘stone’ or granular fill will be used to construct the road and will be placed
into the excavation. The stone fill material will be capable of standing unsupported
at typically 45 degrees or greater.

(6) The running (upper) surface of the stone road will have a minimum 12m working
width. The width of the stone road will be greater at the base. The working width of
the road will comprise a load bearing envelope with typically 45 degree side slopes
(Drawing No. 1012_02_001). The load bearing envelope is the boundary line
outside of which no construction load can be applied.

(7) As part of the stone road construction low permeability plugs, formed using a
suitable low permeability soil, such as peat, will be constructed across the stone
road at appropriate intervals. These plugs will reduce the movement of water
longitudinally through the road (Drawing No. 1012_02_002).

(8) The pipeline and associated pipes and cables will be installed within the stone road
working width (Drawing No. 1012_02_001). The minimum required cover to the top
of the pipeline is 1.2m. The expected trench excavation for the pipeline will be
typically 1.5 to 2m. In areas where peat thickness is greater than 2m then the
pipeline trench will be wholly within the stone road. In areas where peat is less than
2m thick the base of the pipeline trench will be excavated in mineral soil and a
suitable thickness of peat will be re instated within the pipeline trench to reduce
hydraulic transmission of groundwater from the stone road into the underlying
mineral soil.

2.3.3 Comparison of Alternative Road/Access Construction Methods in Peat

A comparison of alternative road/access construction methods in peat has been carried
out and is presented in Table 1. Many of the construction methods presented are used
for permanent public trafficked roads, and are not necessarily directly applicable to the
temporary road required for laying of the pipeline.

The construction methods can be divided into the following 3 types:

(1) Type 1: Peat excavation (proposed method for stone road). This is the preferred
method in most cases as it greatly reduces the risk of failure due to placement of
load and also eliminates subsequent settlement and maintenance. It provides a
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dependable working platform, though it can be relatively costly where deep peat is
to be excavated.

The proposed stone road construction is Type 1 where peat is essentially shallow.
However, in areas of deeper peat where it is not practical to excavate all peat to
depth then peat displacement method (Type 2) will be deployed for peat remaining
at depth.

(2) Type 2: Peat displacement (proposed method for stone road in deeper peat).
Requires peat to be displaced by placement of sufficient load. Whilst used in several
countries it can be difficult to control the local peat displacement. This construction
type is more applicable to high road embankments in more amorphous deep basin
peat.

The proposed stone road construction in deeper peat will be Type 2, which will
comprise excavation of the upper peat with displacement of deeper peat. Deeper
peat is generally more amorphous and will be suitable for localised displacement.

(3) Type 3: Peat left in situ. Fill is placed onto the peat surface with either reinforcing
elements placed within the fill or inserted into the peat, such as piles, or in situ
mixing. This construction type represents potentially greater risk due to difficulties
in safely placing load onto peat, extended construction period required to allow for
sufficient strength gain and long term settlement effects. Usually applicable to
temporary conditions or where there is significant peat depth.

Based on the above comparison, the use of the stone road construction is considered a
comparatively low risk construction method for peat. Furthermore, the stone road
provides a stable platform in which to install the pipeline.

Sufficient construction controls will be required to ensure that, particularly in deeper
peat, that excavation in front of the stone road is carried out in a controlled manner to
minimise disturbance to the adjacent peat, refer to Geotechnical Risk Register in
Appendix M4 of the EIS.

The effect of the installed stone road on the stability of the peat slope is analysed in
detail below.
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Table 1 Comparison of Road/Access Construction Methods in Peat (based on Carlsten, 1995; Munro, 2004)

Type Construction
Method

Description of Method Advantages Disadvantages Comments/Potential Risks

1 Peat Excavation
Method

All weak material (basically
peat) is excavated below the
width of the road to competent
founding layer. The excavation
is then backfilled with suitable
fill material.

Proven technology. Should achieve a good
bearing capacity using normal road
construction founded on a competent layer.

Limited/nominal consolidation and
settlement over the lifetime of the road. No
additional time required for surcharge
effects. Can provide additional stability to
the peat.

Significant quantities of excavated
materials created. Land required for
formation of sideslopes in peat and
disposal of excavated materials.
Difficulties in excavation and placing fill
below water table. Normally demands
high quality stone fill material.
Deep excavations may have effects on
adjacent land.
Unexcavated soft material below
embankment may cause future
settlements.

Difficulty of excavation in
peatland. Effect on
adjacent lands. Reduces
possibility of trapped peat
below embankment and
hence settlement issues.
Provides a dependable
permanent road.

2 Progressive
Displacement
Method

Involves the construction of the
road by end tipping fill onto the
peat surface at the advancing
tipping front. Usually requires
embankment to be constructed
several metres above the peat
surface. The effect of the end
tipped fill is to cause local
displacement in the peat ahead
of the advancing tipping front
resulting in the affected peat
being displaced.

Well proven method. Should achieve a
reasonable bearing capacity on the displaced
peat. The displaced peat to the sides of the
embankment (if placed) can enhance the
embankment stability.

Good method for constructing a high
embankment above over peat.

Better suited to amorphous peats.
Fibrous peats may prove resistant to
shear failure without assistance. Requires
substantial quantities of fill material for
the embankment. Requires longer
construction time for displacement and
surcharge affects to be effective.
Normally demands high quality stone fill
material. Some limited consolidation and
differential settlement can be expected
over the lifetime of the road if peat
pockets remain trapped below the
embankment. The peat displaced during
the procedure can cause heave effects
on immediately adjacent land.

Effect on adjacent lands.
Possible trapped peat
below embankment.
Whilst used in several
countries controlling the
local displacement of the
peat can be difficult.
Method more applicable to
high road embankments in
more amorphous basin
peat or deeper peat.
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Table 1 Comparison of Road/Access Construction Methods in Peat (based on Carlsten, 1995; Munro, 2004)

Type Construction
Method

Description of Method Advantages Disadvantages Comments/Potential Risks

2 Partial Excavation
Method

Involves the construction of the
road by end tipping fill onto the
peat surface at the advancing
tipping front. Usually requires
embankment to be constructed
several metres above the peat
surface. In this case there is
partial excavation of the peat to
assist displacement of the peat.
The effect of the end tipped fill
is to cause local displacement in
the peat ahead of the
advancing tipping front
resulting in the affected peat
being displaced.

Well proven method. Should achieve a
reasonable bearing capacity on the displaced
peat. The displaced peat to the sides of the
embankment can enhance the embankment
stability.

Good method for constructing a high
embankment over peat.

Better suited to amorphous peats.
Fibrous peats may prove resistant to
shear failure without assistance. Requires
substantial quantities of fill material for
the embankment. Requires longer
construction time for displacement and
surcharge affects to be effective.
Normally demands high quality stone fill
material. Some limited consolidation and
differential settlement can be expected
over the lifetime of the road if peat
pockets remain trapped below the
embankment. The peat displaced during
the procedure can cause heave effects
on immediately adjacent land. Quantities
of excavated materials created.

Effect on adjacent lands.
Possible trapped peat
below embankment.
Whilst used in several
countries controlling the
local displacement of the
peat can be difficult.
Method more applicable to
high/intermediate road
embankments in more
amorphous basin peat or
deeper peat.

3 Strength
Improvement by
Stage
Construction

(Also similar to
pre loading and
surcharge
construction.
Typically used
with vertical
drainage)

Involves the stage construction
of road/ embankment in layers.
Initial layer usually less than 1m
thick and normally includes a
geogrid. Subsequent layers
placed following sufficient
consolidation and strength gain.

Produces time/load dependent gain of
strength in the peat. Minimises future
secondary compression settlement of the
embankment. Higher embankments can be
constructed without shear failure in the
underlying peat. Does not require peat
excavation, disposal or the need for
additional land for storage of spoil

The time needed for the various stages to
take effect can extend the embankment
construction time. Needs to have a
system in place on site for monitoring of
consolidation and settlement to ensure
that the required settlements are being
achieved before the next layer is placed.

Difficulties in safely placing
load onto peat. Extended
construction period
required to allow for
sufficient strength gain.
Long term settlement will
occur.
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Table 1 Comparison of Road/Access Construction Methods in Peat (based on Carlsten, 1995; Munro, 2004)

Type Construction
Method

Description of Method Advantages Disadvantages Comments/Potential Risks

3 Load
Modification by
Lightweight Fill

A lightweight fill is used as a
substitute for normal soil/stone
fill. The lightweight fill reduces
the imposed permanent
stresses on the foundation

Does not require as high a bearing capacity
from the peat foundation. Usually does not
need the underlying peat to be
strengthened. Lighter embankment
construction generally means less future
settlement.

High cost and transport of the specialised
lightweight materials. Design and placing
of lightweight materials may require
special arrangements. Environmental
considerations particularly with
groundwater. Trafficability and bearing
capacity of the lightweight embankment
may be limited

Buoyancy issues with
placing lightweight material
below groundwater table.
Lightweight fill would be
susceptible to damage
from high construction
loading.

3 Strengthening
using Geogrid

Involves the construction of
road/ embankment using
geogrid placed within the fill.

Limited site disturbance. Easy to install.
Provides reinforcement effect to the base of
embankment for the short to medium term.
Reduces potential for localised instability
and spreading. Can reduce differential
settlements and lateral stresses on the
peatland surface. Minimises need for
embankment fill material. No excavation,
disposal or need for additional land for
storage of spoil.

The overall settlement of the
embankment is not reduced. The geogrid
can be damaged by construction
equipment. Creep may affect the long
term performance of the geotextile. Use
of geogrid may need higher quality fill
material to achieve sufficient interlock.

Difficulties in safely placing
load onto peat. Extended
construction period
required to allow for
sufficient strength gain.
Long term settlement will
occur.

3 Strengthening
Using Timber Raft
Construction

Involves the construction of
road/ embankment using a
timber raft placed onto the peat
surface. The timber raft
comprises typical brushwood of
criss crossing branches.

Limited site disturbance. Easy to install.
Provides reinforcement effect to the base of
embankment for the short to medium term.
Reduces potential for localised instability
and spreading. Can reduce differential
settlements and lateral stresses on the
peatland surface. Minimises need for
embankment fill material. No excavation,
disposal or need for additional land for
storage of spoil.

The overall settlement of the
embankment is not reduced. Can be
damaged by construction equipment
during placing of embankment fill. High
element of manual labour required for
fabrication of the raft. For longevity
timber raft must be submerged.

Difficulties in safely placing
load onto peat. Extended
construction period
required to allow for
sufficient strength gain.
Long term settlement will
occur.
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Table 1 Comparison of Road/Access Construction Methods in Peat (based on Carlsten, 1995; Munro, 2004)

Type Construction
Method

Description of Method Advantages Disadvantages Comments/Potential Risks

3 Strengthening
Using Bog Mat
Raft Construction

Involves the construction of
road/ embankment using a bog
mat raft placed onto the peat
surface. The bog mats provide a
temporary road surface.

Limited site disturbance. Easy to install.
Provides reinforcement effect for the short
term. Reduces potential for localised
instability and spreading. No need for
embankment fill material. No excavation,
disposal or need for additional land for
storage of spoil.

Can be damaged by construction
equipment during placing of
embankment fill. May not provide
sufficient stability for high construction
loading. Used for temporary access only.

Difficulties in safely placing
load onto peat. Following
removal of bog mats there
would be no ready access.

3 Strengthening
Using Concrete
Raft

Involves the construction of
road/ embankment using a
concrete raft placed onto the
peat surface. The raft may
comprise cast in situ or
prefabricated concrete panels.

Limited site disturbance. Easy to install.
Provides long term stiff reinforcement to the
base of embankment. Reduces potential for
localised instability and spreading. Can
reduce differential settlements and lateral
stresses on the peatland surface. Minimises
need for embankment fill material. No
excavation, disposal or need for additional
land for storage of spoil.

Overall settlement of the embankment is
not reduced. Need to allow curing time
for concrete. High material and manual
labour cost required for fabrication of
the raft.

Difficulties in safely placing
load onto peat. Extended
construction period
required to allow for
sufficient strength gain.
Long term settlement will
occur.

3 Piling Piles are installed to end bear in
competent strata under the
peat. A concrete slab/geogrid
load transfer platform (LTP) is
then constructed over the piles.

Does not require peat excavation, disposal
or the need for additional land for storage of
spoil. Limited site disturbance. Minimal
settlement. No additional time required for
surcharge effects.

Requires a continuous concrete slab or
geotextile load transfer platform (LTP).
Need to construct piling platform in
advance. General high cost.

Complex design with some
notable recent failures of
LTPs.

3 Mass
Stabilisation
Method

A binding agent (such as
cement/lime) is mixed in situ
with peat. The mixing is
typically carried out by rotary
header attached to an
excavator arm.

Increases peat stiffness and strength and
therefore reduces settlement and increases
bearing capacity. Does not require peat
excavation, disposal or the need for
additional land for storage of spoil. Smaller
demand of fill material compared to other
preloading techniques.

Requires trials and preloading which can
extend construction time. Surcharge
materials may need to be brought on to
site earlier than required and require
double handling as a consequence.
Require on site monitoring of
consolidation and settlement to ensure
that the required settlements are being
achieved. General high cost.

Difficulties in safely placing
load onto peat. Extended
construction period
required to allow for
sufficient strength gain.
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2.4 Route Description

2.4.1 General

The landfall for the onshore pipeline route is at the Glengad Headland approximately
7.5km to the northwest of the Bellanaboy gas terminal site. The onshore pipeline route
is about 8.3km in length of which about 3km passes through areas of peat; it is within
these peat areas that it is proposed to construct a stone road.

For reporting purposes, the proposed route of the pipeline has been divided up into four
sections with the following approximate chainages, namely;

(1) Glengad Headland, Chainage (Ch) 83,400 to Ch 84,000

(2) Sruwaddacon Bay Tunnel Crossing, Ch 84,000 to Ch 88,650

(3) Aghoos to L 1202 road, Ch 88,650 to Ch 90,150

(4) L 1202 road to Terminal Site, Ch 90,150 to Ch 91,720

The peat areas are sections (3) and (4), which extend from the south of Sruwaddacon
Bay at Aghoos to the terminal site a length of about 3km.

2.4.2 Aghoos to L 1202 to Terminal Site, Ch 88,650 to 91,720

South of the Sruwaddacon Bay the pipeline route is within peat which extends from the
landfall at the southern end of Sruwaddacon Bay at Aghoos to the Bellanaboy terminal
site. At about Ch 89,250 the route passes across a stream, Leenamore River inlet, where
there is some reclaimed agricultural land. There is a peat cutting to the east and
adjacent to the reclaimed agricultural land at Ch 89,350, which also marks the start of
an area of open peatland that extends to about Ch. 89,550.

From Ch 89,550 the route is essentially within forestry until the terminal site. A stream is
crossed at about Ch 90,150 where a local road (L 1202) is also crossed.

At the shoreline at Aghoos the ground elevation is about 4m OD which generally rises
gradually to a high point of about 25m OD south of the local road (L 1202) at Ch 90,300.
From this high point the elevation gradually falls to where a minor stream is
encountered at about Ch 90,680 before rising in elevation to about 38m OD at the
terminal.

Drawing 1012_02_003 shows a cross section of the proposed pipeline and stone road to
the west of the Leenamore River inlet on the south side of Sruwaddacon Bay.

2.4.3 Distribution of Peat along Route

Overall about 35% of the proposed pipeline route from the landfall at Glengad to the
terminal site is within peat. The percentage of the pipeline route within ranges of peat
depths is shown in Table 2.
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Where the route is within peat then typically peat depths will be in the range of 2 to 3m,
which represents about 20% of the total proposed pipeline route.

Peat Depth Range 0m to
<1m

1m to
<2m

2m to
<3m

3m to
<4m

4m to
5.4m

Totals

Length of Route in Peat (m) 50 170 1650 860 220 2950

% of Route Expressed as
Proportion of Total Route in
Peat 1.7 5.8 55.9 29.2 7.5 100

% of Route Expressed as
Proportion of Total Route 0.6 2.0 19.9 10.4 2.7 35.5

Table 2 Breakdown of Proportion of Pipeline Route and Peat Depths Aghoos to
Terminal Site
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2.5 Ground Conditions

2.5.1 General

A review of ground conditions along the route of the pipeline was carried out to identify
sections of the route where peat areas are present. Areas where peat is present are
assessed for stability and suitability for the construction of the stone road.

Based on information presented in the section on Onshore Pipeline Peat Stability
Assessment a summary of the relevant ground conditions is given in Table 3 and a brief
description of each section given below.

Section Chainage General
Stratigraphy

Peatland Geotechnical Properties of Soils

Peat Mineral Soil

Glengad
Headland

83,400 to
84,000

Mineral Soil

Bedrock
No Not considered further

Sruwaddacon Bay
Tunnel Crossing

84,000 to
88,650

Bay
Sediments

Bedrock

No Not considered further

Aghoos to L 1202 88,650 to
90,150

Peat
Mineral Soil
Bedrock

Yes Depth: 0 to 4m
(average 2m)

Weight density:
10.5kPa

Strength: 1 to
19kPa (see Figure
1)

Depth: 3m to 10m

Weight density:
19kPa

Strength: 20kPa

L 1202 to
Terminal Site

90,150 to
91,720

Peat
Mineral Soil
Bedrock

Yes Depth:2.1 to locally
5m (average 3.3m)

Weight density:
10.5kPa

Strength: 2 to
35kPa (see Figure
2)

Depth: not known

Weight density:
19kPa

Strength: 40kPa

Table 3 Summary of Relevant Ground Condition for Proposed Pipeline Route

2.5.2 Glengad Headland Ch 83,400 to Ch 84,000

The ground conditions in this section of proposed works comprised overburden material
described as generally granular deposits over bedrock. The granular deposits ranged
typically between 3.85m and 5.0m below ground level (bgl).

Peaty topsoil typically 0.5m thick was exposed along the headland cliff.

Given the absence of peat within this section it is not considered further.
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2.5.3 Sruwaddacon Bay Tunnel Crossing Ch 84,000 to Ch 88,650

This section of proposed works crosses Sruwaddacon Bay between Ch 84,000 and
88,650.

The ground conditions in this section comprised bay sediments described typically as
sand and gravel over bedrock.

This section is not considered further.

2.5.4 Aghoos to L 1202 Ch 88,650 to Ch 90,150

This section contains extensive areas of blanket peat.

In situ peat probing was carried out along most of the pipeline route in this section (RPS
(2008).

The ground conditions between south of Sruwaddacon Bay at Aghoos and the L 1202
was identified from AGEC walkover as blanket peat with several reclaimed grassland
areas between Ch 88,650 and Ch 89,850. Forestry is recorded from about Ch 89,850 to
90,130.

The exploratory holes recorded peat over cohesive and granular soil over bedrock.

The peat depths along this section of proposed onshore pipeline route ranged from
0.4m to 4.2m bgl (RPS, 2008), with the granular and cohesive soils ranging between
5.8m and 8.2m bgl.

The peat was described as very soft fibrous peat; the peat was more fibrous for
approximately the upper metre. The strength descriptions of peat indicate undrained
shear strengths less than 20kN/m2.

The undrained peat strengths from the SL800 hand vane (RPS, 2008) ranged between 1
and 19kPa with a mean of 11kPa (Figure 1). The low strength values at shallow depth are
not considered representative.

The cohesive soil was described boreholes/trial pits as very soft to soft sandy gravelly
clay beneath the peat. In places granular soil was recorded below the peat. Where
cohesive soil was recorded below the granular soil and above the bedrock this was
described as stiff slightly sandy gravelly clay.

The bedrock was described as moderately weak to moderately strong psammite.

2.5.5 L 1202 to Terminal Ch 90,150 to Ch 91,720

This section contains extensive areas of blanket peat.

The overburden material between the L 1202 and the terminal site is typically peat over
mineral soil.
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Peat depth along this section of the proposed onshore pipeline route, as recorded from
peat probe depths typically along centre line, varied from about 2.1m to 4.6m, with an
average thickness of 3.3m.

Undrained shear strength (cu) of in situ peat was determined by IDL (Irish Drilling Ltd)
using a Geonor H 10 mechanical vane (AGEC, July 2004).

Peat shear strength recorded from vanes ranged between 2 and 35kPa with a mean of
10kPa. A plot showing the relationship between depth and peat cu is shown in Figure 2.

From AGEC (2004), trial pits TP 03 and 06 were taken into mineral soil below peat. From
IDL (2002), trial pits TP8 to TP10 were taken into mineral soil.

In most trial pits, mineral soil was not reached as sidewall collapse in peat prevented
deeper excavation. Where encountered mineral soil was described as blue grey clayey
gravelly fine sand with some to many cobbles.

Mineral soil comprised the following and was described (from AGEC, July 2004) as:

(1) Upper Till, which was not encountered in all trial pits and in IDL (2002) was only
encountered in TP8. The Upper Till formed a relatively thin and discontinuous layer
with thickness of about 0.3 to 1m.

(2) Lower Till was encountered in the bottom of trial pits where 0.35m to 1.1m
thickness was exposed. The base of the Lower Till was not encountered.

In some trial pits the Lower Till was described as ‘running’ (TP 03 and TP 06) or
‘saturated silts unstable’ (TP9 and TP10), and generally where encountered in trial pits
was saturated and sensitive to disturbance. Where there is disturbance and/or removal
of confining pressure (overburden) from the Lower Till liquefaction can occur.
Liquefaction is a localised effect due to removal of confining pressure; re establishing
the confining pressure, such as placing of stone fill, will prevent liquefaction.
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2.6 Assessment of Stone Road Stability in Peat

2.6.1 General

Stability analysis was carried out to determine the stability of a stone road constructed
within the peatland areas with the road founded on mineral soil below the peat.
Stability analysis was carried out in accordance with Eurocode 7 (EC7) as follows:

(3) IS EN 1997 1 Eurocode 7: Geotechnical Design Part 1: General Rules (NSAI, 2005),
and

(4) IS EN 1997 1 National Annex. Irish National Annex to Eurocode 7: Geotechnical
Design Part 1: General Rules (NSAI, 2007).

The stability analysis method used comprised a rigorous method to accurately
determine the FoS. Using Talren (Terrasol, 2005) the loading and ground conditions can
be realistically modelled and a rigorous stability analysis using Bishop’s circular method
is carried out.

Stability was analysed using total stress conditions for the soils, which applies to short
term conditions occurring during construction and for a time following construction until
construction induced pore water pressures dissipate. With respect to loading of the
ground, the total stress condition provides the worst case. Undrained shear strength
values (cu) for peat are used for total stress analysis.

2.6.2 Stability Model

Using EC7, the following inequality must be satisfied for ultimate limit state, namely:

Ed Rd

where:

Ed is the design value of the effect of actions
Rd is the design value of the resistance to an action

For slope stability problems using the method of slices, such as applied in Bishop’s
circular method, this inequality can take the following general form:

GW sina 1 [ c' + tan ’ ] L

R;e c’ ’

where: G, c’, ’, R;e are partial factors as defined below.
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Stability can also be expressed as the ratio of Rd/Ed, which in this report is referred to as
the Factor of Safety (FoSEC7).

Using EC7, a FoSEC7 of 1 or greater is considered acceptable.

2.6.3 Partial Factors

For ultimate limit state calculations, EC7 specifies three design approaches (DA1 to
DA3), all of which are permitted for use under the Irish National Annex (NSAI, 2007).
Design approach 1 (DA1) includes two combinations (C1 and C2) of partial factors; DA2
and DA3 includes one combination of partial factors.

Refer above for details for combination of partial factors.

In practice, the following is generally found to be the case for slope stability problems:

DA1.C2 is usually more critical than DA1.C1
DA3 usually gives the same result as DA1.C2
It is generally not recommended to use DA2 for slope stability problems

The stability results given in the following sections have been calculated using EC7
partial factors, using DA1.C2.

DA1.C1 was also checked however the calculated factors of safety were higher than
those for DA1.C2.

2.6.4 Short and Long term Stability

The critical condition for loading cases, such as construction of the stone road, is
typically the total stress condition which applies to short term conditions occurring
during construction and for a short time following construction until construction
induced pore water pressures dissipate. Undrained shear strength values (cu) for peat
are used for total stress conditions.

The long term condition occurs after construction and at a time when construction
induced pore water pressures have dissipated. In the long term effective stress
conditions apply. A drained analysis requires effective cohesion (c’) and effective friction
angle ( ’).

For the long term analyses a comparison of a peat slope with and without a stone road
was also examined.

2.6.5 Stability Analysis

The following conditions were used to analyse the stability of the stone road.

(1) Stone road stability analysis was carried out where the deepest peat has been
identified; this is at about Ch 90,260 between the L1202 and the terminal. The peat
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depth at this location is 4.1m and the ground is sloping at 2 degrees to the
northeast. Where the peat is deepest it is also likely to be more humified and weak.

(2) The stone road is 12m wide at the surface and widens towards the base of the peat
at typically 45 degrees. The mix of peat and stone fill that falls outside the road
construction envelope has been ignored – this is considered conservative. The
height of the stone fill forming the stone road is 3.6m.

(3) Stone road stability was analysed for short term (undrained) and long term
(drained) conditions.

(4) The soil and fill material properties for the undrained analysis are as follows:

(a) Peat ’ 10.5kN/m3 (Table 3), cu see Figure 2 for strength design line

(b) Fill ’ 21kN/m3, ’ 45 degrees

(c) Mineral soil ’ 19kN/m3 (Table 3), cu 40kPa, with 70 kPa at depth (Table 3)

(5) The soil and fill material properties for the drained condition are as follows:

(a) Peat ’ 10.5kN/m³ (Table 3), c’ 2kPa and ’ 25 degrees

(b) Fill ’ 21kN/m³, ’ 45 degrees

(c) Mineral soil ’ 19kN/m³, c’ 1kPa and ’ 30 degrees

(6) Applied loading on to surface of stone road as follows:

(a) No loading

(b) Uniformly distributed load (UDL) of 20kPa

(c) Pipelaying crane/sideboom load based on typical pipelayer, such as a
Caterpillar 583R. Total weight of pipelayer is 1050kN (includes maximum lifting
capacity). Breakdown of loads:

Pipe Units Load
Pipe Weight kN/m 3.14

Pipelaying Plant
Weight kN 422
Lifting Capacity kN 628
Total kN 1050

Pipelaying Plant Track
Length of weight bearing track m 3.3
Width of track m 0.7

Based on the above, total load (1050kN) applied over the area of the tracks
gives a UDL of 230kPa.

(d) During pipe lifting assume a differential load distribution of the pipelayer of
67% and 33% per track to represent eccentric lifting conditions.

(7) In the short term it is assumed that intact peat turves/upper 0.5m of peat from the
stone road is placed on to bog mats adjacent and upslope of the stone road. The
stability of the bog mats is analysed assuming two load conditions, namely UDL of



Corrib Onshore Pipeline – Ground Stability Assessment

Page 86

agec

10kPa and UDL of 20kPa, which corresponds to a peat height of 1m and 2m
respectively.

(8) The stability of the stone road in the long term is analysed for the conditions below.
It is noted that as part of the reinstatement the stripped peat/turves are to be
placed onto the stone road following its completion.

(a) For typical peat depth of 2.5m

(b) For range of slope angles of 1 and 4 degrees in peat

(c) Comparison of the peat slope with and without a stone road



Corrib Onshore Pipeline – Ground Stability Assessment

Page 87

agec

2.6.6 Stability Analysis Results

Altogether 7 stability load cases were examined. A summary of the various stability
cases and results is given in Table 4.

The following comments are given on the stability results.

(1) Without any loading the stone road has a significant inherent stability both for
circular type failure (Figure 3) and sliding failure (cases 1 and 5 respectively). This
would be expected with such a gravity fill structure taking into account the higher
shear resistance of the stone fill used within the road.

(2) Loading from typical construction loading (case 2) placed onto the surface of the
stone road (Figure 4) gives a FoSEC7 of 2.7.

(3) The highest loading intensity on the road will be during lifting of lengths of pipeline
by the pipelaying crane. Where the pipelaying crane is carrying its maximum load
with the load evenly distributed (case 3) between both tracks, with a track within
3m of road edge, the FoSEC7 is 1.23 (Figure 5).

(4) An analysis was carried out to assess the stability of the pipelaying crane where the
crane is carrying its maximum load with the load eccentrically distributed between
the tracks (cases 4a, 4b and 4c). Analysis of this case shows that the height of the
water level within the road will affect the FoSEC7 (Figures 6 to 8).

Case 4a shows that where there is about 0.2m of water within the road this gives a
FoSEC7 of 1.34.

As a check on the sensitivity of the FoSEC7 with water level in the stone road cases
4b and 4c examine different water tables within the road. The results show that the
FoSEC7 during pipelaying is sensitive to an elevated water table in the stone road, as
such it is advisable that the water table is monitored in the stone road prior to and
during pipelaying.

Notwithstanding the above, the load spread below the tracks will be distributed
into the underlying stone road within a 45 degree load spread envelope. Provided
the tracks are not placed near the road edge or close to the pipe trench then the
loading envelope would be within competent stone fill and is considered to have
sufficient capacity to support the crane.

Given for example that the road edge is often poorly compacted the pipelaying
plant when lifting shall be prevented from working within at least within 1.0m of
the road edge to avoid possible localised loss of support below the tracks or
toppling of the crane during lifting. A safe distance must also be kept from
unsupported excavations.
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(5) An analysis was carried out to assess stability of the road from sliding sideways due
to the weight of the peat pushing against the road (case 5). Due to the width of the
stone road at its base and high shear resistance, there is a high FoSEC7 of 3.79.

(6) The placement of turves/peat onto bog mats beside the stone road was examined
(cases 6a and 6b). The results show that the FoSEC7 is sensitive to the height of peat
placed.

The placement of turves/peat 1.0m high (10kPa load) onto the bog mat (Figure 9)
gives a FoSEC7 of 1.19; moving the bog mat further away from the road edge has
little effect on the FoSEC7.

The placement of turves/peat 2.0m high (20kPa) onto the bog mat (Figure 10) gives
a FoSEC7 below 1.0. Therefore the height of peat placed on the bog mats shall not
exceed 1.0m.

(7) An analysis was carried out to assess the long term stability of the stone road within
the peat slope (cases 7a and 7b). By inspection, the installation of the stone road in
the slope provides an increase in shear resistance to sliding due to the higher shear
resistance of the stone fill. An illustrative analysis was carried out for a peat slope
with and without a stone road (Figures 11 and 12); the calculated FoSEC7 was 2.89
with stone road and 1.5 without the stone road.
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Stability Case No./Description Analysis Type Water Condition Comment FoSEC7 Figure

1 Stone road with no load Undrained analysis Fill partly saturated:
ru =0.24

No loading 4.24 3

2 Stone road with UDL of 20kPa applied Undrained analysis Fill partly saturated:
ru =0.24

UDL represents heavy construction traffic 2.41 4

3 Stone road with uniform loading from
pipelayer carrying maximum lift

Undrained analysis Fill partly saturated:
ru =0.24

Load spread evenly between both tracks
with track at about 3m from road edge

1.23 5

4a Stone road with eccentric loading from
pipelayer carrying maximum lift

Undrained analysis Water level at 3.4m
below stone road
surface

Load spread 67% and 33% per track due
to eccentric pipe load with track at about
3m from road edge

1.34 6

4b Stone road with eccentric loading from
pipelayer carrying maximum lift

Undrained analysis Water level at 1.5m
below stone road i.e.
at base of trench for
pipe

Load spread 67% and 33% per track due
to eccentric pipe load with track at about
3m from road edge

Water level in road at base of pipeline
trench

1.27 7

4c Stone road with eccentric loading from
pipelayer carrying maximum lift

Undrained analysis Water level at
surface of stone road

Load spread 67% and 33% per track due
to eccentric pipe load with track at about
3m from road edge

1.15 8

5 FoSEC7 for stone road against sliding (based
on a 9m wide road)

Water table at peat
surface

Force equilibrium hand calculation based
on stone road in 5m depth of peat

3.79

6a Turves/peat 1m high (10kPa) on bog mat at
2m from edge of road

Undrained analysis Not applicable 10kPa loading i.e. 1m height of peat 1.19 9

6b Turves/peat 2m high (20kPa) on bog mat at
2m from edge of road

Undrained analysis Not applicable 20kPa loading i.e. 2m height of peat 0.69 10

7a Long term stability of peat with stone road Drained analysis Water table at peat
surface

Drained analysis, peat depth of 2.5m, 4°
slope

2.89 11

7b Long term stability of peat without stone
road

Drained analysis Water table at peat
surface

Drained analysis, peat depth of 2.5m, 4°
slope

1.5 12

Table 4 Summary of Stability Cases and Results
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2.6.7 Potential Impact from Peat Slide on Stone Road

The effect on the stone road due to a potential impact from a peat slide is considered as
follows:

(1) The inclusion of the stone road within the peat slope provides an increase in the
stability of the peat slope due to the increase in shear resistance to sliding provided
by the higher shear resistance of the stone fill. As such, in the unlikely case where a
peat slide occurred the stone road would provide greater resistance to peat
movement than the peat itself.

(2) A review of methods to retain potential peat slides shows that stone barrages,
comprising essentially stone fill with similar geometry to the proposed stone road,
have been used to contain peat slides.

(3) The proposed alignment of the stone road for a significant proportion of the route is
within shallow slopes or is aligned normal to the slope contours, that is aligned to
pass up/down a slope.

This alignment reduces the potential of a peat slide impacting on the stone road.

(4) In the unlikely event of a peat slide affecting the road, the loading of the peat slide
against the stone road is considered to be akin to the passive pressure exerted by
the peat. The upper limits of passive pressure are controlled by the undrained
strength of the peat. Given the low strength of the peat the pressure exerted onto
the stone road by a potential peat slide are considered to be relatively low
compared to a slide in mineral soil.

Based on the above, the likely effects of a potential peat slide on the stone road are
considered to be limited. Furthermore, installing the pipeline within the stone road will
provide a significant degree of protection for the pipeline, in the unlikely event of a peat
slide, compared to installing the pipeline within the peat.
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2.7 Construction Practice in Peat Areas

Following recent peat failures (AGEC, 2004), the following general recommendations are
given for construction practices in order to reduce the likelihood of peat instability (for
details refer to Geotechnical Risk Register, Appendix M4 of EIS). Construction practices
and management of the stone road works will take into general consideration, but not
be limited to the following:

Avoidance of placing arisings from excavations and local concentrated loads on peat
slope. Where arisings from excavations and/or concentrated load are to be placed
onto the peat surface the adequacy of the ground to support the load shall be
determined. The stability and adequacy of the ground shall be determined by suitably
qualified geotechnical personnel and may involve simple in situ testing, knowledge of
previous similar load being placed, or monitoring of a load test to verify that the
ground can adequately support the load.

Avoidance of uncontrolled concentrated water flow. All water discharged from
excavations during work shall be directed into suitably designed drainage lines or
natural drains. No concentrated discharge of water onto slope surface shall be
allowed. All release of water should be into a formalised drainage path which shall
form part of a site wide drainage network. Positive drainage measures shall be
provided to prevent potential adverse build up of water in the temporary and
permanent condition.

Avoidance of unstable excavations. All excavation shall be suitably controlled or
supported as appropriate to prevent collapse and development of tension cracks.

Avoidance of placing fill and excavations in the vicinity of steeper peat slopes.

Areas of machine saw cut peat (also referred to as ‘ploughed’ or ‘sausage’), where
encountered, should be inspected by suitable experienced personnel prior to works
commencing in these areas. Where possible, suitable measures taken in advance to
provide sufficient side support for excavations. Given the inherent weakness of cut
peat no concentrated loads should be placed onto the peat.

Geotechnical supervision during works by suitably qualified and experienced
personnel. Supervision shall be on a full time basis for the duration of the
construction works.

On going and confirmatory ground investigation. As construction progresses, on
going assessment of ground conditions shall be carried out to confirm the findings
with respect to stability contained within this report. The results of on going ground
investigation are to be assessed by suitably qualified geotechnical personnel.

Installation and monitoring of geotechnical instrumentation, as appropriate, as
shown from stability assessment and/or in areas of possible poor ground as indicated
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for example by collapsed v ditches, continued and accelerated settlement of floating
roads, sidewall instability at shallow inclinations of excavations, wet ground areas,
machine saw cut areas. Monitoring works shall include periodic monitoring of
piezometers where installed.

A formalised reporting procedure shall be adopted on site that records site workings,
monitoring results and any observations that may be pertinent to the stability of the
works.

Contingency plan to detail level of response to observed poor ground conditions. The
performance of the ground shall be assessed against design assumptions. Where the
works perform better than expected or as expected there will be no need for
contingencies to be implemented. Where findings indicate that the ground is
performing outside the expected limits, then a potentially adverse situation might
develop, and corrective actions shall be implemented in accordance with the
contingency plan.

Routine inspection of stone road by maintenance personnel to include an assessment
of ground stability conditions. This is to comprise a non technical assessment based
on observation. Maintenance personnel shall be briefed and made aware of key
observations that can be carried out in the normal course of their work that may
indicate potentially unstable ground conditions.

Periodic inspection of the route following completion of works by suitably
experienced and qualified geotechnical personnel. The site shall be inspected on
initially a yearly basis to assess the stability condition. This inspection shall include a
walkover inspection of the site with a report produced.

A Geotechnical Risk Register has been compiled to identify the risks associated with
the proposed construction works in peat areas and includes recommended mitigation
measures (refer Appendix M4 of the EIS).
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2.8 Summary of Findings

The findings of the geotechnical assessment of the proposed use of stone road
construction in areas of peat for the proposed onshore pipeline from the Glengad
Headland to the Bellanaboy gas terminal site are as follows.

(1) An assessment of the use of stone road construction in areas of peat along the
proposed onshore pipeline route was carried out and included the following:
comparison of alternative road construction methods in peat, assessment of
ground investigation data and interpretation of ground conditions, and stability
analysis of stone road.

(2) A comparison of alternative road construction methods in peat was carried out
(Table 1). Based on this comparison, the stone road construction would be
considered the preferred solution as it greatly reduces the risk of peat failure
associated with placement of load onto the peat surface. The stone road provides
a dependable working platform and is a comparatively low risk construction
method in peat.

(3) The proposed onshore pipeline route is some 8.3km long, from the landfall at
Glengad Headland to the terminal, and passes through approximately 3km of
peatland areas with depths ranging from 0.25 to 4.1m. About 60% of the route is
within peat which is between 2 and 3m deep.

(4) The section of the proposed pipeline which passes through peatland and where
stone road construction is proposed is from Aghoos to the terminal site (Ch 88,650
to 91,720).

(5) The walkover survey, see section on Onshore Pipeline Peat Stability Assessment,
of the proposed route identified several features which should be taken into
consideration when constructing the proposed pipeline:

(a) Areas of weak peat. Several areas of potentially weaker peat have been
identified. Whilst areas of weak peat will be investigated prior to construction
nevertheless excavation works would again need to allow for measures to
support excavation faces where weaker peat is encountered.

(6) The geotechnical risk register in Appendix M4 of the EIS details mitigation
measures to reduce the potential risk associated with construction work in
deep/weak peat.

(7) Stability analysis was carried out to examine various stability cases with respect to
the stone road (Table 4). The results of the stability analyses are as follows:

(a) Without any construction loading the stone road has a significant inherent
stability both for circular type failure (Figure 3) and sliding failure. This would
be expected with such a gravity fill structure.
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(b) Loading from typical construction works placed onto the surface of the stone
road (Figure 4) gives a satisfactory Factor of Safety (FoSEC7). The highest
loading intensity on the road will be during lifting of lengths of pipeline by the
pipelaying crane.

The results show that the FoSEC7 during pipelaying is sensitive to an elevated
water table in the stone road; as such it is advisable that the water table is
monitored in the stone road prior to and during pipelaying.

The stability risk associated with pipelaying is associated with possible
localised loss of support below the crane tracks or toppling of the crane
during lifting. The pipelaying contractor shall ensure that adverse eccentric
loading of the pipelaying crane is avoided.

Given that the road edge is often poorly compacted the pipelaying plant when
lifting shall be prevented from working within 1.0m of the road edge. A safe
distance must also be kept from unsupported excavations.

(c) The placement of turves/peat onto bog mats beside the stone road was
examined (Figures 9 and 10). The placement of turves/peat 1.0m high (10kPa
load) onto the bog mat gives a FoSEC7 above 1.0 whilst the placement of
turves/peat 2.0m high (20kPa) gives a FoSEC7 below 1.0.

The height of peat placed on the bog mats or the peat surface shall not
exceed 1.0m.

(d) The long term stability of the peat slope with a stone road will be notably
increased as the stone road provides an enhanced shear resistance to sliding
due to the higher shear resistance of the stone fill. An illustrative analysis was
carried out for a peat slope with and without a stone road (Figures 11 and 12)
which shows a marked increase in the FoSEC7 with the stone road in the peat
slope. For this reason, rock fill berms are commonly used as mitigation
measures to stabilise peat slides.

(8) A review of the ground investigations carried out along the route indicates that
investigations have been limited in some areas due to access difficulties.
Confirmatory geotechnical investigation work will be carried out in accordance
with Clause 2.5(1)P of I.S. EN 1997 2 Geotechnical Design Part 2: Ground
Investigation and Testing (NSAI, 2007a), and prior to any construction in areas
where there is limited data, refer to section on Onshore Pipeline Peat Stability
Assessment.

(9) In conclusion

(a) Stone road construction in peat areas is a proven method of construction in
weak ground, and for many such situations is the preferred construction
method.
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(b) Analyses were carried out to assess the stability of the stone road under
various load cases. The results clearly show that the stone road has adequate
stability and provides a robust and stable platform for construction and long
term stability, as would be expected from such a large gravity fill structure.

(c) The long term stability of the stone road in the peat was examined. The
installation of the stone road into the peat provides an acceptable long term
FoSEC7, and notably increases the stability of the natural peat slope. This is as a
result of the greater shear resistance to sliding provided by the stone fill
within the road. The risk of geotechnical failure of the stone road during the
operation of the pipeline is concluded to be extremely unlikely.
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FIGURES
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Figure 1 Shear Vane Strength (cu) for Peat with Depth, Aghoos to L 1202

Note
(1) Results based on in situ tests using SL810 hand vane with 33mm diameter vane
(2) Vane results are not corrected for plasticity.
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Figure 2 Shear Vane Strength (cu) for Peat with Depth, L 1202 to Terminal Site

Note
(1) Results based on tests using Geonor H 10 mechanical vane with 65mm diameter
(2) Vane results are not corrected for plasticity.
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Figure 3 Stability Analysis with No Load on Stone Road

Figure 4 Stability Analysis with UDL of 20kPa on Stone Road
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Figure 5 Stability Analysis with Uniform Loading from Pipelayer with Maximum Lift on Stone Road

Figure 6 Stability Analysis with Eccentric Loading from Pipelayer with Maximum Lift on Stone
Road (Water level at 3.4m below surface of stone road)
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Figure 7 Stability Analysis with Eccentric Loading from Pipelayer with Maximum Lift on Stone
Road (Water level at 1.5m below road surface)

Figure 8 Stability Analysis with Eccentric Loading from Pipelayer with Maximum Lift on Stone
Road (Water level at top surface of stone road)
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Figure 9 Stability Analysis with 10kPa Uniform Loading on Bog Mats at 2m from Road Edge

Figure 10 Stability Analysis with 20kPa Uniform Loading on Bog Mats at 2m from Road Edge
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Figure 11 Long term Stability of Peat with Stone Road (Peat depth 2.5m and 4 degree peat slope)

Figure 12 Long term Stability of Peat with No Stone Road (Peat depth 2.5m and 4 degree peat slope)
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DRAWINGS

See EIS, Appendix M3
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3 GEOTECHNICAL ASSESSMENT FOR SITE OF LANDFALL VALVE INSTALLATION (LVI)
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3.1 Introduction

Applied Ground Engineering Consultants Ltd (AGEC) was requested by SEPIL to provide a
geotechnical assessment of the cliff at the proposed site of the Landfall Valve
Installation (LVI), see Figure 1, for the proposed onshore gas pipeline to the terminal site
at Bellanaboy.

The LVI site is located in Glengad on a minor peninsula in Broadhaven Bay located on the
western side of the mouth to Sruwaddacon Bay. The LVI comprises a minor building
located some 40 to 50m from the cliff face (Figure 1) with associated parking and track
leading from the building to the existing road.

The site was inspected in October 2007. At the time of the inspection, the tide was out
and the foreshore was exposed.

As part of the geotechnical assessment, the following items were included.

(1) Mapping of cliff face and foreshore area to assess likely failure modes of cliff based
on observed failure/erosion of cliff face.

(2) Estimate of likely regression of cliff face.

(3) Geotechnical analysis of cliff face with simulated loading and determination of
factor of safety.

(4) Demonstration that the LFI is located at a safe distance from the influence zone of
potential cliff failure and that temporary works will not result in destabilisation of
the cliff.

This report has been produced following, where appropriate, the Code of Practice
(ECOPRO) for assessment of coastal erosion problems and identification of suitable
solutions (Government of Ireland, 1996).
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3.2 Site Description

The site comprised shallow sloping ground adjacent to a small coastal cliff (Plate 1). The
site was covered in grass with some minor and localised rock and soil spoil tips. The
elevation of the site ranged from about 6 to 13m OD.

The sloping ground above the cliff is inclined typically at 3 to 4 degrees towards the cliff.
Run off from the ground appears to be overland flow with some concentration of run
off at the crest of the cliff.

The coastal cliff was typically 3 to 4m high and was formed mostly of glacially soil, with
bedrock exposed at several locations along the base of the cliff. The extent of the
coastal cliff is some 140m fronting the LVI.

The foreshore (beach) fronting the cliff comprised dominantly sand with numerous
exposures of bedrock. A beach berm is present below the cliff with a width of about 8 to
10m.
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3.3 Ground Conditions

The general ground conditions at the site comprised till soil derived from metamorphic
rock (Environmental Protection Agency (EPA), 2006).

Inspection and logging of exposures in the cliff in accordance with BS5930 (British
Standards Institution, 1999) were carried out to confirm the extent of the ground
conditions. Detailed description of the soil/rock in the cliff face is given in Table 1.

Typical Depth
(m bgl)

Typical
Thickness (m)

Description

0 to 0.8 0.8 Top soil/Peat

0.8 to 2.1 1.3 Firm brown very sandy gravelly SILT with
some to much angular cobbles (GLACIAL TILL)

2.6 to 3.1 0.5 Very dense brown gravelly angular COBBLES
with some angular boulders (COLLUVIUM/
DISTURBED &WEATHERED ROCK)

3.1 to depth Strong light brown to grey medium grained
laminated to thickly banded with dominant
cleavage PSAMMITE and SEMI PELLITE
(metamorphosed sand/mudstone) with rare
mica schist (BEDROCK)

Table 1 Detailed Description of Natural Soil/Rock in Cliff Face

At the time of inspection, a section of the cliff was formed of fill as a result of earlier
pipe laying preparatory work. The fill slope comprised essentially till inclined at about 45
degrees.

The borehole record (BH016 07) for the site (Geotechnical and Environmental Services
(GES), 2007) indicates dense/very dense sand and gravel from 0.5 to 5m bgl, at which
depth bedrock was encountered. It is likely that the dense/very dense sand and gravel
encountered in the borehole represents the colluvium/disturbed & weathered rock.

Bedrock in the borehole was encountered at 5 m bgl and at 3.1 m bgl in the cliff face.
The variation in bedrock depth is possibly due to variation in ground surface, natural
variations in rockhead or the difficulties in retrieving fractured rock from the borehole.
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3.4 Findings of Field Survey

The findings of the field survey are as follows.

(1) General

The cliff face comprised essentially glacial till with colluvium in the lower part. Face
height varied along the cliff line from typically 3 to 4m and locally up to 5m. The cliff
face slope angle was typically sub vertical (70 to 80 degrees) and locally 45 degrees. The
cliff is essentially unvegetated.

The north facing part of the cliff has birds’ nests present. The birds’ nests are located in
the upper till part of the slope (Plate 2), and several nest groups are present along the
line of the cliff.

(2) Soil/Rock Conditions

The soil/rock conditions in the cliff face are detailed above and the general ground
conditions based on exposures in the cliff face are shown in Plates 2 and 3, and are
summarised below:

(a) Topsoil/Peat. This included a relatively thin layer of dominantly peaty topsoil.

(b) Glacial till. Till formed the dominant portion of the cliff face and comprised
essentially a fine grained soil matrix with some angular cobbles.

(c) Colluvium/disturbed and weathered rock. This coarse rock layer appeared in parts
to have structure indicating that it is possibly disturbed and weathered bedrock.

(d) Bedrock. Bedrock was present on the foreshore and comprised parts of the base of
the cliff.

In addition to the above, at the time of inspection a section of the cliff face was formed
of fill, as a result of earlier pipe laying preparatory work (Plate 1). The fill comprised
essentially till with occasional angular cobbles.

The irregular shape of the cliff line is controlled in part by the presence of bedrock
within the cliff. Where bedrock is present, this provides a resistance to further erosion.

(3) Foreshore

The foreshore (beach) fronting the cliff comprised essentially sand with numerous rock
exposures (Plate 1 and 4). At the base of the cliff there was a notable dry deposit of
gravel and rounded cobbles. On the northern facing part of the cliff, there was some
vegetation growth below the cliff indicating minimal wave action along this section of
the cliff line (Plate 2).

The deposit of gravel and rounded cobbles at the base of the cliff likely represents a
beach berm, which Mean High Water Spring (MHWS) tides would rarely cover. The
width of the beach berm is about 8 to 10m.
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The storm water mark which is typically identified by a line of litter/seaweed, and which
is the line of maximum incursion of the sea during storm events, was not readily
apparent. However the following factors indicate that storm wave action does not often
reach the cliff.

(a) Whilst there was little evidence of sea borne litter, the highest line of seaweed on
the beach suggested that the typical storm water mark was some 3 to 5m from the
base of the cliff (Plate 9).

(b) The occurrence of some vegetation at the base of the cliff line, particularly the
north facing cliff, further suggested that the maximum storm water level seldom
reached the base of the cliff.

(c) It was also observed that the base of the cliffs had no marked wave under cutting.
Given the relatively erodible nature of the cliff any wave action would be
pronounced.

A partially formed causeway (present as a line of rocks on the foreshore in Plate 4) was
formed as part of earlier preparatory works for pipe laying. Inspection of the causeway
showed that placed rock was typically rectangular with largest dimension about 0.7m,
which gives a maximum estimated weight of about 0.4 tonnes. The placed rock below
the high tide mark was notably rounded, abraded and locally displaced by wave action.

(4) Cliff Erosion and Instability

Evidence of cliff erosion and instability along cliff, which includes the site and immediate
coast line comprising about 270m length of cliff, are as follows:

(a) Localised slumps along the natural cliff are present along the cliff line in the
location, see Plates 5 to 7. Slumps were localised and comprised failure volumes of
about 4 to 8m3. Areas of incipient slumping were also identified with approximate
volume of 48m3. Total observed failed/distressed material recorded along surveyed
natural cliff is estimated at 66m3.

(b) The localised failures and distress of the natural cliff appear relatively recent, and
are estimated to have occurred within the last 5 years, with the localised slumps
possibly having occurred in the last 1 to 2 years. Notwithstanding the above, it is
likely that there may have been re current localised slumping at the same location
for a notable period of time.

(c) Based on the above, the estimated regression of the natural cliff, excluding the
recently placed fill slope, over say a 5 year period is estimated at about 0 to 0.01 m
per m run. Though locally greater rates of regression would be expected due to
localised minor slumping.

(d) Based on observations, slumping may involve locally about 1 to 2m regression of
the cliff with total slump volume of less than 10m3.

(e) Along the toe of the cliff there was an accumulation of failed material from the cliff.
This was as a result of discrete failure of glacial soil, isolated falls of stone from the
face and general erosion of the face. The lack of vegetation, particularly on the
westerly facing cliff, also indicated general cliff erosion.
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(f) The recently placed temporary fill slope within the cliff formed about 5 years ago

had eroded by an estimated 1m with perhaps up to 2m (Plate 8). Note this
temporary fill slope has since been re constructed. The presence of notable gulley
erosion on the face suggests that land run off is the dominant cause of erosion.
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3.5 Causes of Cliff Erosion Based on ECOPROMethodology

It is clear from visual inspection that the cliff is slowly retreating inland as a result of
repeated localised minor failure and erosion from the face. The causes of cliff erosion
are determined below using the methodology of ECOPRO which combines field survey
(FS) and historical survey (HS) data.

3.5.1 Field Survey

To determine the likely cause of cliff erosion the methodology of ECOPRO Section 2.2
item 3 for glacial till cliffs is adopted and taking into account the following findings of the
survey:

(1) Localised slumps along the cliff are present along the immediate cliff line in the
location.

(2) The presence of the storm water mark seaward of the base of the cliff suggests
limited wave erosion of the cliff. The lack of a clear wave cut face at the base of the
cliff concurs with this finding. Wave erosion, when it occurs, is likely to be limited to
significant storm events.

(3) Along the toe of the cliff there was an accumulation of failed material from the cliff.
This also suggests limited wave action.

(4) The recently place temporary fill slope within the cliff formed about 5 years ago had
notable gulley erosion.

Based on ECOPRO and using the findings of the field survey the cliff is classified as
follows:

FS GC 4. Drainage problem. Particularly run off from ground above cliff.

FS GC 5. Storm attack or drainage problem.

FS GC 6. Recent slump.

3.5.2 Historical Survey

Historical map records were used to determine the longer term erosion trends at the
site. The Ordnance Survey Ireland (OSI) historical mapping produced for the area
(surveyed in 1838) was used for comparison with recent surveys.

Whilst it is difficult to accurately compare the regression of the cliff line using historical
and recent surveys due to say differences in survey accuracies, it is nevertheless
considered that there has been regression of the cliff (Figures 5 and 6), which would
confirm the findings of the field survey. Some land reclamation is also evident.

There has been no significant change in the land use at the coastline over the period;
the land use has remained agricultural.
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It is estimated that the regression of the cliff line from about 1838 to the present day is
typically about 5m with locally greater regression rates.

On the north facing cliff over a length of about 20m the cliff line is indented by about 9
to 10m when compared to the historical survey.

On the west facing cliff over a length of about 15m the cliff line is slightly indented by
about 7 to 8m when compared to the historical survey, this coincides with the location
of the pipeline landfall and the recently re constructed cliff.

Based on the historical review, the cliff is regressing albeit at a slow rate, which confirms
the findings of the field survey. The annual rate of cliff regression estimated from the
historical review is about 0.03m per year. Locally greater rates of regression would occur
due to localised minor slumping. Given the inaccuracy of the comparison the historical
results need to be viewed cautiously.

Some land reclamation of the coast has occurred to the east of the site where originally
sand hills shown on the 1838 survey now form part of agricultural grassland.

Based on historical survey, the most likely classification for cliff erosion using the
methodology of ECOPRO (Section 2.3) are as follows:

HS 9. Possible increase in storminess.

3.5.3 Likely Causes of Cliff Erosion

Using ECOPRO methodology and combining the above field survey (FS) and historical
classifications (HS) the most likely cause of natural cliff regression is drainage related
problems and limited storm wave attack.

The above concurs with the geotechnical findings of the likely causes of cliff erosion
which are as follows.

(1) Localised slumping of the face due to over steep slope with respect to cliff forming
material, ingress of groundwater reducing effective stress and suctions, and
inundation of land run off causing erosion and wash out.

(2) Occasional storm wave action contributing to softening and eroding of the face
together with removal of fallen material from toe of cliff.

The erosion of the temporary fill slope is dominantly due to run off erosion, which is
possibly exacerbated due to the steepness of the slope and compaction of the fill (Note
this temporary slope has since been re constructed). Storm wave action would also have
played a role in softening and eroding the face.

The north facing part of the cliff is regressing less than the west facing cliff (Figure 1), as
evidenced by the presence of relatively well established vegetation at the toe of the
face and birds’ nests. This would be as expected as the north facing cliff does not face
open water and shows fewer signs of water erosion.
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3.6 Stability Analysis

3.6.1 General

A stability analysis was carried out for the cliff fronting the LVI using Talren software to
determine the Factor of Safety (FoS). For the purpose of the stability analysis it is
assumed that there is no rock within the cliff, this gives the worst case.

Stability analysis was carried out in accordance with Eurocode 7 (EC7) as follows:

(1) IS EN 1997 1 Eurocode 7: Geotechnical Design Part 1: General Rules (NSAI, 2005)

(2) IS EN 1997 1 National Annex. Irish National Annex to Eurocode 7: Geotechnical
Design Part 1: General Rules (NSAI, 2007).

3.6.2 Stability Model

Using EC7, the following inequality must be satisfied for ultimate limit state, namely:

Ed Rd

where:
Ed is the design value of the effect of actions
Rd is the design value of the resistance to an action

For slope stability problems using the method of slices, such as applied in Bishop’s
circular method, this inequality can take the following general form:

GW sina 1 [ c' + tan ’ ] L

R;e c’ ’

where: G, c’ , ’, R;e are partial factors as defined below

Stability can also be expressed as the ratio of Rd/Ed, which in this report is referred to as
the Factor of Safety (FoSEC7).

Using EC7, a FoSEC7 of 1 or greater is considered acceptable.

3.6.3 Partial Factors

For ultimate limit state calculations, EC7 specifies three design approaches (DA1 to
DA3), all of which are permitted for use under the Irish National Annex (NSAI, 2007).
Design approach 1 (DA1) includes two combinations (C1 and C2) of partial factors; DA2
and DA3 includes one combination of partial factors.

Refer above for details for combination of partial factors.
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In practice, the following is generally found to be the case for slope stability problems:

DA1.C2 is usually more critical than DA1.C1
DA3 usually gives the same result as DA1.C2
It is generally not recommended to use DA2 for slope stability problems

The stability results given in the following sections have been calculated using EC7
partial factors, using DA1.C2.

DA1.C1 was also checked however the calculated factors of safety were higher than
those for DA1.C2.

3.6.4 Stability Analysis Results

For the purpose of slope stability in this section the required minimum acceptable FoSEC7
for permanent works is given as 1.

The results of stability analyses for the cliff and for various scenarios are given below.

(1) Existing stability of cliff. The existing stability of the cliff is marginal, as evidenced by
localised slumping of the cliff face. The cliff forming material is dominantly a glacial
till soil and where this soil becomes saturated it fails locally. Where there is a
greater presence of colluvium/bedrock present the cliff is more resistant to failure.

The extent of any failure is confined to a few metres along the crest of the cliff line.
Due to occasional storm wave action at the foot of the cliff which removes failed
debris the cliff cannot reach a stable slope geometry.

(2) Determination of FoSEC7 for the LVI building. Figure 2 shows stability analysis results
for the LVI building. The FoSEC7 is in excess of 2, which is acceptable.

(3) Determination of safe working distance from cliff line for permanent works. Figure 3
shows results for safe working distance from the cliff line (FoSEC7 of 1 or greater)
assuming high groundwater table.

The analytical results show a minimum set back distance of 5m would be sufficient
(Figure 4), however to allow for variations in cliff forming material/height a
minimum distance of 7m is recommended.

(4) Influence of proposed works on existing cliff. The above result also shows that to
avoid undue disturbance of the cliff, then temporary works should be kept a similar
distance of 5m from the cliff edge and no permanent loading should be placed
within 7m of the cliff face.
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3.7 Summary of Findings

Summary of findings of geotechnical assessment are given below.

(1) A geotechnical assessment of cliff at the proposed site (Figure 1) of the Landfall
Valve Installation (LVI) for the onshore gas pipeline to the gas terminal site at
Bellanaboy was carried out in October 2007.

(2) The cliff was typically 3 to 4m high and was formed mostly of glacial soil with some
colluvium and bedrock exposed at several locations along the base of the cliff.

(3) Visual inspection of the cliff showed that the cliff was slowly retreating inland as a
result of repeated minor failure and erosion from the face.

(4) Using the methodology in ECOPRO and the findings of the geotechnical survey the
cliff erosion is due to the following likely causes.

(a) Localised slumping of the face due to over steep slope with respect to cliff
forming material, ingress of groundwater, and inundation of land run off
causing erosion and wash out.

(b) Occasional storm wave action contributing to softening and eroding of the
face together with removal of fallen material from toe of cliff.

(5) Based on field observation, the estimated regression of the natural cliff, excluding
the recently placed fill slope, over say a 5 year period is estimated at about 0 to
0.01 m per m run. Historical review indicates the rate of regression is up to about
0.03m per year over the last about 160 years. Locally greater rates of regression
up to 2m would be expected due to localised minor slumping or erosion of fill
slope.

(6) The north facing part of the cliff appears to be regressing less as evidenced by the
presence of established vegetation at the toe of the face and bird nesting sites
(Plate 2).

(7) Stability analyses were carried out for the cliff to determine the Factor of Safety
(FoSEC7). The results showed that:

(a) The existing local stability of the cliff is marginal, as evidenced by localised
slumping of the cliff face.

(b) The FoSEC7 for the LVI building is in excess of 2, which is acceptable (Figure 2).

(8) In summary:

(a) Given the low rate of cliff regression 0.03m per year, the distance of the LVI
building from the cliff and the proposed set back distances for the works it is
considered that there is no/negligble risk to the LVI as a result of ground
movement due to cliff regression for the design life of the project.

(b) Stability of the existing cliff with respect to the location of the LVI and
proposed works has been examined. The LVI and proposed works have an
acceptable Factor of Safety. Set back distances for proposed works near the
cliff edge are recommended to ensure no adverse loading of the cliff.
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3.8 Additional Construction Measures

The following additional construction measures are given below.

(1) To avoid run off from the land causing erosion to the cliff a shallow interceptor
ditch (typically trapezoidal ditch 1m wide by 1m deep) is to be constructed behind
the cliff line to intercept surface run off. The ditch is be located at 5m distance from
the cliff edge and is to outfall into the sea at a suitable location(s).

(2) An exclusion zone of 5m for temporary and 7m for permanent works, where load is
applied, is to be established behind the crest of the cliff. This will ensure a safe
working distance and will avoid undue disturbance of the cliff face.
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FIGURES
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Figure 1 Site plan
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(a) Along line of pipeline

(b) North of LVI building

Figure 2 Check on factor of safety for stability of LVI building
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(a) Factor of safety at 5m from cliff crest

(b) Factor of safety at 7m from cliff crest

Figure 3 Check on safe working distance from cliff line
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Figure 4 Safe working distance from cliff line
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Figure 5 Historical comparison between 1838 survey (black lines) and recent aerial photography

Localised increase in
cliff regression

7

Proposed location of
Landfall Valve Installation
(LVI) building

Proposed line of
pipeline

Scale bar: 50m

Land reclamation
of sand hills

N



Corrib Onshore Pipeline – Ground Stability Assessment

Page 126

agec

Figure 6 Extract of 1838 historical map of LVI area
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PLATES
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Plate 1 General view of cliff and foreshore also showing fill slope in cliff

Plate 2 View showing birds’ nests and composition of ground conditions in cliff
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Plate 3 General view showing composition of ground conditions in cliff

Plate 4 General view of foreshore
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Plate 5 View of recent minor failure

Plate 6 View of recent minor failure
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Plate 7 View of recent minor failure

Plate 8 View of erosion of fill slope in cliff
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Plate 9 View along beach showing beach berm
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4 ASSESSMENT OF LANDSLIDE IMPACT ON STONE ROADWITHIN PEAT

SECTION CONTENTS
TEXT

TABLES (within section text)

FIGURES

Figure 1 Stone Road on Weak Sensitive Soil (9m wide road)
Figure 2 Stone Road on Weak Sensitive Soil (12m wide road)
Figure 3 Stone Road on Actual Soil Conditions (9m wide road)
Figure 4 Stone Road on Actual Soil Conditions (12m wide road)
Figure 5 Comparison of Stability (FoSEC7) of Stone Road with Landslide Impact on Weak

Sensitive Soil with Actual Soil Conditions
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4.1 Introduction

The impact of a peat landslide on the stone road has been assessed. The assessment
includes an analysis of Load Case 2 (stone road with 10kPa load) where a layer of weak
sensitive clay with an undrained shear strength of 5kPa is assumed below the road. The
impact of the peat landslide would subject the upslope edge of the road to lateral (passive)
pressure.

A version of this assessment was provided as additional information as requested on 9 June
2009, and other dates, by the Inspector chairing the An Bord Pleanála (ABP) Oral Hearing.
This assessment supersedes that previously submitted.

4.1.1 General

Stability analysis was carried out to determine the stability of the stone road when
subjected to an impact from a peat slide with the road assumed to be founded on a layer of
weak sensitive clay. Stability analysis was carried out in accordance with Eurocode 7 (EC7)
as follows:

(1) IS EN 1997 1 Eurocode 7: Geotechnical Design Part 1: General Rules (NSAI, 2005), and

(2) IS EN 1997 1 National Annex. Irish National Annex to Eurocode 7: Geotechnical Design
Part 1: General Rules (NSAI, 2007).

The stability analysis method used comprised a rigorous method to accurately determine
the FoS. Using Talren (Terrasol, 2005) the loading and ground conditions can be realistically
modelled and a rigorous stability analysis using yield design method is carried out.

4.1.2 Stability Model

Using EC7, the following inequality must be satisfied for ultimate limit state, namely:

Ed Rd

where:

Ed is the design value of the effect of actions
Rd is the design value of the resistance to an action

For slope stability problems using the method of slices, such as applied in Bishop’s circular
method, this inequality can take the following general form:

Stability can also be expressed as the ratio of Rd/Ed, which in this report is referred to as the
Factor of Safety (FoSEC7).

Using EC7, a FoSEC7 of 1 or greater is considered acceptable.
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4.1.3 Partial Factors

For ultimate limit state calculations, EC7 specifies three design approaches (DA1 to DA3),
all of which are permitted for use under the Irish National Annex (NSAI, 2007). Design
approach 1 (DA1) includes two combinations (C1 and C2) of partial factors; DA2 and DA3
includes one combination of partial factors.

Refer above for details for combination of partial factors.

In practice, the following is generally found to be the case for slope stability problems:

DA1.C2 is usually more critical than DA1.C1
DA3 usually gives the same result as DA1.C2
It is generally not recommended to use DA2 for slope stability problems

The stability results given in the following sections have been calculated using EC7 partial
factors, using DA1.C2.

DA1.C1 was also checked however the calculated factors of safety were higher than those
for DA1.C2.

4.1.4 Stability Analysis

Analysis was carried out with the landslide impact modelled as a uniformly distributed
applied lateral load to simulate the impact of a landslide within slope stability software
(Terrasol, 2005). This uses a slip analysis with an automatic search routine to determine the
minimum Factor of Safety.

Partial factors from Eurocode 7 have been used to determine the stability. This means that
a Factor of Safety (FoSEC7) in of 1 or greater is considered stable.

Following comments on model are given:

(1) The peat upslope of the stone road is assumed to be unstable and fails shortly after
emplacement of the stone road.

(2) The models assume that there is a weak soil layer below the road and surrounding
peat slopes.

(3) Emplacement of the stone road occurs in such a manner that the stone within the road
does not embed itself within the weak soil.

(4) Failure occurs rapidly after stone emplacement as there is no material gain in strength
of the weak layer due to weight of stone.

(5) The analysis was carried out at about Ch 90,720 where there is deep peat and a
significant extent of peat slope above the road.
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(6) The typical peat depth along the proposed pipeline route in this section is about 4m. It

is assumed that for road construction 3.5m of peat is excavated and a nominal 0.5m
depth of peat left in place with stone pushed into this peat.

(7) It is assumed that 1.0m of weak mineral soil lies beneath the peat and this material has
an undrained shear strength of 5kPa.

(8) A slip analysis has been carried out with varying lateral loads placed on the upslope
face of the road to model loading from a potential peat failure upslope impacting on
the road.

(9) Analysis included stone road width at the upper surface of 9m and 12m. The proposed
stone road width at the upper surface is 12m.

4.2 Results of Stability Analysis

Results are summarised below and included in Figures 1 to 5.

(1) The Factor of Safety (FoSEC7) has been calculated for a range of lateral loads simulating
the force of landslide impact on a 9m and 12m road width. The lateral load on the
stone road was varied from 0 up to 75kN. The analysis uses a failure surface which
passes under the stone road and along the weak soil layer.

(2) Results are given for a 9m wide road (Figures 1 and 3) and a 12m wide road (Figures 2
and 4), with a summary of results given in Figure 5.

(3) The FoSEC7, which applies to failure along the weak soil layer under the road, varies
from in excess of 1 to 0.4 for a corresponding lateral load of 0 to 75kN (Figure 1, 2 and
5). The calculated passive load for 3m of peat is given as about 77kN. Assuming that
approximate onset of failure occurs at FoSEC7 of 1/1.35 = 0.74 then this is equivalent to
a lateral load of about 50kN.

(4) The calculation was repeated using actual ground conditions found at this location
(refer to table below for trial pit TP03), see Figures 3, 4 and 5. The actual ground
conditions below the peat comprise clayey gravelly sand (effective friction angle = 30
degrees).

The FoSEC7, again which applies to failure along the underside of the road in actual
ground conditions, varies from in excess of 3 to about 1.56 for a corresponding lateral
load of 0 to 75kN (Figure 5). In this case the stone road can sustain the maximum
passive load.

(5) Whilst the above analysis shows that based on actual soil conditions the stone road
would resist landslide impact, the stone road has not been designed to act as a
landslide containment barrier. The inclusion of the stone road within the peat slope
provides an increase in the stability of the peat slope due to the increase in shear
resistance to sliding provided by the higher shear resistance of the stone fill. As such,
in the unlikely case where a peat slide occurs, the stone road would provide greater
resistance to movement, and offer greater security to the pipeline, than if the pipeline
was buried within the peat itself.
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4.3 Plausibility of Model

The plausibility of the model is examined as follows:

(1) Stability of peat upslope of the road

Original stability analysis of the peat along the route used actual shear strength values
derived from shear vanes. These peat strength values were notably greater than 5kPa,
though in places values as low as 1kPa to 3kPa were recorded which gave a limited
number of places where there was a low Factor of Safety.

Based on the above, the likelihood of failure of the peat upslope of the road is
considered remote.

(2) Presence of weak sensitive soil layer

The ground investigation of the route included examination of sub peat soil from trial
pits, probes, and exposures. A weak sensitive soil would comprise a fine grained
silt/clay. The findings of these are summarised below:

Nearest
Chainage/
Location

Ground Investigation Sub peat Soil Conditions

Nearest 88.650 Exposure in cliff/slope beside bay,
refer to Geomorphological Plans

Firm brown silt with rootlets

89.150 Peat cutting to mineral soil.
Exposure in floor of peat cutting,
refer to Geomorphological Plans

Firm to stiff brown gravelly sandy silt with
much angular to sub rounded cobbles. Tree
roots

89.300 Exposure in cliff/slope beside bay,
refer to Geomorphological Plans

Firm dark brown slightly organic sandy
gravelly silt

89.850 Trial pit TP06 Greyish brown gravelly SAND with many
cobbles and occasional boulders of angular to
sub rounded quartz and quartzite.

Bluish grey clayey fine SAND
(liquefying/running). Gravel angular to sub
rounded quartz & quartzite and schist

90.680 Trial pit TP03 Grey slightly silty very gravelly SAND
(medium) with some to many cobbles. Gravel
and cobbles angular to sub rounded quartz
and quartzite.

Blue grey clayey gravelly fine SAND
(liquefying/running). Gravel rounded to
angular quartzite & quartz and occasional
mica schist
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The above information shows no evidence of a weak sensitive silt/clay soil at the base
of the peat. Layers of granular soil (SAND) found in TP03 and 06 were observed to be
running (ie. flowed due to presence of groundwater); which was due to the release of
water within the sand following removal of the normal load. Placement of the stone
road onto these granular soils will greatly increase the normal load and the effective
stresses.

Notwithstanding the above, the presence of a weak sensitive soil layer was identified
as a risk to the works and included in the Geotechnical Risk Register, Appendix M4. The
Geotechnical Risk Register provides control measures where sensitive soil is
encountered, and is reproduced below.

Hazard Design Control Construction Control

Presence of
sensitive clay/silt
below peat

1. Review of previous excavations in the
locality and in similar ground
2. Detailed site investigation to include
trial trenches to expose sensitive soils
3. Boreholes and trial pits to be taken
below base of excavations
4. Avoidance of excessive loading and/or
excessive vibration
5. Detailed method statement to be
prepared in accordance with ground
conditions anticipated

1. Site supervision staff to inspect
trench
2. Restricted access into excavation
3. Employment of
contractor/personnel familiar with
soft ground conditions
4. Engineering supervision to ensure
construction carried out as detailed
in the method statement
5. Limited exposure of excavation
base and sides to avoid potential for
failure
6. Avoid excessive loading and/or
vibration

The control measures would vary depending on the extent of the presence or
otherwise of a weak sensitive soil. Worst case control measures (though considered
unlikely) could involve for example:

(1) Removal of the weak sensitive layer where it was considered that placement of
stone onto the weak soil layer would not appreciably increase the shear resistance
of the weak soil.

(2) Increased burial depth of pipeline. This would involve placing the pipeline below
the stone road and into the mineral soil. In this case the pipeline would be
completely within the mineral soil and below the base of any potential peat
failures.

(3) Strength of Weak Sensitive Soil Layer

The stability model assumes that the strength of the weak soil layer is 5kPa, and that
this strength is unaffected by placement of the stone road. For this to apply the
underlying assumptions are as follows:
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(a) Failure occurs relatively instantaneously following placement of stone road. In the

unlikely event that failure should occur following placement of stone then the
pipeline will not have been laid within the road.

(b) There is no penetration of the placed stone into the weak soil layer. In most cases
along the route it is considered that the stone will penetrate into the mineral soil
and will therefore increase the shear resistance at the base of the peat.

(c) The placement of the stone road will result in consolidation settlement of any
weak soil located below the road. The consolidation will result in strength gain in
the soil.

(d) Where the weak sensitive soil comprises a discrete plane of weakness, then this
would normally be associated with say infilled sub horizontal jointing in
weathered sedimentary rock or as a residual shear surface in fine grained soils.
Neither of these cases corresponds to the rock type or to the essentially well
graded till deposits found along the route.
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FIGURES
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(a) Stone road on weak sensitive soil with 50kN lateral load

(b) Stone road on weak sensitive soil with 75kN lateral load

Figure 1 Stone Road on Weak Sensitive Soil (9m wide road)
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(a) Stone road on weak sensitive soil with 50kN lateral load

(b) Stone road on weak sensitive soil with 75kN lateral load

Figure 2 Stone Road on Weak Sensitive Soil (12m wide road)
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(a) Stone road on actual soil conditions with 50kN lateral load

(b) Stone road on actual soil conditions with 75kN lateral load

Figure 3 Stone Road on Actual Soil Conditions (9m wide road)



Corrib Onshore Pipeline – Ground Stability Assessment

Page 145

agec

(a) Stone road on actual soil conditions with 50kN lateral load

(b) Stone road on actual soil conditions with 75kN lateral load

Figure 4 Stone Road on Actual Soil Conditions (12m wide road)
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Figure 5 Comparison of Stability (FoSEC7) of Stone Road with Landslide Impact on Weak
Sensitive Soil with Actual Soil Conditions
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5 QUALITATIVE ASSESSMENT OF THE RELATIVE POTENTIAL FOR PEAT FAILURE

SECTION CONTENTS
TEXT

TABLES (within section text)

APPENDICES

Appendix A Qualitative Risk Assessment

DRAWING

Drawing No. 001 Qualitative Assessment of Relative Potential for Peat Failure
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5.1 Introduction

A qualitative assessment of the relative potential for peat failure was carried out along the
pipeline route in peat areas using a basket of environmental factors to determine the
relative potential for peat failure with respect to sections of the proposed pipeline route.

A version of this assessment was provided as additional information as requested on 9 June
2009, and other dates, by the Inspector chairing the An Bord Pleanála (ABP) Oral Hearing.

This assessment supersedes that previously submitted.

The results of the qualitative assessment are shown on plan (Drawing No. 001) and the
scoring of the environmental factors included in Appendix A.

The qualitative assessment of the relative potential for peat failure has been applied to a
number of developments on peatland in Ireland and Scotland (MacCulloch, 2006). This
form of assessment provides additional insight into qualitative factors which cannot be
generally included in normal stability analysis. The qualitative assessment however is not
considered a substitute for numerical stability analysis.

The following qualitative environmental factors were used in the assessment:

(a) Ground conditions

(b) Topography, such as peat slope, slope of underlying mineral soil, morphology

(c) Water conditions, such as surface hydrology, hydrogeology

(d) Stability analysis assuming weak sub peat conditions

(e) Peat slide history

(f) Land use

The assessment was carried out incorporating the results of a stability analysis assuming
that the stone road was constructed on a weak sub peat soil, such as very soft sensitive soil
layer, with undrained strength of 5kPa. This stability analysis has been carried out using an
infinite slope model, using EC7 partial factors and Design Approach 1, Combination 2.

The presence of a weak sub peat soil is not supported by the site investigation records, and
is included in the analysis as a hypothetical case.

The results of the stability analyses are expressed in terms of FoSEC7. Using EC7, a FoSEC7 of
1 or greater is considered acceptable.
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5.2 Methodology Used For Qualitative Assessment

The methodology used for the qualitative assessment of relative potential for peat failure is
as follows:

(1) The qualitative assessment provides a measure of the relative potential for peat
failure. Included within the qualitative assessment are environmental factors (such as
presence of peat cuttings, drains, etc) that cannot be as easily included and quantified
within a routine deterministic assessment (ie. calculation of factor of safety).

(2) The qualitative assessment relies on the experience and judgement of the compiler
and therefore is subjective in nature. The list of factors included in the assessment is
based on a review of factors commonly considered to be discriminatory indicators of
failure (eg MacCulloch, 2006).

(3) The results from the qualitative assessment are a relative measure of the potential for
peat instability; this measure cannot be used as an absolute indicator of the
susceptibility to failure. Instead, the qualitative assessment provides an indication of
areas where there is a relatively greater potential for peat failure.

(4) The qualitative assessment included the following:

(a) Compilation of a list of pertinent discriminatory factors. 32 factors were used in
the assessment.

(b) Rating of these factors from 1 to 3.

(c) Dividing the pipeline route within the peatland areas into sections with similar
terrain characteristics. 10 sections have been used.

(d) Rating of each factor from 1 to 3 for each individual section.

(e) Summation of all ratings for each section to provide a ratings score.

(5) Of the 32 factors up to 29 factors could be rated for any section. In all sections not all
factors may be present. The maximum rating score is 3 x 29 = 87 (ie. 100%) and the
minimum rating score (based on 29 factors) is 1 x 29 = 29 (ie. 33% of maximum). The
minimum rating score would be terrain that showed negligible susceptibility to peat
failure.

(6) The rating scores for each individual section were ranked and the highest scores given
a higher relative potential category. The division between relative potential categories
is based on dividing the possible range of ratings into thirds.

(7) It is considered of the many factors included within the assessment that a higher
weighting, or consideration, should be given to the Factor of Safety determined from
stability calculation. As such, where the Factor of Safety (FoS) determined from either
ground slope or base of peat is less than 1 then a section is promoted to the next
highest category. The FoS within each section has been determined by assessing a
representative subsection of each section, and using the average peat depth and base
of peat slope angle within this subsection.
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(8) The relative potential category is given as follows:

Relative Potential
Category

Title Typical Description

1 High potential Notable number of ratings of 2 and 3. Total ratings
score is greater than 78%, which represents upper
third.

2 Medium
potential

High proportion of ratings of 2 and 3. Total ratings
score is greater than 56% but less than 78%, which
represents middle third.

3 Low potential Significant number of ratings of 1. Total ratings score
is 56% or less, which represents lower third.
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5.3 Findings of Qualitative Assessment

A summary of findings of the qualitative assessment are given as follows:

(1) The individual rating score for each section is given in Table 1 and a detailed
breakdown of the scores for each section given in Appendix A.

(2) The rating scores for the sections vary from 53.7 to 66.7%. The scores occupy a
relatively narrow band, and this is considered to there being similar characteristics
between the sections. The highest score is in section 9, which is located downslope of
the terminal.

(3) Section 3 crosses the Leenamore River inlet. A review of the score for section 3
indicates that it has a notable number of 3 ratings. Furthermore, it has a FoS of less
than 1. The relative potential category for section 3 is 1 (high). It should be noted that
the stone road in this section will be constructed parallel to the slope angle, which
will reduce the likelihood of a failure. The peat slopes in the area of the inlet have
been reclaimed and comprise agricultural fields used for grazing.

(4) A review of the score for section 8 indicates that it has a notable number of 2 ratings.
Section 8 has a notable large catchment upslope. Furthermore, it has a FoS of less
than 1, due to a locally steep section of ground, however the base of peat is
considered to be flat. The relative potential category for section 8 is 1 (high). The
steep slopes are associated with the approach slopes adjacent to a river.

(5) A review of the score for section 9 indicates that it has a notable number of 2 ratings.
Section 9 has a notable large catchment upslope and relatively steep slopes.
Furthermore, it has a FoS of less than 1. The relative potential category for section 9
is 1 (high). The stone road has already been constructed through this section.

(6) In general the higher rating scores are for the sections approaching the terminal. This
is considered partly due to the more undulating terrain and drainage conditions.

(7) The distribution of the relative potential categories is shown in Drawing No. 001.

(8) In general, the qualitative assessment provides an indication of where there are
potentially a number of environmental factors that may result in an increased
potential for peat failure. The qualitative assessment can be used to inform
confirmatory investigation and to indicate to supervising geotechnical engineers
during construction of possible stability issues. The qualitative assessment however is
not considered a substitute for numerical stability analysis.
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5.4 Mitigation Measures for High Risk Category Sections

Specific mitigation measures for sections categorised as ‘High’ risk together with general
mitigation measures applicable to all sections is given in Table 2.
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Calculated FoSEC7 to EC7Section Rating

Score
Initial Relative

Potential
Category

Ground surface
slope angle

Base of peat
slope angle

FoSEC7 < 1.0 Final Relative
Potential
Category

Comment

1 53.7 3 1.00 3 No 3(Low)
2 54.0 3 1.93 7.6 No 3(Low)

3 60.3 2 1.00 0.9 Yes 1(High)
Low factor of safety is due to locally steep slope on the
side of Leenamore River inlet.

4 57.7 2 1.70 2.1 No 2(Medium)
5 57.7 2 1.00 2.8 No 2(Medium)
6 61.9 2 1.35 4.6 No 2(Medium)
7 63.1 2 1.30 4.9 No 2(Medium)

8 65.5 2 0.90 7.2 Yes 1(High)
Low factor of safety is due to locally steep slope
adjacent to river.

9 66.7 2 0.75 1.15 Yes 1(High)
Low Factor of Safety is due to combination of locally
steeper slope at surface within relatively deeper peat.

10 64.3 2 1.40 4.3 No 2(Medium)

Notes

(1) The calculated FoSEC7 is based on a hypothetical weak sub peat soil and does not represent the actual calculated stability.
(2) Using EC7, a FoSEC7 of 1 or greater is considered acceptable.
(3) Rating scores have been re assessed since original submission in June 2009.
(4) Sections 3 and 8 (previously sections 12 and 17 in submission of June 2009) were originally assessed as Potential Category 2

Table 1 Summary of Qualitative Assessment for Individual Sections along Pipeline Route
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Section Final Relative
Potential
Category

Comments Section Specific
Mitigation Measures

General Preventative/Mitigation Measures all Sections
(see Notes)

1 3(Low)
2 3(Low)

3
(Note 4)

1(High)

Low factor of safety
is due to locally steep
slope on the side of
Leenamore Inlet.

No stacking of peat
turves/peat spoil for
re instatement
adjacent to works

4 2(Medium)
5 2(Medium)
6 2(Medium)
7 2(Medium)

8 1(High)

Low factor of safety
is due to locally steep
slope adjacent to
river.

No stacking of peat
turves/peat spoil for
re instatement
adjacent to works

9
(Note 3)

1(High)

Low Factor of Safety
is due to
combination of
locally steeper slope
at surface within
relatively deeper
peat.

No stacking of peat
turves/peat spoil for
re instatement
adjacent to works
Stone road already
constructed

10 2(Medium)

Supervising/ construction staff to be fully briefed on the ground conditions, design requirements
(in particular loading limitations) and construction methodology
Strict site supervision to ensure that construction is carried out as detailed in the relevant
method statements.
Toolbox talk to operatives to include, for example:

reporting of any areas of unusual water logging
reporting of areas where unusual rutting or bogging of machines

Ongoing geotechnical inspection during works
Following inspection where any areas are determined as having an increased potential of
instability then:

movement monitoring stakes to be installed
works to be ceased in area until such time as a satisfactory stability assessment has been
carried out.

Movement monitoring stakes to be placed at critical locations, as determined from inspection.
Geotechnical inspection of areas where bog mats to be placed to be carried out
Ensure that no bog mats placed over main drainage channels and away from steep slopes
Stockpiling of peat turves/peat spoil for re instatement on upslope side of stone road
No stockpiling of excavated peat outside of specially designated areas.
Ensure all drainage channels remain clear
Cessation of works during periods of intense rainfall
Disturbance of peat ground surface shall be minimised by plant working on peat in advance of
the works
Limit the loading and vibration in areas assessed as ‘high’ risk to the minimum required to
construct the stone road and place the pipe.

Notes
(1) Other recommendations and risk mitigation measures presented in the EIS shall also be taken into consideration.
(2) Where further ground investigation is carried out then the results shall be used to verify that ground conditions are as expected. Where ground conditions are

adversely materially different (eg significant greater peat depth, presence of sensitive clay) then further stability analysis shall be carried out.
(3) Peat spoil has already been safely placed in this section during earlier stone road construction. Inspection of the peat spoil shows no instability issues.
(4) Requirement of no stacking of peat turves/peat spoil applies to area immediately adjacent pipeline route.

Table 2 Preventative and Mitigation Measures
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APPENDIX A

Qualitative Risk Assessment
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DRAWING
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6 GROUND STABILITY RISK ASSOCIATED WITH LANDSLIDING IN PEAT AREAS

SECTION CONTENTS
TEXT

TABLES (within section text)

APPENDICES

Appendix A Summary of Database of Historical Incidents of Pipeline Failure as a Result
of Ground Movement from Natural Landsliding
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6.1 Introduction

This section addresses the risk of ground movement as a result of landsliding within the
peat areas along the route of the onshore pipeline.

The information in this document was originally submitted in part as additional
information to the An Bord Pleanála (ABP) Oral Hearing in June 2009 following a request
from the Inspector chairing the Oral Hearing, refer AGEC (2009).

The previously submitted information has been reviewed and updated as appropriate
with respect to ABP’s letter of 2 November 2009 particularly the following items
contained within the letter, namely page 2 (c) and page 2 (d). The relevant parts of the
ABP letter are reproduced and underlined below.

Page 2 (c) Provide an integrated set of design documentation in the form of a revised Appendix
Q. The documentation should integrate the analysis provided in the incidental and individual
documents at the oral hearing. The whole set should provide a transparency of the design for the
complete pipeline from the HWM to the terminal. This transparency should relate to the different
site and design conditions along the pipeline and should relate to the codes. The design should
include the analysis related to ground stability and should provide a system for monitoring
movement of the pipeline in those areas of deep peat. Furthermore, the maximum allowable
operating pressure (MAOP) for the pipeline should be stated.

Page 2 (d) Submit a new QRA* that presents the analysis of risk at the different operating
conditions and different locations along the pipeline route. The QRA should be site specific. The
QRA should include ground movement and incorporate a database that matches the conditions
of the proposed development. A sensitivity of the QRA is required which demonstrates the range
of risk that relates to any uncertainty (in the database) of failure frequencies for the various
potential failure modes of the pipeline. The database should be relevant for an upstream wet
gas. In order to eliminate any doubt please note that all failure modes should be included
including the possibility of third party intentional damage at Glengad, wet gas in the pipeline,
CO2 in the pipeline and potential for Methane Hydrate in the pipeline.

*Note that the QRA referred to in the ABP letter excerpts above relates to quantified risk analysis (QRA) of the
onshore pipeline which involves the numerical estimation of risk in the vicinity of a major pipeline accident.
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6.2 Pipeline Design and Related Ground Stability in Peat

(1) The ABP letter states that ‘The design should include the analysis related to ground
stability’ and ‘should provide a system for monitoring movement of the pipeline in
those areas of deep peat’. The former is addressed below.

(2) The latter requirement for monitoring movement of the pipeline in deep peat is
addressed in section entitled ‘Ground Stability Risk Associated with Settlement of
Pipeline and Associated Services in Peat Areas’.

(3) The ground stability as result of a landslide in peat has been assessed for the
pipeline route and for the use of a stone road in peat into which the pipeline is
installed.

The relevant items are included in this report in sections entitled:

(a) Corrib Onshore Pipeline Peat Stability Assessment

(b) Geotechnical Assessment of Stone Road Construction in Peat Areas

(4) With respect to the assessment of ground movement as a result of landsliding in
peat along the pipeline route the above peat stability assessment concluded that:

(a) The walkover survey of the pipeline route carried out to identify salient ground
conditions and in particular evidence of peat instability identified no evidence of
peat failure that would pose a risk to the pipeline route.

(b) Detailed stability analysis showed that the natural peat slopes along the
proposed pipeline route have an acceptable Factor of Safety. The high
calculated Factor of Safety for the route corresponds to the findings of the
walkover survey of the route which identified no peat failure.

(c) Several localised areas of weaker peat were identified along the route. These
areas are not considered to represent a significant risk to the pipeline
construction, particularly taking into account the use of a stone road
construction method in peat, see below.

(d) Taking into account the findings of the walkover survey, the results of the
stability assessment and the proposed stone road construction method it is
considered that the pipeline can be safely constructed along the proposed
route.

(5) With respect to the use of a stone road construction in peat the stone road stability
assessment concluded that:

(a) Stone road construction in peat areas is a proven method of construction in
weak ground such as peat, and for many such situations is the preferred
construction method.
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(b) Analyses were carried out to assess the stability of the stone road under various
load cases. The stability results clearly show that the stone road has adequate
stability and provides a robust and stable platform for construction and long
term stability, as would be expected from such a gravity fill structure.

(c) The long term stability of the stone road in the peat was examined. The
conclusions were that the installation of the stone road into the peat provides a
greater degree of long term protection and stability against a potential peat
slide. This is as a result of the greater shear resistance to sliding provided by the
stone fill within the road.

(6) Based on the above, there is considered to be minimal risk to the pipeline route
within the peat from ground movement as a result of landsliding in the peat. As
such, it is considered that there is no requirement to include additional measures in
the pipeline design, other than those measures already included in the EIS, to
mitigate for ground movement within the peat.
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6.3 Quantified Risk Analysis (QRA) and Ground Movement in Peat

(1) The ABP letter states that the ‘QRA should be site specific’, ‘should include ground
movement’ and ‘incorporate a database that matches the conditions of the
proposed development.’ The basis of the inclusion of site specific ground
movement as a result of natural landsliding included in the QRA (EIS, Appendix Q)
in peat areas is given below.

The use of a database to match ground conditions is addressed at the end of this
section.

(2) The quantified risk analysis (QRA) of the onshore pipeline involved the numerical
estimation of risk in the vicinity of a pipeline accident by calculation using
frequency and consequences for a complete and representative set of credible
accident scenarios following established codes of practice, for example PD 8010
3:2009 (BSI, 2009).

(3) Failure frequency is predicted by using established failure models, or is derived
from historical incidents from a large number of existing pipelines.

(4) With respect to pipeline failure frequency as a result of ground movement from
natural landsliding the local susceptibility to landsliding and the associated
likelihood of slope instability was assessed along the onshore pipeline route, see
earlier sections of this report.

(5) In accordance with PD 8010 3:2009, and given that the local susceptibility to
landsliding and the associated likelihood of slope instability has been assessed
along the onshore pipeline route, the rupture rate due to ground movement
caused by natural landsliding is obtained from Table B.15 in PD 8010 3:2009,
which is reproduced below.

Class Description Pipeline rupture rate per
1000 km.y

1 Slope instability is negligible or unlikely to
occur, but might be affected by slope
movement on adjacent areas

0 to (9 x 10 5)

2 Slope instability might have occurred in the
past or might occur in the future, or is
present and might occur in the future

(1 x 10 4) to (2.14 x 10 4)

3 Slope instability is likely and site specific
assessment is required

>(3.0 x 10 4)

(6) The rupture rate due to ground movement caused by natural landsliding for the
onshore pipeline route is given as Class 1 for the following reasons:
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(a) Local susceptibility to landsliding has been assessed along the onshore
pipeline route using site specific data. Results show that the natural peat
slopes along the proposed pipeline route have an acceptable and relatively
high Factor of Safety.

(b) Notwithstanding the above, the onshore pipeline route design in peat areas
includes for the use of a stone road, which is 12m wide, into which the gas
pipeline is buried. The stone road is an integral mitigation measure for the
onshore pipeline route in peat and provides a secure platform in which to
install the pipeline.

(c) Stability results clearly show that the stone road has an acceptable and high
Factor of Safety and provides a robust and stable platform for construction
and long term stability, as would be expected from such a large gravity fill
structure.

(d) The installation of the stone road into the peat provides an acceptable and
high long term Factor of Safety, and notably increases the stability of the
natural peat slope. The risk of instability of the stone road during the
operation of the pipeline is considered to be extremely unlikely.

(e) Notwithstanding the above, pipelines are installed directly into peat, without
the use of a stone road. Within Ireland there is in excess of 50km of gas
pipeline installed safely within peat without the use of stone roads.

(7) The ABP letter states the ‘QRA should include ground movement and incorporate a
database that matches the conditions of the proposed development’. With respect
to a database pertaining to matching ground conditions, a summary of a database
of historical incidents of pipeline failure as a result of ground movement from
natural landsliding is included in Appendix A.

(8) A database of pipeline incidents was reviewed to establish whether there were
any incidents within the database associated with peat. The findings of the review
of the database are as follows:

(a) The summary of incidents is based on available industry reviews, which
generally do not include details of ground conditions; as such, the available
database of historical incidents of pipeline failure due to ground movement
does not provide any further insight into the likelihood of pipeline failures in
peat.

(b) Notwithstanding the above, the available site specific information for the
onshore pipeline route provides sufficient detail to allow ground movement
as a result of landsliding to be determined, see sections on peat stability and
stone road assessments above.

(9) SEPIL have elected to install the pipeline within a stone road in peat areas to avoid
any concerns that may arise due to the lack of ground conditions provided in the
database of pipeline incidents.
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APPENDIX A

Summary of database of historical incidents of pipeline failure
As a result of ground movement from natural landsliding
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A1.0 Introduction

The table below summarises available information with regards to pipelines in relation
to leakage incidents, particularly involving landslides. All incidents are for onshore
pipelines.

Summary Table

Location Authority Pipeline Type Incident Details
Europe* European Gas

pipeline Incident
data Group – EGIG

GAS Duration: 1970 – 2007
Total Incidents: 1,172
No. Related to ground
movement: 82
No. Related to landslides: 45

Western
Europe

CONCAWE Oil
Pipelines
Management Group
OPMG

OIL Duration: 1970 – 2000
Total Incidents: 379
No. Related to ground
movement: 14
No. Related to
landslides/Subsidence: 10

North
America

National Energy
Board Canada

OIL/GAS Duration: 1992 – 2007
Total Incidents: 28
No. Related to landslides/slope
movement: 2

USA Pipeline and
Hazardous Materials
Safety
Administration –
PHMSA

GAS Duration: 1984 – 2002
Incidents: 1,501
No. Related to ground
movement:63
No. Related to
landslides/Subsidence: 28

*Denmark, Spain, Belgium, Finland, The Netherlands, France, Germany, Italy, Switzerland, UK, Czech Republic,
Portugal, Sweden, Ireland, Austria.

A2.0 General Comments

(1) In relation to the statistics from Europe presented in the 7th EGIG report, the ground
conditions in which landslide incidents occurred is not given nor is the country
stated.

(2) The statistics regarding Western Europe from the CONCAWE Oil Pipeline
Management Group report does not mention the ground conditions or where the
landslides occurred. Information regarding the year it occurred, diameter of the
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pipe, where the leak occurred along the pipeline, and the age of the pipe when the
failure took place are available.

(3) The Statistics from the National Energy Board Canada and the Pipeline and
Hazardous Materials Safety Administration give an account of the date and location
where the landslides occurred but again provided limited details on ground
conditions in which the landslides took place.

(4) Available US data on pipeline incidents has also been reviewed. With regards to an
incident in 1991 the environment in which the incident occurred is referred to as
‘PEAK BOG’. It is assumed this refers to peat bog. The incident appears to be related
to frost heave within the bog located near Clarion, Iowa.

A3.0 References
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7 GROUND STABILITY RISK ASSOCIATED WITH LANDSLIDES ORIGINATING ON
DOONCARTON MOUNTAIN

SECTION CONTENTS
TEXT

TABLES (within section text)

FIGURES

Figure 1 Run out Distance on Open Slopes
Figure 2 Run out Distance versus Failure Volume (Open Slopes)

PHOTOGRAPHS

DRAWING

Drawing No. 001 Plan Showing Landslides on the Northern Slopes of Dooncarton
Mountain
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7.1 Introduction

The onshore pipeline crosses the Glengad Headland about 1km north of Dooncarton
Mountain where in 2003 a number of shallow landslides occurred. This section assesses
the potential impact on the onshore pipeline and landfall valve installation in the
unlikely event of further landslides from Dooncarton Mountain.

The basis for the assessment included in this document is given in An Bord Pleanála’s
(ABP) letter of 2 November 2009, which requested that the potential of ground
movement impacting the onshore pipeline be examined. Within the ABP letter there are
several references to determining the risk of potential damage to the pipeline at
Glengad, particularly the landfall valve installation. As part of the determination of risk
of potential damage to the pipeline the ground movement in the area of Glengad has
been assessed based on an impact of landsliding from Dooncarton Mountain.
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7.2 Assessment

At Glengad the potential ground movement risk would be as a result of landslides from
Dooncarton Mountain. Other potential ground movements in the area such as ground
settlement are not considered viable risks. Potential ground movement as a result of
coastal erosion is addressed in section entitled: Ground Stability Risk Associated with
Site of Landfall Valve Installation (LVI).

The potential impact on the onshore pipeline and landfall valve installation in the
unlikely event of further landslides from Dooncarton Mountain includes determining the
run out distances and direction of debris flows originating as landslides on the northern
slopes of Dooncarton Mountain.

The run out distances were determined for two cases namely: (1) debris flow remains
on an open slope, and (2) debris flow becomes channelised within a watercourse.
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7.3 Landslides on Dooncarton Mountain

In 2003, some 40 shallow landslides occurred on Dooncarton Mountain resulting in
debris flows (Tobin, 2003). This assessment has examined the 25 landslides that
occurred on the northern slope of the mountain as these would have the potential to
impact the onshore pipeline should there be a recurrence of such a landslide event.

The 2003 landslides on Dooncarton Mountain occurred following a reported 1 in 100
year recurrence interval rainfall event and were initiated on the steep (slope angle of
greater than 20°) upper slopes of Dooncarton Mountain. It is noted that the recurrence
interval for the rainfall event is possibly significantly greater than that quoted above, for
example Dykes and Warburton (2007) calculated the recurrence interval for the rainfall
event to be between 4,000 and 10,000 years

A number of factors can be attributed to the occurrence of the landslides on
Dooncarton Mountain including: intense localised rainfall, upland area, steep slope
topography, slope convexity, associated soil characteristics, convergence of
groundwater seepage flow, presence and possible constriction of natural pipe flow,
build up of artesian water pressures, shrinkage and cracking of the peat surface (Dykes
and Warburton, 2007; Long & Jennings, 2006).

The landslides that occurred on Dooncarton Mountain resulted in debris flows. A debris
flow is essentially fast moving unconsolidated saturated debris that comprises material
from the landslide (failure) area. In the case of Dooncarton Mountain, the debris
essentially comprised a notable proportion of peat but also included soil, cobbles and
boulders, and in places where the flow passed through trees then trees and vegetation
became entrapped within the debris.

The landslide debris once mobilised, behaved as a viscous fluid due to the amount of
entrained water. The resulting debris flows moved down slope under the influence of
the slope topography. Most of the debris, but not all, came to rest on the lower slopes
of the mountain with a proportion of the debris retained behind existing earthen ditches
on the lower mountain slopes.

Some debris entered existing watercourses and became channelised together with
concentrated water flow, which resulted in water laden debris flowing along
watercourses and into the adjoining sea and Sruwaddacon Bay.

The debris flow run out distances varied with typically size of failure volume, slope
topography and whether the debris became channelised within a defined watercourse.
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7.4 Northern Slopes of Dooncarton Mountain

The topography of the northern slopes of the mountain comprises essentially in the
west an east west aligned ridge, and in the east a northwest southeast aligned ridge.
The latter ridge is aligned parallel to Sruwaddacon Bay (Drawing No. 001).

The mountain ridge comprises a number of summits with a maximum ridge elevation of
about 260m OD in the west with a secondary summit to the east of 242m OD. The ridge
line comprises a relatively broad and level expanse of undulating terrain with a notable
convex break in slope where the relatively level ridge transitions into the steep upper
slopes of the mountain. Most of the landslides were located at this convex break in
slope.

The inclination of the northern upper slopes is typically in excess of 20 degrees with
locally inclinations in excess of 35 degrees. The lower slopes were at a notably shallower
slope inclination of about 10 degrees or less.

The ground conditions of mountain ridge comprised peat, particularly where the ridge
was broadest, overlying a thin soil over weathered bedrock. The upper slopes comprised
relatively thin soil cover with locally bedrock exposed at the surface. The upper part of
the mountain was essentially used for grazing of livestock, with some localised peat
cuttings.
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7.5 Debris Flow Run out Distance on Open Slopes

Run out distances for the debris flows which occurred on the northern slopes of
Dooncarton Mountain in 2003 were examined. Run out travel distance on open slopes
was estimated in order to determine the probability of landslide debris impacting the
pipeline, which is located about 1 km from Dooncarton Mountain.

Run out distance is defined as the horizontal distance from the down slope edge of a
landslide (failure scar) to the down slope limit of failure debris (Hunter & Fell, 2003).
The run out distance on open slopes does not include for possible channelisation of
debris, see below.

The debris flows originated at landslides located at the convex break in slope that marks
the transition between the ridge line and upper slopes of the mountain. The debris
flows would have moved down the steep upper slopes depositing a trail of debris as
they moved down slope. On the slacker lower slopes the debris flows would have
started to de accelerate and an increasing amount of debris would have been
deposited. Most debris flows came to rest at about this location.

Several studies have examined the run out distance of landslide debris, for example
Finlay et al (1999), Hunter & Fell (2003) and Boylan et al (2008), and these studies have
shown that there is a relationship between run out distance and failure volume; in
general run out distance increases with failure volume.

The down slope limit of failure debris at Dooncarton Mountain is taken as the down
slope limit of an extensive amount of debris deposit.

A review of the landslide debris flow path directions and distances on the mountain’s
northern slopes was undertaken using aerial photographs. Debris flow path directions
and distances are shown on plan, see Drawing No. 001.

The run out distances on open slopes on Dooncarton Mountain varied from about 50m
to 480m, see Drawing No. 001. The average run out distance was 211m, which
corresponds to the transition between the steeper upper and lower slopes of the
mountain. The standard deviation of the average is +/ 109m.

The range of run out distances is shown in Figure 1. Most of the run out distances are
less than 250m in length with about 7 failures having a greater run out distance. The
failures with the greatest run out distance were generally landslides with a failure
volume of greater than 1000m3 (Figure 2).

The maximum run out distance of a debris flow on an open slope is 480m (Drawing No.
001). This maximum run out distance, which represents the worst case, is some 335m
from the route of the proposed onshore pipeline. Given the decreasing slope inclination
beyond the mountain slopes and the various obstructions to the debris flow such as
earthen ditches, fences, roads, buildings it is highly unlikely that a debris flow on an
open slope would reach the pipeline route or landfall valve installation.
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In particular with respect to debris flows impacting the landfall valve installation the
topography of the area causes any potential debris flows to either pass to the west or
east of the installation as shown by the 2003 debris flow directions (Drawing No. 001).

The run out distances versus failure volumes for landslides on the northern mountain
slopes shows a general trend of run out distance increase with failure volume, see
Figure 2.
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7.6 Debris Flow Channelised within Watercourses

Most debris flows came to rest on the slacker lower slopes as the debris flows started to
de accelerate and an increasing amount of debris was deposited.

Some of the debris flows became channelised within existing watercourses on the lower
slopes. These watercourses continue down slope and eventually flow into the sea or
Sruwaddacon Bay. Some debris from the 2003 landslides became channelised in a
number of watercourses and the debris reached the sea and Sruwaddacon Bay. Where
debris becomes channelised it will flow for a greater distance and could possibly reach
the proposed route of the pipeline.

Six watercourses (Nos. 1 to 6) drain the northern slopes of Dooncarton Mountain and
pass either across or close to the line of the proposed onshore pipeline, see Drawing No.
001. These watercourses have the potential to act as channelised flow paths for debris
flows

A walkover and visual assessment by AGEC of these watercourses was carried out.

The findings of the walkover are given in Table 1, which details watercourse (channel) as
marked on Drawing No. 001, photographs and chainage (Ch.) at which the watercourse
crosses the pipeline route together with potential impact on onshore pipeline.
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Table 1 Potential Channelised Flow Paths

Findings fromWalkoverChannel

General Scouring Depth (m)

Potential Impact on Onshore
Pipeline

No. 01
Photo 1
Ch. 83400

Not a debris channel.

Channel does not intersect
onshore pipeline.

Evidence of Scouring > 3m,
1 2m south of onshore
pipeline, classified as water
erosion feature.

Not likely to become a debris
channel on the reoccurrence of
potential landslides on Dooncarton
Mountain.

Negligible/ low Impact on onshore
Pipeline.

No. 02
No photo
Ch. 83865

Likely debris channel from
previous landslides. Extent of
debris limited to about 70m
north of public road crossing
(change of slope).

No significant boulders observed
in channel.

Channel does intersect onshore
pipeline.

Scouring depth at road
crossing 2 3m, continuing
70m north of road.

Scouring depth of 0.5 1m in
vicinity of onshore pipeline,
mainly due to water
erosion.

Potentially likely to become debris
channel on the reoccurrence of
potential landslides on Dooncarton
Mountain although very limited at
onshore pipeline.

Medium impact on onshore
pipeline.

No. 03
Photo 2
Ch. 83920

Likely debris channel from
previous landslides. Extent of
debris limited to approximately
70m north of road crossing
(change of slope).

No significant boulders observed
in channel.

Channel does intersect onshore
pipeline.

Scouring depth at road
crossing 2 to 3m, continuing
70m north of road.

Scouring depth of 0.5 to 1m
in vicinity of onshore
pipeline, mainly due to
water erosion.

Potentially likely to become debris
channel on the reoccurrence of
potential landslides on Dooncarton
Mountain although very limited
possibly none at onshore pipeline.

Medium impact on onshore
pipeline.

No. 04
Photo 3
Ch.84020

Not a significant debris channel
from previous landslides.

Channel does intersect onshore
pipeline.

Minor scouring observed <
1m, 0 to 300mm on
foreshore in vicinity of
onshore pipeline, mainly
due to water erosion.

Not likely to become significant
debris channel on the reoccurrence
of a potential landslide on
Dooncarton Mountain.

Head of channel starts within field
above pipeline route.

Negligible/low impact on onshore
pipeline.

No. 05
Photo 4
Ch.84060

Likely debris channel during
landslides.

No significant boulders observed
in channel.

Channel does not intersect
onshore pipeline.

Scouring >2m at road
crossing, 0 to 300mm on
foreshore in vicinity of
onshore pipeline, mainly
due to water erosion.

Potentially likely to become debris
channel on the reoccurrence of
potential landslides on Dooncarton
Mountain although very limited at
onshore pipeline.

Low to Medium impact on onshore
pipeline.

No. 06
Photo 5
Ch.84160

Not a debris channel from
previous landslides.

Channel does not intersect
onshore pipeline.

No scouring in vicinity of
onshore pipeline though

Not likely to become debris
channel on the reoccurrence of
potential landslides on Dooncarton
Mountain.

Negligible/low impact on onshore
pipeline.
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7.7 Summary

A summary of the potential impact on the onshore pipeline as a result of a recurrence of
a landslide event similar to the 2003 landslide event on Dooncarton Mountain is as
follows:

(1) The 2003 landslides on Dooncarton Mountain occurred following an extreme
rainfall event. The reported recurrence interval for this rainfall event is given as 1
in 100 years (RPS, 2009) up to possibly between 4,000 and 10,000 years (Dykes
and Warburton, 2007).

(2) In order to establish the likely effect of landsliding from Dooncarton Mountain on
the onshore pipeline route and landfall valve installation at Glengad this
assessment has examined the 25 landslides that occurred on the northern slope of
Dooncarton Mountain which faces the onshore pipeline route.

(3) An assessment of the run out distances of debris flows originating as landslides on
the northern slopes has been carried out for the two cases namely: (1) debris flow
remains on an open slope, and (2) debris flow becomes channelised within a
watercourse.

(4) For the 2003 landslides, the average run out distance of debris flows on open
slopes is 211m with a standard deviation about the average of about +/ 109m
(Drawing No. 001). The average run out distance of a debris flow including the
standard deviation is 320m. This limit is some 500m from the route of the
proposed onshore pipeline.

(5) The maximum run out distance of a debris flow on an open slope is 480m
(Drawing No. 001). The maximum run out distance, which represents the worst
case, is some 335m from the route of the proposed onshore pipeline.

(6) Given the decreasing slope inclinations away from the Dooncarton Mountain
slopes and the various obstructions to debris flows such as earthen ditches,
fences, roads, buildings it is highly unlikely that a debris flow on an open slope
would reach the pipeline route or landfall valve installation.

(7) In particular with respect to debris flows impacting the landfall valve installation
the topography of the area causes any potential debris flows to either pass to the
west or east of the installation as shown by the 2003 debris flow directions
(Drawing No. 001). There is considered to be a negligible risk of the LVI being
impacted by landsliding from Dooncarton Mountain.

(8) It is possible that as debris flows move down slope they could enter the existing
watercourses. Once channelised, the debris flows will travel a greater distance
compared to a debris flow on an open slope.

(9) Debris flows that become channelised may cross the onshore pipeline route.
Watercourses that have been identified as potential channelised flow paths for
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debris flow are marked on plan (Drawing No. 001). Six watercourses (Nos. 1 to 6)
drain the northern slopes of Dooncarton Mountain and pass either across or close
to the line of the proposed onshore pipeline.

(10) A walkover and visual assessment of the watercourses that have been identified as
potential channelised flow paths for debris flows coming from the northern slopes
of Dooncarton Mountain showed that:

(a) Watercourses Nos. 1, 4 and 6 do not cross the pipeline route.

(b) Watercourses Nos. 2, 3 and 5 cross the pipeline route. Where these
watercourses cross the pipeline route the pipeline is within an infilled
concrete lined tunnel buried at depth.

(c) Watercourse No. 2 crosses the pipeline route. Where this watercourse crosses
the pipeline route the pipeline is buried within a trench at depth.

(11) At watercourse No.2 pipe protection will be included as per details for crossings of
small ditches as per J P Kenny Drawing No. 05 2377 01 P 0 117. Protection
includes concrete slab above pipe and deeper burial depth. This protection is
considered satisfactory given the distance of the pipeline from the source of any
potential debris flow.

(12) In accordance with PD 8010 3:2009, and given that the local susceptibility to
landsliding and the associated likelihood of slope instability has been assessed
along the onshore pipeline route at Glengad, the rupture rate due to ground
movement caused by natural landsliding is obtained from Table B.15 in PD 8010
3:2009, which is reproduced below.

Class Description Pipeline rupture rate per
1000 km.y

1 Slope instability is negligible or unlikely to
occur, but might be affected by slope
movement on adjacent areas

0 to (9 x 10 5)

2 Slope instability might have occurred in the
past or might occur in the future, or is
present and might occur in the future

(1 x 10 4) to (2.14 x 10 4)

3 Slope instability is likely and site specific
assessment is required

>(3.0 x 10 4)

(13) The rupture rate due to ground movement caused by natural landsliding for the
onshore pipeline route at Glengad is given as Class 1 for the following reasons:

(a) Debris flows on open slopes are considered to have no impact on the pipeline
route and landfall valve installation due to the distance of the route from the
source of debris flows.
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(b) Where debris flows become channelised in watercourses the debris flows will
travel a greater distance. Watercourses Nos. 2, 3 and 5 (Drawing No. 001)
cross the pipeline route. Where these watercourses cross the pipeline route,
the pipeline is satisfactorily protected either with a concrete slab or within an
infilled concrete lined tunnel buried at depth and as such there is considered
to be no/negligible risk to the pipeline.



Corrib Onshore Pipeline – Ground Stability Assessment

Page 180

agec

7.8 References

Boylan, N, Jennings, P & Long, M (2008). Peat Slope Failure in Ireland. Quarterly Journal
of Engineering Geology and Hydrogeology, v. 41; p. 93 108. Geological Society of
London.

British Standards Institute (BSI) (2009). PD 1810 3:2009. Part 3: Steel pipelines on land –
Guide to the application of pipeline risk assessment to proposed developments in the
vicinity of major accident hazard pipelines containing flammables – Supplement to PD
8010 1:2004.

Dykes A P & Warburton J (2007). Failure of peat covered hillslopes at Dooncarton
Mountain, Co Mayo, Ireland: Analysis of topographic and geotechnical factors. Catena,
72, p. 129 145.

Finlay, P J, Fell, R & Mostyn, G R (1999). Landslide Risk Assessment: Prediction of travel
distance. Can. Geotech. J., 36, p. 556–562.

Hunter, G & Fell, R (2003). Travel distance angle for rapid landslides in constructed and
natural slopes. Can. Geotech. J., 40, 6, p. 1123 1141(19).

J P Kenny (2009). Drawing No. 05 2377 01 P 0 117. Onshore gas pipeline typical small
ditch crossing details and sections.

Long, M & Jennings, P (2006). Analysis of the peat slide at Pollatomish, Co. Mayo,
Ireland. Landslides, 3, p. 51–61.

National Roads Authority (2000). Manual of Contract Documents for Road Works,
Volume 1, Specification for Road Works. March 2000. Including all subsequent
amendments and revisions.

RPS (2009). Corrib Onshore Pipeline – Environmental Impact Statement. February 2009.

Tobin Consulting Engineers (2003). Report on the Landslides at Dooncarton, Glengad,
Barnachuille and Pollathomais, County Mayo. Report prepared for Mayo County Council.



Corrib Onshore Pipeline – Ground Stability Assessment

Page 181

agec

FIGURES
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Figure 1 Run out Distance on Open Slopes

Figure 2 Run out Distance versus Failure Volume (Open Slopes)
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PHOTOGRAPHS
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Photo 1 View of channel 1 near shoreline

Photo 2 View of channel 3 looking upslope from near pipeline route
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Photo 3 View of channel 4 looking upslope from north of pipeline route

Photo 4 View of channel 5 looking down slope from public road

Channel 4
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Photo 5 View of channel 6, which is essentially an eroded track
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DRAWING
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8 GROUND STABILITY RISK ASSOCIATED WITH SETTLEMENT OF PIPELINE AND
ASSOCIATED SERVICES IN PEAT AREAS

SECTION CONTENTS
TEXT

TABLES (within section text)

FIGURE

Figure 1 Predicted Settlement of Peat from Aghoos to Terminal Site

APPENDIX

Appendix A Peat Depth Results – Aghoos to Terminal Site

DRAWINGS

Drawing No. 001 Typical Instrumentation Details for Stone Road in Peat Areas
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8.1 Introduction

This section contains information that was originally submitted as additional information
to the An Bord Pleanála (ABP) Oral Hearing in June 2009 following a request from the
Inspector chairing the Oral Hearing.

A version of this assessment was provided as additional information as requested on 9
June 2009, and other dates, by the Inspector chairing the An Bord Pleanála (ABP) Oral
Hearing.

This assessment supersedes that previously submitted.

The previously submitted additional information has been reviewed and updated as
appropriate with respect to ABP’s letter of 2 November 2009, particularly item (n), page
3, which states:

‘Submit an assessment of the potential impact of the estimated stone road settlements
on the umbilical pipeline and service ducts that will also be constructed within the stone
road, including assessment of the risks associated with failure due to rupture of these
umbilicals or services.’

The previously submitted additional information examined the affect of settlement of
the stone road with respect to the pipeline buried within the road. The settlement
previously determined would also affect all pipeline associated umbilicals and ducting,
which include:

(1) Pipeline pipe

(2) Outfall pipe

(3) Duct for fibre optic cable

(4) Duct for copper cable

(5) Umbilical #1

(6) Umbilical #2

(7) Umbilical #3

For details of pipeline and associated umbilicals and ducting refer to pipeline detail
drawings, such as DG0801 by RPS or JP Kenny.
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8.2 Assessment

An assessment of the settlement of the stone road with the pipe and associated
umbilical pipeline and service ducts buried in the stone road has been carried out. This
includes a sensitivity analysis of the stone road settlement for predicted and worst case
and the corresponding pipe stresses.

The stone road is to be constructed with a nominal basal layer of 0.5m of peat left in situ
at the base of the stone road. Coarse stone fill will be placed into this peat layer. This
will result in settlement of the road as the underlying stone peat layer consolidates
under the weight of the road.

The settlement of the road will result in the placed pipe and associated umbilical
pipeline and service ducts which are buried in the stone road, also settling. The
settlement of the pipeline and associated umbilical pipeline and service ducts will
induce stresses within the pipeline, umbilical and ducts.

The assessment of the corresponding induced stresses within the pipeline and
associated umbilical pipeline and service ducts as a result of settlement is provided by JP
Kenny in a separate submission.
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8.3 Methodology Used to Determine Settlement of Stone Road

The methodology used to determine the settlement of the road is as follows:

(1) The expected magnitude of the settlement of the stone road is required to assess
the impact of the settlement on the pipeline and associated umbilical pipeline and
service ducts buried within the road.

(2) The magnitude of peat settlement below the stone road will be in proportion to the
peat thickness left below the road. Peat depth varies gradually along the road
length therefore excessive differential settlement is not anticipated.

(3) Peat left in place below the stone road will be penetrated by stone, which will be
pushed into the peat. This will result in stone within a peat matrix. It is not possible
to determine the exact proportion of peat to stone therefore the settlement is
determined for three cases namely;

Case (1) peat below the road with no stone

Case (2) peat below the road with some stone, and

Case (3) peat with much stone below the road

(4) Settlement as a result of the road loading will be due to primary consolidation
settlement and secondary compression of the peat and peat/stone mix. For
simplicity, and based on experience of blanket peat, the magnitude of settlement
can be simplified to the proportion of the thickness of peat left below the road as
follows:

Case (1) Peat with no stone 0.3 x peat thickness

Case (2) Peat with some stone 0.2 x peat thickness

Case (3) Peat with much stone 0.1 x peat thickness

(5) For a worst case, it is assumed that no settlement takes place before the
emplacement of the pipe. In reality this is not the case, as settlement will
commence relatively rapidly following initial placement of the stone road and a
substantial amount of this settlement will have been completed prior to installing
the pipe and associated umbilical pipeline and service ducts as a result of the self
weight of the stone road and construction traffic.

(6) It is recognised that Case (1) is unrealistic, but it is included to allow settlement and
hence stresses to be determined to illustrate the robustness of the pipeline and
associated umbilical pipeline and service ducts.

(7) The settlement has been calculated at known peat depth locations corresponding to
probe/vane locations on or close to the pipeline route. Probe/vane locations at a
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distance from the pipeline route have not been included. Where no data is available
then the nearest data point on/near the route has been extrapolated.

(8) The assessment includes for the stone road to be constructed with a nominal peat
layer of 0.5m thickness left in situ at the base of the stone. In areas of shallow peat,
the pipeline and associated umbilical pipeline and service ducts may be founded
within mineral soil. Where peat depth is greater than 2.5m then stone will likely be
pushed into the peat; for shallower depths all peat will be excavated except for the
lower 0.5m of peat.
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8.4 Findings of Settlement of Stone Road

The findings of the settlement of the road are as follows:

(1) The predicted settlement profile along the road is shown in Figure 1. The maximum
settlement ranges from 570mm in Case (1) to 190mm in Case (3).

(2) The results for particularly Case (1), which assumes there is no stone within the
peat, are considered unrealistic. Stone will penetrate into any peat underlying the
stone road as described elsewhere. Furthermore, a substantial proportion of
settlement is likely to occur prior to laying of the pipeline and associated umbilical
pipeline and service ducts.

(3) It is considered that Case (3) represents the likely settlement of the stone road, pipe
and associated umbilical pipeline and service ducts.

(4) A summary of differential settlement calculated between successive points of
known peat depth are given in Table 1.

(5) Instrumentation and monitoring of settlement is to be carried out along the length
of the stone road. See below for details.

(6) Based on calculations by the pipeline designers (J P Kenny) using the worst case
settlement profile it is concluded that the onshore pipeline routed through areas of
peat and installed in the proposed stone road would not be subject to failure due to
the predicted worst case settlement of the stone road.

(7) From the above, it is considered that there is negligible to extremely unlikely risk to
the pipeline and associated services with respect to ground movement from
settlement of the stone road in peat. Instrumentation and monitoring will be
installed prior to placement of pipeline to monitor settlement of the road, see
below.
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8.5 Instrumentation and Monitoring

Instrumentation will be installed within the stone road to allow ground movement to be
monitored. A dedicated geotechnical engineer will be employed to oversee construction
monitoring with respect to ground movements.

An observational method of monitoring will be adopted by all personnel, that is where
any unexpected changes in ground conditions, groundwater levels and/or ground
movement is observed then the appropriate construction management personnel shall
be made aware of these changes and suitable mitigation measures taken, Suitable
mitigation measures may include for example increased monitoring, change in working
practice, cessation of works in affected area.

The following instrumentation is to be installed, see Drawing 001 for typical details.

(1) Ground survey markers. These shall be used to measure settlement of the stone
road, but may also be used to measure lateral movement. Markers shall be securely
erected at regular intervals along the length of the stone road as soon as practical
following completion of stone road construction.

Selected markers shall be erected with a minimum up stand above the stone road
surface of 0.75m so that the marker will protrude above the finished peat
restoration level. This will allow continuity of monitoring in the longer term
following completion of pipeline works.

Additional ground survey markers are to be placed onto the stone road surface
along the approximate line of the pipeline trench following installation of the
pipeline. These markers shall include a minimum up stand above the stone road
surface of 0.75m so that the marker will protrude above the finished peat
restoration level. Details of markers and precise locations are to be confirmed as
part of detailed design.

(2) Piezometers. Piezometers (typically drive in type) shall be installed in advance of
stone road construction at regular intervals adjacent to the line of the road and
outside of the zone of construction disturbance within areas of deeper peat, that is
peat 3m deep or greater. Piezometer tips shall be located at the base of the peat.
Groundwater levels shall be monitored from piezometers in advance, during and
following completion of stone road.

(3) Inclinometers. Inclinometer casings shall be installed adjacent to the line of the road
and within areas of deeper peat, that is peat 3m deep or greater. Installation shall
be at time of road construction or in advance of stone road construction pending
suitable access. End of inclinometer casings shall be located within stable soil below
peat. Lateral movement of peat with depth shall be monitored from inclinometers
in advance (where installed), during and following completion of stone road.

(4) Visual sighting lines. Visual sighting lines comprising lines of wooden stakes shall be
installed adjacent to the working areas within peatland and monitored for any
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excess movements. The location of sighting lines shall be determined by the
overseeing geotechnical engineer.

The frequency of monitoring, duration of monitoring and monitoring reporting details
shall be determined as part of detailed design.
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Aghoos to Terminal Site

Case (1) Case (2) Case (3)

Parameter Settlement
(mm)

Differential
Angular

Settlement
(degs)

Differential
Gradient
Settlement

(%)

Settlement
(mm)

Differential
Angular

Settlement
(degs)

Differential
Gradient
Settlement

(%)

Settlement
(mm)

Differential
Angular

Settlement
(degs)

Differential
Gradient
Settlement

(%)

Minimum 0 0.537 0.938 0 0.358 0.625 0 0.179 0.313

Maximum 570 0.191 0.333 380 0.127 0.222 190 0.064 0.111

Average 107 0.008 0.013 71 0.005 0.009 36 0.003 0.004

Table 1 Summary of Predicted Settlement of Peat below Stone Road
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FIGURE
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Figure 1 Predicted Settlement of Peat from Aghoos to Terminal Site

Tunnel Pit/
Compound Area Terminal Site



Instrument Chainage Installation Depth Comment

89790 Base of peat
90000 Base of peat
90100 Base of peat
90200 Base of peat
90300 Base of peat
90400 Base of peat
90500 Base of peat
90600 Base of peat
90700 Base of peat

89790 1metre into mineral soil
90000 1metre into mineral soil
90100 1metre into mineral soil
90200 1metre into mineral soil
90300 1metre into mineral soil
90400 1metre into mineral soil
90500 1metre into mineral soil
90600 1metre into mineral soil
90700 1metre into mineral soil

89300 N/A
89400 N/A
89500 N/A
89600 N/A
89700 N/A
89790 N/A
89900 N/A
90000 N/A
90100 N/A
90200 N/A
90300 N/A
90400 N/A
90500 N/A
90600 N/A
90700 N/A

Table: Schedule of Installation Locations

Where peat
3m depth then
extend marker
0.75m above
existing stone

road top
surface.

In peat 3m
deep or
greater

In peat 3m
deep or
greater

Piezometer

Inclinometer

Ground Survey Marker
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9 GROUND STABILITY RISK ASSOCIATED WITH RUPTURED WATER PIPE IN STONE ROAD

SECTION CONTENTS
TEXT
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9.1 Introduction

This section assesses the ground stability risk on the surrounding ground assuming that
there is a rupture of the water carrying services within the stone road.

The basis for the assessment included in this section is given in An Bord Pleanála’s (ABP)
letter of 2 November 2009 which requests that the risk of triggering ground instability as a
result of rupture of the umbilicals or services within the stone road is examined. The
relevant parts of the ABP letter are reproduced and underlined below.

Page 3 (e) Provide qualitative assessment of risk. This should be prepared for the different
operating conditions and different locations along the pipeline route and should provide a
comprehensive assessment to include those events that cannot be easily defined
mathematically.

Page 3 (n) Submit an assessment of the potential impact of the estimated stone road
settlements on the umbilical pipeline and service ducts that will also be constructed within
the stone road, including an assessment of the risks associated with failure due to rupture
of these umbilicals or services.
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9.2 Assessment

An assessment of the effect of rupture of the water carrying outfall pipe and umbilical line
within the stone road on the surrounding road and peat has been carried out. This includes
a qualitative assessment of the likely effect on the surrounding ground during initial
rupture of the water carrying pipes and the effects immediately post rupture.

9.2.1 Introduction

Within the stone road there are a number of pipes, these include: pipeline (gas) pipe,
outfall pipe, duct for fibre optic cable, duct for copper cable, and 3 number umbilical lines.

For details of pipeline and associated umbilicals and ducting refer to pipeline detail
drawings, such as DG0801 by RPS or JP Kenny.

The outfall pipe carries water under pressure and umbilical number 1 contains two cores
transporting produced water subsea. In the event of rupture of the above the following
conditions are given with respect to water release:

(1) The maximum flow rate considered for the outfall pipe is 36 m3/hr for 12 hours, this
corresponds to a maximum velocity of 0.4 m/s.

(2) In the event of a rupture of the outfall pipe, the volume collected at the rupture
location will be a function of the rainfall at the time and the duration the rupture goes
unnoticed. For assessment purposes, a water volume of approximately 432m3 for 12
hours has been used.

(3) The maximum flow rate considered for umbilical number 1 is 8.5 m3/hr for 12 hours.
This may be delivered by one of the umbilical cores or both. To estimate the maximum
velocity, we assume the smaller core has ruptured, and the velocity is calculated at 8.3
m/s, this value is less if the larger or both are ruptured.

(4) In the event of a rupture of umbilical number 1, for assessment purposes, a water
volume of approximately 102m3 for 12 hours and a maximum velocity of 8.3m/s has
been used.

9.2.2 Review of Water Main Pipe Ruptures

A review of reported water pipe ruptures was undertaken to provide an understanding of
the likely effect on the surrounding ground of a typical water mains pipe rupture.

The review of water pipe ruptures shows that there is no typical ground response to a
water main rupture, though similar characteristics are present in many cases such as
cracking and disturbance of the ground surface with upwelling of water at the surface. In
some instances a crater has also formed. A number of factors control the likely effect on
the ground of a water main rupture such as: strength of ground, cohesive or granular soil,
soil grain size, soil erodibility, rupture type, burial depth, surface covering, mains pressure,
direction and duration of rupture, escaped water volume.
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9.2.3 Qualitative Assessment

9.2.3.1 Initial Ground Response

The worst case scenario with respect to rupture of the outfall pipe is to assume that there
is a sudden and complete rupture of the water pipe. This will result in released water being
directed at the stone road facing the pipe rupture. The low velocity of 0.4m/s may result in
some localised loosening and voiding of ground around the pipe rupture with upwelling of
water at the surface.

The worst case scenario with respect to rupture of umbilical number 1 is to assume a
sudden and complete rupture of the smaller core. This will result in initial high velocity
discharge being directed at the stone road facing the pipe rupture. A localised area of
loosen and voided ground around the pipe rupture will likely form, due to the small surface
area of the pipe the structural damage in the vicinity of the rupture will be limited even
though there will be an initial high velocity discharge. Upwelling of water at the surface will
likely occur over time.

Small scale leakage of water from the outfall pipe and/or umbilical number 1 would not be
considered a stability risk as both the stone road and peat would naturally be saturated,
that is the groundwater table would be close to the ground surface. Small scale leakage has
not been considered further.

9.2.3.2 Post Rupture Ground Response

In the event of the rupture of the outfall pipe and umbilical number 1, the flow rate of
water exiting would be 36m3/hr for 12 hours and 8.5m3/hr for 12 hours respectively.

The volume of water exiting from the ruptured outfall pipe and umbilical number 1 is
432m3 and 102m3 respectively giving a total volume of 534 m3 that would be discharged
over say 12 hours if both were to rupture.

The escaped water is likely to accumulate as follows:

(1) Within the available void (pore) space within the stone fill, and

(2) On the ground surface within depressions and drainage lines.

The effect on ground stability as a result of the escaped water is given below.

9.2.3.3 Stone Road Stability

The most likely effect on the stone road due to a rupture of the outfall pipe and/or
umbilical number 1 would be localised loosening and voiding of the stone road with
upwelling at the surface.

Following the initial rupture the escaped water is likely to become partly impounded in the
stone road. The accumulation of water into the pore space within the stone road fill is not
considered a stability risk. The stability of the stone road with groundwater at the ground
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surface, that is all available pore space filled with water, has been previously analysed and
shown to be satisfactory, see stability analysis in section above.

The stone road is comprised of granular fill with an estimated void (pore) space between
stone particles of 35% of total stone volume. The calculated void space in a 50m section of
stone road, which corresponds to the spacing between impermeable transverse plugs, is
approximately 0.35 of 50m long by 12m wide by 2.5m deep giving 525 m3. This void space
would be normally water filled.

Assuming both the outfall pipe and the smaller of the umbilical line have ruptured the total
volume of water exiting from the ruptured pipes will be 534 m3. Hence, if a rupture were to
occur:

(1) Where there was no water already filling the void space in the stone fill, which is
unlikely, then nearly all the escaped water would be readily contained within a 50m
length of stone road. The remaining escaped water is then likely to drain along the
surface to a low point along the route or flow down slope and into nearby
watercourses.

(2) Where the stone road was at 80% saturation, which is not unreasonable, than about
20 % of the volume of escaped water would be contained within the void space of a
50m length of stone road. The remaining escaped water is then likely to drain along
the surface to a low point along the route or flow down slope and into nearby
watercourses.

(3) Where the voids within the stone road fill were already filled with water (saturated),
the escaped water would not be contained within the stone road. The water is then
likely to drain along the surface to a low point along the route or flow down slope and
into nearby watercourses. Numerous ditches pass close to or cross the route
particularly in forested areas, in these instances it is likely that the water would drain
into these ditches.

(4) A typical forest ditch is say 0.4m wide by 0.7m deep and spaced at approximately 15m
centres. Given a flow rate of 44.5m3/hour the volume of escaped water will be readily
accommodated within these ditches and be contained as it flows down slope to be
then intercepted by a stream.

(5) Where only the outfall pipe has ruptured and where the stone road is at 80%
saturation, then 24% of the volume of escaped water (24% of 432) would be contained
within the void space of a 50m length of stone road. The remaining escaped water is
then likely to drain along the surface to a low point along the route or flow down slope
into nearby watercourses.

(6) Where only the smaller umbilical line has ruptured and where the stone road is at 80%
saturation, all the volume of escaped water (102m³) could be contained within the
void space of a 50m length of road. The remaining escaped water is then likely to drain
along the surface to a low point along the route or flow down slope and into nearby
watercourses.
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The most likely scenario is that a smaller amount of the escaped water will be contained
within the stone road fill, but a greater amount of the escaped water will likely drain along
the surface to a low point along the route or flow down slope and into nearby
watercourses.

9.2.3.4 Surrounding Peat Stability

The most likely effect on the peat due to a rupture of the outfall pipe and/or umbilical
number 1 would be a localised disturbance or wash out of the peat at the rupture site.

Where the pipe rupture is directed at the peat the resulting impact would be a wash out of
the peat at the rupture site. Due to the cohesive nature of peat, the peat adjacent to the
washed out peat would remain relatively intact and self supporting, unlike the granular
stone fill where the adjacent stone would collapse into any void created by washed out
material.

The extent of peat wash out as a result of the impact of the rupture would be difficult to
determine and would be affected by several factors, such as peat cohesive strength, peat
fibrous content, impact pressure, impact duration. The extent of the wash out would be
limited to peat in the direct line of the rupture.

As peat is essentially saturated with water and has a very low permeability no further
water is likely to be readily taken into the peat as a result of the rupture. Escaped water
would likely lie within depressions on the peat surface. As such, the escaped water
entering the peat mass is not considered a stability risk. The stability of the peat with
groundwater at the ground surface, that is the peat is saturated, has been previously
analysed and shown to be satisfactory, see stability analysis in section above.

In the situation where a ruptured pipe is directed at the exposed interface of the peat and
underlying mineral soil, this will likely result in the peat being washed out more rapidly
than the mineral soil under the impact of the rupture. Locally elevated pore water
pressures at the impact site are likely to result in localised disintegration and wash out of
the peat rather than slope instability.
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9.3 Findings of Qualitative Assessment

A summary of the findings is given as follows:

(1) The likely initial consequences of escaped water due to rupture of the outfall pipe,
assuming a sudden and complete rupture, is a zone of loosened/disturbed and general
wash out of stone fill in the vicinity of the rupture with upwelling of water at the
surface.

(2) The likely initial consequences of escaped water due to rupture of umbilical number 1,
assuming a sudden and complete rupture, will be some upwelling of water at the
surface with associated limited loosening and disruption of the immediate ground
surface.

(3) Small scale leakage of water from the outfall pipe and/or umbilical number 1 would
not be considered a stability risk as both the stone road and peat would naturally be
saturated, that is the groundwater table would be close to the ground surface. Small
scale leakage was not considered further.

(4) Following the initial rupture the escaped water is likely to become partly impounded in
the stone road. The accumulation of water into the pore space within the stone road
fill is not considered a stability risk. The stability of the stone road with groundwater
at the ground surface has been previously analysed and shown to be satisfactory, see
above.

(5) As peat is essentially saturated with water and has a very low permeability no further
water is likely to be readily taken into the peat as a result of a rupture. As such,
escaped water entering the peat mass is not considered a stability risk.

(6) In summary, a rupture of the outfall pipe and/or umbilical number 1 within the stone
road is not considered to represent a risk of larger scale ground movement of the
stone road or peat mass. Escape of water as a result of a rupture is considered a
negligible to extremely unlikely stability risk.
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Corrib Onshore Pipeline Geotechnical Risk Register

Introduction
May, 2010

Description Score Description Score
Very likely 5 Very high 5

Probable 4 High 4

Likely 3 Medium 3

Possible 2 Low 2

Negligible 1 Very low 1
Not applicable 0 - -

Table 1       Factors used to Compile Risk Matrix

Geotechnical Risk Categories:
Pipe Construction on Land

Tunnelling
Temporary Works

In Operation

Table 2      Risk (R) Matrix

References

Whilst probability of a hazard occurring can be reduced to a minimum by geotechnical design, the impact cannot be reduced below 
very low. The probability and impact of a hazard have been judged on a qualitative scale as set out in 
Table 1. 

The list of hazards identified in this Geotechnical Risk Register is non-exhaustive and has been selected based on specific critical 
hazards that are relevant to this scheme having regard to health & safety, environmental, programme and cost considerations.  
However, it must be noted that this document is a Geotechnical Risk Register.  It is not a Health and Safety or Environmental Risk 
Register. The degree of risk is determined by combining the probability and impact assessments: Risk (R) = Probability (P) x Impact 
(I).  The the severity of the risk is as set out in Table 2.

[1] Clayton, C.R.I., (2001). Managing Geotechnical Risk. Thomas Telford, London.

PROBABILITY (P) IMPACT (I)

A Geotechnical Risk Register has been compiled to show the degree of risk attached to various elements of the proposed pipeline 
construction and operation on a qualitative scale based on Clayton (2001)[1]. The purpose of the register is to provide and outline a 
description of the hazards, identify the likely cause, describe the potential impact of the hazard and identify the design and 
construction controls to be implemented in order to minimise the geotechnical risk. 

The Geotechnical Risk Register will be actively used during the design and construction stage of the project as a guide to address 
geotechnical issues. The risk register will be up-dated to reflect additional data and experience as it is gained.
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Corrib Onshore Pipeline Geotechnical Risk Register
Notes:

1 This register lists significant potential geotechnical hazards and associated risks with respect to construction and operation of the proposed pipeline and associated facilities
2 The list of hazards identified on this register is non-exhaustive and has been selected based on specific critical hazards that are relevant to this scheme with regard to health & safety, environmental, programme and cost considerations.
3 The register is a live document that will be up-dated as the project develops to reflect additional data and experience.
4 The risk rating values given in the register are based on engineering judgment and as such may vary between individuals depending on the perception of risk. May, 2010
5 Some of the hazards identified would be geotechnical concerns but may also include environmental and pipeline design concerns.
6 The register is not a health & safety risk register per se; specific health & safety risks will be addressed elsewhere.
7 Causes, potential impacts, risk control measures or contingency measures listed may not be numbered in order of preference.

No. Hazard Cause Contingency Measures

Category Specific P I R Design Control Construction / Operations Control P I R

1 Liquefaction of base of 
pipeline trench 

Sand / subsoil mixing 
with water and forming 
liquid material.

1. High/rising tidal waters causing 
liquefaction (quick conditions) of sand in 
excavation base
2. Inadequate site investigation information
3. Inadequate design and understanding of 
ground conditions
4.  Improper construction 

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury by drowning
2. Damage to plant
3. Loss and cessation of works

2 3 6 1. Review of previous excavations in the locality and in similar ground
2. Detailed site investigation to include trial trenches to expose soils
3. Boreholes and trial pits to be taken below base of pipeline trench
4. Specify method statement from the Contractor for working in tidal sands and 
check that he is fully cognisant with ground conditions
5. Check of implications of over-excavation
6. Check requirement to have ballast stone available to place in base of trench

1. Site supervision staff to inspect trench daily
2. No/limited access into trench
3. Areas of unexpectedly deep and weak ground to be reported and await further
instruction
4. Works sequenced to tides and weathered conditions 
5. Supervision to ensure construction carried out as detailed in the method 
statement
6. Limited exposure of trench base to avoid potential for base (liquefaction) 
failure

1 3 3 1. Stop works
2. Ballast stone to be placed in base of excavation
3. Ensure localised area made stable

2 Escape of potential 
contaminated water from 
works into surface water 
channels

Possible contaminants 
from leakages, spills or 
fines/suspended solids

1. Extended periods of wet weather and 
under-design of temporary pumping
2. Over-pumping of excavation into surface 
water channel.
3. Potential contamination from run-off from 
works 
4. Potential contamination from backfill 
material

1. Environmental 1. Risk of contamination of surface water 3 4 12 1. Walk-over survey to identify areas where greater risk of water entering works and 
becoming contaminated
2. Detailed site investigation to include trial trenches to expose soils and monitoring 
of groundwater along route
3. Spillages from plant - addressed in environmental impact statement
4. Consider limiting the extent of works/trench opened in sensitive areas
5. Specify method statement from contractor that clearly demonstrates their 
awareness of this issue
6. Identify any sensitive receivers along route

1. Supervision staff to be fully briefed on the ground conditions, design 
requirements and construction methodology
2. Supervising staff aware of weather forecasts
3. Appropriate pumping facilities to be put in place during the construction phase 
and silt traps/bunds constructed
4. Temporary bunds and  drains to be installed as appropriate
5. Supervision to ensure construction carried out as detailed in the method 
statement
6. Measures to prevent contamination/clean up contamination before work 
continues

1 4 4 1. Stop work
2. Environmental Manager to be notified immediately.
3. Establish if contamination includes oil / diesel
4. Identify source of contamination and solve problem immediately as 
per EMP.
5. Oil contaminated water to be treated prior to discharge (use oil 
interceptors if appropriate)
6. Excess water to be diverted into drainage channels with filtration / 
sedimentation as required
7. Use simple and effective filtration measures to remove particle load 
e.g. straw bales/terram in drainage channels
8. Sedimentation tanks to be used (and cascaded if necessary)
9. Use adjacent areas within temporary working area as natural filter in 
agreement with NPWS e.g. for high levels of suspended peat
10. Reserve / additional pumping facilities to be available 

3 Unexpected hard 
obstructions in 
excavations, e.g. 
boulders, rock outcrops

1. Ground conditions differing from those 
indicated from site investigation
2. Inadequate site investigation information 

1. Programme
2. Cost

1. Delays to works
2. Increased noise levels due to additional 
rock breaking requirements

4 2 8 1. Carry out extensive site investigation.   
2. Walk-over survey of route to identify areas of variable ground (e.g. shallow rock, 
till, peat/organic clay)
3. Selection of conservative design parameters to allow for variable conditions on 
site
4. Require detailed construction method statement that clearly demonstrates 
understanding of the ground conditions and risks involved
5. Monitoring and observation method proposed as part of construction controls

1. Construction personnel briefed on expected ground conditions
2. Reporting by site staff on change in ground conditions from that predicted
3. Advance notice of change in predicted ground condition to be fed to designers
4. Supervision to ensure construction carried out as detailed in the method 
statement

1 2 2 1. Stop works
2. Area to be assessed
3. Use rock breakers/non-explosive pre-splitting of rock using 
expansive grouts or similar

4 Open excavations and 
holes filled with 
disturbed peat

1. Excavation works
2. Displacements and slides
3. Improper construction methods

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of death or injury from falling into 
excavation
2. Damage to plant

3 5 15 1. Carry out extensive site investigation
2. Walkover survey of route to identify areas of variable ground (e.g. shallow rock, 
till, peat/organic clay)
3. Detailed method statement to be prepared with respect to excavation

1. Appropriate sequencing of works
2. Supervision of works by suitably qualified person
3. Tool box talks to be carried out prior to works
4. Ensure no excavations left open or unprotected
5. Backfill to be with a suitable material
6. Supervision to ensure construction carried out as detailed in the method 
statement

2 3 6 1. Stop work
2. Backfill open excavations with stone
3. Over excavate disturbed peat localised area and backfill with stone 

5 Unexpected soft ground 
in pipeline trench
(outside of peat areas)

1. Ground conditions differing from those 
indicated from site investigation
2. Inadequate site investigation information 

1. Programme
2. Cost

1. Delays to works
2. Increased excavation and backfilling 
requirement

4 3 12 1. Carry out extensive site investigation.   
2. Walk-over survey of route to identify areas of variable ground (e.g. shallow rock, 
till, peat/organic clay)
3. Selection of conservative design parameters to allow for variable conditions on 
site
4. Detailed method statement to be prepared
5. Monitoring and observation method proposed as part of construction controls

1. Construction personnel briefed on expected ground conditions
2. Reporting by site staff on change in ground conditions from that predicted
3. Record of change in predicted ground condition to designers
4. Supervision to ensure construction carried out as detailed in the method 
statement

1 3 3 1. Stop work
2. Where appropriate over excavate and backfill with stone
3. Place stone ballast to secure base of excavation

6 Uncontrolled localised 
peat displacement

1. Unexpected weak ground conditions.
2. Intense rainfall event
3. Improper construction 
4. Heave of adjacent areas due to 
compaction of backfill

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk injury
2. Environmental damage
3. Damage to plant
4. Loss and cessation of works
5. Damage to adjacent property

2 4 8 1. Carry out detailed site investigation
2. Walk-over survey of route to identify areas of potential failure
3. Obtain good understanding of stability of site and possible mechanism that might 
trigger ground movement
4. Assessment of potential for peat displacement
5. Design conservatively to eliminate all mechanisms likely to trigger movement
6. Detailed method statement to be prepared
7. All personnel to be fully cognisant with ground conditions expected
8. Provide sheet piling and shear keys as potential mitigation measures 

1. Site supervision staff fully briefed on ground conditions
2. Provision and monitoring of instrumentation to record ground movement
3. Ensure control of all construction practices so that all works on site are within 
design conditions 
4. Ongoing site inspection of site for evidence of ground movements
5. Have sheet piles and piling rig readily available. (refer to piling risks)
6. Divert streams and surface water away from problematic area
7. Provide suitably qualified person to monitor works

1 4 4 1. Stop works
2. Install sheet piling to prevent ground movement using appropriate 
machinery
3. Monitor movements following installation of sheetpiles until 
movements have ceased
4. Reduce speed of works
5. Reduce excavation lengths prior to backfilling with stone
6. Install sheet piling ahead of works if possible as additional 
preventative measure

Risk Rating 
(Refer Table 

12.1 and 12.2)

Risk Rating 
following RCM
( Refer Table 
12.1 and 12.2)

Risk Control Measure (RCM)Potential Impact

Pipeline Construction on Land
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Corrib Onshore Pipeline Geotechnical Risk Register
Notes:

1 This register lists significant potential geotechnical hazards and associated risks with respect to construction and operation of the proposed pipeline and associated facilities
2 The list of hazards identified on this register is non-exhaustive and has been selected based on specific critical hazards that are relevant to this scheme with regard to health & safety, environmental, programme and cost considerations.
3 The register is a live document that will be up-dated as the project develops to reflect additional data and experience.
4 The risk rating values given in the register are based on engineering judgment and as such may vary between individuals depending on the perception of risk. May, 2010
5 Some of the hazards identified would be geotechnical concerns but may also include environmental and pipeline design concerns.
6 The register is not a health & safety risk register per se; specific health & safety risks will be addressed elsewhere.
7 Causes, potential impacts, risk control measures or contingency measures listed may not be numbered in order of preference.

No. Hazard Cause Contingency Measures

Category Specific P I R Design Control Construction / Operations Control P I R

Risk Rating 
(Refer Table 

12.1 and 12.2)

Risk Rating 
following RCM
( Refer Table 
12.1 and 12.2)

Risk Control Measure (RCM)Potential Impact

agec

7 Plant toppling or coming 
off access road/bog mats

1. Local softer/weaker pockets below road 
2. Excessive eccentric loading on supporting 
road/soft ground including transportation of 
materials

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury by fall/crushing 
plant
2. Damage to plant
3. Loss and cessation of works
4. Localised displacement of peat/ground

3 5 15 1. Carry out detailed site investigation along the route of the access roads to 
determine variability of the peat/soft ground strengths
2. Walk-over survey of route to identify areas of potential softer ground
3. Design temporary access roads/bog mats based on good working practice within 
the industry – e.g. proven practices within Bord na Mona
4. Allow for eccentric loading and additional width and passing and turning areas
5. Use conservative design parameters for ground 
6. Detailed method statement to be prepared

1. Supervising staff and construction staff to be fully briefed on particular loading 
limitations and construction methodology
2. Supervision to ensure that the plant movement/loading is carried out as 
detailed in the method statement
3. Comprehensive and regular monitoring of road/bog mats and suitable 
markings showing edge of road
4. Installation of non-peat loading supported roads where appropriate

1 5 5 1. Stop works
2. Stabilise side slopes
3. Increase width of access roads where feasible
4. Use piled access roads

8 Instability of peat 
arisings / turves due to 
failure of underlying 
ground

1. Unexpected soft ground conditions
2. Over-loading of under-lying ground/peat

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of injury by collapse arisings 
2. Damage to plant 
3. Neighbouring ground affected
4. Loss and cessation of works

3 4 12 1. Carry out detailed site investigation along the route to determine variability of the 
peat/soft ground strengths
2. Walk-over survey of route to identify areas of potential softer ground
3. Use conservative design parameters for ground and peat
4. Specify areas where arisings can be placed and limits on arisings height
5. Detailed construction method statement to be prepared

1. Supervising staff and construction staff to be fully briefed on particular loading 
limitations and construction methodology for arisings
2. Employment of contractor/personnel familiar with soft ground conditions 
3. Supervision to ensure that arisings placed as per method statement including 
a experienced geotech eng.
4. Comprehensive and regular monitoring of arisings
5. Supervision to ensure construction carried out as detailed in the method 
statement

1 4 4 1. Stop works
2. Use bog mats under arisings
3. Reduce height of arisings
4. Surplus arisings to be removed to another location
5. Local surplus of peat for backfilling to be stored in adjacent / nearby 
areas of the temporary working area

9 Instability of peat 
arisings / turves due to 
excessive rainfall/run-off

1. Excessive rainfall
2. Overly softened arisings
3. Concentration of water due to 
construction activities

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of injury by collapse arisings 
2. Damage to plant 
3. Neighbouring ground affected due to run-
out and run-off into water courses
4. Loss and cessation of works

3 3 9 1. Carry out detailed site investigation along the route to determine variability of the 
peat/soft ground strengths
2. Walk-over survey of route to identify areas of potential softer ground
3. Use conservative design parameters for ground
4. Specify areas where arisings can be placed and limits on arisings height and 
geometry depending on condition of arisings
5. Shaping of arisings to shed water and placement of arisings away from any 
surface water sources and provide control to runoff.
6. Detailed construction method statement to be prepared

1. Supervising staff and construction staff to be fully briefed on particular loading 
limitations and construction methodology for arisings
2. Employment of contractor/personnel familiar with soft ground conditions 
3. Supervision to ensure that arisings placed as per method statement
4. Inspection after any significant rainfall event
5. Preparation of areas if significant rainfall forecasted 
6. Comprehensive and regular monitoring of arisings
7. Drainage ditches and watercourses to be maintained.

1 3 3 1. Stop works
2. Reserve pumping facilities to be available
3. Revise drainage design
4. Reduce height of arisings

10 Working in areas of soft 
ground/peat

1. Unexpected soft ground conditions
2. Upper strong vegetated layer in peat has 
been broken
3. Plant too heavy
4. Existence of bog-holes
5. Excessive water logging due to rainfall

1. Health & Safety
2. Programme
3. Cost

1. Plant sinking or bogging in ground
2. Personnel falling into bogholes/soft 
ground areas.
3. Access for plant/personnel not possible  
4. Loss and cessation of works                       

5 3 15 1. Detailed site investigation to include trial trenches to expose soils
2. Boreholes and trial pits to be taken at least below base of excavations/pipeline 
trench
3. Walkover, survey and map route to identify soft ground areas, bogholes, 
swallowholes, springs, streams (surface and subterrain)
4. Specify use of bogmats
5. Create safe working platforms (stone road)
6. Specify use of low pressure bearing machinery

1. Site supervision staff fully briefed on ground conditions. Geotechnial Engineer 
present. 
2. Thorough induction of all personnel on working in soft ground with followup 
toolbox talks. 
3. Employment of contractor/personnel familiar with soft ground conditions. 
4. Site walkover at start of each day to inspect ground conditions and to alert 
construction personnel to ‘ potential risk’ areas
5. Cordon-off of areas of weak/ soft ground that pose an unacceptable risk

2 3 6 1. Stop work
2. Assess situation
3. Deploy engineering solution to prevent ground movement
4. Monitor situation
5. Use additional stone to provide firm surface. Bogmats to be 
available also

11 Flooding due to 
rainfall/surface water 
inflow into excavation

1. Extended periods of wet weather
2. Reduced capacity of temporary pumping 

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of death or injury by drowning
2. Risk of death or injury by collapse of 
trench side wall 
3. Damage to plant
4. Excessive run-off into surface 
watercourses
5. Loss and cessation of works

3 5 15 1. Plan/program for high rainfall events
2. Use conservative design parameters for the design storm event
3. Detailed method statement to be prepared with respect to dewatering and 
protection of works

1. Supervising staff aware of weather forecasts
2. No/Restricted access into excavation
3. Pumping facilities to be put in place during the construction phase
4. Temporary bunds and  drains to be installed where appropriate
5. Ensure construction carried out as detailed in the method statement
6. Agree unacceptable work conditions and/or temporarycessation of the work

2 5 10 1. Stop work
2. Assess situation
3. Deploy engineering solution to dewater
4. Monitor situation
5. Reserve / additional pumping facilities to be available 

12 Flooding due to 
groundwater inflow into 
excavation

1. Extended periods of wet weather leading 
to build-up in groundwater
2. Interception of water-bearing soils
3. Unexpected ground conditions

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of death or injury by drowning
2. Risk of death or injury by collapse of 
excavation side wall 
3. Damage to plant
4. Excessive run-off into surface 
watercourses
5. Loss and cessation of works

3 5 15 1. Review of previous excavations in the locality and in similar ground
2. Walkover, survey and map route to identify soft ground areas, bogholes, 
swallowholes, springs, streams (surface and subterrain)
3. Detailed site investigation to include trial trenches to expose soils
4. Measurement of groundwater from piezometers where possible
5. Detailed method statement to be prepared with respect to dewatering and 
protection of works.
6. Installation of low permeability plugs in stone road

1. No/Restricted access into excavation
2. Appropriate pumping/dewatering facilities to be put in place during the 
construction phase.
3. Employment of contractor/personnel familiar with soft ground conditions 
4. Supervision to ensure construction carried out as detailed in the method 
statement

1 5 5 1. Stop work
2. Assess situation
3. Deploy engineering solution to dewater
4. Install low permeability plugs in or in close proximity to areas where 
there is water ingress  
5. Monitor situation
6. Reserve / additional pumping facilities to be available 

13 Failure of base of 
excavation 
(piping/heave)

1. Unexpected weak ground conditions 
below excavation
2. Temporary localised head pressure 
present due to the elevation differences 
between trench and surrounding ground
3. Over-excavation in weak ground

1. Health & Safety
2. Programme
3. Cost

1. Risk of injury
2. Damage to plant
3. Excessive deformation of base of 
excavation
4. Settlement of surrounding ground and 
possible failure of excavation sides
5. Loss and cessation of works

2 5 10 1. Review of previous excavations in the locality and in similar ground
2. Detailed site investigation to include trial trenches to expose soils
3. Boreholes and trial pits to be taken below base of excavations
4. Measurement of groundwater from piezometers where possible
5. Detailed method statement to be prepared in accordance with ground conditions 
anticipated

1. Site supervision staff to inspect trench
2. No/Restricted access into excavation
3. Areas of heave and/or piping to be reported
4. Employment of contractor/personnel familiar with soft ground conditions 
5. Engineering supervision to ensure construction carried out as detailed in the 
method statement
6. Limited exposure of excavation base and sides to avoid potential for failure

1 4 4 1. Stop work
2. Ballast stone to be placed at base of excavation
3. Reserve pumping facilities to be available
4. Use of settlement tanks
5. Divert water from settlement tanks into drainage channels/onto bog 
surface where appropriate
6. Use straw bales/terram in drainage channels
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Corrib Onshore Pipeline Geotechnical Risk Register
Notes:

1 This register lists significant potential geotechnical hazards and associated risks with respect to construction and operation of the proposed pipeline and associated facilities
2 The list of hazards identified on this register is non-exhaustive and has been selected based on specific critical hazards that are relevant to this scheme with regard to health & safety, environmental, programme and cost considerations.
3 The register is a live document that will be up-dated as the project develops to reflect additional data and experience.
4 The risk rating values given in the register are based on engineering judgment and as such may vary between individuals depending on the perception of risk. May, 2010
5 Some of the hazards identified would be geotechnical concerns but may also include environmental and pipeline design concerns.
6 The register is not a health & safety risk register per se; specific health & safety risks will be addressed elsewhere.
7 Causes, potential impacts, risk control measures or contingency measures listed may not be numbered in order of preference.

No. Hazard Cause Contingency Measures

Category Specific P I R Design Control Construction / Operations Control P I R

Risk Rating 
(Refer Table 

12.1 and 12.2)

Risk Rating 
following RCM
( Refer Table 
12.1 and 12.2)

Risk Control Measure (RCM)Potential Impact

agec

14 Presence of clay /silt 
with low shear strength 
below peat

1. Unexpected loss of strength
2. Loading/vibration/excavation

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury 
2. Damage to plant
3. Loss and cessation of works
4. Collapse of excavation sides
5. Peat slide

2 5 10 1. Review of previous excavations in the locality and in similar ground
2. Detailed site investigation to include trial trenches to expose sensitive soils
3. Boreholes and trial pits to be taken below base of excavations
4. Avoidance of excessive loading and/or excessive vibration
5. Detailed method statement to be prepared in accordance with ground conditions 
anticipated

1. Site supervision staff to inspect trench
2. No/Restricted access into excavation
3. Employment of contractor/personnel familiar with soft ground conditions 
4. Engineering supervision to ensure construction carried out as detailed in the 
method statement
5. Limited exposure of excavation base and sides to avoid potential for failure
6. Avoid excessive loading and/or vibration

1 5 5 1. Stop work
2. Ballast stone to be placed at base of excavation
3. Stone to be placed downslope of any potential peat movement
4. Remove excess loads
5. Avoid excessive vibrations

15 Peat slide 1. Unexpected weak ground conditions.
2. Intense rainfall event
3. Improper construction 

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of death or injury by inundation
2. Environmental damage
3. Damage to persons, plant, property and 
livestock
4. Loss and cessation of works
5. Adjacent land affected due to peat/ground 
movement

2 5 10 1. Carry out detailed site investigation
2. Walkover survey of route to identify areas of potential failure
3. Obtain good understanding of stability of site and possible mechanism that might 
trigger ground movement
4. Assessment of potential for peat failure  
5. Design conservatively to eliminate all mechanisms likely to trigger movement
6. Detailed method statement to be prepared

1. Site supervision staff fully briefed on ground conditions
2. Provision and monitoring of geotechnical instrumentation to record ground 
movement and groundwater pressures where appropriate
3. Control of all construction practices so that all works on site are within design 
conditions
4. Continual site inspection of site for evidence of ground movements
5. Sheet piles readily available
6. Impede surface water's access to failed area
7.Provide suitably qualified person to supervise/monitor remedial works
8. Supervision to ensure construction carried out as detailed in the method 
statement

1 5 5 1. Stop works
2. Use sheetpiling to stop ground movements
3. Monitor movements following installation of sheetpiles until 
movements have ceased
4. Reduce speed of works
5. Reduce excavation lengths prior to backfilling with stone

16 Settlement of stone road 
in peat prior to pipeline 
installation

1. Inadequate site investigation information 
2. Inadequate stone road construction 

1. Programme
2. Cost

1. Delays to works 2 3 6 1. Detailed site investigation to include trial trenches to expose and record soils 
2. Boreholes and trial pits to be taken below base of pipeline trench
3. Detailed stone road method statement to be prepared
4. Specify appropriate instrumentation along stone road

1. Site supervision staff fully briefed on ground conditions
2. Employment of contractor/personnel familiar with soft ground conditions 
3. Provision and monitoring of geotechnical instrumentation to record ground 
movement and groundwater pressures where appropriate
4. Control of all construction practices so that all works in accordance with 
method statements
5. Continual site inspection of road for evidence of settlement/movement
6. construction traffic will provide necessary compaction to stone road

1 3 3 1. Increase frequency of monitoring/install futher instruments
2. Provide additional surcharge loading of road
3. Excavate affected length of road and re-compact road fill
4. Additional trafficking on stone road to prodive additional compaction
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Corrib Onshore Pipeline Geotechnical Risk Register
Notes:

1 This register lists significant potential geotechnical hazards and associated risks with respect to construction and operation of the proposed pipeline and associated facilities
2 The list of hazards identified on this register is non-exhaustive and has been selected based on specific critical hazards that are relevant to this scheme with regard to health & safety, environmental, programme and cost considerations.
3 The register is a live document that will be up-dated as the project develops to reflect additional data and experience.
4 The risk rating values given in the register are based on engineering judgment and as such may vary between individuals depending on the perception of risk. May, 2010
5 Some of the hazards identified would be geotechnical concerns but may also include environmental and pipeline design concerns.
6 The register is not a health & safety risk register per se; specific health & safety risks will be addressed elsewhere.
7 Causes, potential impacts, risk control measures or contingency measures listed may not be numbered in order of preference.

No. Hazard Cause Contingency Measures

Category Specific P I R Design Control Construction / Operations Control P I R

Risk Rating 
(Refer Table 

12.1 and 12.2)

Risk Rating 
following RCM
( Refer Table 
12.1 and 12.2)

Risk Control Measure (RCM)Potential Impact

agec

1 Subsidence/loss of 
ground at ground 
surface due to tunnelling

Sinking/excessive 
settling of ground.

1. Variable ground conditions on tunnel line 
with zones of weaker ground
2. Weathered rock, areas of fractured rock 
such as at fault/shear zones
3. Flushing out of weak material in cavities 
or fractures from tunnelling

1. Programme
2. Cost
3. Environment

1. Subsidence at ground level 1 2 2 1. Carry out detailed site investigation along the route to verify ground conditions 
particularly variable ground, zones of weaker ground
2. Carry out geophysical surveying (completed 2007) and tie-in of survey with 
borehole information
3. In particular determine rockhead profile where tunnelling is to below/above 
rockhead
4. Review of detailed site investigation and re-evaluate areas of unusual ground or 
where highly variable
5. Produce ground model along tunnel corridor
6. Revise vertical tunnel trajectory to suit ground conditions
7. Use of conservative design parameters for ground
8. Selection of tunnelling methodology (segment lined tunnel)
9. Tunnel segments to be grouted in place (there will be no void space around the 
tunnel segments which could subsequently lead to subsidence.  Tunnel will be firmly 
embedded within surrounding ground.

1. Supervising staff and construction staff to be fully briefed on particular ground 
conditions
2. Employment of contractor/personnel familiar with tunnelling in such ground 
conditions 
3. Tunnel designers risk assessment and method statement for construction
4. Comprehensive and regular monitoring of tunnel works to provide advance 
notice of potential problems
5. Tunnel segments are grouted externally with cement.

1 1 1 1. Stop works
2. Assess ground movements
3. Adjust parameters of drilling fluid operating system (flow rate, 
composition, pressure) 
4. Adjust rate of progress

2 Unexpected ground 
conditions e.g. hard 
strata, alternating hard / 
soft strata, boulders, 
rock outcrops or man 
made objects 
(manageable by boring 
process)

1. Ground conditions differing from those 
indicated from site investigation
2. Presence of boulders/ bedrock
3. Presence of difficult to drill natural/man-
made object
4. Unexpected change in geology / ground 
conditions
5. Combination of alternating hard/soft 
ground conditions
6. Variable weathered rock conditions

1. Programme
2. Cost

1. Delay due to reduced tunnelling rate
2. Cost due to reduced tunnelling rate

2 2 4 1. Selection of tunnelling method: Segment Lining technology tunnelling is suitable 
for soft and hard rock 
2. Carry out geophysical surveying (completed 2007) and tie-in of survey with 
borehole information
3. Carry out detailed site investigation along the route to verify ground conditions 
particularly variable ground, zones of weaker ground
4. Tie-in the geophysical survey to borehole information from site investigation
5. In particular determine rockhead profile where tunnelling is below/above rockhead
6. Review of detailed site investigation and re-evaluate areas of unusual ground or 
where highly variable
7. Revise tunnel route to suit ground conditions
8. Select a vertical alignment based on site investigation/geophysical information 
and laboratory testing results
9. Produce ground model along tunnel trajectory
10. Use of conservative design parameters for ground for tunnelling design (tunnel 
boring machine head design)
11. Conservative tunnel performance specification to allow for durable and robust 
tunnel boring machine and reserve critical plant

1. Supervising staff and construction staff to be fully briefed on particular ground 
conditions
2. Employment of contractor/personnel familiar with tunnelling in mixed ground 
conditions - exceute a robust tendering process
3. Tunnel designer to carry out risk assessment and detailed method statement 
for construction
4. Comprehensive and regular monitoring of tunnel works to provide advance 
notice of potential problems
5. Check cutting returns, type, shape, mass balances
6. Check data collected by instrumentation in TBM (pressure, flow, temp, video, 
torque of cutting wheel, speed etc)
7. Check position/positioning system continuously (is the TBM on predetermined 
trajectory/alignment?)
8. Check investigation data/ground model
9. Check thrust force versus geology and profile
10. Check if rotational direction of cutting wheel can be changed.
12. Man entry for inspection or repair of TBM
12. Man entry in front of the TBM (to cutting head) 
13. Man entry (to cutting head) to break an obstacle

1 2 2 1. Attempt to be undertaken to fix/secure/break the object from within 
the TBM or from outside (e.g to drill through the obstacle).
2. Change tools in cutting head via airlock in TBM and Prepare for 
regular tool change out at cutter head.
3. Develop entry procedures for removal of obstruction from inside 
installed cutting head (will require working within airlock)
4. Confirm that appropriate level of relevant specialised tunnelling 
experience for this situation is present.

3 Loss of bentonite slurry 
from tunnel face due to 
unexpected variable 
ground conditions

Bentonite escaping 
through 
fissures/openings at 
bore depth

1. Ground conditions differing from those 
indicated from site investigation
2. Zones of higher permeability soils

1. Environmental
2. Programme
3. Cost

1. Delay due to reduced tunnelling rate
2. Excessive leakage of bentonite into 
ground with possible environmental impact
3. Cost of remediation due to bentonite 
breakout

2 5 10 1. Use of segment lining requires bentonite circulation at the head of TBM.  No 
bentonite is required to be injected along tunnel.
2. Carry out geophysical surveying (completed 2007) and tie-in of survey with 
borehole information
3. Carry out detailed site investigation along the route to verify ground conditions 
particularly variable ground, zones of weaker ground
4. In particular determine rockhead profile where tunnelling is below/above rockhead
5. Review of detailed site investigation and re-evaluate areas of unusual ground or 
where highly variable
6. Produce ground model along tunnel corridor
7. Revise vertical tunnel trajectory to suit ground conditions
8. Use of conservative design parameters for ground
9. Carry out the bentonite operating evelope calculation. Method statement to 
include the bentonite operaton envelope.

1. Monitor bentonite mass balance
2. Monitor bentonite system operating pressures                                          
3. Adjust drilling fluid characteristics: composition / density / viscosity / use of 
polymers                                                                 
4. Surface inspection/monitoring                                                                 

1 3 3 1. Stop work
2. Adjust bentonite mix
3. Injection of grout to stabilise surrounding ground

4 Tunnel pit / shaft 
failure/water logging.

1. Design error (wrong interpretation of 
geotechnical data)
2. Construction error
3. Unexpected zone of weak ground 

1. Health & Safety
2. Programme
3. Cost

1. Loss and cessation of works 
2. Delay due to reduced tunnelling rate
3. Cost due to reduced tunnelling rate
4. Cost of repairs 

3 2 6 1. Carry out detailed site investigation at site of shaft/adit location along the route to 
verify ground conditions particularly variable ground, zones of weaker ground
2. In particular determine rockhead profile and rock condition where anchors/support
piles to be located in rock
3. Review of detailed site investigation (determined based on preferred tunnel route)
4. Produce ground model at shaft/adit sites
5. Use of conservative design parameters for ground
6. Independent design verification
7. Capable contractor with proven track record in complex foundation construction

1. Check ground investigation data
2. Supervising staff and construction staff to be fully briefed on particular ground 
conditions
3. Employment of contractor/personnel familiar with tunnelling in such ground 
conditions 
4. Detailed method statement and specific tunnel risk assessment
5. Comprehensive and regular monitoring of shaft/adit to provide advance notice 
of potential problems
6. Pumping of water from shaft/adit

1 4 4 1. Stop work
2. Remedial work to repair shaft/adit

Tunnelling
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Corrib Onshore Pipeline Geotechnical Risk Register
Notes:

1 This register lists significant potential geotechnical hazards and associated risks with respect to construction and operation of the proposed pipeline and associated facilities
2 The list of hazards identified on this register is non-exhaustive and has been selected based on specific critical hazards that are relevant to this scheme with regard to health & safety, environmental, programme and cost considerations.
3 The register is a live document that will be up-dated as the project develops to reflect additional data and experience.
4 The risk rating values given in the register are based on engineering judgment and as such may vary between individuals depending on the perception of risk. May, 2010
5 Some of the hazards identified would be geotechnical concerns but may also include environmental and pipeline design concerns.
6 The register is not a health & safety risk register per se; specific health & safety risks will be addressed elsewhere.
7 Causes, potential impacts, risk control measures or contingency measures listed may not be numbered in order of preference.

No. Hazard Cause Contingency Measures

Category Specific P I R Design Control Construction / Operations Control P I R

Risk Rating 
(Refer Table 

12.1 and 12.2)

Risk Rating 
following RCM
( Refer Table 
12.1 and 12.2)

Risk Control Measure (RCM)Potential Impact

agec

1 Failure of bog mat 
access road

1. Overloading of the underlying soft peat 
soils.  
2. Insufficient understanding of the variability 
of the strength within the peat.  
3.Localised softer/weaker pockets within the 
peat. 
4. incorrect use of bog mats and bog mat 
road

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury by fall/crushing 
plant.
2. Damage to plant
3. Loss and cessation of works

3 5 15 1. Carry out detailed site investigation along the route of the access road to 
determine variability of the peat/soft ground strengths
2. Walkover survey of route to identify areas of potential softer ground
3. Determine areas suitable for bog mats
4. Require contractor to provide detailed construction method statement
5. Undertake supervision and monitoring regime on site works

1. Supervising staff and construction staff to be fully briefed on the ground 
conditions, temporary works design requirements (in particular loading 
limitations) and construction methodology
2. Supervision to ensure that the construction is carried out as detailed in the 
method statement
3. Comprehensive and regular monitoring and comparison of predicted ground 
behaviour with observed ground behaviour
4. Inspection after significant rainfall event
5. Preparation of areas if significant rainfall forecasted

1 5 5 1. Stop works
2. Use additional bog mats. 
3. Install stone road

2 Failure of pipeline trench 
slopes during 
installation of pipe

1. Unexpected weak ground
2. Localised slope failure
3. Water ingress
4. Plant too close to excavation
5. Slopes too steep

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury by collapse of 
trench side wall 
2. Damage to plant
3. Loss and cessation of works

4 5 20 1. Detailed site investigation to include trial trenches to expose soils 
2. Boreholes and trial pits to be taken below base of pipeline trench
3. Use of conservative soil parameters for temporary design
4. Conservative design of propping system, where used
5. Detailed method statement for the works

1. No/Restricted access into excavation
2. Employment of contractor/personnel familiar with soft ground conditions
3. Geotechnical supervision to ensure slope batter appropriate to soil conditions
4. Supervision to ensure construction is carried out as detailed in the method 
statement

1 4 4 1. Stop work
2. Remove failed material
3. Batter back to safe angle OR install temporary support
4. Review pipe installation procedure

3 Failure of pipeline trench 
excavation in stone road 

1. Localised slope failure
2. Water ingress
3. Plant too close to excavation
4. Slopes too steep

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury by collapse of 
trench side wall 
2. Damage to plant
3. Loss and cessation of works

2 5 10 1. Excavation slopes to be specified
2. Detailed method statement to be prepared to include Health and Safety 
requirements for open excavations
3. Use of conservative design parameters

1. Appropriate sequencing of works
2. Geotechnical supervision of works
3. Tool box talks to be carried out prior to works
4. Use shoring or trench boxes if sloped sides are not possible
5. Supervision to ensure construction carried out as detailed in the method 
statement

1 5 5 1. Stop work
2. Review cause of failure
3. Ensure safe distance of plant
4. Review pipe installation procedure

4 Failure of pipeline trench 
support (where used)

1. Unexpected ground conditions - weaker 
and deeper
2. Embedment of sheet piles not sufficient
3. Failure of trench box/shoring

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury by collapse of 
trench side wall 
2. Damage to plant
3. Loss and cessation of works
4. Collapse of excavation sides

4 5 20 1. Detailed site investigation to include trial trenches to expose soils 
2. Boreholes and trial pits to be taken below base of pipeline trench
3. Use of conservative soil parameters for temporary design
4. Conservative design of propping system, where used
5. Check of implications of over-excavation
6. Specify method statement from the Contractor on trench support

1. Site supervision staff to inspect temporary retaining structure on daily basis
2. No/Limited access into trench
3. Monitoring of sheet pile movements during construction where appropriate
4. Provision of additional temporary propping systems to be available on site 
during excavation phase
5. Supervision to ensure installation of support carried out as detailed in the 
method statement
6. Buddy system for people working in trench, never alone onsite or in the trench

1 4 4 1. Stop work
2. Install additional lateral supports
3. Use longer / larger sheet piles 
4. Use stone road approach

5 Damage/disturbance of 
monitoring instruments

1. Construction damage
2. Third party damage
3. Improper installation 

1. Programme
2. Cost

1. Delays to works 4 2 8 1. Provide sufficiently robust instruments and protection
2. Provide sufficient redundancy
3. Locate instruments in safe locations

1. Construction personnel briefed on importance/location of instruments
2. Provide clear signage and protection
3. Re-locate instruments

1 2 2 1. Avoid work in area where possible
2. Re-establish instruments

6 Failure of granular 
stone/geogrid reinforced 
access road

1. Overloading of the underlying soft peat 
soils.  
2. Insufficient understanding of the variability 
of the strength within the peat.  
3.Local softer/weaker pockets of underlying 
material
4. incorrect installation of geogrids

1. Health & Safety
2. Programme
3. Cost

1. Risk of death or injury by fall/crushing 
plant.
2. Damage to plant
3. Loss and cessation of works

3 5 15 1. Carry out detailed site investigation along the route of the proposed road to 
determine variability of the peat/soft ground strengths
2. Walkover survey of route to identify areas of potential softer ground
3. Design temporary access roads based on good working practice within the 
industry – e.g. proven practices within Bord na Móna
4. Determine areas suitable for temporary access roads
5. Require contractor to provide detailed construction method statement
6.Undertake supervision and monitoring regime on all site works.

1. Supervising staff and construction staff to be fully briefed on the ground 
conditions, design requirements (in particular loading limitations) and 
construction methodology
2. Supervision to ensure that the construction is carried out as detailed in the 
method statement
3. Comprehensive and regular monitoring and comparison of observations with 
predicted ground behaviour.  
4. Inspection after significant rainfall event
5. Preparation of areas if significant rainfall forecasted 

1 5 5 1. Stop works
2. Install stone road/bog mats
3. Install stone road

7 Installation of temporary 
sheet piles

1. Unexpected ground conditions.
2. Slope angle steeper than expected
3. Excessive groundwater inflow
4. Declutching of sheets

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of injury during installation
2. Damage to plant 
3. Change of hydrology
4. Loss and cessation of works

2 4 8 1. Carry out detailed site investigation along the route of the proposed road
2. Walkover survey of route
3. Appropriate pile type to be selected
4. Detailed method statement to be prepared for sheet pile installation
5. Hydrology of area to be considered during sheet pile design

1. Installation of sheet piles to be supervised by appropriately experienced 
personnel
2. Use appropriate equipment and sheets
3. Installation to be carried out by competent contractor
4. Installation to be stand-alone task and should not interfere with other works
5. Supervision to ensure construction carried out as detailed in the method 
statement

1 4 4 1. Stop works
2. Record and report problem
3. Install stone road where appropriate

Temporary Works
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Corrib Onshore Pipeline Geotechnical Risk Register
Notes:

1 This register lists significant potential geotechnical hazards and associated risks with respect to construction and operation of the proposed pipeline and associated facilities
2 The list of hazards identified on this register is non-exhaustive and has been selected based on specific critical hazards that are relevant to this scheme with regard to health & safety, environmental, programme and cost considerations.
3 The register is a live document that will be up-dated as the project develops to reflect additional data and experience.
4 The risk rating values given in the register are based on engineering judgment and as such may vary between individuals depending on the perception of risk. May, 2010
5 Some of the hazards identified would be geotechnical concerns but may also include environmental and pipeline design concerns.
6 The register is not a health & safety risk register per se; specific health & safety risks will be addressed elsewhere.
7 Causes, potential impacts, risk control measures or contingency measures listed may not be numbered in order of preference.

No. Hazard Cause Contingency Measures

Category Specific P I R Design Control Construction / Operations Control P I R

Risk Rating 
(Refer Table 

12.1 and 12.2)

Risk Rating 
following RCM
( Refer Table 
12.1 and 12.2)

Risk Control Measure (RCM)Potential Impact

agec

8 Failure of temporary 
sheet piles

1. Unexpected soft ground conditions.
2. Excessive groundwater inflow
3. Mechanical failure of pile
4. Insufficient embedment depth

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of injury or death by failure of piles or 
associated ground movement
2. Damage to plant 
3. Adjacent land affected due to peat/ground 
movement
4. Trigger major slide with damage to 
property, persons, livestock

3 5 15 1. Carry out detailed site investigation along the route
2. Walkover survey of route
3.  Undertake test pile to determine suitability of installation
4. Monitoring of installation
5. Detailed method statement to be prepared

1. Competent person to install piles with suitable equipment
2. Piles damaged during installation to be replaced.
3. Provide adequate working platform (refer to bog mat risks)
4. Regular inspection and monitoring of piles and supported ground/peat. 
5. Drainage ditches and water courses to be monitored and maintained.
6. Supervision to ensure construction carried out as detailed in the method 
statement

1 5 5 1. Stop works
2. Record and report problem
3. Install stone road

9 Recovery of plant and 
equipment 

1. Plant stuck in bogholes
2. Plant sliding off haul roads or bog mats
3. Plant caught in displaced peat
4. Localised slip failure of stone road

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of injury or death to personnel
2. Damage or loss of plant 
3. Spillage of fuel and oil

3 5 15 1. Working area extents to be pegged
2. Use of appropriate plant
3. Design to consider abnormal loading
4. Detailed method statement to be prepared for the works
5. Temporary recovery access to be designed specifically for recovery works 

1. Spill kits around plant and involvement of environmental expert to ensure 
containment of spillages
2. Removal of potential and actual contaminants as required. 
3. Develop clear plan of action prior to recovery operation
4. Works supervised by experienced personnel 
5. Use of correct lifting equipment, slings and recovery/winch cables
6. Damaged plant to be removed to safe area
7. Supervision to ensure recovery carried out as detailed in the method 
statement

1 5 5 1. Stop works
2. Use alternative plant for works
3. Increase width of access roads where feasible and appropriate
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Corrib Onshore Pipeline Geotechnical Risk Register
Notes:

1 This register lists significant potential geotechnical hazards and associated risks with respect to construction and operation of the proposed pipeline and associated facilities
2 The list of hazards identified on this register is non-exhaustive and has been selected based on specific critical hazards that are relevant to this scheme with regard to health & safety, environmental, programme and cost considerations.
3 The register is a live document that will be up-dated as the project develops to reflect additional data and experience.
4 The risk rating values given in the register are based on engineering judgment and as such may vary between individuals depending on the perception of risk. May, 2010
5 Some of the hazards identified would be geotechnical concerns but may also include environmental and pipeline design concerns.
6 The register is not a health & safety risk register per se; specific health & safety risks will be addressed elsewhere.
7 Causes, potential impacts, risk control measures or contingency measures listed may not be numbered in order of preference.

No. Hazard Cause Contingency Measures

Category Specific P I R Design Control Construction / Operations Control P I R

Risk Rating 
(Refer Table 

12.1 and 12.2)

Risk Rating 
following RCM
( Refer Table 
12.1 and 12.2)

Risk Control Measure (RCM)Potential Impact

agec

1 Settlement/soft ground 
in pipe trench backfill

1. Poorly compacted backfill
2. Inadequate backfilling
3. Inadequate soil strength at base of trench

1. Health & Safety
2. Cost

1. Risk of injury by tripping/ bogging of plant
2. Damage to farm plant and land
3. Surface depressions manifested

3 4 12 1. Consider alternatives for the backfilling of the trench (introduction of brushwood, 
geogrid) that will not alter the hydrogeology of that area of the site long term
2. Highlight on drawings the need to cordon off the trench post construction and 
also the need to provide discrete crossing points for plant and personnel to facilitate 
safe movement around the site
3. Detailed method statement to be prepared
4. Mounding of backfill where appropriate to accomodate subsequent consolidation
5. Determine likely time for backfill to consolidate and ground to become stable
6. Specify re-inspection of re-instated areas and follow-up work as necessary

1. Supervision staff to be fully briefed on the ground conditions, design 
requirements and construction methodology
2. Cordon off of areas of weak/soft ground
3. Supervision to ensure reinstatement/backfilling carried out as detailed in the 
method statement
4. Re-inspection of reinstated areas post consolidation period

1 4 4 1. Dig out material around pipe and replace and recompact 
2. Import approved material to re-grade if necessary

2 Erosion of overburden 
cover to buried pipe in 
river/stream crossings 
(eg 2003 rainfall event)

1. Intense rainfall and associated run-off 
conditions

1. Health & Safety
2 Environmental
3. Cost

1. Damage to pipeline coating (concrete)
2. Cost due to shut-down and repair (if 
required)

2 3 6 1. Specify as-built records to provide details of actual level/line of pipe in ground
2. Walk-over survey to identify river/stream crossings and depth of alluvial 
sediments
3. Adequate protection measures (e.g. concrete coaeted pipe) / burial depths 
identified based on conservative values
4. Burial depth to consider significant stream bed erosion due to extreme rainfall 
events
5. Detailed method statement to be prepared
6. Installation of concrete slabs above pipeline where the bottom of the drain/ditch 
may be lowered (as per I.S. 328)

1. Supervision staff to be fully briefed on the ground conditions, design 
requirements and construction methodology
2. Supervision to ensure construction carried out as detailed in the method 
statement
3. Control of line and level of pipe in ground

1 1 1 1. Divert river/stream (temporary measure)
2. Backfill and strengthen backfill material
3. Increase depth of pipeline / add additional cover for protection

3 Erosion of seaward cliff 
at landfall 

1. Unexpected storm conditions 1. Health & Safety
2 Environmental
3. Cost

1. Coastal erosion and loss of natural 
environment

3 2 6 1. Walk-over of cliff line to identify extent of erosion and soils/rock within cliff
2. Use of conservative design parameters for design of sea cliff
3. Use of conservative erosion/wave action
4. Re-instated sea cliff to be robust and also to be sympathetic to existing natural 
cliffs
5. Detailed construction method statement to be prepared

1. Site supervision staff fully briefed on ground conditions and tidal working
2. Re-use of acceptable as-dug materials to re-construct cliff
3. Supervision to ensure that cliff is re-constructed as per method statement and 
is sympathetic to existing sea cliffs                  
4. Regular inspections of the cliff face (especially after storms)

1 4 4 1. Monitor cliff face and replace material if necessary.

4 Peat slide 1. Unexpected weak ground conditions.
2. Intense rainfall event
3. Peat movement from outside site

1. Health & Safety
2. Environmental
3. Programme
4. Cost

1. Risk of death or injury by inundation
2. Environmental damage
3. Damage to plant
4. Cost due to shut-down and repair

2 5 10 1. Carry out detailed site investigation
2. Walk-over survey of route to identify areas of potential failure
3. Obtain good understanding of stability of site and possible mechanism that might 
trigger ground movement
4. Assessment of potential for peat failure  
5. Design conservatively to eliminate all mechanisms likely to trigger movement
6. Carry out sensitivity test to show performance of pipe with different failure 
scenarios
7. Specify robust pipe construction (stone road method)                                              
8. Assess stability of stone road under flooded conditions

1. Maintenance requirement to include regular walkover inspection of pipeline 
route
2. Walkover inspection to be carried out by suitably qualified persons
3. Report of walkover inspection to determine existing stability of peat and any 
works required and to recommend time period for next walkover
4. Monitoring of peat next to stone road using inclinometer probes and 
piezometers
5. Long term monitoring using ground survey markers

1 5 5 1. Install sheet piling to stop ground movements
2. Monitor movements following installation of sheetpiles
3. Maintain drains and ditches locally

5 Creep movement/ 
settlement of pipe due to 
movement of soil

1. Insufficient understanding deformation 
properties of surrounding soil
2. Inadequate site investigation information 
3. Inadequate design.  

1. Health & Safety
2 Environmental
3. Cost

1. Damage to facility 1 2 2 1. Detailed site investigation to include trial trenches to expose and record soils 
2. Boreholes and trial pits to be taken below base of pipeline trench
3. Pipeline designers to include for potential creep movement
4. Pipeline to be laid onto competent bedding
5. Tolerances for movement to be specified
6. Detailed method statement to be prepared

1. Site supervision staff fully briefed on ground conditions
2. Employment of contractor/personnel familiar with soft ground conditions 
3. Supervision to ensure that pipeline installed as per method statement               
4. Develop procedures for regular pipeline route inspection                                   
5. Long term monitoring using GPS plates if possible

1 1 1 1. Install measures to prevent excess movements e.g. 
sheetpiles/extend stone road

In Operation
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1.0 INTRODUCTION 

This report examines the existing hydrology along the proposed Corrib Onshore Pipeline route. 
The report also assesses the potential impacts that the proposed pipeline construction might 
have on the existing hydrological regime of the area.   Chapter 15 of the Corrib Onshore 
Pipeline EIS provides a summary of the information contained in this report. 

The principal objectives of this assessment are to: 

 Identify and compile all available hydrological data associated with the construction of 
the proposed pipeline; 

 Identify, describe and evaluate sites of known or potential hydrological interest; 
 Assess the significance of the likely impacts of the proposed scheme on the existing 

hydrological environment along the proposed route including the residual impact; and 
 Identify the mitigation measures required to minimise the likely impacts identified. 

The location of the proposed pipeline route is illustrated in the Alignment Sheets contained in 
Appendix A1 of the Corrib Onshore Pipeline EIS. 

1.1 METHODOLOGY 

This hydrological impact assessment was carried out by RPS.  The assessment was based on 
available information and site visits carried out along the proposed route in August 2008 and 
March 2010.  

This report is prepared having regards to: 

Guidelines on Procedures for Assessment and Treatment of Geology, Hydrology and 
Hydrogeology for National Road Schemes (Draft) (NRA 2007); 

Environmental Impact Assessment Guidelines of National Road Schemes – A
Practical Guide (NRA 2004); 

Advice Notes on Current Practice in the preparation of Environmental Impact 
Statements (EPA 2003); 

Guidelines on the information to be contained in Environmental Impact Statements
(EPA 2002),  

Guidelines for the Crossing of Watercourses during the construction of National Road 
Schemes (NRA); 

Control of water pollution from linear construction projects (CIRIA Report No. C648, 
2006); and 

Fisheries Protection Guidelines – Requirements for the protection of Fisheries 
Habitats during construction and development works at river sites (Eastern Regional 
Fisheries Board). 

The following sources of information were used in order to complete the assessment: 

 Corrib Onshore Pipeline Environmental Impact Statement (EIS), April 2008; 

 Flood data obtained from the website maintained by the Office of Public Works 
(www.opw.ie);

 Western River Basin District (WRBD) Reports – water quality risk assessment results; 
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 Other relevant websites, i.e. Environmental Protection Agency (EPA) (www.epa.ie)
and Met Éireann (www.meteireann.ie); and 

 Ordnance Survey 1:50,000 Discovery Series Maps. 

Relevant information, including catchment soil type, topography and morphology of the lands 
along the proposed route corridor and construction compounds, as well as the nature of the 
stream crossings were collected through walkover surveys and site/ground investigations.  
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2.0 PROPOSED DEVELOPMENT 

Details on the design of the proposed onshore pipeline development and the overall approach 
to construction are provided in Chapters 4 & 5 of the Corrib Onshore Pipeline EIS. 

The proposed onshore pipeline has a total length of approximately 8.3km between the LVI at 
Glengad and the Gas Terminal at Bellanaboy Bridge.  Over half of the pipeline will run in a 
tunnel beneath Sruwaddacon Bay between Glengad and Aghoos.  The pipeline route crosses 
one estuarine river (Leenamore River) and three small streams (see table 3.5).  Drawing No. 
Mi2188 in Appendix A of this report illustrates the proposed route of the onshore pipeline.  A 
section of the pipeline will run through a peatland area located south of Sruwaddacon Bay, as 
highlighted in green in Drawing No. MI2188. 

In peatland areas it is proposed to install the pipeline in a stone road. The detail of this 
construction method is provided in Chapter 5 of the Corrib Onshore Pipeline EIS.  It is 
proposed to use open-cut techniques for the river/stream crossings.   
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3.0 EXISTING ENVIRONMENT OF THE PROPOSED PIPELINE 

3.1 REGIONAL HYDROLOGY 

The regional hydrological environment within which the proposed development site is located 
is discussed below in the context of the following attributes: 

 Topography; 
 Flood Hydrology; 
 Drainage; 
 Water Quality;  
 Water Quantity; and 
 Amenity Value. 

River Catchments and Hydrology
The proposed pipeline route lies mainly within the catchment area of Sruwaddacon Bay.  The 
two largest rivers draining into Sruwaddacon Bay are the Glenamoy and Muingnabo Rivers.  
The Sruwaddacon Bay catchment area forms part of the National Hydrometric Area – 33 and 
falls within the Western River Basin District (WRBD).  Figure 3.1 shows the extent of the 
associated river catchment areas, which drain into Sruwaddacon Bay, together with a layout of 
the proposed pipeline route.  A short section of the onshore pipeline route within the Terminal 
is not shown within any catchment as it is understood to be facilitated by the surface water 
drainage in the Terminal site, which discharges to the Carrowmore Lake catchment. 

The Glenamoy River rises in a mountain located at Glenagh, Co. Mayo (land elevation 
304mOD Malin Head), approximately 20km northeast of its confluence with Sruwaddacon Bay.  
The Glenamoy River has an approximate catchment area of 87km2 upstream of Sruwaddacon 
Bay. The Muingnabo River rises in high ground at Glenagh (land elevation of 265mOD Malin 
Head), approximately 15km upstream of its confluence with Sruwaddacon Bay.  This river has 
an approximate catchment area of 40.14 km2 upstream of Sruwaddacon Bay. Both the river 
catchments are steeply sloped towards Sruwaddacon Bay with an approximate main channel 
slope of 1 in 85. The soil types within both of the catchments areas vary between the FSR 
(The UK Flood Studies Report, NERC 1975) soil types 3 and 5, suggesting moderate to very 
low winter rain acceptance potential.   

In addition to the Glenamoy and Muingnabo Rivers, a number of other local rivers/streams and 
land-drains also discharge directly into Sruwaddacon Bay (see Figure 3.1).  One of these 
estuarine rivers, locally known as the Leenamore River, will be crossed by the proposed 
pipeline at chainage 89.250km.  The Leenamore River rises in high ground at Bellanaboy and 
discharges into Sruwaddacon Bay approximately 2km downstream.  The river has an 
approximate catchment area of 2.53km2 upstream of its confluence with Sruwaddacon Bay.  
The topography of the catchment is steeply sloped (1 in 90) and the FSR soil type varies 
between type 3 and 5 suggesting moderate to very low winter rain acceptance potential (i.e. 
moderate to very high runoff potential). 

The observed long term average annual rainfall at Bangor, Glenamoy, Rossport and Belmullet 
are 1352mm, 1416mm, 1339mm and 1173mm, respectively (source: Met Éireann).  The 
estimated 100 year return period hourly rainfall at Belmullet is 34.6mm, while the maximum 
observed hourly rainfall at Pollatomish is approximately 40mm, recorded in September 2003, 
which had an approximate return period of 190 years (source: EIS prepared for Bellanaboy 
Bridge Terminal, EPA data, October 2003).  

The west of Ireland experienced notably high rainfalls in November 2009 along with many 
other parts in Ireland.  The most extreme rainfall occurred over the period from 16th to 18th

November 2009. The observed daily total rainfall at Belmullet on 16th November 2009 was 
23.20mm.  This prolonged rainfall led to flooding in many areas.  A study carried out by Met 
Éireann on the November 2009 rainfall concluded that, “The maximum 24hr rainfall totals have 
a return period of less than 100 years and higher return periods occurred for longer duration 
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rainfall totals (>4 days),” (Climatological Note No. 12, Met Éireann, February 2010). The 
estimated return periods of the November 2009 rainfall totals for the 4, 8 and 16-day periods at 
Belmullet are 2, 3 and 5 years respectively (see Table 3.1). This suggests that the observed 
rainfall at Belmullet in November 2009 was not as severe as that experienced at Pollatomish in 
September 2003. 

Table 3.1: Frequency of observed rainfall totals in November 2009 at Belmullet 

Sliding durations 
(day) 

Maximum
Rainfall totals 

(mm)

Estimated Return 
Period (years) 

1 21 1.1 
2 32 1 
4 51 2 
8 89 3 
16 143 5 
25 198 7 

Flow records for the Glenamoy River at Glenamoy (Hydrometric Station No.33001, Figure 3.1)
have been obtained from the EPA Hydro-data website.  Mean daily flow records for a period 
from 1977 to 2007 are available for this station (see Appendix B of this report), a summary of 
which are presented in Table 3.2. The recorded mean annual maximum and 95 percentile 
flows at this location are 27.87m3/s and 0.24m3/s, respectively.  The relatively high mean 
annual maximum flow rate (0.366m3/s/km2) can be attributed to its steep catchment slope and 
the catchment soil types with moderate to very high runoff potential. 

        Table 3.2: Summary of Flow Records for the Glenamoy River at Glenamoy 
(Hydrometric Station No. 33001) 

Annual Maximum Flow Upstream 
Catchment
Area (km2)

Mean 
Annual Flow 

(m3/s)

95 Percentile 
Flow (m3/s) Mean (m3/s) Median  (m3/s)  

76.1 2.91 0.24 27.87 27.50 
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No flow records for the Muingnabo and the Leenamore Rivers in the vicinity of the study area 
were available. Flood flows for the Leenamore River at the proposed pipeline crossing have 
been estimated in accordance with the methodology set out in the UK Institute of Hydrology, 
Report No. 124 “Flood estimation for small catchments” (1994).  The details of flow estimates 
for the Leenamore River catchment are presented in Table 3.3 below. 

Table 3.3: Leenamore River catchment details and flood flow estimates 

Parameters Flow estimates 
AREA: 2.53 km2

SAAR: 1416 mm 
SOIL: 0.40  
QBAR 1.642 m3/s
FSE 1.65  
QBAR 2.709 m3/s
Growth Factors –return periods of 100 
year and 200 year 

1.96 & 2.14  

Q100 5.309m3/s (2.10cumec/km2)
Q200 5.796m3/s (2.29cumec/km2)

The estimated 100 year and 200 year return period flood flows for the Leenamore river 
catchment are 5.309m3/s and 5.796m3/s, respectively. In terms of specific flows, these are 
2.10m3/s/km2 and 2.29m3/s/km2, respectively. These estimates give an idea of the extent of 
surface water runoff likely to be generated following an extreme rainfall event at the 
Leenamore River catchment. 

The Glenamoy and Muingnabo Rivers generally flood every winter after heavy prolonged 
rainfall. These catchments have experienced a number of high floods in the past.  The worst 
flooding in these catchments occurred in 1984 (21st September), 1989 (27th October) and in 
September 2003 (19-20th September). Much of the low lying floodplain of the river catchments 
flooded during these flood events.  The OPW flood hazard maps show a flood point at the 
Glengad Area (Figure 3.2).

Flooding in September 2003 occurred at the Glengad, Barnachuille and Dooncarton areas 
following an intense localised rainfall event.  A total 80mm of rainfall fell over an approximately 
two-hour period shortly before midnight of the 19th September 2003 (Mayo County Council, 
October 2003).  The rainfall was described as ‘unreal’ by Met Éireann and was accompanied 
by a heavy thunderstorm and large hailstones. This rainfall event caused multiple landslides 
on the slopes of the Dooncarton and Barnachuille mountains.  There were approximately 40 
individual slides of peat and weathered rock, varying from 15m3 to 20,000m3, which resulted in 
considerable damage to roads, bridges, property and the environment.  Approximately 40 
families were evacuated from their homes (Geological Survey of Ireland, 2006).  Immense 
volumes of peat, soil and stone were washed from the mountain into Sruwaddacon Bay. The 
bridge at Glengad was washed away. The primary cause of the landslides in the Pollatomish 
area was exceptional rainfall following a dry summer period, of such intensity as to overwhelm 
natural drainage systems in the relatively thin overburden layers of peat and weathered rock.  

The Bellanaboy River, one of the principal tributaries of Carrowmore Lake, also experienced 
unprecedented flooding during the September 2003 rainfall event. The Bellanaboy River 
catchment is located south of the subject study area and comprises the southern sloping areas 
of the Dooncarton, Barnachuille, Glengad and Pollatomish mountains. The observed peak flow 
for the Bellanaboy River catchment at Bellanaboy Bridge (Hydrometric Station No. 33011) on 
20th September 2003 was 45m3/s (EPA, October 2003).  Based on an upstream associated 
catchment area of 20.5km2, the estimated specific flow rate for the Bellanaboy River 
catchment is 2.20m3/s/km2. This is equivalent to a 180 year return period flood flow in the 
Leenamore River catchment as can be seen in Table 3.3.

Flooding of low lying lands in the vicinity of Sruwaddacon Bay can be caused by joint 
occurrences of high fluvial flows from the upstream river catchments and high tidal levels in 
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Broadhaven/Sruwaddacon Bay. No long-term tidal records are available for Sruwaddacon Bay, 
but a tidal survey carried out in July 2007 (from 25th July through to 8th August, 2007) showed 
that the highest observed tide level in Broadhaven Bay during this period was in the order of 
3.8m above chart datum (2.622mOD Malin Head). The data shows a semi-diurnal tide with a 
tidal range varying from approximately 1.4m during neap tides up to about 3.8m during spring 
tides.  Furthermore, the tidal range within the estuary also falls from 3.7m at the Bay mouth, to 
2.9m at the upstream section (in the vicinity of the Leenamore River confluence), a difference 
of over 0.8m. The observed average durations of high and ebb tides in Broadhaven Bay during 
this recording period were 5.65 and 6.36 hours, respectively. The maximum channel water 
depths in the lower and upper section of the Bay were 5m and 3m respectively at the highest 
astronomical tide (HAT). Further details of the tidal records can be found in Chapter 14 of the 
Corrib Onshore Pipeline EIS.  The predicted highest tide level in Broadhaven Bay shown in the 
2008 tide table for Broadhaven Bay (Proudman Oceanographic Laboratory) is in the order of 
3.9m above chart datum (2.69mOD Malin Head, March, April and October).   

Figure 3.2 An extract of the OPW Flood Hazard Maps showing the subject Study Area 
(Source: www.opw.ie).

Drainage 
The lands along the proposed pipeline route drain via the Leenamore River and via other land-
drains located within the Sruwaddacon Bay catchments areas (Figures 3.1 & 3.2).  The soil 
types within the main river catchments areas vary between the FSR (The UK Flood Studies 
Report, NERC 1975) soil types 3 and 5, suggesting moderate to very low winter rain 
acceptance potential (i.e. moderate to very high runoff potential). 

Water Quality 
Water quality records for the watercourses in the vicinity of the proposed pipeline route were 
sourced from the EPA.  An assessment carried out by the EPA on these water quality records 
showed that the Glenamoy River has a Biotic Index (Q-value) of Q4 at Glenamoy (located 
approximately 5km upstream of the confluence with Sruwaddacon Bay), suggesting the river 
has “good status” water quality [Water Quality in Ireland 2001-2003, EPA 2005] (Figure 3.3).  
Bathing water quality in Glengad in the vicinity of the proposed LVI has been assessed as 
“good” and complies with EU Guide Values under the EU Bathing Water Directive.  

Map Legend  

Flood Symbols 

Symbol Description 

Flood Points 

Multiple / Recurring 
 Flood Points 

Areas Flooded 

Hydrometric 
Stations 

Land Commission 

Drainage Districts 

Benefiting Lands 
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A recent assessment of the water quality status for the watercourses within the Sruwaddacon 
Bay catchment areas has also been carried out under the WRBD project (Figure 3.3).  Table
3.4 gives an overview of the risks assessed for these watercourses. 

Both the Glenamoy and Muingnabo Rivers in the immediate upstream vicinity of the 
confluences with Sruwaddacon Bay were assessed as “1b- Probably at Significant Risk”.  The 
study also found that Sruwaddacon Bay, which is classed as a transitional water, is “probably 
at risk of not achieving good status by 2015”. The source of the water pollution at the upper 
section of these watercourses was mainly identified as siltation resulting from land clearing 
practices and agricultural practices within the catchment areas.  

Figure 3.3 Water Quality Map and Risk Assessment for the surface 
water bodies located within the study area (Source:  www.epa.ie).

Table 3.4 WRBD – Water Quality Risk Assessment

Risk
Risk Factors Glenamoy 

River Muingnabo River Transitional Water 
(Sruwaddacon Bay) 

Coastal Water 
(Broadhaven) EPA 

Risk Assessment 
Summary 

1b- Probably at 
significant risk 

1b–Probably at 
significant risk 

1b– Probably at 
significant risk 

Unpolluted 

Further information on the water quality in the rivers and streams traversed by the proposed 
pipeline route is provided in Chapter 13 of the Corrib Onshore Pipeline EIS, while issues 
regarding the water quality of Sruwaddacon Bay are discussed in Chapter 14 of the EIS. 
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3.2 DETAILS OF THE EXISTING ENVIRONMENT OF THE PROPOSED PIPELINE

A description of the proposed pipeline route is provided in Chapter 4 of the Corrib Onshore 
Pipeline EIS and Table 13.1 in Chapter 13, which outlines the locations and description of 
streams and river crossings along the proposed route.  

As mentioned in Section 2 of this report, the majority of the proposed pipeline will run beneath 
Sruwaddacon Bay between the townlands of Glengad and Aghoos. The route will cross three 
small streams and one estuarine river.  Drawing No. MI2188 in Appendix A illustrates the 
proposed route of the pipeline.  Table 3.5 lists the approximate chainages of these crossings 
and provides a brief description of each crossing. Refer to Drawing No. MI2188 in Appendix A 
for the locations of these crossings.   

Table 3.5: List of Watercourses to be crossed by the Proposed Pipeline 

Approximate 
Chainage (km) Location/Townland Brief Description 

84.100 East of the LVI at Glengad
A small first order stream close to outer 
Sruwaddacon Bay. 

84.000-88.600 Sruwaddacon Bay 
The proposed pipeline will run beneath 
Sruwaddacon Bay under the main low-tide 
channel in and out of the Bay. 

89.250 Leenamore River
A small, second order1 stream draining to the 
southeast corner of Sruwaddacon Bay, known 
locally as the Leenamore River.

90.134 Aghoos 
A first order stream close to the roadside about 
0.5km east of the Leenamore River crossing. 

90.688 Aghoos
A small first order stream/drain approximately 
0.7km north of the Bellanaboy Bridge Gas 
Terminal site.

At the proposed river crossing, the Leenamore River Inlet is approximately 40m wide and 1.5m
deep below its banks. 

It was reported locally that the above mentioned rivers/streams generally overflow banks every 
winter after periods of heavy prolonged rainfall. However, OPW flood hazard maps do not 
show any flood prone areas along the proposed pipeline route or in the vicinity of the proposed 
crossings.  

Drainage

Surface runoff from lands along the proposed pipeline route drains directly into Sruwaddacon 
Bay as overland flow and also via a number of local streams and drainage ditches (Figure 3.1 
& Drawing MI2188). Based on the topography of the lands along the proposed pipeline route, 
the existing flow paths of surface water drainage systems and their associated catchment 
areas have been identified. The details of these sub-catchments are presented in Table 3.6.

                                                
1 A second order stream is formed by the joining of two first-order streams 
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Table 3.6:  Stormwater sub-catchments – existing environment 

Sub-Catchment Approximate 
Chainage (km) & 

Location 

Brief Description 

CA-01
Between Ch. 83,400 
and 83,800 

Approximate catchment area of 0.86ha. Soils are improved 
agricultural grassland. Surface water drains directly into the 
sea as overland flows.  The soils in this catchment are free 
draining and during a rainfall event, water percolates to 
ground and the remaining water is conveyed via a series of 
surface water drains to the foreshore (Drawing No. MI2188).

CA-02
Between Ch. 83,800 
and 84,100 

Approximate catchment area of 1.04ha. Soils in this 
catchment comprise a mosaic of improved grassland and 
marshy lands. The marshy lands indicate impeded drainage; 
therefore, overland flow during a rainfall event may be 
increased. Excess surface runoff is conveyed as overland 
flows and also via a series of surface water drains into 
Sruwaddacon Bay. 

Sruwaddacon Bay 
Between Ch. 84.000-
88.600 

The proposed pipeline will be in a tunnel under Sruwaddacon 
Bay.  

CA-03
Between 88,600 and 
Ch 89,008 

Approximate catchment area of 1.11ha. Soils comprise of 
cutover bog, recovering eroded/cutover blanket bog, eroding 
blanket bog with wet acid grassland (Nardus-dominated (ref. 
Chapter 12 of EIS 2009). Excess runoff drains as overland 
flow and also via a number of land-drains into the Bay. 

CA-04
Between Ch. 89,008 

and 89,557 

CA-04 forms part of the Leenamore River catchment and has 
a catchment area of 1.02ha.  Soils comprise wet grassland 
and eroding blanket bog (ref. Chapter 12 of the 2008 EIS). 
Surface runoff drains as overland flow to Sruwaddacon Bay 
via the Leenamore River.  This catchment is located on either 
sides of the Leenamore River crossing.

CA-05
Between Ch. 89,557 

and Ch. 90,127 

Approximate catchment area of 1.27ha. The habitats 
comprise conifer plantation and recently felled woodland. 
Numerous drainage channels exist within the conifer 
plantation.  These drain into the Glenamoy River via a small 
first order stream/drain close to the roadside about 0.5km 
east of the most downstream crossing of the Leenamore 
River, which is culverted under the road.

CA-06
Between Ch. 90,127 

and Ch. 91,174 

Approximate catchment area of 1.76ha. The habitats 
comprise conifer plantation and recently felled woodland. 
Numerous drainage channels exist within the conifer 
plantation. These drain into the Glenamoy River via a local 
stream located 0.7km north of the Bellanaboy Bridge Gas 
Terminal. 

Water Quality 
The existing water quality status for all watercourses in the vicinity of the proposed pipeline 
route is discussed in the Section 3.1 of this report and further in Chapter 13 of the Corrib 
Onshore Pipeline EIS.   

Water Quantity and Abstraction 
Water supply in the area is primarily provided through group water schemes supplied from the 
Carrowmore Lake.  Both the Glenamoy and Muingnabo Rivers are perennial (year round) flow 
rivers. 
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4 IMPACT ASSESSMENT AND MITIGATION MEASURES

4.1 GENERAL 

The proposed development has the potential to affect only a very small proportion of the 
Glenamoy River catchment (as can be seen in figure 3.1). 

Sruwaddacon Bay, and its associated tributaries located in the vicinity of the proposed pipeline 
route, may be impacted during the construction phase of the proposed pipeline.  The 
hydrology of the associated peatland areas may also be temporarily affected by the 
construction of the proposed pipeline. 

The potential impact on various hydrological aspects such as flooding, drainage and water 
quality likely to be caused by construction of the proposed pipeline have been examined and 
appropriate mitigation measures have been proposed in accordance with the ‘Guidelines on 
Procedures for Assessment and Treatment of Geology, Hydrology and Hydrogeology for 
National Road Schemes (Draft) (NRA, 2007) and the CIRIA (Construction Industry Research 
and Information Association) guidance on ‘Control of Water Pollution from Linear Construction 
Projects’ (Report No. C648, 2006).

All relevant authorities including the OPW, the North Western Regional Fisheries Board 
(NWRFB) and the WRBD were contacted in order to get feedback on any likely adverse 
impacts that the proposed pipeline might have on the environment. This information along with 
the EPA and WRBD water quality status information for the associated watercourses was 
taken into account in carrying out this hydrological impact assessment for the proposed 
pipeline.

4.2 IMPACT ASSESSMENT 

Flooding (Tidal and Fluvial) 

During Construction 
During the construction phase of the works, temporary localised flooding of lands in the vicinity 
of the proposed river/stream crossings might occur. Potential causes of flooding could include: 

 Obstruction of upstream surface water runoff flow paths caused by the pipeline 
alignment and the stone road construction works; 

 Obstruction of flow paths to the natural drainage system and river channels at the 
location where the open-cut technique will be used for laying pipe in the river bed; 

 Blockage of surface water runoff flow paths due to collapse of unstable 
river/stream/trench banks, particularly in peatland areas; 

 Flooding in the vicinity of the proposed river crossings, particularly at the Leenamore 
River crossing, could occur from a joint effect of high fluvial and tidal flood levels in 
Sruwaddacon Bay; and 

 Flooding of the temporary construction compounds, the stone road or pipeline route, 
or the start and reception pits from the joint occurrences of extreme rainfall and a high 
tidal event. The impact of tunnel construction pits on the marine environment of 
Sruwaddacon Bay is discussed in Chapter 14 of the EIS. 

The lowest ground levels are at LVI dished area and the construction compounds located at 
the reception pit at Glengad (SC2), and the start pit at Aghoos (SC3).  Ground levels at these 
locations are approximately 6.5mOD, 10mOD and 6mOD (Malin Head), respectively.  The 
observed highest tide level in Broadhaven Bay is in the order of 2.622mOD (Malin Head).  
Adding an allowance of 2m for a large wave surge, the tidal water level at Broadhaven Bay 
could rise as high as 4.622mOD (Malin Head).  This suggests that the proposed compounds 
will not be at a risk of tidal flooding. 



Corrib Onshore Pipeline EIS                                                                  Hydrological Impact Assessment 

COR.25.MDR0470RP7001 Appendix M5 - 13 

As the portion of the pipeline route beneath Sruwaddacon Bay will be installed via tunnelling, 
there will be no impact on the current flooding scenario in the Bay. 

During Operation 
As the pipeline will be laid beneath the beds of the watercourses located along the route 
(minimum depth of cover is 1.6m), the crossings will not cause any constriction to the existing 
flood flow path during the operational phase.  No adverse impact on flood levels in the 
associated rivers/streams or in their flood plains is predicted during the operational phase of 
the works.  Any potential increase in runoff volume caused by changes in the soil permeability 
along the pipeline route and also from clearing of forest is expected to be minimal.  

Drainage 

During Construction 
The existing land drainage system in the vicinity of the proposed pipeline route may be 
affected during the construction period.  Potential impacts on the existing drainage system 
may include: 

 Pattern of runoff could change with some existing drains and ditches receiving 
significantly more or less flow than they receive currently; 

 Rainfall on elevated areas, could wash peat and silt into the surrounding 
watercourses. Localised erosion and scouring could occur, while reduced flow may 
result in stagnation in some drains and ditches; 

 Obstruction of up-gradient flow paths could cause localised water logging in the 
upstream vicinity of the pipeline route; and 

 Existing surface and subsurface drainage flow paths in peatland areas may be altered 
slightly during the construction phase of the works.  The proposed stone road could 
act as a preferential drainage path.  The impact of the stone road construction method 
on the peatland hydrology is addressed in a separate report contained in Appendix M6 
of the Corrib Onshore Pipeline EIS. 

During Operation 
The impact on the existing land drainage regime during the operational phase is expected to 
be minimal. Where river and stream crossings occur the pipeline will be constructed with a 
minimum of 1.6m cover between the top of the pipe and the true bottom of the stream/river.  
The clearance of the forest lands along the proposed pipeline route and the construction of a 
stone road in the peatland areas (south of Sruwaddacon Bay) may have some impact on the 
current drainage pattern (e.g. a slight increase in runoff volume and response time).  This 
could cause erosion to the land surface and give rise to an increased level of sediments in the 
receiving waters.  The impact of construction on the hydrology of the peatland areas has been 
addressed in a separate report (see Appendix M6 of Corrib Onshore Pipeline EIS).  However, 
the predicted impact on the regional hydrology in this regard will be minimal. 

Water Quality 

During Construction 
There is a potential for adverse impacts to water quality and aquatic life in adjacent 
watercourses during the construction phase.  These could arise from the following sources: 

 Mobilisation of sediments and harmful substances during the construction phase due 
to exposed soil and earth movement, particularly from the construction of the stone 
road in the peatland areas, which may block local streams and drains and which could 
be flushed into the adjacent watercourses during heavy rainfall events; 

 Accidental spills of harmful substances, such as petrol or diesel, oil and liquid cement, 
during delivery and storage or by leakages from construction machinery; 



Corrib Onshore Pipeline EIS                                                                  Hydrological Impact Assessment 

COR.25.MDR0470RP7001 Appendix M5 - 14 

 Increased pollutant and nutrient inputs due to an increase in surface water runoff and 
removal of existing vegetation; and  

 Increased litter from construction materials. 

Impacts on freshwater ecology are addressed separately in Chapter 13 of the Corrib Onshore 
Pipeline.

During Operation 
The potential for adverse impact on water quality during the operational phase of the 
development is expected to be minimal.  Any machinery, vehicles or fuel storage tanks 
associated with the operational phase of the development have the potential to cause a 
hydrocarbon spill or leak.

Water quantity and water abstraction 
A very small area of the pipeline route is located within the catchment area of Carrowmore 
Lake. However based on existing and proposed surface water management controls, it is 
predicted that the proposed pipeline construction will not pose any impact on the existing 
sources of raw water quantity and quality that are currently being used for the regional water 
supply system. 

4.3 MITIGATION MEASURES 

Appropriate mitigation measures will be implemented in order to minimise the potential impacts 
identified both during the construction and operational phases of the proposed pipeline.  The 
following documents were referenced during the preparation of the mitigation measures: 

 North Western Regional Fisheries Board, Requirements for the Protection of Fisheries 
Habitat during Construction and Development Works at River Sites;

 CIRIA guidance on ‘Control of Water Pollution from Linear Construction Projects’
(CIRIA Report No. C648, 2006); 

 EPA, Developing Your Stormwater Pollution Prevention Plan: A Guide for Construction 
Sites (EPA 833-R-060-04 May 2007); 

 Design Manual for Roads and Bridges: Volume 4 HA 103/06, Vegetative Treatment 
Systems for Highway Runoff; and

 Corrib Onshore Pipeline EIS - February 2009. 

Drainage and Flooding 

During Construction 
The following measures will be implemented to manage flooding and storm water drainage 
during the construction phase of the works: 

 Surface water runoff from the lands and green areas up-gradient of the working area 
will be conveyed via existing drainage channels where these occur along the route.  
These channels will be piped under (or in the case of compounds, around) the working 
area through a series of pipes to connect to existing outfalls and drains. Where 
drainage channels do not occur, a shallow interceptor ditch or barrier will intercept 
overland flows and discharge to the outfalls without any further attenuation and/or 
treatment as this runoff will be from undisturbed areas; 

 Storm water runoff from the stone road layers will be conveyed via a swale or vee 
drain located down slope of the working area. Flow will be intercepted and a number 
of attenuation features (silt traps or check dams) will be located intermittently along the 
swale to encourage the settlement of any potential silt.  At the outfall, the discharge 
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will be passed through a graded stone chamber encased in geotextile fabric as a final 
silt control mechanism; 

 Where required, settlement lagoons will be constructed along the temporary ditches & 
drains and also at the construction compounds to remove silts from surface water 
runoff through settlement. The sedimentation management system will be sized for a 
10 year 24 hour storm event (CIRIA Report 142, 1994; CIRIA Report 532, 2001; CIRIA 
C648, 2006 & CIRIA Report B14, 1993); 

 Any stockpiles will be kept at a minimum reasonable distance (minimum 50m) from 
any stream crossing, particularly from the Leenamore River crossing, to prevent and 
any blockage to flood water flow path from collapse during high rainfall event.  Given 
the steep nature of the catchment slope, a flash flood in the Leenamore River could 
occur.  Thus, adequate flood diversion works must be designed for this and pumping 
of floodwaters may be considered.  Refer to Chapter 5 of Corrib Onshore Pipeline EIS 
for the construction methodology of the river crossings.  

 Flooding in the vicinity of the proposed river crossings, particularly at the Leenamore 
River crossing, could occur from a joint effect of high fluvial and tidal flood levels in 
Sruwaddacon Bay.  Therefore it is recommended that the works be undertaken at an 
appropriate time having regard to weather and tides.  

 As the proposed pipeline will be laid a minimum of 1.6m below the invert of 
watercourses, OPW Section 50 consents will not be required. However, the 
Northwestern Regional Fisheries Board will be informed before carrying out the river 
crossing works.  All river crossing works will be carried out in accordance with the 
North Western Regional Fisheries Board, “Requirements for the Protection of 
Fisheries Habitat during Construction and Development Works at River Sites”.

Further details of the surface water management measures proposed along the pipeline route 
during the construction phase are provided in Section 5 of this report and in Appendix M7 of 
the EIS. 

During Operation 
Due to the limited nature of proposed disturbance and the proposed reinstatement plans any 
impacts on the existing flooding and drainage regime during the operation phase are expected 
to be minimal.  

Water Quality 

During Construction 
The following measures will be implemented during the construction phase to preserve water 
quality:

 A series of ditches and drains will be installed, up gradient and down gradient of the 
working area, during the construction phase to collect runoff.  Temporary and 
permanent ditches will be used.  Localised pumping may also be required; 

 Fuels, oils, greases and hydraulic liquids will be stored within enclosed 
concrete/bunded areas and as far as possible away from drainage ditches, surface 
water drains and watercourses. These bunds will be designed in accordance with 
the EPA Guidance Note on Storage and Transfer of Materials for Scheduled 
Activities (requirement for 110% storage volume for all tanks storing petroleum 
products).  Where required at the construction compounds appropriately sized 
hydrocarbon interceptors will also be used on the surface water drainage system; 

 Runoff from construction areas will be will be collected and managed so that no 
direct discharges to watercourses occur; 
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 Stockpile areas for sands, gravels, excavated mineral soil and peat will be kept well 
away from watercourses; 

 Run off will only be routed to the watercourse via suitably designed and sited 
settlement lagoons, swales and channels; 

 Settlement lagoons will be inspected daily and maintained regularly; 

 Watercourse banks will be left intact, where possible.  If they have to be disturbed, 
all practicable measures will be taken to prevent soils from entering the watercourse; 

 A pollution prevention plan will be implemented at the commencement of the 
construction phase; 

 Weekly, and where necessary, daily inspections and maintenance of the above 
measures will be carried out to ensure that they are maintained in a satisfactory 
condition, and discharges will be monitored prior to discharge; and 

 Strict control of erosion, sediment generation and other pollutants associated with 
the construction process will be implemented, including silt barriers and ditches, 
downslope from the construction works in order to intercept waters with high 
sediment loads and accidental leakages/ spillages of harmful substances. 

Further details of the storm water management measures proposed for use during the 
construction phase of the works are provided in Section 5 of the EIS. 

During Operation 
Due to the limited nature of proposed disturbance and the proposed reinstatement plans any 
impacts on water quality during the operation phase is expected to be minimal.  

Water Quantity and Water Abstraction 
Construction and operation of the proposed pipeline will not pose any risk to either the quantity 
or quality of existing sources of raw water that are currently being used for the regional water 
supply system.  Therefore, no remedial measures are considered necessary. 

Amenity Value: 
From a hydrological perspective there will be negligible impact on the amenity value of local 
water environment during the construction and operation phase of the development. Therefore 
no mitigation measures are considered necessary. 

4.3 RESIDUAL IMPACTS 

Following implementation of the proposed mitigation measures, minimal to no residual impacts 
on the existing hydrological/drainage regime are expected as a result of construction and 
operation of the proposed project. 
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5. STORMWATER MANAGEMENT DURING THE CONSTRUCTION PERIOD 

5.1 INTRODUCTION 

There is potential for the water quality of Sruwaddacon Bay and its tributaries to be affected by the 
construction of the proposed pipeline.  The main activities with potential for impacts on the hydrology 
as a result of construction include: 

(i) Surface water discharge from the temporary working areas to existing watercourses 
during the construction phase; 

(ii) Construction of the Landfall Valve Installation;  
(iii) Construction of the river & stream crossings. 

This section of the report has been prepared to address the potential impacts associated with above 
items.  Appropriate mitigation measures are proposed to mitigate these impacts. 

Summary of Impacts and Mitigation Measures 

Suspended solids arising from excavation works have the potential to cause adverse impact on water 
quality as fines may be mobilised during rainfall events and enter watercourses.  

In addition, changes to the volume and/or characteristics of the surface water runoff from the 
surrounding area during the construction period could have a negative impact on adjacent 
watercourses.  The pattern of runoff could change with some existing drains and ditches receiving 
significantly more or less flow than they receive currently.  Also, rainfall on elevated areas has the 
potential to wash peat and silt into the surrounding watercourses.  Localised erosion and scouring 
could occur while reduced flow may result in stagnation in some drains and ditches. 

To address these potential adverse impacts a series of ditches and drains will be installed during the 
construction phase, to collect runoff.  Temporary and permanent ditches will also be used.  Localised 
pumping may also be required.  The following measures will also be implemented to preserve water 
quality:

 Fuels, oils, greases and hydraulic liquids will be stored in bunded compounds well away from 
the watercourse.  Refuelling of machinery, etc., will be carried out in bunded areas; 

 Run off from machine service and concrete mixing areas will not enter the watercourses; 

 Stockpile areas for sands, gravels, excavated mineral soil and peat, will be kept to minimum 
size and well away from watercourses; 

 Run off will only be routed to the watercourse via suitably designed and sited settlement 
lagoons, swales and channels; 

 Settlement lagoons will be inspected daily and maintained regularly; 

 Temporary crossings will be designed to the criteria laid down in CIRIA for temporary works; 

 Watercourse banks will be left intact, if possible.  If they have to be disturbed, all practicable 
measures will be taken to prevent soils from entering the watercourse; and 

 A programme of surface water inspection and monitoring will be established and form part of 
the Environmental Management Plan for the works. After construction, reinstatement 
monitoring will take place to ensure that existing drainage systems are fully reinstated. 

The most appropriate surface water management controls will be implemented within and around each 
of the catchment outfalls to prevent pollution from entering nearby water courses.  The maintenance of 
these controls will be detailed in the Environmental Management Plan for the works. The controls 
(including preventative measures) are outlined in the following sections. 

Appendix M6 of the Corrib Onshore Pipeline EIS provides details regarding the measures that will be 
put in place during construction of the stone road.   



Corrib Onshore Pipeline EIS                                                                  Hydrological Impact Assessment 

COR.25.MDR0470RP7001 Appendix M5 - 18 

5.2 METHODOLOGY 

The following documents were referenced during the design of the stormwater management system to 
be used during the construction phase of the works: 

 North Western Regional Fisheries Board, Requirements for the Protection of Fisheries Habitat 
during Construction and Development Works at River Sites;

 CIRIA guidance on ‘Control of Water Pollution from Linear Construction Projects’ (CIRIA 
Report No. C648, 2006); 

 EPA, Developing Your Stormwater Pollution Prevention Plan: A Guide for Construction Sites
(EPA 833-R-060-04 May 2007); 

 Design Manual for Roads and Bridges: Volume 4 HA 103/06, Vegetative Treatment Systems 
for Highway Runoff; and

 Corrib Onshore Pipeline EIS - February 2009. 

5.2.1 INTERCEPTOR DITCHES ANDD 

An interceptor drain will be provided along the upstream edge of the working areas to convey overland 
flow and storm runoff to local watercourses via the proposed outfalls. The velocity of flow will be 
limited to 1.5m/s and timber planking or stone check dams will be provided at regular intervals with 
maximum drops of 0.5m to 1m to prevent excessive flow velocities.  Instream erosion prevention 
measures will be put in place at check dams. The design basis for the interceptor ditches is set out in 
Section 5.3 of this report. 

Where space is limited, a timber planking or similar barrier placed on top of the ground may be used to 
exclude and divert surface water away from the working area and along the perimeter of the wayleave 
to existing outfalls. 

5.2.3 SWALES 

Storm water runoff from the stone road and compounds in excess of the available storage in the stone 
road layers will be conveyed via a swale located on the down slope of the working area. Swales are 
wide, shallow, gently sloping depressions used to convey water. Swales are most effective on gentle 
slopes with the incorporation of attenuation features such as silt traps, which attenuate flow and 
encourage the settlement of any potential silt. At the outfall the discharge will be passed through a 
graded stone chamber encased in a geotextile as a final silt control mechanism. Other forms of water 
treatment may be implemented as required to ensure water quality of discharges will cause minimal 
impact to receiving waters. 

5.2.4 VEE DRAINS 

In areas where gradients are steeper, storm water runoff will be conveyed via a shallow vee drain 
located on the down slope of the working area. This vee drain will be lined and filled with stone, where 
required.  To prohibit the migration of sediment from the peat stockpiles into the drain, a silt fence (as 
described in section 5.2.5) will be erected around them and the vee drain will be surrounded in a 
geotextile.

In the peatland areas of the route, the top of the stone road will be up to 0.6m below ground level. The 
ground water level will be controlled by the invert level of the vee drain. Peat plugs will be provided at 
minimum 50m intervals in peatland areas to prevent longitudinal flows within the stone road and also 
to maintain the moisture saturation levels in the adjacent peatland. 

5.2.5 SETTLEMENT LAGOONS 

Settlement lagoons may be required in certain locations to detain sediment-laden runoff, allowing 
sediment to settle before the runoff is discharged. Proper design and maintenance are essential to 
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ensure that these practices are effective2.. All elements of the Settlement lagoon will be designed in 
accordance with the design criteria set out in the CIRIA guidance on ‘Control of Water Pollution from 
Linear Construction Projects’ (CIRIA Report No. C648, 2006).  Settlement lagoons will be lined and 
will be located sufficiently away from the proposed outfalls.  The settlement lagoons will be designed 
to provide detention time of 24 to 48 hours for the 10 year 24 hour storm.  In addition, a contingency 
measure will be in place to release water via a spillway or similar should a more serious rainfall event 
occur.

5.2.6 SILT FENCES 

Silt fences are most effective on the down slope of exposed and erodible slopes, along watercourses 
and around temporary spoil storage areas and stockpiles. Silt fences should not be used in streams, 
channels, drain inlets, or anywhere flow is concentrated. The silt fences at outfalls must be installed at 
the same elevation throughout, if not erosion may be caused. Silt fencing will be erected on either side 
of the temporary storage areas to confine the material and prevent runoff to the interceptor ditch, 
excavated trench or vee drain. Where steep gradients occur on the downslope of the swales, an 
additional silt fence may be erected in the event of overland flows from the swales. Examples of silt 
fences and their applications are provided in Images 5.1 and 5.2.

Image 5.1: Example of silt fencing on banks of watercourse  
(source CIRIA Report No. C648, 2006) 

                                                
2 Developing Your Stormwater Pollution Prevention Plan: A Guide for Construction Sites. EPA 833-R-060-04 May 2007 
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Image 5.2: Example of silt fence at toe of stockpile  
(source CIRIA Report No. C648, 2006) 
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5.3 PROPOSED STORMWATER MANAGEMENT MEASURES

The following measures will be used to manage surface water discharges: 

 Where required surface water runoff from the lands and areas up-gradient of the working area 
will be conveyed via existing drainage channels where they occur along the route. These 
channels will be piped under the working area through a series of pipes to connect to existing 
outfalls and drains. Where drainage channels do not occur, a shallow interceptor ditch or 
barrier will intercept overland flows and discharge to the outfalls without any further 
attenuation and/or treatment as this runoff will be from undisturbed areas; 

 Storm water runoff will be conveyed via a swale or vee drain located on the down slope of the 
working area. Flow will be intercepted and a number of attenuation features (silt traps or check 
dams) will be located intermittently along the swale to encourage the settlement of any 
potential silt. At the outfall the discharge will be passed through a stone chamber encased in a 
geotextile as a final silt control mechanism. Other forms of water treatment  may also be 
implemented if required; 

 Where required settlement lagoons will be provided upstream of the surface water outfalls and 
will receive surface water run-off from the site, from the vee drains and swales, before it is 
discharged at the outfall. The settlement lagoons will provide additional detention time to allow 
any potential suspended solids to settle. The settlement lagoon, if required, will be sized for a 
10 year 24 hour storm event (CIRIA Report 142, 1994; CIRIA Report 532, 2001; CIRIA C648, 
2006 & CIRIA Report B14, 1993); 

 A pollution prevention plan will be prepared before the construction works begin, and will form 
part of the Environmental Management Plan for the Works; and 

 Weekly, and where necessary, daily inspections and maintenance of the above measures will 
be carried out to ensure that they are maintained in a satisfactory condition and that 
discharges are monitored prior to discharge. 
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5.4 MONITORING 

A programme of surface water inspection and monitoring will be established and form part of 
the Environmental Management Plan for the works. After construction, reinstatement 
monitoring will take place to ensure that existing drainage systems are fully reinstated. 

5.5 SPECIFIC PROPOSALS FOR EACH SUB CATCHMENT 

Only catchments at Glengad are dealt with here as the remainder of the site is covered in 
Appendix M6 and Appendix M7 of the EIS. 

CATCHMENT CA1: GLENGAD – WEST OF ACCESS ROAD 
Location: Between Ch. 83,400 to Ch. 83,800, Catchment Area 0.86 ha 

Habitat: Improved agricultural grassland (ref. Chapter 12 of the EIS). 

The sandy soils in this catchment are free draining and during a rainfall event, water 
percolates into ground and the remaining water is conveyed via a series of surface water 
drains to the foreshore. Where the pipeline route crosses these drains they will be piped under 
the road. Any overland flow occurring within the working area will be conveyed via a shallow 
interceptor drain located up gradient of the working area to an existing outfall at the foreshore.  

Any stockpiles of excavated materials will be surrounded by shallow shingle filled vee drains 
which will discharge to existing filter drains. 

Surface water occurring within the access roads, pipeline spread and compound will discharge 
via shallow shingle filled vee drains, located down gradient of the working area, to existing filter 
drains which discharge into Broadhaven Bay. 

If required, a settlement lagoon will be provided at the compound location in catchment CA1. 
The discharge will be via existing filter drains into Broadhaven Bay. 

CATCHMENT CA2: GLENGAD – EAST OF ACCESS ROAD 
Location: Between Ch. 83,800 to Ch. 84,100, Catchment Area 1.04 ha 

Habitat: Improved agricultural grassland and wet, rushy grassland (ref. Chapter 12 of the EIS). 

The habitats in this catchment comprise a mosaic of improved grassland and marshy lands. 
The marshy lands indicate impeded drainage and therefore overland flow during a rainfall 
event may be increased. 

Surface water occurring up-gradient of the working area will be piped under the working area 
through a series of pipes and discharge into existing outfalls. Excess runoff will be conveyed 
via a shallow interceptor drain and discharged to an existing course. 

Excess surface water from the access road, pipeline spread and compound will be conveyed 
via a swale located down slope of the working area. The swale, with integrated silt traps, will 
discharge into the existing surface water course. 

A settlement lagoon will be provided at the compound location in catchment CA2 (see 
Appendix M7 for details). The discharge from the settlement lagoon will be into the existing 
surface water course. 
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Any stockpiles of excavated materials will be surrounded by shallow shingle filled vee drains 
which will discharge to the existing surface water course. 

5.6 WATER MANAGEMENT AT LAUNCH AND RECEPTION PITS 

Settlement lagoons & appropriate collection and treatment facilities are proposed at the tunnel 
start and reception pit compounds. Details of the surface water management at these locations 
are included in Appendix M7 of this EIS. 
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6.0 CONCLUSIONS  

The pipeline construction has the potential to cause a medium flood risk in the vicinity of the 
watercourses during the construction phase of the works. Temporary localised flooding of 
lands in the vicinity of the proposed river/stream crossings might occur from the following 
sources: 

 Obstruction to upstream surface water runoff flow paths caused by the pipeline 
alignment and construction works; 

 Obstruction to flow paths to the natural drainage and river/stream channels at the 
location where open-cut technique will be used for laying pipe in the river bed; 

 Blockage to the surface water runoff flow paths due to collapsing of unstable 
river/stream/trench banks, specially in the peatland areas; 

 Increase in runoff volume from the increased impermeable areas within the temporary 
working compounds and 

 Flooding in the vicinity of the proposed river crossings, particularly, at the Leenamore 
River crossing could occur from a joint effect of high fluvial and tidal flood levels in 
Sruwaddacon Bay.  

The proposed river/stream crossings will be carried out with due regard to weather and tides.  
All associated rivers/streams will be flumed during the construction of these crossing.  

A separate assessment of the hydrology of the peatland areas traversed by the proposed 
route is provided in Appendix M6 of the EIS. Overall, the predicted impact on the peatland 
hydrology will be minimal.   

An assessment of surface water management at the start and reception pit compounds is 
provided in Appendix M7 of the EIS. 

The main activities with potential for adverse impacts on hydrology as a result of proposed 
construction include: 

(i) River and stream crossings; 
(ii) Construction of the Landfall Valve Installation; and 
(iii) Surface water discharge from the temporary working areas to the existing 

watercourses during the construction phase of the scheme.   

A number of mitigation measures have been proposed to protect water quality in receiving 
waters during the construction period of the works.  
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Appendix B 

Flow Records for the Glenamoy River 



Corrib Onshore Pipeline                                                                                                 Hydrological Impact Assessment 

Annual Maximum (AM) Flow Records  
Glenamoy River at Glenamoy (Hydrometric Station No.33001) 

AM Flow Year
m3/s

Date 

1977 32.7 28/09/1978 
1978 30.7 15/11/1978 
1979 35.9 25/11/1979 
1980 28.2 15/09/1981 
1981 22.3 01/11/1981 
1982 26.1 19/12/1982 
1983 31.6 12/10/1983 
1984 40.8 21/09/1985 
1985 26.4 06/08/1986 
1986 21.1 05/12/1986 
1987 27.5 06/09/1988 
1988 19.4 20/09/1989 
1989 38.9 27/10/1989 
1990 30.6 06/10/1990 
1991 30.3 07/01/1992 
1992 28.3 15/12/1992 
1993 26.1 03/12/1993 
1994 26.0 11/12/1994 
1995 23.4 26/10/1995 
1996 29.1 16/09/1997 
1997 24.5 06/12/1997 
1998 19.3 08/09/1999 
1999 31.8 28/11/1999 
2000 27.3 03/10/2000 
2001 24.7 03/12/2001 
2002 26.9 27/10/2002 
2003 N/A Sept. 
2004 25.6 15/01/2005 
2005 27.7 10/10/2005 
2006 29.5 03/12/2006 
2007 31.1 03/02/2008 

Annual Maximum Flows - Glenamoy River (Hydrometric 
Station No. 33001)
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Appendix M6 

Peatland Hydrology Characterisation Report 



REPORT NO.: P1066-4_REV02 
REPORT DATE: 20th May 2010 

CORRIB ONSHORE PIPELINE 
PEATLAND HYDROLOGY IMPACT ASSESSMENT 

FINAL REPORT 

Prepared for: 
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1. INTRODUCTION

1.1 BACKGROUND & PURPOSE 

Hydro-Environmental Services (HES) were commissioned by Shell E & P Ireland Ltd (SEPIL) in March 
2010 to undertake a peatland hydrological impact assessment of the revised Corrib Onshore 
Pipeline route proposal.   

The purpose of this work is to evaluate the potential direct and indirect impacts of the revised Corrib 
Onshore Pipeline proposal (linear development) on the hydrological controls that sustains the 
peatland habitats that occur along the pipeline route. The assessment also takes account of 
indirect impacts on any associated downstream environmental receptors. The current pipeline route 
and other points of interest are shown on Figure 1.  

1.2 DEFINITIONS

For the purposes of this assessment groundwater is defined as the water stored and transmitted in 
the pores of bedrock and mineral soil media. 

Peat water is water which is held and transmitted (very slowly) within the peat mass. The hydraulic 
connectivity (flow) between groundwater and peat water is normally very low, and this is often due 
to the presence of a clay layer, or low permeability layer, which normally underlies the peat mass. 
Interaction (flow) between the two does occur but this is dependent on local topographical and 
hydrological controls.  

Hydrochemically peat water and groundwater have different properties, with groundwater having 
higher dissolved ionic content, while peat water, being meteoric in origin, having generally low ionic 
concentrations. However, due to the proximity of the site area (i.e. the pipeline route) to the coast, 
higher levels of chloride are generally found within the peat water, and hence it has a slightly higher 
ionic content than is normal for blanket bog habitats. This is due to elevated chloride concentrations 
(from sea spray) in rainwater which is the main source of peat water recharge, and the deposition 
of wind blown sands onto peatland habitats proximal to oceanic/ coastal sources. 

1.3 SCOPE OF WORK 

As indicated this report relates to sections of the pipeline route which traverse peatland habitats 
only. Due to revision of the pipeline route under Sruwaddacon Bay, the first peatland habitat 
encountered along the revised pipeline route occurs at Aghoos (Ch. 88.622). 

From Aghoos to the Bellanaboy Corrib Gas Terminal Site (the ‘Terminal Site’) the remainder of the 
revised pipeline route traverses various habitat types that are underlain by peat, all of which have 
been modified to some extent by landuse, past and present. It should be noted at this stage that 
none of this section of the route is subject to conservation designations either at National (NHA), or 
European  level (Habitats Directive - Natura 20001).   

A number of peatland hydrological ‘control’ (baseline) monitoring sites were setup and monitored 
as part of the assessment for the 2009 pipeline route which crossed through the Glenamoy Bog 
Complex (site code: 500).  

                                                     
1  EU Directive 92/43/EEC of 21st May 1992 , on the conservation of natural habitats and of wild fauna and flora (the Habitats 
Directive), was transposed into Irish law by means of the Natural Habitat Regulations, 1997 and (Amendment) Regulations, 
1998 and 2005. This enabled the designation of candidate Special Areas of Conservation (cSACs) under Article 3 of the 
directive as part of the Natura 2000 network. 
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This report presents a summary of the collected peatland hydrological and hydrochemical 
monitoring data from these ‘control’ monitoring sites. The locations of these ‘control’ monitoring sites 
are shown on Figure 1. 

Specifically, the scope of work for this assessment of peatland hydrology includes: 
Evaluation of desk study information and site-specific hydrological and hydrochemical 
monitoring data with respect to water source, flow pathways, peat water chemistry and 
discharge zones; 
Evaluation and confirmation of linkages between water source, flow and chemistry with 
distribution and quality of habitats present; 
Development of a conceptual model of hydrological functioning of the identified peatland 
habitats; 
Prediction and evaluation of direct or indirect hydrological impacts by the proposed 
development on the identified peatland habitats;  
Recommendation of measures to mitigate by avoidance, reduction or remedy, the 
predicted impacts on the peatland habitats; and, 
Identification of residual impacts after implementation of the recommended mitigation 
measures. 

As part of the development it is also proposed to build a temporary construction compound at 
Aghoos (refer to Figure 1). The initial stages of development of this compound will require 
excavation of peat to form the hardstanding area of the compound. This report also outlines the 
proposed construction sequence and drainage controls for the initial construction stage of the 
Aghoos compound. Mitigation measures to control surface water runoff and silt management are 
outlined in detail as the compound is adjacent to Sruwaddacon Bay which is a Special Protection 
Area (SPA), and part of the Glenamoy Bog Complex which is a Special Area of Conservation (SAC). 

1.4 GUIDELINES & LEGISLATION

This impact assessment was undertaken in accordance with the Guidelines on the Information to be 
contained in ‘Environmental Impact Statements’, (EPA, 2002) and ‘Advice Notes on Current Practice 
(in the preparation of Environmental Impact Statements)’, (EPA, 2003).  Reference has also been 
made to ‘Geology in Environmental Impact Statements – A Guide (Institute of Geologists of Ireland, 
2002). 

The EIS is carried out in accordance with the following legislation: 
S.I. No. 349 of 1989: European Communities (Environmental Impact Assessment) Regulations, and 
subsequent amendments (S.I. No. 84 of 1995, S.I. No. 352 of 1998, S.I. No. 93 of 1999, S.I. No. 450 of 
2000 and S.I. No. 538 of 2001), S.I. No.30 of 2000 the Planning and Development Act, 2000 and S.I. 
600 of 2001 Planning and Development Regulations and subsequent amendments.  These 
instruments implement EU Directive 85/373/EEC and subsequent amendments, on the assessment 
of the effects of certain public and private projects on the environment.   

Under the above legislation, other legislation which is relevant to assessing the effects of projects on 
the environment is invoked.  For the water environment (hydrology and hydrogeology) these may 
include: 

S.I. No. 600 of 2001 Planning and Development Regulations, 2001. 
S.I. No. 94 of 1997 European Communities (Natural Habitats) Regulations, resulting from EU 
Directives 92/43/EEC on the conservation of natural habitats and of wild fauna and flora (the 
Habitats Directive) and 79/409/EEC on the conservation of wild birds (the Birds Directive). 
S.I. No. 33 of 2000 The Wildlife Amendment Act, 2000, resulting from EU Directive 92/43/EEC on the 
conservation of natural habitats and of wild fauna and flora (the Habitats Directive). 
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S.I. No. 293 of 1988 Quality of Salmonid Water Regulations, resulting from EU Directive 78/659/EEC 
on the Quality of Fresh Waters Needing Protection or Improvement in order to Support Fish Life. 
S.I. No. 272 of 2009 European Communities Environmental Objectives (Surface Waters) Regulations 
2009 and SI No. 722 of 2003 European Communities (Water Policy) Regulations which implement 
EU Water Framework Directive (2000/60/EC) and provide for implementation of ‘daughter’ 
Groundwater Directive (2006/118/EC).  Since 2000 water management in the EU has been 
directed by the Water Framework Directive (WDF).  The key objectives of the WFD are that all 
water bodies in member states achieve (or retain) at least ‘good’ status by 2015.  Water bodies 
comprise both surface and groundwater bodies, and the achievement of ‘good’ status for these 
depends also on the achievement of ‘good’ status by dependent ecosystems.  Phases of 
characterisation, risk assessment, monitoring and the design of programmes of measures to 
achieve the objectives of the WFD have either been completed or are ongoing.  In 2015 it will fully 
replace a number of existing water related directives, which are successively being repealed, 
while implementation of other Directives (such as the Habitats Directive 92/43/EEC) will form part 
of the achievement of implementation of the objectives of the WFD.   
S.I. No. 41 of 1999 Protection of Groundwater Regulations, resulting from EU Directive 80/68/EEC on 
the protection of groundwater against pollution caused by certain dangerous substances (the 
Groundwater Directive). 
S.I. No. 249 of 1989 Quality of Surface Water Intended for Abstraction (Drinking Water), resulting 
from EU Directive 75/440/EEC concerning the quality required of surface water intended for the 
abstraction of drinking water in the Member States (repealed by 2000/60/EC in 2007). 
S.I. No. 439 of 2000 Quality of Water intended for Human Consumption Regulations and S.I. No. 
278 of 2007 European Communities (Drinking Water No. 2) Regulations, arising from EU Directive 
98/83/EC on the quality of water intended for human consumption (the Drinking Water Directive) 
and WFD 2000/60/EC  (the Water Framework Directive). 
S.I. No. 272 of 2009 European Communities Environmental Objectives (Surface Waters) 
Regulations, arising from EU Directive 2000/60/EC (the Water Framework Directive). 
S.I. No. 9 of 2010 European Communities Environmental Objectives (Groundwater) Regulations, 
arising from EU Directive 2000/60/EC (the Water Framework Directive), and EU Directive 
2006/118/EC (the Groundwater Daughter Directive). 

1.5 ENVIRONMENTAL IMPACT DESCRIPTORS 

The statutory criteria (EPA, 2002 and EPA, 2003) for the assessment of impacts require that likely 
impacts are described with respect to their extent, magnitude, complexity, probability, duration, 
frequency, reversibility and transfrontier nature (if applicable). The descriptors used in this 
environmental impact assessment are those set out in EPA (2002) Glossary of Impacts and are as 
follows in Table 1.1.  In addition the two impact characteristics proximity and probability are 
described for each impact and these are defined in Table 1.2. 
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Table 1.1. Impact Descriptors as per EPA, 2003. 
Impact Characteristic Degree/Nature Description 

Positive A change which improves the quality of the 
Environment. 

Neutral A change which does not affect the quality of the 
Environment. 

Quality

Negative A change which reduces the quality of the environment. 
Imperceptible An impact capable of measurement but without noticeable 

consequences. 
Slight An impact which causes noticeable changes in the character of 

the environment without affecting its’ sensitivities. 
Moderate An impact that alters the character of the environment in a 

manner consistent with existing and emerging trends. 
Significant An impact, which by its character, magnitude, duration or 

intensity alters a sensitive aspect of the environment. 

Significance

Profound An impact which obliterates sensitive characteristics. 
Temporary Impact lasting for one year or less. 
Short-term  Impact lasting one to seven years. 
Medium-term Impact lasting seven to fifteen years. 
Long-term  Impact lasting fifteen to sixty years. 

Duration

Permanent Impact lasting over sixty years. 
Do Nothing The environment as it would be in the future should no 

development of any kind be carried out. 
Cumulative  The addition of many small impacts to create one larger, more 

significant impact. 
Indeterminable When the full consequences of a change in the environment 

cannot be described. 
Irreversible When the character, distinctiveness, diversity, or reproductive 

capacity of an environment is permanently lost. 
Synergistic Where the resultant impact is of greater significance than the sum 

of its constituents. 
Residual Degree of environmental change that will occur after the 

proposed mitigation measures have taken effect. 

Type

Worst Case The impacts arising from a development in the case where 
mitigation measures substantially fail. 

Table 1.2. Additional impact characteristics. 

Impact Characteristic Degree/Nature Description 
Direct An impact which occurs within the area of the proposed project, 

as a direct result of the proposed project. 
Proximity  

Indirect An impact which is caused by the interaction of effects, or by 
off-site developments.    

Low A low likelihood of occurrence of the impact. 

Medium A medium likelihood of occurrence of the impact. 

Probability

High A high likelihood of occurrence of the impact. 
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In order to provide an understanding of this descriptive system in terms of the hydrological 
environment, elements of this system of description are related to examples of potential impacts on 
the hydrological environment, as follows in Table 1.3. 

Table 1.3. Impact descriptors related to the hydrological environment. 

Impact Characteristics 

Quality Significance  

Example Potential Hydrological Impacts 

Negative only Profound Widespread permanent impact on: 
- The extent or morphology of a cSAC. 
- Regionally important aquifers. 
- Extents of floodplains. 

Mitigation measures are unlikely to remove such impacts.

Positive or Negative Significant  Local or widespread time dependent impacts on: 
-The extent or morphology of a cSAC / ecologically important 
area. 
-A regionally important hydrogeological feature (or 
widespread effects to minor hydrogeological features). 
-Extent of floodplains. 

Widespread permanent impacts on the extent or morphology of 
an NHA/ecologically important area, 
Mitigation measures (to design) will reduce but not completely 
remove the impact – residual impacts will occur.

Positive or Negative Moderate Local time dependent impacts on: 
- The extent or morphology of a cSAC / NHA / ecologically 
important area. 
- A minor hydrogeological feature. 
- Extent of floodplains. 

Mitigation measures can mitigate the impact OR residual 
impacts occur, but these are consistent with existing or 
emerging trends 

Positive, Negative or Neutral Slight Local perceptible time dependent impacts not requiring 
mitigation. 

Neutral Imperceptible No impacts, or impacts which are beneath levels of perception, 
within normal bounds of variation, or within the bounds of 
measurement or forecasting error. 
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2. ASSESSMENT METHODOLOGY 

2.1 DESK STUDY 

The desk based work items involved the following: 

Acquisition and compilation of all maps, aerial photographs, engineering drawings, 
topographic mapping, hydrological and hydrochemical monitoring data and 
geotechnical investigation results for the proposed development; 
Consultation with public information bodies such as the Geological Survey of Ireland (GSI), 
Environmental Protection Agency (EPA) and Office of Public Works (OPW) to acquire 
information on geology, hydrogeology, hydrology and habitats including rational for cSAC 
designation; 
Consultation with the Project Ecologist to determine results of ecological site surveys and 
habitats evaluation; 
Compilation of all desk study and collected monitoring data and process data using 
Geographical Information Systems (GIS); and, 
Report findings in an EIA compliant format (EPA, 2003) that includes the following:  
o Description of existing peatland hydrological environment in terms of context, 

character, significance and sensitivity; 
o Identification of whether the pipeline is likely to impact on surface water or 

groundwater that contributes to or sustains peatland habitats and whether this 
impact occurs during the construction and operation phase of the development; 

o If impacts are likely, evaluation of magnitude, duration, type, probability and 
hydrological significance; 

o If impacts are likely, identification of mitigation measures to avoid, reduce and/ or 
remedy for the predicted impact; and, 

o Identification of residual impact, after implementation of recommended mitigation 
measures. 

2.2 FIELD INVESTIGATIONS & BASELINE DATA 

Baseline hydrological and hydrochemical monitoring was completed at 3 no. ‘control’ monitoring 
locations between January 2009 and December 2009 (QMEC, 2010). Additional field investigations 
were also completed. All data sources for this assessment are outlined as follows:  

Walkover surveys to review hydrological condition of peatland habitats along the revised 
pipeline route; 
Spatial mapping of hydrological features such as rivers, streams, ditches, seepage zones, 
bog pools and bog-holes (where applicable); 
Spatial mapping of peat morphology (depth and stratigraphy) and surface topography; 
Mapping of peat turf bank exposures; 
Review of ecological mapping data with respect to peatland habitats; 
Bedrock, mineral subsoils and peatland drilling and monitoring point installations 
(piezometer nests and couples) was undertaken to characterise geological, 
hydrogeological and peat hydrology conditions, specifically water levels, hydraulic 
gradients and groundwater chemistry. This work was completed by QMEC; 
Water level monitoring was undertaken between January 2009 and December 2009. This 
monitoring was completed by QMEC and RPS; 
Field water chemistry monitoring and sampling for laboratory analysis to confirm baseline 
hydrochemical conditions. This work was completed by QMEC; and, 
Permeability tests at groundwater and peat piezometer installations to determine 
representative hydraulic permeability co-efficient for different geological strata. In-situ 
permeability tests were undertaken at a number of test locations by QMEC. 
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2.3 HYDROLOGICAL MONITORING AT ‘CONTROL’ SITES 

Baseline hydrological and hydrochemical monitoring at the 3 no. ‘control’ sites during 2009. This 
monitoring was completed by QMEC (QMEC, 2010). 

Nested piezometer sets (referred to as couples) were installed at Aghoos Bog, Bellagelly and 
Bellanaboy Terminal (refer to Figure 1) by QMEC in October and November 2008. The peat profile at 
each couple location was logged using sediment samples extracted by gouge augering. Push in 
19mm piezometers with 300mm perforated tips were installed to various depths. Shallow phreatic 
tubes (stand pipes) were installed to allow near surface monitoring of the free water table within the 
peat.  

Deep peat or subsoil piezometers are numbered ‘P1’, with ‘P2’, ‘P3’ and ‘P4’ series numbering 
indicating consecutively shallower piezometers within the peat profile. The ‘PH1’ series are the 
shallow phreatic tubes (stand pipes).   

Table 2.1 provides a summary of the installed piezometers and phreatic tubes. Peat auger logs and 
installation details are attached in Appendix I. 

Table 2.1. Summary of piezometer and phreatic tube installation locations. 
‘Control’ Site Transect 

No.
Phreatic
Tube

Peat Piezometer Deep peat/mineral soil 
piezometer 

Aghoos (A) T1 C1-PH1 
C2-PH1
C3-PH1
C4-PH1
C5-PH1
C6-PH1*

C1-P2
C2-P2
C3-P3, C3-P2 
C4-P3, C4-P2 
C5-P3, C5-P2 
C6-P3, C6-P2* 

C1-P1
C2-P1
C3-P1
C4-P1
C5-P1
C6-P1* 

Bellagelly (B) + T1 C1-PH1 
C2-PH1

C1-P3, C1-P2 
C2-P3, C2-P2 

C1-P1
C2-P1

Bellanaboy 
Terminal (BT) 

T1 C1-PH1#

C2-PH1
C3-PH1
C4-PH1
C5-PH1
C6-PH1

C1-P3, C1-P2 
C2-P3, C2-P2 
C3-P3, C3-P2 
C4-P3, C4-P2 
C5-P3, C5-P2 
C6-P3, C6-P2 

C1-P1
C2-P1
C3-P1
C4-P1
C5-P1
C6-P1

Bellanaboy 
Terminal (BT) 

T2 C1-PH1 
C2-PH1
C3-PH1
C4-PH1
C5-PH1
C6-PH1

C1-P3, C1-P2 
C2-P3, C2-P2 
C3-P4 , C3-P3, C3-P2 
C4-P4, C4-P3, C4-P2 
C5-P4, C5-P3, C5-P2 
C6-P3, C6-P2 

C1-P1
C2-P1
C3-P1
C4-P1
C5-P1
C6-P1

* Installed in October 2009. 
+ All piezometers and phreatic tubes at Bellagelly removed in April 2010. 
 Recorded broken in October 2008 and replaced in February 2009. 

# Recorded as being blocked on 23/06/2009. All water level readings were recorded as ‘dry’ thereafter. 
 Installed in October 2008. No water level recorded, assumed broken after installation. 

The following hydrological and hydrochemical monitoring was completed in 20082/2009: 

Water level monitoring – weekly (January to April 2009) and monthly thereafter;  
Field hydrochemistry – bimonthly (February, April, June, August, October, and December 
2009); and,  
Analytical hydrochemistry – biannual (6th/7th May and 15th/16th/17th December 2009).  

Interpretation of these monitoring data (QMEC, 2010), including summary data where required are 
outlined in Section 4 of this report.  

                                                     
2 Some initial hydrological monitoring (water levels only) began in December 2008. Piezometers and phreatic tubes were 
installed in October and November 2008. C6 at Aghoos were installed in October 2009. 
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2.4 IMPACT ASSESSMENT METHODOLOGY 

From the desk study and field surveys completed, the following impact assessment methodology 
was undertaken: 

Description of the Existing Environment
1. Description of the hydrological and hydrochemical context of the site of the 
proposed development. 
2. Characterisation of the existing peat hydrology and hydrochemistry of the site 
from the topographical, geological, hydrometric and hydrochemical data 
acquired. 
3. Identification of the significance of the existing peat hydrology and 
hydrochemistry, taking into account baseline environmental trends / changes 
that are occurring within the study site. 
4. Production of a clear model of the understanding of the hydrological and 
hydrochemical system of the site. 
5. Identification of the sensitivities of the site hydrological and hydrochemical 
regime. 

EI
S 

Ph
as

e 
1 

Assessment of likely impacts of the development on the Existing Environment
6. Identification of potential hydrological or hydrochemical impacts that may 
arise from the construction and operational phase of the development.  For 
each potential impact identified, characterisation of the impact according to 
the criteria outlined in Table 1.1 and Table 1.2 (Section 1.5). 
7. Where potential hydrological or hydrochemical impacts are identified, 
identification of mitigation measures that will avoid, reduce and / or remedy the 
impacts identified. 
8. Identification of any residual impacts that would remain or arise after the 
mitigation measures proposed are implemented and characterisation of the 
residual impact according to the criteria outlined in Table 1.1 and Table 1.2 
(Section 1.1.5).

EI
S 

Ph
as

e 
2 

EIS Reporting
9. Reporting of these findings in a clear and logical format that complies with EIS 
reporting requirements (EPA, 2002 & EPA, 2003). 

EI
S 

Ph
as

e 
3
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3. DESCRIPTION OF THE PROPOSED DEVELOPMENT 

Relevant characteristics of the proposed onshore pipeline development are detailed in Chapter 5 
of the EIS and are repeated below, in order to fully understand the proposed design, construction 
methodology, construction impacts and operation impacts of the development on the baseline 
peatland hydrological environment. 

3.1 PIPELINE ROUTE AND CONSTRUCTION COMPOUND AREAS 

Relevant features of the proposed pipeline route are shown on Figure 1. The pipeline landfall is at 
Glengad. The pipeline crosses a short land area at Glengad and from there it is proposed to lay the 
pipeline in a tunnel which runs under Sruwaddacon Bay. The pipeline will re-emerge to land at 
Aghoos, and from there will be laid below ground level to the Terminal Site at Bellanaboy Bridge.  

The plan layout for the land sections of the proposed pipeline is characterised by the following main 
components: 

The width of the working area is generally 40m with the exception of road crossings and 
temporary site compounds. 
Five (5 no.) temporary site compounds (SCs) for the construction phase will be used at 
Glengad (SC1 and SC2), Aghoos (SC3), and Bellagelly (SC4) and Bellanaboy Terminal site 
(SC5).   
The site compound at Aghoos has an approximate plan area of ~24,000m2, and a 
temporary stringing area will be located to the southeast of the compound. The temporary 
stringing area will have approximate area of 22,500m2 (300m × 75m). Peat will be removed 
and replaced with stone fill by using the ‘stone road’ construction methodology. A ramp 
and shaft will also be excavated as a starter pit for the tunnel boring machine. 
The pipeline crosses natural watercourses at the Leenamore River Crossing (east of the 
Aghoos compound) and two stream crossings at Bellagelly. There is one other minor stream 
crossing at Glengad, but this is not located in a peatland area. 
The pipeline crosses a road (L1202) at RDX1 at Bellagelly.  

3.2 CONSTRUCTION PHASE 

The layout of the proposed pipeline is discussed in Chapter 5 of the EIS. The main components of this 
vertical alignment/cross-section that are relevant to this study are: 

The proposed “stone road” (Refer to Section 5 of EIS) will be c.12m in width, the exception 
to this is a 190m section of peatland at Aghoos Bog where the stone road will be 9m wide. 
The stone road will be constructed using the ‘excavate and replace’ method for shallow 
peat, and where deeper peat is encountered the ‘progressive displacement’ method will 
utilised. (Refer to Section 5.5.1 of EIS, and Appendix M3). 
Excavated peat will be transported to Srahmore Peat Repository3. Small quantities of peat 
and vegetation (scraw) and turves will be stored on site for reinstatement purposes.  
The depth of the stone road is variable and depends on the depth of peat in cross section 
(peat depths vary from 0.25m to locally over 5.0m at the site (see Chapter 15 of EIS).  The 
stone road will be excavated to “a point of a minimum of 0.5m from firm ground”. 
In areas of peat at a thickness of 0.5m or less peat will be left in-situ for leakage control 
and stone will be pushed into this in-situ peat to provide a stable working platform. 
The stone road in forestry areas will be constructed from tunnelling cutting materials  
(i.e. local bedrock).    
The trench, in which the pipe is laid, will be located within the proposed stone road. 
The pipe diameter is 508mm (20 inches), while the excavation trench in which it is located 
is expected to be c.2m wide at its base. 

                                                     
3 Srahmore Peat Deposition Area (PDA) is located 1km northwest of Bangor-Erris, Co. Mayo. The site is owned and operated 
by Bord na Mona. Peat from the pipeline construction will be transported to the Srahmore PDA for deposition.   
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A minimum reinstated cover of 1.2m over the top of the pipeline will be undertaken 
generally to comply with relevant codes of practice (Chapter 4 of the EIS). 
When the pipeline crosses watercourses such as rivers, streams and drainage ditches, a 
minimum clearance of 1.6m below the clean bed of the watercourse will be applied.  
Turve reinstatement is only proposed in the 190m peatland section at Aghoos Bog. The 
remainder of the stone road will be reinstated with 600mm of peat. This peat will be 
allowed to re-vegetate naturally.  

A description of the proposed temporary drainage measures for the construction of the Aghoos 
compound is outlined in Appendix M7 of the EIS, and also in Section 6 of this report. 

3.3 OPERATIONAL PHASE 

Post construction, the main focus is reinstatement of ground conditions in peatland areas and in 
particular the vegetation layer so as to promote vegetation regeneration and control surface water 
runoff.    

The operation phase of the development will be restricted to occasional routine walkover 
inspections of the pipeline, with no further scheduled activity that can disturb or impact on the 
peatland areas along the pipeline route.     
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4. DESCRIPTION OF THE EXISTING PEATLAND ENVIRONMENT 

This section of the report describes the baseline peatland hydrological environment in the context of 
the peatland habitats present along the land based sections of the revised pipeline route. 

Reference is made to Chapter 15 of the EIS for background information on soils, subsoils and 
bedrock geology, while more recent investigations of peat depth along the route is provided in 
Chapter 15 & Appendix M2 of the EIS. Bedrock and mineral subsoils are discussed in this report in the 
context of their likely interactions with peatland soils and peatland hydrology. 

A separate hydrological assessment has been undertaken for other sections of the proposed route 
outside of peatland areas (see Appendix M5 of the EIS). The following sections deal specifically with 
the hydrology of peatland areas in the townlands of Aghoos, Bellagelly and Bellanaboy South. 

4.1 REGIONAL CONTEXT 

4.1.1 Climate
Climate and weather conditions in the area are influenced by the Atlantic Ocean, resulting in mild,
moist weather dominated by maritime air masses.  The prevailing wind direction in Ireland is from a 
quadrant centered on west-southwest. These are relatively warm winds from the Atlantic and 
frequently bring rain.  Easterly winds are weaker and less frequent and tend to bring cooler weather 
from the northeast in spring and warmer weather from the southeast in summer. 

The nearest synoptic weather station to the area is the Met Éireann Station at Belmullet which lies 
approximately 15km south west of the village of Rossport.  Average annual weather conditions over 
a thirty year period (1961-1990) are presented in Table 4.1. Recorded weather conditions in 2009 at 
the Bellanaboy Bridge Gas Terminal Site weather station are presented in Table 4.2.  

Table 4.1. Average Annual Weather Conditions at Belmullet (1961-1990).
(Source: Met Eireann, www.met.ie).

Parameter Value  
(30 year average) 

Average Temperature (ºC) 9.6 
Average Relative Humidity at 0900UTC (%) 83 
Average Daily Sunshine Duration (hours) 3.5 
Average Annual Total Rainfall (mm) 1142.7 

Table 4.2. Recorded Weather Conditions at the Bellanaboy Corrib Gas  
Terminal Site for 2009.

Parameter Value 2009 
Average Temperature (ºC) 9.7 
Average Relative Humidity at 0900UTC (%) 85.7 
Average Daily Sunshine Duration (hours) 4.4 
Annual Total Rainfall (mm) 1,586 

The average parameter values from Belmullet synoptic station and from the Bellanaboy Bridge Gas 
Terminal Site weather station on the proposed development site indicate high rainfall conditions and 
will result in low evapotranspiration rates.   

The prevailing wind direction on the proposed development site, from the south-southwest, affects 
the hydrochemistry of waters close to the coast, including the proposed development area, by 
increasing the ionic loading in rainfall (typically elevated chloride concentrations) due to its oceanic 
source.   
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Climactic conditions are such as to facilitate the development of peat.   Blanket bog develops in 
areas where the ratio of precipitation to evaporation is typically greater than 2:1, with rainfall spread 
throughout the year, cool summer temperatures and low evapotranspiration rates (Doyle, G.J. and 
O’Criodain, C., 2003).   

4.1.2 Bedrock Geology 
The environs of the proposed development site are underlain by metamorphic rocks of the 
Dalradian supergroup (late Pre-Cambrian era.) in the Bangor succession.  They are divided into two 
groups, the Erris and Inver groups, comprising the Broad Haven and Benmore Formations (Erris 
Group) and the Inver Schist Formation, with minor areas of the Ballybeg Park Limestone Formation 
and the Doon – na –Dell Schist Formation (Inver Group).  The formations are dominated by quartzites 
and psammitic schists.  Secondary lithologies comprise pelitic schists with some marbles also present 
(Long, C.V., MacDermot, J.H., Morris, Sleeman, A.G. and Tietzsch-Tyler, D., 1997).  These lithologies 
were confirmed at the proposed development site (AGEC, 2004(a), AGEC 2004(b), GES, 2007, and 
IDL 2008). Refer to Section 15.2 of the EIS.  The mapped bedrock geology within the Sruwaddacon 
Bay area is shown in Figure 2.  

Dalradian rocks have been subject to massive compression and faulting over the first 200 million 
years, due to several periods of continental convergence.  The Dalradian rocks, having undergone 
a number of deformation events, are characterised by extensive folding and dips in the area are 
therefore variable.  Regional scale faulting occurs at the north and south end of Sruwaddacon Bay.  
Faults trend north north-east to south south-west. Rock exposures at the mouth of Sruwaddacon Bay 
comprises massive to moderately fractured psammite, which is highly fractured in places.   

4.1.3 Subsoil Geology 
The peat deposits are underlain by glacial deposits of variable composition. These are described 
under each ‘Hydrology Area’ in Section 4.2 below. A subsoils map of the area is shown as Figure 3. 
This shows the areas of the pipeline that are underlain by blanket peat. 

4.1.4 Bedrock Hydrogeology 
The bedrock in the environs of and underlying the proposed development area is classified as poor 
aquifer – locally productive only in local areas (Pl)4.  Due to the extreme deformation experienced 
by these Dalradian metamorphic rocks, they have no primary porosity, with permeability restricted 
to fissures and fractures in the upper few meters of the weathered zone. Apart from in this upper 
zone fissures are poorly connected, with fissure permeability also reducing rapidly with depth.  This 
results in low aquifer storativity.  Greater permeabilities can exist in zones of limited width or thickness, 
generally in the vicinity of major fault zones. Southwest-Northeast trending faults are mapped in the 
environs of the proposed development and faults of this orientation can be associated with zones of 
higher permeability which can transmit higher volumes of water than the surrounding aquifer 
(Dunphy, R. 2005).  Moderately to highly fractured rocks are exposed at the mouth of Sruwaddacon 
Bay.   

                                                     
4 There are eight aquifer categories defined in Groundwater Protection Schemes (DELG/EPA/GSI, 1999), and they are as 
follows:  

Regionally Important (R) Aquifers  
• Karstified bedrock (Rk)
• Fissured bedrock (Rf)
• Extensive sand & gravel (Rg)

Locally Important (L) Aquifers  
• Sand & gravel (Lg)  
• Bedrock which is Generally Moderately Productive (Lm)  
• Bedrock which is Moderately Productive only in Local Zones (Ll)  

Poor (P) Aquifers  
• Bedrock which is Generally Unproductive except for Local Zones (Pl)  
• Bedrock which is Generally Unproductive (Pu)   
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Due to their low permeability, Pl aquifer sites have low recharge characteristics and have generally 
short flow paths (approximately 30-300m in length) (Fitzsimons et al, 2005), resulting in discharge to 
surface waters, springs and seepages at this distance from the recharge area.  In areas of high 
rainfall (as occurs at this site), rapid saturation of the aquifer occurs, due to its low storativity, resulting 
in high surface drainage density and high run-off rates. In winter, in particular, low permeabilities will 
lead to a high water table and potential water logging. Low permeability bedrock contributes to, in 
conjunction with appropriate climatic conditions, suitable conditions for the waterlogging required 
for peat development.  Low permeability bedrock conditions also contribute to a rapid runoff 
response to rainfall, particularly in winter high rainfall conditions, when they become saturated due 
to low storativity.  

Base flow contribution to streams tends to be low, particularly in summer, as the groundwater 
regime cannot sustain summer baseflows due to low storativity.  

4.1.5 Surface Water Hydrology 
The majority of the proposed pipeline route lies within the surface water catchment area of 
Sruwaddacon Bay. Three main sub-catchments drain towards the Glenamoy, Muingnabo and 
Leenamore rivers respectively, which discharge to Sruwaddacon Bay. These areas are shown on 
Figure 4. The Glenamoy River sub-catchment has an approximate area of 87km2, while the 
Muingnabo River sub-catchment has an approximate area of 40.14km2.

Local streams and rivers along the pipeline route between Aghoos and the Terminal site are shown 
on Figure 5.  

The Leenamore River sub-catchment is very small, comprising approximately 2.53km2. It rises to the 
north west of the Bellanaboy Terminal site and flows northwards to discharge into Sruwaddacon Bay.  
A small tributary to the Leenamore River (S1 on Figure 5, and referred to as the ‘stone road stream’) 
drains forestry to the north of the Bellanaboy Terminal site and this stream crosses the pipeline route 
at Ch.90.66. The natural hydrology of this catchment has been significantly altered by drainage for 
forestry and peat extraction.  

Another small tributary (S2 on Figure 5, and referred to as the ‘forestry stream’) of the Glenamoy 
River rises north of the proposed pipeline route in conifer forestry north of the L1202. This stream flows 
north east and discharges to the Glenamoy River.   

At the southern end of the pipeline route, at the Terminal Site, approximate 200m of the route drains 
towards the south into Bellanaboy River and on into Carrowmore Lake. The total catchment area of 
the site draining towards the Bellanaboy River is 0.05km2 (approximately 5 ha, but only 
approximately 0.3ha of this total area is along the pipeline route, the remainder is within the existing 
Terminal Site). 

4.1.6 Protected Areas 
Two sections of the pipeline route lies within the Glenamoy Bog Complex cSAC (Site Code: 500): for 
most of the 500m section at Glengad (refer to Chapter 12 for further details), and for 4.6km beneath 
Sruwaddacon Bay, which will be tunnelled. This section of the pipeline also lies below Blacksod Bay 
/Broadhaven SPA (Site code: 4037) and in the Ramsar Blacksod Bay and Broadhaven site. These 
areas are shown on Figure 1. 

4.1.7 Peat Hydrology 
For the purposes of this assessment, and as mentioned in Section 1.2, groundwater is defined as the 
water stored and transmitted in the pores of bedrock and mineral soil media, while peat water is the 
water stored and transmitted within the peat mass.  The hydraulic connectivity between 
groundwater and peat water is normally very low due to the presence of a clay layer, or low 
permeability layer, which normally underlies the peat mass.  Interactions between the two do occur 
but this is dependent on local topographical and hydrological controls.   
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Hydrochemically, peat water and groundwater are very different, with groundwater having higher 
dissolved ionic content while peat water, being meteoric in origin (rainfall fed system), and having 
generally low ionic concentrations. However, due to the proximity of the site area to the coast, 
higher levels of chloride are generally found within the peat water.  This is due to elevated chloride 
concentrations in sea rainwater (aerosols), and deposition of wind blown sands on peatland 
habitats during and post deposition, which contribute to the increased ionic content. These 
processes give a characteristic hydrochemical profile to blanket peat in coastal areas.  

The original extent of post glacial peatland (Fens, Raised Bogs, Atlantic Blanket Bog and Mountain 
Blanket Bog) cover in Ireland was estimated by Hammond (1979) as being 11,456km2. Of this area, 
3,292km2 was classified as Atlantic Blanket bogs. Peatland comprises 1,938 km2 of the total land 
area (5,586 km2) of Co. Mayo.  These peats comprise mountain and lowland blanket bogs, raised 
bogs and cutover raised and blanket bogs (Teagasc/EPA, 2004). A portion of these peatland types 
have been planted with coniferous plantation forestry.  In the environs of the proposed pipeline 
route, the Glenamoy Bog Complex is an SAC of 127km2, designated predominantly for the 
dominant priority Annex 1 habitat lowland blanket bog, but also including the marine and coastal 
margin of Sruwaddacon Bay.  The area of the SAC designated as lowland blanket bog is located 
north of Sruwaddacon Bay on the northern side of the Glenamoy River and there is no hydrological 
connection between the area of the proposed pipeline route and this designated habitat.   

As mentioned previously in Section 4.1.1, blanket bog develops in areas where the ratio of 
precipitation to evaporation is typically greater than 2:1 (i.e. there is excess precipitation over 
evapotranspiration), with rainfall spread throughout the year, cool summer temperatures and low 
evapotranspiration rates (Doyle, G.J. and O’Criodain, C., 2003) and where a low permeability layer 
exists to retain the rainfall and cause water logging.  This can consist of low permeability bedrock 
and / or the presence of a clay soil or subsoil layer. 

Peat water flow directions are strongly controlled by topographic gradient, including the  
micro-topography of the underlying substrate. Localised flow gradients in the peat will occur in 
response to sub-surface micro-topography, and also as a result of drainage and ditches resulting 
from peat cutting.  Within the peat profile, peat water gradients are generally vertically downwards, 
resulting in downward flow of water through the peat.  Upward gradients can also occur, but are 
generally localised and occur as a result of local changes in peat type or morphology. 

The water budget for a hydrological system comprises the volume of water which enters, is stored in 
and leaves the system. Refer to Figure 6 for an approximate water budget for blanket bogs.  The 
water budget in blanket peat systems is dominated by surface water flow.  Due to the very low 
permeability of the peat and underling substrate (bedrock and / or subsoil) approximately 85-90% of 
the effective rainfall flows through the system as saturated overland flow towards discharges to 
surface watercourses. Approximately 10-15% of effective rainfall recharges diffusely and downwards 
into the peat.  The majority of this flows down topographic gradient in the top 0.15 m vegetated 
layer towards discharges to surface watercourses.  A small portion the recharge flows down the 
hydraulic gradient into the deeper peat (catotelm) layer and then towards surface water discharge 
points. It is possible that as little as 1% of this deeper peat water exfiltrates from the peat into the 
underlying subsoil and or / bedrock aquifers, and this discharge is locally variable and depends on 
the permeability of the substrate. 
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4.2 LOCAL CHARACTERISTICS OF BLANKET PEAT 

For clarity this section has been divided up as follows: 
Hydrology Area A: Aghoos Compound 
Hydrology Area B: Aghoos Bog5

Hydrology Area C: Aghoos Bog to Corrib Gas Terminal (Conifer forestry) 
Hydrology Area D: Bellagelly Bog 

These areas are shown on Figure 7. They correspond with the hydrological monitoring data 
collected at the ‘control’ points (Aghoos, Bellagelly, and Terminal Site transects). They are also 
divided up with respect to sensitivity of habitat type and prevailing hydrological conditions.   

4.2.1 HYDROLOGY AREA A – AGHOOS COMPOUND 
This area is divided into a number of peat fields by small drainage ditches and wire fencing which 
demarcate field boundaries. These field areas have been heavily grazed and historical peat cutting 
occurred along the southern edge between the road (the L1202) and the current peat facebank6.
Pine stumps are exposed at the base of the peat in cutover areas north of the road. A small house is 
located just to the southwest of this area on the northern side of the L1202. 

4.2.1.1 Topography

In general the ground slopes towards the estuary to the north. Topography is locally variable with 
disturbed ground from peat cutting and shallow peat drainage ditches. Slightly elevated peat 
tussocks (stripped of vegetation from over grazing) create a localised micro-relief of approximately  
300-400mm across uneven eroded bog. The areas between these tussocks are generally wetter as 
these are the main pathways for surface water runoff. Ground levels down-gradient of the road 
(L1202) range between 14-16mOD and ground levels across the top of the peat surface along the 
edge of the cliff vary between 1.5-5mOD (i.e. there is a fall of approximately 9-14m across the 
compound from the road). Refer to cross-sections 1 to 7 on Figure 8 which demonstrate the local 
topography.   

4.2.1.2 Geology

The foreshore along the estuary at Aghoos exposes the local subsoil geology. The foreshore 
comprises 5-7m level terrace which is partly grazed covered. Between the High Water Mark (HWM) 
and the Low Water Mark (tidal zone) soft silty SANDS with occasional shells occur. 

The mineral subsoils that occur along the cliff face at Aghoos (i.e. below the peat) indicate that the 
peat is underlain locally by slightly gravelly SILT. A borehole (BH-3) was drilled in 2008 (IDL, 2009) at 
the proposed Aghoos compound and this recorded 5.2m of slightly silty, slightly gravelly fine and 
medium SAND below the peat cover. The mineral subsoil is underlain in BH-3 by weathered quartzitic 
micaceous SCHIST bedrock which was recorded between 8.2 to 16.4mbgl, and very strong slightly 
weathered PSAMMITE from 16.4 to 25.85mbgl. 

4.2.1.3 Peat Depths 

Peat depths in this area vary between 0.15 and 3.80m. Peat depths across this area are shown on 
Figure 9. Shallower peat is recorded along the road and in the eastern part of the proposed 
compound where historical peat cutting occurred. A number of old peat facebanks (from historical 
peat cutting) also exist along the southern and eastern margins of the proposed compound.  Refer 

                                                     
5 ‘Aghoos Bog’ is defined as the short stretch of blanket bog to the east of the Leenamore River, between the Leenamore 
River and the Coillte forestry plantation to the east. 
6 A facebank is a vertical peat bank at the edge of an area where peat cutting was completed.
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to cross-sections 1 to 7 on Figure 8 which show peat depth profiles across the proposed compound 
area.   

4.2.1.4 Hydrology – Surface Water Runoff 

A number of main ditches drain to the north. These have been numbered D1, D2, D3, D4, D10 and 
D11 on Figure 10. D1, D2, D3 and D4 run along the boundaries of the peat fields. D10 and D11 drain 
surface water from the cutaway area to the west of the house, located at the southeast corner of 
the stringing area. Along the foreshore, several small peat gullies have been mapped. These are 
numerous and occur frequently due to the eroded nature of the local peat. They have been 
numbered in groups from D5 through to D9. Some of the gullies are 1m deep and over 2m wide in 
places which indicates high levels of erosion. The worst of the surface erosion is recorded north of 
the compound footprint and stringing area at D7, D8 and D9 on Figure 10.  

Variability in topography is shown by the runoff direction arrows included in Figure 10. This variability 
is associated with peat facebanks and shallow drainage ditches and local micro-relief. The 
compound area is sub-divided by a series of peat ditches (as referenced above) that drain to the 
north into the estuary. Some of the drainage ditches on the site are partially filled with sphagnum 
moss. The road embankment and associated toe drains divert runoff from the south of the road to 
the east (to the Leenamore River) and west (to local peat ditches) away from the proposed 
compound area. These ditches have been named D21 and D22 respectively. 

The site is also at the location of the local watershed (surface water catchment divide) between the 
end of the Leenamore River catchment and the local coastal surface water catchment to the west.  

4.2.1.5 Peatland hydrology 

4 no. deep peat and 5 no. phreatic tube pipes were installed at locations (upstream and 
downstream) of the proposed Aghoos compound as shown on Figure 8. These were installed on 28th

April 2010. Preliminary water level data from these are presented in Table 4.3. Hydrological 
monitoring at these locations is ongoing. 

Table 4.3. Aghoos Compound – Water Level monitoring data. 
mbgl* mbgl Phreatic Tube/Piezometer No.  05/05/2010 13/05/2010 

AC-P1 1.985 1.59 
AC-PH1 0.65 0.67 
AC-P2 2.49 2.09 
AC-PH2 0.795 0.83 
AC-P3 2.525 1.99 
AC-PH3 0.855 0.95 
AC-P4 1.92 1.51 
AC-PH4 0.685 0.74 
AC-PH5 0.85 0.78 

* mbgl – metres below ground level 

In addition to the above and based on data from hydrological ‘control’ monitoring points at 
Aghoos Bog (to the east of the Leenamore River) it is expected that phreatic water levels in this area 
will vary seasonally within 20-50cm of ground level, and that the overall hydraulic gradient through 
the peat is downwards. As this site is sloping to the north there is likely a lateral flow through the peat 
in this direction, although this portion of the flow (as with the vertical flow) is expected to be very 
small (<1-2% of the annual water balance). 

4.2.1.6 Peat water hydrochemistry 

There is no data available for this area of the site, but peat water at the Aghoos compound is likely 
very similar to that sampled and tested at Aghoos Bog. 
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4.2.1.7 Groundwater hydrochemistry 

Groundwater sampling was completed at BH-3 at low and high tide on 22nd October 2009  
(IDL, 2009). The laboratory results from the analysis of these samples are presented in Table 4.4. The 
monitoring well at BH-3 is drilled to a depth of 25.85mbgl (metres below ground level), and is 
screened between 8.5 and 25.85mbgl. Peat depth at this location is 3.0m. Therefore the water 
extracted from this monitoring well is likely to be representative of local groundwater conditions.  

The data indicates elevated concentrations of chloride in local groundwater which is likely to be 
related to recharge by coastal rainfall (with high chloride concentrations) as apposed to saline 
intrusion which would likely also show significantly elevated electrical conductivity.   

Table 4.4. Aghoos Compound – Groundwater Hydrochemistry. (Source: IDL, 2009) 
BH-3*  

(High Tide) 
BH-3*  

(Low Tide) 
EPA IGV  

value (EPA, 2003) 
Units 22/10/2009 22/10/2009 - 

pH  6.75 6.82 >=6.5 and <=9.5 
Electrical conductivity (@ 20 C) S/cm 408 427 1000 
Sodium (Dissolved) mg/L 35.8 35.4 150 
Calcium (Dissolved) mg/L 46.7 50.0 200 
Magnesium (Dissolved) mg/L 5.93 6.15 50 
Potassium (Dissolved) mg/L 4.13 4.01 5 
Chloride mg/L 40.2 44.5 30
Sulphate (soluble) mg/L 25.3 21.1 200 
Total hardness (as CaCO3) mg/L 141 150 200 

* Total ionic content of ~9meq-1.
Bold – indicates exceedance of the IGV value.  

4.2.1.8 Significance of this area 

The Aghoos compound area is in an undesignated area of eroded blanket bog (PB5) which is of 
moderate to high locally important ecological value; and the stringing area is mainly mapped as 
severely eroding blanket bog with some wet acid grassland (PB5/GS4) of low to moderate locally 
important ecological value. Old cutover (PB4), low to moderate locally important ecological value, 
is present in part of the stringing area and also adjacent to the road,  to the south of both the 
compound and stringing areas (refer to Chapter 12 of the EIS).  

From a hydrological perspective this area has limited significance. Although alteration of the 
drainage patterns can be expected by development, this would not be out of character with the 
area as the local natural hydrology is heavily modified by land drains, ditches, peat cutting, erosion 
gullies and the drainage associated with the L1202 road.  

4.2.1.9 Sensitivity of this area 

It is proposed to remove the peat in the compound and stringing areas and replace it with stone fill 
as part of the construction works. Once construction is complete this area will be reinstated with 
peat cover over the stone fill. 

The main sensitivity of this area is its proximity to Sruwaddacon Bay and the potential for impact on 
water quality within the Bay during the construction phase, and during the reinstatement and  
re-vegetation phases. 
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4.2.2 HYDROLOGY AREA B – AGHOOS BOG 
This area lies to the east of the Leenamore River, and covers the approximately 320m of ground 
along the pipeline route between the river to the west and the Coillte forestry plantations to the 
east. There is an area of grassland adjacent to the river and then a short area of cutover bog. This is 
followed by a stretch of approximately 190m of blanket bog. It is this area of bog that is of most 
interest and it is this area which is discussed in detail below. This stretch of bog (the 190m) is termed 
Aghoos Bog for the purpose of this report and it lies between Ch.89.350 and CH89.540. Aghoos Bog 
is bound to the south by the L1202 road, to the north by Sruwaddacon Bay, and the east by Coillte 
forestry plantations. Ground to the west comprises cutaway bog which falls away to the Leenamore 
River. The northeast corner of the bog is heavily eroded by runoff and a network of drainage 
pathways. Erosion gullies are clearly visible on the available aerial photography for this area (refer to 
Figure 9). 

4.2.2.1 Topography

Aghoos Bog generally falls to the north towards Sruwaddacon Bay. The cutover area and grassland 
area to the west falls locally towards the Leenamore River. Wetter areas are present as a micro-relief 
of approximately 300-400mm between eroded peat tussocks (stripped of vegetation from over 
grazing). Ground levels down-gradient of the road (L1202) range between 18-20mOD and ground 
levels across the top of the peat surface along the edge of the cliff vary between 3.5-6mOD (i.e.
there is a fall of approximately 14m across Aghoos Bog from the road). Refer to Section P1 on  
Figure 11 which outlines a cross-section of the peat and ground level profile along piezometer 
transect T1 (Aghoos Bog).  

4.2.2.2 Geology

The foreshore along the estuary at Aghoos exposes the local subsoil geology. The mineral subsoils 
that occur along the cliff face at Aghoos (i.e. below the peat and east of the Leenamore River) 
indicate that the peat is underlain locally by firm dark brown slightly organic gravelly SILT. 

Bedrock in this area is likely to be the same as that recorded in BH-3 at Aghoos Compound (refer to 
Section 4.2.1.2), i.e. weathered quartzitic micaceous SCHIST bedrock over strong slightly weathered 
PSAMMITE. 

4.2.2.3 Peat Depths 

Peat depths in this area vary between 1.2 and 3.64m. Shallower peat is recorded along the eastern 
edge of Aghoos Bog where historical peat cutting occurred. A number of old facebanks and 
drainage ditches are mapped in this area. These are visible on Figure 9. 

4.2.2.4 Hydrology – Surface water runoff 

Existing drainage and variability in topography is shown by the runoff direction arrows, and 
drain/ditch locations included in Figure 10. This variability is associated with peat facebanks and 
shallow drainage features and erosion gullies. Diffuse surface water runoff also flows from the 
grassland area towards the Leenamore River. The central area of cutaway bog has a modified 
drainage regime as a result of historical peat cutting. Drainage in the cutaway area is mainly to the 
north via facebank drains and these discharge to an area of scrub and then to the mouth of the 
Leenamore River inlet.   

Drain D13 flows from east to west along the north side of the L1202 road. Along the eastern 
boundary of Aghoos Bog a forestry drain divides the bog from the plantations to the east. This drain, 
D15, flows to the north and discharges to Sruwaddacon bay. 

Within Aghoos Bog, drainage is mainly to the north. A shallow topographical depression feature 
drains water to the north (running south to north) coincident with the overhead electrical cable.
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Elsewhere diffuse runoff gathers into more defined drainage gullies as slopes increase significantly on 
approach to the cliff edge and the estuary boundary. Significant erosion and gullying is noted on 
the northeastern and northwestern edges of Aghoos Bog. 

The hydrology at the boundaries of Aghoos Bog has been heavily modified by peat cutting and 
man-made drainage. Despite this, the southern and central areas of Aghoos Bog appear to be less 
impacted.   

4.2.2.5 Peat Hydrology 

Peat water levels in this area have been recorded at one transect. The transect runs  
south-southwest to north-northeast across the pipeline route as shown on Figure 9. Refer to Section 
2.3 for details on piezometer installations and QMEC monitoring data (QMEC, 2010). 

A summary of phreatic water level monitoring data is provided in Table 4.5. Data is presented in 
ordnance datum levels (to Malin Head (mOD)) and in meters below ground level (mbgl). A 
maximum, minimum and fluctuation range is outlined in each case. The seasonal variation of 
phreatic water level has an influence on the type of vegetation growing on the blanket bog 
surface. Natural (undrained) blanket bog would have a year round high water table very close to 
ground level with minimal fluctuation. 

Table 4.5. Summary of Phreatic water levels for 2009 at Aghoos Bog.  (Source: QMEC, 2010) 
mOD mbgl 

Aghoos Min. Max. Max. ++ Min. Range (m) 
T1-C1-PH1 12.69 12.93 -0.07 0.17 0.24 
T1-C2-PH1 13.61 13.87 -0.13 0.13 0.26 
T1-C3-PH1 14.68 14.95 -0.04 0.23 0.27 
T1-C4-PH1 15.7 16.09 -0.18 0.21 0.39 
T1-C5-PH1 16.83 17.16 -0.01 0.32 0.33 
T1-C6-PH1* 18.73 18.86 -0.11 0.02 0.13 

 * Only two data point available (30th November 2009 and 16th December 2009). 
++ Negative number indicates water level is above ground level.  

The water levels in the phreatic tubes indicate that shallow lateral flow in the upper vegetative layer 
follows the topographic contours in a north–northeast direction. The phreatic surface at the top of 
the slope (T1-C5 and T1-C4) is generally at or above ground level, while further down slope (T1-C3, 
T1-C2 and T1-C1) above ground phreatic waters levels were recorded between the 15th of January 
and 10th February 2009. The larger fluctuations occur at the higher end (topographically) of the 
transect (C5-PH1 and C4-PH1). Above ground phreatic water levels are also recorded at these 
locations during winter months indicating seasonal waterlogging. 

In general, the remainder of the piezometers (non-phreatic) show a year round downward vertical 
gradient within the peat profile. Some local variations occur following rainfall and these are related 
to recharge and possible peat water flow within localised higher permeability zones (due to 
changes in peat stratigraphy or structure). The magnitude of the downward gradient varies 
between 2 and 10cm/m depth of peat (between the ‘PH1’ phreatic water level and the ‘P1’ 
piezometric level).  

4.2.2.6 Hydrochemistry 

A summary of field hydrochemistry data recorded at Aghoos Bog is presented in Table 4.6. Peat 
hydrochemistry recorded at Aghoos Bog is likely typical for this coastal area with elevated electrical 
conductivities and slightly elevated pH levels compared to inland blanket bogs. 

Peat water samples were taken from most monitoring locations at Aghoos Bog on 6th/ 7th May 2009, 
and again for a smaller subset on 15th December 2009 (refer to Table 4.7 for sampling locations on 
each of the dates). The original laboratory analytical data have been extracted from QMEC (2010) 
and reproduced here as a summary table of ionic content. Table 4.7 below shows the major cations 
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and major anions of each water sample in milli-equivalents (meq-1). A full suite of laboratory data for 
all hydrochemical sampling is attached in Appendix II. 

Table 4.6. Summary of Aghoos field hydrochemistry from 2009. (Source: QMEC, 2010) 
Conductivity (μs/cm) Temperature ( C) pH (pH Units) Geology Piezo 

Type* Max. Min. Mean Max. Min. Mean Max. Min. Mean 
Shallow Peat PH1 250 132 179 20.2 5.6 12.2 6.46 4.80 5.36 

P3 258 155 202 17.3 6.3 11.8 6.68 4.78 5.48 

P2 271 126 199 18.7 6.7 12.1 6.52 4.91 5.48 Deep Peat 

P1 329 183 234 19.5 7.3 12.5 6.15 5.03 5.60 

Peat/Substrate P1++ 275 172 225 21.4 7.3 13.0 6.19 4.36 5.39 
* refer to Section 2.3 for description of piezometer numbering. 
++ Installed in mineral soil substrate. 

Table 4.7. Summary of Aghoos Bog major ion chemistry. (Source: QMEC, 2010) 

Aghoos Date pH Na+ K+ Mg2+ Ca2+ Cl¯ SO4 2¯ HCO3¯

Total Ionic 
content
(meq-1)

T1-C2-P1 6-7/05/2009 5.51 1.41 0.36 0.58 0.49 1.53 0.07 0.98 5.42 
T1-C2-PH1 6-7/05/2009 5.69 1.34 0.02 0.26 0.41 1.36 0.02 0.66 4.07 
T1-C3-P1 6-7/05/2009 5.45 1.36 0.02 0.24 0.39 1.30 0.07 0.66 4.04 
T1-C3-P2 6-7/05/2009 5.19 1.12 0.01 0.23 0.32 1.26 0.04 0.33 3.31 
T1-C3-P3 6-7/05/2009 5.38 1.36 0.01 0.21 0.48 1.18 0.07 0.82 4.13 

T1-C3-PH1 6-7/05/2009 5.99 0.40 0.02 0.13 0.52 0.46 0.04 0.49 2.06 
T1-C4-P1 6-7/05/2009 n/av 1.24 0.06 0.22 1.17 1.04 0.39 0.82 4.94 
T1-C4-P2 6-7/05/2009 5.32 0.85 0.02 0.26 0.36 1.36 0.02 0.66 3.53 
T1-C5-P1 6-7/05/2009 6.13 0.96 0.04 0.27 0.8 1.17 0.13 0.98 4.35 
T1-C5-P2 6-7/05/2009 5.75 0.87 0.03 0.26 0.58 1.21 0.06 0.33 3.34 
T1-C5-P3 6-7/05/2009 6.00 0.97 0.04 0.22 1.18 1.02 0.19 0.82 4.44 

T1-C5-PH1 6-7/05/2009 5.01 1.72 0.03 0.17 0.84 1.01 0.13 1.64 5.54 
T1-C2-P1 15/12/2009 5.46 1.60 0.05 0.2 0.59 1.83 0.13 0.39 4.79 

T1-C2-PH1 15/12/2009 5.02 1.45 0.05 0.16 0.51 1.22 0.09 0.82 4.30 
T1-C3-P1 15/12/2009 5.52 1.16 0.11 0.12 0.77 1.46 0.08 0.33 4.04 
T1-C3-P3 15/12/2009 5.04 1.79 0.09 0.17 0.94 1.66 0.24 0.98 5.88 
T1-C4-P1 15/12/2009 5.77 1.30 0.05 0.17 0.49 1.40 0.02 0.49 3.93 

T1-C4-PH1 15/12/2009 4.92 3.89 0.03 0.17 1.12 3.40 0.69 1.15 10.45 
T1-C6-P1 15/12/2009 n/av 1.88 0.08 0.18 0.77 1.61 0.08 0.98 5.58 
T1-C6-P3 15/12/2009 n/av 1.44 0.06 0.16 0.67 1.39 0.24 0.49 4.45 

Note: n/av – not available/not recorded. 
Note: Colours indicate different sampling dates 

In near surface water (‘PH1’ series samples) the dominant cations are Sodium (Na+) and Calcium 
(Ca2+) while the dominant anions are Chloride (Cl¯) and Bicarbonate (HCO3¯). There are varying 
levels of predominance of these ions relative to each other in the samples analysed as indicated in 
Table 4.7. 

The water type results for the mid and deep peat/substrate piezometers show less variability than 
the shallower phreatic tubes. The majority of samples indicate a Sodium Chloride (Na-Cl) water type 
with secondary Calcium and secondary Bicarbonate. 

Variable concentrations of nutrients were also recorded in peat water at Aghoos Bog.  

In general the total ionic content of the peat water (range ~2-6meq-1) is lower in comparison to 
local groundwater which has a total ionic content approaching 9meq-1 (BH-3 at Aghoos 
Compound, refer to Table 4.4). 

A summary of the overall significance of peat water chemistry recorded during the baseline 
monitoring is provided in Section 4.4.1.2 and 4.4.1.3 below. 
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4.2.2.7 Significance of this area 

The Aghoos Bog area is mapped as recovering eroded blanket bog habitat (PB5) (refer to Chapter 
12 of the EIS). This is of nationally important ecological value. 

From a hydrological perspective this area has moderate significance as it supports the ongoing 
recovery of the local blanket bog habitat.  

4.2.2.8 Sensitivity of this area 

Along the pipeline route peat will be removed and replaced by stone fill using the stone road 
method of construction. A basal peat layer will remain in-situ to control vertical leakage. Once 
construction is complete this area will be reinstated with a regulation layer of peat and placement 
of stored peat turves. 

There will be temporary disturbance of the local hydrology and temporary removal and storage of 
the vegetative layer during the construction phase. 

The main sensitivity of this area is its proximity to Sruwaddacon Bay and the potential for impact on 
water quality within the Bay during the construction phase, and until the reinstatement is complete 
and the site has re-vegetated. 

4.2.3 HYDROLOGY AREA C – CONIFER PLANTATIONS 
This area runs from the eastern edge of Aghoos Bog (Ch.89.540) up to the Terminal site at 
Bellanaboy Bridge as shown on Figure 7. This section of the pipeline route has been considered as 
one single hydrological area due to its similar hydrology and disturbed state in terms of vegetation 
cover. Most of this area is planted with Coillte conifer forestry. South of the L1202 a linear tract of the 
trees have been cut and removed as part of the clearing for the original 2003 pipeline route. This 
clearing is visible on Figure 12 and Figure 13.  

Approximately 800m of stone road remains in-situ (from works completed in 2005) to the north of the 
Bellanaboy Bridge Gas Terminal site. [Please note that the stone road is not shown on Figure 12 as 
the aerial photo upon which Figure 12 is based pre-dates the stone road construction]. 

4.2.3.1 Topography

North of the L1202 road, ground levels fall to the north from approximately 22mOD to 13 mOD. South 
of the L1202, ground levels fall from a high of 38.5mOD at the entrance to the Gas Terminal Site to a 
low of 22.5 mOD at the L1202. Ground levels at the stream crossing (Ch.90.66) at the end of the 
stone road are approximately 17-18mOD.  

Refer to Section P3 and P4 on Figure 11 which outlines a cross-section of the peat and ground level 
profile along piezometer transect T1 and transect T2 (Bellanaboy Terminal).  

4.2.3.2 Geology

Variable subsoil geology has been recorded at trial pits and gouge auger locations along this 
section of the pipeline route. A summary of these data are presented in Table 4.8. 

Subsoil and bedrock geology was also recorded at BH009C-07 to the north of the L1202. Gravelly 
CLAY was recorded below the peat (peat depth of 2.6m) to a depth of 5.80mbgl, with a medium 
SAND interval between 4.35 and 4.90mbgl. Bedrock is recorded as very weak to moderately weak 
weathered grey banded PSAMMITE from 5.80 to 8.80mbgl.  
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Table 4.8. Summary of recorded subsoil geology between Ch.89.540 and Ch.91.720. 
Location ID Easting Northing  Depth Interval 

(mbgl)
Subsoil Geology 

BT-T1-C1* 86233.44 333892.15 3.2-3.28 Firm, dark brown sandy SILT. 
B-T1-C1** 86380.86 334452.64 4.0-4.26 Soft, grey sandy SILT. 

TP-03 86279 334052 3.5-4.5 

4.5-5.1 

Grey, slightly silty, very gravelly SAND (medium) with some to 
many cobbles. 

Blue grey, clayey, gravelly SAND (liquifing/running). Gravel 
rounded to sub-angular quartzite & quartz and occasional 
mica schist. 

TP-06 86392 334725 2.3-2.6 

2.6-3.0 

Greyish brown, gravelly SAND with cobbles and occasional 
boulders of angular to sub-rounded quartz and quartzite. 

Bluish grey clayey fine SAND (liquifing/running). Gravel angular 
to sub-rounded quartz & quartzite and schist. 

*BT – Bellanaboy Terminal site piezometer transect. 
**B – Bellagelly Bog piezometer transect. 

4.2.3.3 Peat Depths 

Peat depths in this area vary between 2.1 and 5.4m as shown on Figure 12 and Figure 13. North of 
the L1202, peat depths of between 1.7m and 3.1m have been recorded. From Bellagelly Bog back 
north towards the stream crossing at the end of the stone road (Ch.90.66) peat depths vary 
between 3.6 to 4.4m. South of the stream crossing and up to the Terminal site boundary peat depths 
of between 2.1 and 5.4m have been recorded. Deeper peat of above 5m has only been recorded 
close to the stream crossing at Ch. 90.66. 

4.2.3.4 Hydrology – Surface water runoff 

General surface water runoff directions are as follows: 

Forestry between Aghoos Bog (Ch.89.540) and the L1202 drains to the north via forestry drains 
and the forestry stream (S2). Forestry ditches in this area have a west-northwest orientation, and 
there are a number of fire breaks in the area that will also intercept and re-direct surface 
water; 
South of the L1202 between Ch.90.15 and Ch.90.30 surface water drains to the north via a 
network of forestry drains and peat ditches. These discharge across the L1202 to the forestry 
stream (S2). Forestry drains in this area have an east-west orientation (refer to Figure 13); 
Between Ch.90.30 and Ch.90.66 surface water will drain to the south toward the stone road 
stream (S1); 
Between Ch.90.66 and Ch.91.50 surface water will drain to the north towards the stone road 
stream (S1) and into the Leenamore River catchment. Forestry drains in this area are orientated 
in an east-west direction, and also in a north-northwest direction. Firebreaks also run in a  
north-northwest direction; and, 
Between Ch.91.50 and the end of the pipeline route drainage is to the south into the 
Bellanaboy River, via the Terminal Site field drainage system.  

4.2.3.5 Peat Hydrology 

Peat water levels in this area have been recorded at two transects (T1 and T2) across the existing 
stone road at the Bellanaboy Terminal Site. The locations of these transects are shown on Figure 12.  
Refer to Section 2.3 for details on piezometer installations and QMEC hydrological monitoring data  
(QMEC, 2010). 

Monitoring at these transects was completed to assess the likely impacts that could be expected 
from an un-mitigated stone road in disturbed blanket peat. Transects were installed across blanket 
peat that was previously drained for forestry and subsequently disturbed by installation of the stone 
road. 
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A summary of phreatic water level monitoring data for Transect 1 is provided in Table 4.9.  
A summary of phreatic water level monitoring data for Transect 2 is provided in Table 4.10. Data is 
presented in ordnance datum levels (to Malin Head (mOD)) and in meters below ground level 
(mbgl). A maximum, minimum and fluctuation range is outlined in each case. 

Table 4.9. Summary of phreatic water levels for 2009 at Bellanaboy Terminal Site Transect 1. 
(Source: QMEC, 2010) 

mOD mbgl 
Bellanaboy 
Terminal T1 

Min. Max. Max. ++ Min. Range (m) 

T1-C1-PH1* - - - - - 
T1-C2-PH1 24.39 24.67 0.10 0.38 0.28 
T1-C3-PH1 24.26 24.40 0.08 0.22 0.14 
T1-C4-PH1 26.06 26.41 -0.15 0.20 0.35 
T1-C5-PH1 26.22 26.44 0.03 0.25 0.22 
T1-C6-PH1 25.96 26.05 -0.01 0.08 0.09 

BH01 24.62 25.23 -0.19 0.42 0.61 
 * Tube recorded blocked. Data are not representative. 
++ Negative number indicates water level is above ground level.  

Stone road borehole. 

Table 4.10. Summary of phreatic water levels for 2009 at Bellanaboy Terminal Site Transect 2. 
(Source: QMEC, 2010) 

mOD mbgl 
Bellanaboy 
Terminal T2 

Min. Max. Max. ++ Min. Range (m) 

T2-C1-PH1 22.51 22.67 0.09 0.25 0.16 
T2-C2-PH1* 21.70 22.05 0.04 0.21 0.35 
T2-C3-PH1* 21.58 21.79 0.11 0.32 0.21 
T2-C4-PH1* 22.61 22.82 0.14 0.35 0.21 
T2-C5-PH1 22.80 23.08 -0.11 0.17 0.28 
T2-C6-PH1* 22.67 22.87 0.02 0.22 0.2 

BH01a 21.11 21.9 0.27 1.06 0.79 
 * Dry readings, ‘range’ and ‘maximum’ likely to be higher. 
++ Negative number indicates water level is above ground level.  

Stone road borehole. 

The phreatic water levels at Transect 2 are lower than those recorded at Transect 1 and this 
indicates potential for peat water flow in the upper vegetative layer in a northerly direction towards 
the stone road stream. Local variations are expected due to forestry ditches and firebreaks. 

In general, the maximum phreatic surface is below ground level in most phreatic tubes. This would 
be expected in such a disturbed and drained area of bog. The exceptions occur at T1-C6-PH1 (1cm 
above ground level), and T2-C5-PH1 (up to 11cm above ground level).  

Locally, high phreatic water levels are associated with preceding rainfall and waterlogging. In the 
case of T2-C5-PH1, it is the only phreatic tube not located within the forestry (i.e. it is away from the 
transpirations effects of the trees), nor is it immediately adjacent to disturbed ground associated 
with the stone road or any other significant drainage feature. This may account for the recorded 
above ground water levels during wetter periods. 

The standpipes in the stone road show a higher seasonal fluctuation than those installed in the 
adjacent peat (BH01 at 0.61m, and BH01a at 0.71m). 

The piezometric surface in the deep peat generally follows the topographic contours and indicates 
potential for flow in a north-northwest direction. At a local scale, the piezometric surface is slightly 
impacted by the stone road as well as the deep stream / drain in the east of the study area. 

In general, the remainder of the piezometers (non-phreatic) show a year round downward vertical 
gradient within the peat profile. Some local variations occur following rainfall and these are related 
to recharge and possible peat water flow within localised higher permeability zones (due to 
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changes in peat stratigraphy or structure, and this may be locally controlled by tree root growth). 
The magnitude of the downward gradient varies between 2-36cm/m depth of peat (between the 
‘PH1’ phreatic water level and the ‘P1’ piezometric level). Higher gradients were recorded at  
T2-C1-P1 (>30cm/m) and this may reflect the dual influence of the stone road, and the stone road 
stream to the north. Elsewhere vertical gradients vary between 2 to 22cm/m. There is a stronger 
downward gradient recorded along Transect 2, and this is likely associated with natural drainage 
towards the stone road stream (S1) to the north. At Transect 1, apart from T1-C4 which is located 
adjacent to the stone road, downwards gradients are similar in magnitude to those recorded at 
Bellagelly and Aghoos Bog. 

Based on the collected monitoring data adjacent to the existing stone road, it can be tentatively 
concluded that construction of an un-mitigated stone road in previously drained blanket bog is only 
likely to have a very localised impact on phreatic water levels. At distances greater than 10 to 15m 
from the stone road there is unlikely to be any discernible or notable variation over and above 
expected natural seasonal and temporal fluctuations. 

Similarly, vertical gradients are only likely to change adjacent to an un-mitigated stone road, and 
such changes may be in the order of 10-25cm/m within 10-15m of the stone road. At distances 
greater than this there is unlikely to be any discernible or notable variation over and above 
expected natural seasonal and temporal fluctuations. 

4.2.3.6 Hydrochemistry 

A summary of field hydrochemistry data recorded at Transect 1 and Transect 2 are presented in 
Table 4.11 and Table 4.12 respectively. Peat hydrochemistry recorded at these locations is expected 
to be similar to areas adjacent to the pipeline route following construction. 

Peat water samples were taken from most monitoring locations at Bellanaboy Terminal site transects 
on 7th May 2009, and again for a smaller subset on 17th December 2009 (refer to Table 4.13 for 
sampling locations on each of the dates). The original laboratory analytical data has been 
extracted from QMEC (2010) and reproduced here as a summary table of total ionic content. Table 
4.13 below shows the major cations and major anions of each water sample in milli-equivalents 
(meq-1). A full suite of laboratory data for all hydrochemical sampling is attached in Appendix II. 
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Table 4.11. Summary of Bellanaboy Terminal Transect 1 field hydrochemistry. (Source: QMEC, 2010) 
Conductivity (μs/cm) Temperature ( C) pH (pH Units) Geology Piezo  

Type* Max Min Mean Max Min Mean Max Min Mean 
Shallow Peat PH1 251 109 160 21.7 6.30 12.1 6.46 4.39 5.29 

P3 396 102 190 19.1 6.10 11.6 5.88 4.55 5.38 

P2 317 131 181 20.2 6.50 11.9 6.13 4.55 5.69 Deep Peat 

P1 337 11.5 202 22.1 5.77 13.1 6.39 5.10 5.85 

Peat/Substrate P1++ 262 155 192 18.6 7.00 13.2 6.22 5.70 5.94 
* refer to Section 2.3 for description of piezometer numbering. 
++ Installed in mineral soil substrate. 

Table 4.12. Summary of Bellanaboy Terminal Transect 2 field hydrochemistry. (Source: QMEC, 2010) 
Conductivity (μs/cm) Temperature ( C) pH (pH Units) Geology Piezo 

Type* Max Min Mean Max Min Mean Max Min Mean 
Shallow Peat PH1 280 129 178 21.4 6.4 12.0 6.37 5.20 5.85 

P4 559 240 362 17.3 6.2 11.5 6.25 5.49 5.84 

P3 697 170 332 20.7 7.4 11.9 6.01 4.69 5.45 

P2 1023 146 435 20.1 7.4 12.2 8.85 5.5 5.96 
Deep Peat 

P1 720 166 328 21.1 7.0 12.8 6.52 5.44 5.85 

Peat/Substrate P1++ 338 243 291 20.3 9.1 13.5 6.07 5.95 6.01 
* refer to Section 2.3 for description of piezometer numbering. 
++ Installed in mineral soil substrate. 

Table 4.13. Summary of Bellanaboy Terminal major ion chemistry. (Source: QMEC, 2010) 

Bellanaboy 
Terminal Date pH Na+ K+ Mg2+ Ca2+ Cl¯ SO4 2¯ HCO3¯

Total Ionic 
content
(meq-1)

T1-C1-P1 07/05/2009 6.22 1.38 0.04 0.21 0.54 1.09 0.18 0.82 4.26 
T1-C1-P2 07/05/2009 5.59 1.11 0.02 0.17 0.32 0.88 0.06 0.66 3.22 
T1-C1-P3 07/05/2009 5.26 1.07 0.01 0.16 0.52 1.09 0.11 0.49 3.45 
T1-C3-P1 07/05/2009 6.01 0.90 0.03 0.22 0.98 1.00 0.04 0.66 3.83 
T1-C3-P2 07/05/2009 5.99 0.82 0.02 0.24 0.48 1.16 0.03 0.33 3.08 
T1-C3-P3 07/05/2009 5.73 1.41 0.02 0.25 0.62 1.43 0.06 0.82 4.61 
T1-C4-P1 07/05/2009 5.87 0.77 0.04 0.18 0.47 1.13 0.08 0.33 3.00 
T1-C4-P2 07/05/2009 5.22 1.5 0.02 0.23 0.57 1.28 0.09 0.98 4.67 
T1-C4-P3 07/05/2009 5.44 0.84 0.04 0.28 0.81 1.09 0.07 0.82 3.95 
T1-C6-P1 07/05/2009 6.23 0.83 0.04 0.22 0.71 0.91 0.13 0.49 3.33 
T1-C6-P2 07/05/2009 5.9 0.78 0.03 0.22 0.69 0.99 0.04 0.66 3.41 
T1-C6-P3 07/05/2009 5.51 1.35 0.02 0.21 0.51 1.18 0.05 0.82 4.14 

T1-C6-PH1 07/05/2009 n/av 1.02 0.15 0.39 1.06 1.82 0.04 0.33 4.81 
BH01 07/05/2009 n/av 1.97 0.03 0.18 0.62 1.20 0.41 1.15 5.56 

BH01a 07/05/2009 n/av 2.11 0.03 0.21 0.58 0.72 0.42 1.80 5.87 
T1-C1-P1 17/12/2009 6.05 2.71 0.03 0.10 0.26 2.65 0.02 0.33 6.10 
T1-C1-P3 17/12/2009 5.15 2.82 0.05 0.26 1.06 2.09 0.05 1.97 8.29 
T1-C3-P1 17/12/2009 5.92 1.87 0.05 0.13 0.76 1.36 0.09 1.15 5.41 
T1-C3-P3 17/12/2009 5.74 2.14 0.05 0.08 1.15 0.96 0.34 1.64 6.36 
T1-C6-P1 17/12/2009 5.91 2.07 0.03 0.13 0.51 1.31 0.31 0.79 5.14 
T1-C6-P3 17/12/2009 5.27 1.12 0.08 0.15 0.36 1.00 0.36 0.16 3.24 

BH01 17/12/2009 6.52 5.19 0.12 0.39 2.10 2.08 0.21 4.87 14.95 
Note: n/av – not available/not recorded. 
Note: Colours indicate different sampling dates 

In near surface water (‘PH1’ series samples) the dominant cations are Sodium (Na+) and Calcium 
(Ca2+) while the dominant anions are Chloride (Cl¯) and Bicarbonate (HCO3¯). There are varying 
levels of predominance of these ions relative to each other in the samples analysed as indicated in 
Table 4.13. Ammoniacal nitrogen was elevated in all the samples from the shallow peat (0.3m) (refer 
to Appendix II). Potassium is slightly elevated relative to the EPA guideline value at the Bellanaboy 
Terminal shallow peat sample (T1-C6-PH1) (refer to Appendix II). 
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The water type results for the mid and deep peat/substrate piezometers show less variability than 
the shallower phreatic tubes. The majority of samples indicate a Sodium Chloride (Na-Cl) water type 
with secondary Calcium and secondary Bicarbonate. Calcium is the predominant cation at 
Bellanaboy Terminal in T1-C4-P3, producing a Ca/Na-Cl water type. Orthophosphate was reported 
elevated in catotelm peat water at the Bellanaboy Terminal during the May sampling round. In 
December elevated concentrations (of Orthophosphate) were found in T1-C3-P3 and T1-C6-P3. 

Sampling results for samples taken from the constructed stone road (BH01 and BH01a) within 
Bellanaboy Terminal indicate a Sodium Bicarbonate (Na-HCO3) and a Sodium Chloride/Bicarbonate 
(Na-Cl/HCO3) water type. 

The May sampling results indicate that Orthophosphate and Manganese were elevated (compared 
to IGV values, (EPA, 2003)) in both water samples collected from boreholes within the stone road 
(refer to Appendix II). 

In general the total ionic content of the peat water (range ~3-6meq-1) is lower in comparison to 
local groundwater which has a total ionic content approaching 9meq-1 (BH-3 at Aghoos 
Compound, refer to Table 4.4). 

In December 2009 higher ionic contents were recorded in T1-C1-P3 (8.29 meq-1) and in BH01  
(14.95 meq-1). BH01 is installed in the stone road. 

A summary of the overall significance of peat water chemistry recorded during the baseline 
monitoring is provided in Section 4.4.1.2 and 4.4.1.3 below. 

4.2.3.7 Significance

The area of the pipeline route between Aghoos Bog (Ch.89.540) and the Terminal Site has a 
vegetation cover of conifer plantation (WD4) and recently felled conifer woodland (WS5) (refer to 
Chapter 12 of the EIS). Conifer plantations are transient, man-made habitats and are commonly 
occurring throughout the region and nationally. These are of low local ecological importance. 

From a hydrological perspective this area has limited significance. Although very localised alteration 
of the drainage patterns can be expected by development, this would not be out of character with 
the area as the local natural hydrology is heavily modified by ditches, and ground disturbance 
associated with forestry plantations.  

4.2.3.8 Sensitivities 

Along the pipeline route peat will be removed and replaced by stone fill using the stone road 
method of construction. A basal peat layer will remain in-situ to control vertical leakage. Once 
construction is complete this area will be reinstated with a 600mm thick cover of peat. 

There will be temporary disturbance of the local hydrology during the construction phase. 

The main sensitivity of this area is its proximity to Sruwaddacon Bay north of the L1202, and to the 
tributary to the Leenamore River south of the L1202, and the potential for impact on water quality 
during the construction phase. 
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4.2.4 HYDROLOGY AREA D – BELLAGELLY BOG 
Bellagelly is a small v-shaped wedge of blanket bog located to the west of the proposed pipeline 
route and south of the L1202. This area is shown on Figure 13. The original (2003) pipeline route 
passed through the eastern corner of this section of bog, but the current route skirts the edge to the 
east.  

This area was chosen as a hydrological ‘control’ monitoring site as it was one of the few areas of 
relatively intact bog in the area. However in more recent times (post January 2009) the bog has 
been cut by sausage machine.  

4.2.4.1 Topography

The bog forms a low dome with radial fall in elevation to the north towards the L1202, and to the 
west and southwest towards the Leenamore River. Elevations at Bellagelly range from 26mOD at the 
top and center of the dome to 22-23mOD along the L1202 road, and falling away to 16-17mOD in 
the southwest corner closer to the Leenamore River. The western edge of this area of bog is 
cutaway facebank.   

Refer to Section P2 on Figure 11 which outlines a cross-section of the peat and ground level profile 
along piezometer transect T1 (Bellagelly).  

4.2.4.2 Geology

Subsoil geology is recorded locally in a trial pit (TP06) just north of the L1202. Subsoil geology at TP06 
indicates grayish brown gravelly SAND below the peat deposits, and this in turn is underlain by bluish 
grey gravelly fine SAND. Gouge augering at Bellagelly T1-C1 indicates soft grey sandy SILT directly 
below the peat. 

Subsoil and bedrock geology was also recorded in BH009C-07 to the north of the L1202. Gravelly 
CLAY was recorded below the peat (peat depth of 2.6m) to a depth of 5.80mbgl, with a medium 
SAND interval between 4.35 and 4.90mbgl. Bedrock is recorded as very weak to moderately weak 
weathered grey banded PSAMMITE from 5.80 to 8.80mbgl.  

4.2.4.3 Peat Depths 

Peat depths in this area vary between 3.0 and 4.26m. Shallower peat is likely to occur to the west 
where peat cutting was completed along the facebank. A peat depth of 1.7m is recorded just 
north of the L1202 at TP08. 

4.2.4.4 Hydrology – Surface water runoff 

Variability in topography is shown by the runoff direction arrows included in Figure 5. This variability is 
associated with the peat dome that exists at the centre of the Bellagelly area. There are shallow 
peat ditches along the northern and eastern boundaries of this area and these drain surface water 
to the Leenamore River D23 and D24) and northeast (D25 and D26) to the forestry drain which is a 
local tributary to the Glenamoy River. Local drainage in this area is shown on Figure 5. 

4.2.4.5 Peat Hydrology 

Peat water levels in this area have been recorded at one transect (T1) at Bellagelly Bog. The 
location of this transect is shown on Figure 12.  Refer to Section 2.3 for details on piezometer 
installations and QMEC monitoring data (QMEC, 2010). 
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A summary of phreatic water level monitoring data is provided in Table 4.14. Data is presented in 
ordnance datum levels (to Malin Head) and in meters below ground level (mbgl). A maximum, 
minimum and fluctuation range is outlined in each case.  

Table 4.14. Summary of Phreatic water levels for 2009 at Bellagelly. (Source: QMEC, 2010) 
mOD mbgl 

Bellagelly Min. Max. Max.++ Min. Range (m) 
C1-PH1 24.63 24.96 0.03 0.36 0.33 
C2-PH1 26.1 26.23 -0.12 0.01 0.13 

++ Negative number indicates water level is above ground level.  

Shallow water flow within the upper vegetative layer is likely to follow the topographic contours and 
flows off the dome radially from the dome towards boundary drainage ditches.  Larger fluctuations 
in water levels occur at the lower end (topographically) of the transect at T1-C1 and this is 
attributed to the proximity to a local peat ditch and the adjacent conifer plantation. All phreatic 
water levels recorded at T1-C1 were below ground.  Above ground phreatic water levels were 
recorded at T1-C2 for most of the year indicating almost constant waterlogging with some slight 
seasonal fluctuation during drought (summer) periods. 

The remainder of the piezometers show a year round downward vertical gradient within the peat 
profile. The magnitude of the downward gradient varies between 1.7 and 10cm/m depth of peat 
(between the ‘PH1’ phreatic water level and the ‘P1’ piezometric level). A larger gradient of  
between 9 and 10cm/m were recorded (over the year) T1-C1 which is installed close to the eastern 
boundary drainage ditch. 

4.2.4.6 Hydrochemistry 

A summary of field hydrochemistry data recorded at Bellagelly is presented in Table 4.15. The peat 
hydrochemistry recorded at Bellagelly is similar to that recorded at Aghoos Bog and is typical for this 
coastal area with elevated electrical conductivities and slightly elevated pH levels compared to 
inland blanket bogs. 

Peat water samples were taken from all monitoring locations at Aghoos Bog on 6th/ 7th May 2009, 
and again on 15th December 2009. The original laboratory analytical data has been extracted from 
QMEC (2010) and reproduced here as a summary table of ionic content. Table 4.16 below presents 
the major cations and major anions of each water sample in milli-equivalents (meq-1). A full suite of 
laboratory data for all hydrochemical sampling is attached in Appendix II. 

Table 4.15. Summary of Bellagelly field hydrochemistry. (Source: QMEC, 2010) 
Conductivity (μs/cm) Temperature ( C) pH (pH Units) Geology Piezo 

Type* Max Min Mean Max Min Mean Max Min Mean 
Shallow Peat PH1 314 79 165 20.3 8.00 12.5 6.91 4.82 5.79 

P2 397 122 251 19.0 9.10 12.7 6.84 5.40 5.81 

P3 370 163 247 18.4 8.90 12.5 6.84 5.48 5.90 Deep Peat 

P1 473 228 299 20.7 9.49 13.3 6.74 5.53 5.86 

Peat/Substrate P1++ 390 218 311 21.1 9.90 13.7 7.00 5.96 6.21 
* refer to Section 2.3 for description of piezometer numbering. 
++ Installed in mineral soil substrate. 
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Table 4.16. Summary of Bellagelly major ion chemistry. (Source: QMEC, 2010) 

Bellagelly Date pH Na+ K+ Mg2+ Ca2+ Cl¯ SO4 2¯ HCO3¯

Total Ionic 
content
(meq-1)

T1-C1-P1 06/05/2009 6.12 1.85 0.10 0.27 1.16 0.46 0.05 2.95 6.83 
T1-C1-P2 06/05/2009 5.91 1.60 0.06 0.17 0.77 0.60 0.07 1.80 5.07 
T1-C1-P3 06/05/2009 5.95 1.68 0.03 0.16 0.93 1.04 0.25 1.64 5.75 

T1-C1-PH1 06/05/2009 4.82 1.20 0.01 0.07 0.29 0.69 0.64 0.33 3.24 
T1-C2-P1 06/05/2009 5.53 1.83 0.08 0.22 0.71 1.61 0.12 1.15 5.71 
T1-C2-P2 06/05/2009 5.43 1.97 0.07 0.24 0.71 2.05 0.11 0.98 6.14 
T1-C2-P3 06/05/2009 5.62 1.76 0.04 0.23 0.51 1.69 0.11 0.82 5.17 

T1-C2-PH1 06/05/2009 n/av 0.81 0.03 0.28 0.50 1.27 0.05 0.33 3.28 
T1-C1-P1 16/12/2009 6.06 1.26 0.09 0.26 1.01 1.09 0.09 1.15 4.94 
T1-C1-P2 16/12/2009 5.59 1.04 0.04 0.15 0.23 1.18 0.02 0.18 2.84 
T1-C1-P3 16/12/2009 5.95 0.87 0.08 0.13 0.55 1.07 0.02 0.49 3.21 

T1-C1-PH1 16/12/2009 5.02 1.56 0.05 0.08 0.61 1.31 0.11 0.82 4.54 
T1-C2-P1 16/12/2009 5.64 1.79 0.02 0.10 0.68 1.31 0.27 0.82 4.99 
T1-C2-P2 16/12/2009 5.48 1.73 0.03 0.15 0.59 1.76 0.09 0.57 4.92 
T1-C2-P3 16/12/2009 5.92 1.54 0.04 0.18 0.45 1.41 0.12 0.57 4.31 

T1-C2-PH1 16/12/2009 5.76 2.55 0.03 0.15 0.92 1.9 0.31 1.31 7.17 
Note: n/av – not available/not recorded. 
Note: Colours indicate different sampling dates 

In near surface water (‘PH1’ series samples) the dominant cations are Sodium (Na+) and Calcium 
(Ca2+) while the dominant anions are Chloride (Cl¯) and Bicarbonate (HCO3¯). There are varying 
levels of predominance of these ions relative to each other in the samples analysed as indicated in 
Table 4.16. 

The water type results for the mid and deep peat/substrate piezometers show less variability than 
the shallower phreatic tubes. The majority of samples indicate a Sodium Chloride (Na-Cl) water type 
with secondary Calcium. 

Variable concentrations of nutrients were also recorded in peat water at Bellagelly (refer to 
Appendix II).  

In general the total ionic content of the peat water (range ~3-7meq-1) is lower in comparison to 
local groundwater which has a total ionic content approaching 9meq-1 (BH-3 at Aghoos 
Compound, refer to Table 4.4). 

A summary of the overall significance of peat water chemistry recorded during the baseline 
monitoring is provided in Section 4.4.1.2 and 4.4.1.3 below. 

4.2.4.7 Significance of this area 

This area does not form part of the proposed site, but does lie adjacent to the proposed pipeline 
route. The reason this area was chosen for ‘control’ hydrological monitoring was its previous status as 
a locally undisturbed area of blanket peat. Parts of Bellagelly Bog were mapped as PB3 – Lowland 
Blanket Bog during ecological mapping for the 2009 EIS - formerly a high quality intact lowland 
blanket bog habitat, this has been subject to recent mechanical peat cutting. 

However, over the last year or so the blanket bog at Bellagelly has been used for peat extraction by 
sausage cutting. This has altered the shallow and mid peat hydrology and will likely result in a 
response by surface vegetation as the peat dries out from the imposed drainage. 

In April 2010, the piezometers and phreatic tubes at Bellagelly were removed, and no further 
monitoring will be completed at this site. 

From a hydrological perspective this area now has limited significance. Although alteration of the 
drainage patterns in the adjacent development site can be expected, this will have no discernable 
hydrological impact on the modified peatland at Bellagelly. Such localised and transient drainage 
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(as a result of the pipeline installation) would not be out of character with the area as the local 
natural hydrology is already modified along its boundaries by land drains, ditches, peat cutting, and 
the drainage associated with the L1202 road.  

4.2.4.8 Sensitivity of this area 

Along the pipeline route, peat will be removed and replaced by stone fill using the stone road 
method of construction. A basal peat layer will remain in-situ to control vertical leakage. Once 
construction is complete, this area will be reinstated with a 600mm cover of peat. 

There will be temporary disturbance of the local hydrology of this area during the construction 
phase, but this is unlikely to be discernable above hydrological pressures from existing imposed 
drainage. 

4.3 PEAT PERMEABILITY TESTING 

Permeability tests in peat have been completed at the ‘control’ hydrological monitoring sites by 
QMEC. K-tests were completed at all the piezometers listed in Table 2.1. A summary of the results 
obtained are presented in Table 4.17. 

Table 4.17. Summary of QMEC k-test results. (Source: QMEC, 2009) 
Shallow Peat/Phreatic Mid/Deep Peat Deep Peat/Subsoils 

Location
Permeability range (m/s) Permeability range (m/s) Permeability range (m/s) 

Aghoos 2.1  10-8 – 1.7  10-11 1.7  10-8 – 4.3  10-10 1.2  10-7 – 8.0  10-11

Bellanaboy 
Terminal 7.8  10-5 – 4.4  10-10 1.3  10-7 – 9.5  10-10 2.7  10-10 – 1.6  10-11

Bellagelly 3.6 10-6 2.7  10-8 – 7.6  10-10 2.2  10-10 – 9.4  10-11

A summary of the overall significance of peat k-test results is provided in Section 4.4.1.1. 

4.4 SUMMARY OF BASELINE PEATLAND HYDROLOGY 

4.4.1 Water Level
The peat at the site is generally saturated, with phreatic water levels at or close to ground level for 
much of the year.  

Temporal trends in peat water levels throughout the 2009 monitoring period indicate that water 
levels were highest during January to February and October to December. Notable increases in 
water levels occurred in August and in May 2009 in response to high monthly total rainfall values. The 
lowest levels for the period were recorded in July 2009, which was preceded by a dry month of 
June. 

The annual groundwater levels indicate that the phreatic tube water levels are sensitive to seasonal 
fluctuations, with below average rainfall in June resulting in dry phreatic tubes.  

Phreatic water levels at Aghoos Bog and Bellagelly show less seasonal fluctuations than those at 
Bellanaboy Terminal, and also indicate slightly higher water levels (closer to ground level) with more 
frequent waterlogging above ground level. Larger seasonal ranges are recorded at the Bellanaboy 
Terminal transects. The maximum range at the Bellanaboy Terminal transects could not be recorded 
in all of the phreatic tubes as the screens were too short. The screened depths of the phreatic tubes 
will be increased to 1mbgl to ensure future monitoring is completed across the full seasonal range. 
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There is a predominant pattern of downward vertical gradients within the peat profile across the 
three hydrological ‘control’ monitoring sites throughout the 2009 monitoring period. Some local 
variations occur in the shallower peat profile following rainfall and these are related to recharge 
and possible peat water flow within localised higher permeability zones (due to changes in peat 
stratigraphy or structure).  

The seasonal range of phreatic and piezometric water levels is small (<0.5m), and this is indicative of 
a relatively static low permeability wetland environment. The dominant process is surface water 
runoff, with limited water flow or recharge occurring within the peat profile. Deeper levels of peat 
show slower response to rainfall events and indicate minimal water movement below 0.5m.  

By way of comparison, seasonal water level monitoring in local bedrock indicates a range of  
1.0 to 1.5m (poor aquifer), while a limestone (regionally important) aquifer may have seasonal 
fluctuation in water levels of up to 10m. 

The main peat mass (the catotelm) and immediately underlying subsoils are of relatively low 
permeability and this impedes water movement. Vertical leakage from the base of the stone road 
will be minimal if a layer of basal peat is left in-situ and the underlying mineral soil remains 
undisturbed. Excavations into mineral soils will only occur at river crossings or in areas where peat 
depths are shallow (i.e. areas of cutaway/disturbed peat which has limited hydrological and 
ecological value).  

4.4.2 Field Hydrochemistry 
The average EC (electrical conductivity) and pH values at the Bellanaboy Terminal, Bellagelly and 
Aghoos monitoring locations remained relatively stable throughout the 2009 monitoring period. In 
general, average EC values in the peat water at the 3 no. ‘control’ monitoring sites increase with 
depth and demonstrate a slow downward seepage of rainwater. 

The average pH recorded during the 2009 is slightly acidic (5.47 pH units), comprising an average of 
5.74 in the peat/subsoil interface groundwater; and an average of 5.58 in the deep peat 
installations (P2-P4), and an average of 5.35 in the phreatic tubes. 

The peat has higher EC and pH values than would be expected for inland blanket peat. This is a 
consequence of mineral enrichment from sea spray and wind blown sediments during and post 
peat formation. This gives a characteristic hydrochemical profile to blanket peat in coastal areas. 

The average pH of the bedrock groundwater during the 2009 monitoring period was pH 6.44 and 
the EC was 618μ/cm. The average bedrock groundwater EC is within range expected for 
groundwater from non-calcareous, Cambrian – Precambrian aquifers in Ireland (Working Group on 
Groundwater, 2004). 

The up-gradient and down-gradient hydrochemistry of the stone road indicates that the stone road 
does not have any discernable impact on the hydrochemistry of the surrounding peat. 

4.4.3 Analytical Hydrochemistry 
The analytical data for peat water samples indicates a predominant sodium-chloride (Na-CL) 
signature with varying proportions of calcium and bicarbonate ions. The variation in water types 
reflects the combination of the acidic peat environment and the proximity of the coastline, which 
can alter the chemical signature through the contribution of sea spray and wind blown sediments. 

The majority of peatland water samples have elevated concentrations of ammoniacal nitrogen, 
which is typical for peat groundwater, due to the decomposition of organic material. 
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Elevated concentrations of orthophosphate in the peat water were recorded at piezometers at 
Aghoos, Bellagelly and the Bellanaboy Terminal (T1 and T2) and this is most likely due to the use of 
rock phosphate fertilizer in the adjacent forestry plantations.  

A comparison of the hydrochemical data up-gradient and down-gradient of the stone road 
indicates that the stone road does not have any discernable impact on the hydrochemistry of the 
surrounding peat.  
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5. INITIAL CONSTRUCTION STAGE DRAINAGE AT AGHOOS COMPOUND 

This section describes the design principles of the surface water drainage and management system 
for the initial stages of the site compound at Aghoos (i.e. up to the point where the compound 
surface water drainage system is operational). This initial stage of development is a key period 
during which surface water discharges to Sruwaddacon Bay will require management to prevent 
sediment laden discharges, or any other associated significant impact on water quality. 

It is expected that the initial stage of installation of the Aghoos Site Compound (SC3) will take  
approximately 3 months to complete. Once the compound is in place it is proposed to collect and 
store all surface water falling on the compound for use in the tunnelling processes for lubrication and 
cooling. 

Once tunnelling is complete, the compound will be decommissioned and a peat layer will be 
reinstated to promote re-vegetation. 

5.1 EXISTING SITE DRAINAGE 

The existing surface water drainage regime at the proposed compound area is described in  
Section 4.2.1.4.  

5.2 DESIGN PRINCIPLES 

Drainage management for the initial stages of the construction phase at Aghoos compound will 
employ two distinct methods. The first method involves keeping clean water clean by avoiding 
disturbance to natural drainage features, minimising the catchment area, minimising any works in or 
around artificial drainage features, and diverting clean surface water flow around excavations and 
construction active areas. The second method involves collecting any drainage waters from works 
areas within the site that might carry sediment or hydrocarbons, to facilitate attenuation, settlement 
and treatment prior to controlled release.  

The drainage design is intended to maximise erosion control, which is more effective than sediment 
control during high rainfall. This system of management will also require less maintenance. The area 
of exposed ground will be minimised. The drainage measures will prevent runoff from entering the 
works areas of the site from adjacent ground, and will minimise the volume of sediment-laden water 
that has to be managed. Discoloured run-off from the construction area will be isolated from natural 
clean run-off, and will be treated by use of several water treatment control measures prior to 
discharge. A process diagram of the proposed drainage system is presented as Figure A. 

The drainage management proposals presented below are intended to be flexible as an active 
management approach and will be taken during this phase of the works at Aghoos to ensure 
discharges are clean at all times. The works will be inspected on a daily basis by an environmental 
engineer or supervising hydrologist. 

5.2.1 Design Guidance 
The drainage design has been prepared based on experience of the project team on peatland 
sites, and in accordance with national and international best practice and guidance documents, 
including: 

Requirements for the Protection of Fisheries Habitat during Construction and Development 
Works at River Sites. Eastern Regional Fisheries Board; 
CIRIA (Construction Industry Research and Information Association) guidance on ‘Control of 
Water Pollution from Linear Construction Projects’ (CIRIA Report No. C648, 2006); 
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Control of water pollution from construction sites - Guidance for consultants and contractors. 
CIRIA C532. London, 2001; 
Control of water pollution from linear construction projects -Technical guidance. CIRIA C648 
London, 2006; 
Developing Your Stormwater Pollution Prevention Plan: A Guide for Construction Sites. EPA 
833-R-060-04 May 2007; 
Design Manual for Roads and Bridges: Volume 4 HA 103/06 Vegetative Treatment Systems for 
Highway Runoff; 
Best Management Practices for Storm Water Discharges Associated with Construction 
Activities – State of Oregon Department of Environmental Quality. 2006; 
Stormwater Management Handbook for Construction Activities. City of Houston; Harris 
County; Harris County Flood Control District. 2006; 
California Stormwater BMP Handbook. EC-9 Earth Dikes and Drainage Swales. January 2003; 
and, 
Environmental Protection Guidelines for Construction and Land Development in the ACT. 
Environmental Protection Authority, ACT. 2007. 

Figure A. Schematic diagram of proposed temporary compound drainage system.
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5.2.2 Compound Installation Phasing  
The following phases are anticipated during the installation of the compound at Aghoos: 

1. Creation of a set down compound and access area at road entrance. Temporary 
drainage proposed to outfall to cutaway area to northeast; 

2. Lay down of bog mat road to lower end of site. Install temporary drainage culverts for 
existing field ditches as required and install temporary diversion ditches; 

3. Installation of outfall drain or connection to existing drainage ditch; 
4. Installation of petrol interceptor and excavation of Overflow/Pumping pond. Temporary 

sheet piling is likely to be required to ensure ground stability; 
5. Installation of interceptor drain to the west of the Overflow/Pumping pond. Remove bog 

mat road and progressively install oversized swale along the northwestern boundary of 
the compound area. The interceptor ditch (from the western side of the 
Overflow/Pumping pond) would also (beside the swale) be installed as the bog mat road 
is removed; 

6. The oversized swale will include a number of plastic sheet pile dams including straw bale 
filtration. An Overflow/Pumping pond for storage and pumping of stormwater is also 
proposed at the lower corner of the compound. Discharges from the Overflow/Pumping 
pond will be monitored continuously. Where these do not meet specified criteria water 
will be pumped from the Overflow/Pumping pond and treated within additional water 
treatment systems; 

7. Peat will be removed in strips working from the southeast to northwest. This method will 
facilitate the drainage of excavation areas towards the drainage swale which forms the 
northeastern boundary of the compound area and the management of runoff at all 
times through the dirty water drainage system. Each strip will be filled with stone as 
excavation advances using the stone road construction method; and, 

8. Once the compound base is in place this area will be tarmaced and a surface water 
collection system will be installed. Surface water collected from this point onwards 
(during the main tunnelling works) may be used for tunnelling. Drainage proposals for the 
construction compound at Aghoos, for the main construction phase, are outlined in 
Appendix M7. 

5.2.3 Temporary Drainage Proposals 
The proposed preliminary compound drainage employs the various measures further described 
below.  

5.2.3.1 Interceptor Ditches 
Interceptor ditches will be installed up-gradient of any works areas to collect clean surface water 
runoff and prevent it reaching excavations and construction areas in the site where it might 
otherwise have come into contact with exposed surfaces and collect silt and sediment. The 
interceptor ditches will be used to divert upslope clean runoff around the works area to a location 
where it can be either redistributed over the ground surface as sheet flow, discharged directly to the 
estuary, or discharged to an existing surface water drainage ditch that is not intersect with any 
works area. Alternatively indirect discharge via a vegetation buffer may be used.  This will minimise 
the volume of potentially peaty/silty runoff that has to be managed within the construction area. 

The interceptor ditches will be installed in advance of the commencement of any main construction 
works. The material excavated to construct the ditch will be compacted on the down slope edge of 
the ditch in a small temporary berm. Interceptor ditches will only remain in place for the duration of 
the construction phase of the project. On completion of the works, the ditches will be backfilled with 
the peat material from the temporary berm. Figure 14 shows a typical detail of an interceptor ditch. 

Where required the velocity of flow in the interceptor ditches will be controlled by small check dams 
(see Section 5.2.3.2 below), which will be installed at regular intervals along the drains to ensure flow 
in the channel is non-erosive. 
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5.2.3.2 Check dams 
Check dams will be installed at regular intervals along interceptor drains to restrict flow velocity and 
minimise channel erosion. The check dams will be installed as the interceptor drains are being 
excavated. The spacing and frequency of the check dams will be dependant on the gradient of 
the interceptor drain in which they are being installed. 

A number of check dam designs will be employed to suit particular situations. The check dam 
designs will range from: 

simple stone dams;  
Stone dams filled with straw bales; 
Stone dams with a terram-wrapped core, and/or baffles.  

Figure 14 shows a number of check dam details that may be deployed. 

Check dams will not be used in any natural watercourses, only artificial drainage channels and 
interceptor drains. The check dams will be left in place when the interceptor drains are backfilled 
(during reinstatement) at the end of the construction phase to limit linear flow in the backfilled 
ditches. 

Check dams are designed to reduce velocity and control erosion and are not specifically designed 
or intended to trap sediment, although sediment is likely to build up. If necessary, any excess 
sediment build up behind the dams will be removed by hand (shovel and wheel barrow). For this 
reason, check dams will be inspected and maintained regularly to insure adequate performance. 

5.2.3.3 Oversized Swale 
An oversized swale will be installed along the northeastern boundary of the Aghoos compound. This 
swale will receive all dirty runoff from the active parts of the compound during installation (i.e. during 
the period where there will be open peat excavations). The swale will remain in place during the 
construction phase, and will be removed/ infilled as part of the reinstatement of the compound site. 

The potential for peat silt entrainment in runoff from construction areas is high during placement of 
the compound. For this reason the oversized swale will have two functions:  

1) During high intensity rainfall events it will attenuate flows from the active areas of the site; 
and, 

2) As the swale is oversized it will store water and regulate runoff in order that settlement of 
suspended solids occurs.  

Along the length of the swale a number of plastic barrier dams will be installed. These will have a 
‘straw bale core’. The dams will be installed to a create cascade overflow and storage system. This 
system is designed to have a standard operating capacity to store the residual volume (treatment 
and discharge will be ongoing through any rainfall event, therefore the residual volume is that which 
is required to balance the system volume following a rainfall event) of the M20-60 (20 year return  
60 minute) event over the compound area. This equates to a volume of 443.2m3, with a standard 
treatment capacity and constant discharge of 10 L/s (18m3/hr). A higher treatment capacity of up 
to 28 l/S (200m3/hr) can be achieved if required for larger rainfall events. Design calculations are 
attached in Appendix III. In addition the storage volume can be adjusted upwards by placement of 
timber baffles across each of the sheet pile dams (refer to Figure 14). This means that if a higher 
return rainfall event occurs during the initial construction period then the storage within the cascade 
system can be adjusted to cater for larger volumes. The maximum storage volume available, 
leaving a freeboard of 300mm at each dam and swale section is 663m3. This is slightly less than the 
residual storage volume required (671.4m3) during a 1 in 100 year event 1 hour rainfall event  
(M100-60). If the max pumping and treatment rate of 28 L/s is used then the residual storage volume 
required in a 1 in 100 year rainfall event is 606m3.
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The swale will be installed at a grade of at least one percent, but not more than 15 percent to 
ensure channel flow velocity will be non-erosive. The discharge from each of the swale cells 
(between the plastic sheet pile dams) will be controlled by the level of the overflow. As indicated 
the standard overflow level can be manually adjusted upwards to provide additional storage 
volume. These details are illustrated on Figure 14. This type of overflow arrangement has been 
implemented successfully in peatland management drainage controls (Armstrong et al, 2009).  

The swale shall be inspected on a weekly basis or within 24 hours after each rainfall event exceeding 
10mm in 1 hour or 25mm in 24 hours. Any repairs identified as being necessary will be made 
immediately.  

5.2.3.4 Overflow/Pumping Pond 
At the lower end of the oversized swale a final overflow/pumping pond will also be installed. The 
pond will be nominal 10m long and 5m wide. The pond will be surrounded by a barrier of plastic 
sheet piles (or equivalent) and will be excavated to a depth of 1.5m. The pond will have an inlet 
baffle wall and an outlet overflow weir and collector channel. These will reduce velocities at the 
entry and exit point of the pond and promote settlement of residual solids within the pond. The 
primary purpose of this pond is to monitor and control the outflow, but it will also act as a settlement 
lagoon, although it should be noted it is not sized as a settlement lagoon. This pond will be replaced 
by the main settlement lagoon for the construction compound once it is constructed. 

The final discharge from the overflow/pumping pond will be monitored using a turbidity and 
suspended solids sonde. Discharge will be regulated based on water quality requirements. In the 
event that the discharge water quality exceeds the discharge criteria then the pumps for a filtration 
water treatment system will begin to operate and all water will be treated within this unit prior to 
discharge.  

A water level indicator such as a staff gauge will be installed in the overflow/pumping pond with 
marks to identify when sediment is at 10% of the pond capacity. Sediment will be cleaned out of the 
pond when it exceeds 10% of pond capacity. The overflow/pumping pond will be inspected weekly 
and following heavy rainfall events. Inlet and outlets will be checked for sediment accumulation 
and anything else that might interfere with flows. 

5.2.3.5 Pumped Water 
Any water pumped from an excavation will be treated within a filtration unit or a settlement tank (or 
equivalent) prior to discharge to the oversized swale. This will provide a primary control on dirty 
water prior to discharge to the internal drainage system. Experience from similar peatland 
construction sites shows that pumped water from excavations is highly likely to contain elevated 
sediment content. Therefore deployment of this primary control will reduce the sediment load on 
the main treatment processes.    

5.2.3.6 Water Treatment Train 
If the discharge water fails to meet the discharge criteria then a filtration treatment system such as a 
‘siltbuster’ or similar equivalent treatment train (sequence of water treatment processes) will be used 
to filter and treat all surface discharge water collected in the dirty water drainage system. This will 
apply for the initial construction stage of the Aghoos compound.   

An example of such a system is a ‘Siltbusters’ (refer to Figure B) which are mobile silt traps that can 
remove fine particles from water using a proven technology and hydraulic design in a rugged unit. 
These mobile units are specifically designed for use on construction sites. The unit stills the incoming 
water/solids mix and routes it upwards between a set of inclined plates for separation. Fine particles 
settle onto the plates and slide down to the base for collection, whilst treated water flows to an 
outlet weir after passing below a scum board to retain any floating material. The inclined plates 
dramatically increase the effective settling area of the unit giving it a very small footprint on site and 
making it highly mobile. 
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As the system will be primarily treating peat silt a primary phase of chemical treatment may be 
required followed by solid/liquid separation in a filtration unit. A tertiary stage petrol interceptor and 
carbon filter will also be part of the temporary treatment system.    

Such solid/liquid separation units are now considered best practice for the management of dirty 
water discharges from construction sites. The UK Environment Agency and the Scottish 
Environmental Protection Agency have all recommended/specified the use of similar units on 
construction projects (CIRIA 648, 2006). . 

Deployment of this system will ensure that during the initial stage of installation of the Aghoos 
compound there will be no impact on water quality within Sruwaddacon Bay SPA and SAC. 

Figure B. Standard ‘siltbuster‘ settlement tank.
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5.2.4 Operational Drainage Management 

5.2.4.1 Preparative Site Drainage Management 
All materials and equipment necessary to implement the drainage measures outlined previously, will 
be brought on-site in advance of the commencement of any works. 

An adequate amount of straw bales, clean stone, terram, stakes, and other materials will be kept on 
site at all times to implement additional pro-active drainage design measures as necessary. 

5.2.4.2 Pre-emptive Site Drainage Management 
The works programme for the initial development stage of the Aghoos compound will also take 
account of weather forecasts, and predicted rainfall in particular. Large excavations and 
movements of peat or vegetation stripping will be suspended or scaled back if heavy rain is 
forecast. The extent to which works will be scaled back or suspended will relate directly to the 
amount of rainfall forecast.  

The following forecasting systems are available and will be used on a daily basis at the Aghoos 
compound to direct proposed construction activities: 

General Forecasts:  Available on a national, regional and county level from the Met Eireann 
website (www.met.ie/forecasts). These provide general information on weather patterns 
including rainfall, wind speed and direction but do not provide any quantitative rainfall 
estimates. 

MeteoAlarm: Alerts to the possible occurrence of severe weather for the next 2 days. Less 
useful than general forecasts as only available on a provincial scale. 

3 hour Rainfall Maps: Forecast quantitative rainfall amounts for the next 3 hours but does not 
account for possible heavy localised events. 

Rainfall Radar Images: Images covering the entire country are freely available from the Met 
Eireann website (www.met.ie/latest/rainfall_radar.asp). The images are a composite of radar 
data from Shannon and Dublin airports and give a picture of current rainfall extent and 
intensity. Images show a quantitative measure of recent rainfall. A 3 hour record is given and 
is updated every 15 minutes. Radar images are not predictive. 

Consultancy Service: Met Eireann provide a 24 hour telephone consultancy service. The 
forecaster will provide interpretation of weather data and give the best available forecast 
for the area of interest. 

Using the safe threshold rainfall values will allow work to be safely controlled (from a water quality 
perspective) in the event of forecasting of an impending high rainfall intensity event. 

Works should be suspended if forecasting suggests either of the following is likely to occur: 
o >10 mm/hr (i.e. high intensity local rainfall events); or, 
o >25 mm in a 24 hour period (heavy frontal rainfall lasting most of the day). 

Prior to works being suspended the following control measures should be completed: 
Secure all peat excavations and open excavations; 
Provide temporary or emergency drainage to prevent back-up of surface runoff; and, 
Avoid working during heavy rainfall and for up to 24 hours after heavy events to ensure 
drainage systems are not overloaded. 
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Full scale works should only recommence following an inspection of the site and certification that 
the drainage system is fully operational, and after any required repairs to the drainage system are 
complete. 

5.2.4.3 Reactive Site Drainage Management 
The effectiveness of drainage measures designed to minimise runoff entering works areas and 
capture and treat silt-laden water from the works areas will be monitored continuously by the 
environmental engineer or supervising hydrologist on-site. The environmental engineer or supervising 
hydrologist will respond to changing weather and drainage conditions on the ground as the project 
proceeds, to ensure the effectiveness of the drainage design is maintained. Part of this response will 
involve changing the overflow levels in the proposed plastic sheet pile dams to increase or 
decrease the available storage volumes. Ongoing management may also require the installation of 
additional control measures, including interceptor drains or swales as deemed necessary on-site. 

In the event that construction works are giving rise to siltation of watercourses, the environmental 
engineer or supervising hydrologist will stop all works in the immediate area where siltation is evident. 
The source of the siltation will be identified and additional drainage measures such as those outlined 
above will be installed in advance of works recommencing.  

5.2.5 Drainage Maintenance 
An inspection and maintenance plan for the on-site drainage system will be prepared in advance 
of commencement of any works. Regular inspections of all installed drainage systems will be 
necessary, especially after heavy rainfall, to check for blockages, and ensure there is no build-up of 
standing water at parts of the systems where it is not intended. 

Any excess build up of silt levels at dams, the settlement lagoon, or any other drainage features that 
may decrease the effectiveness of the drainage feature, will be removed. The inspection of the 
drainage system will be the responsibility of the environmental engineer or the supervising 
hydrologist. 



Peatland Hydrology Impact Assessment  Corrib Onshore Pipeline 

_________________________________________________________________________________________________
HES Report Ref: P1066-4 Report Date: 20th May 2010
   

49

6. PEATLAND HYDROLOGY IMPACT ASSESSMENT 

6.1 ‘DO NOTHING’ SCENARIO IMPACT 

The proposed pipeline development is situated in a relatively remote area of north-west Co. Mayo 
where landuse is mainly forestry and agricultural. If the development were not to proceed, the 
peatland habitats crossed by the proposed route would remain as they exist in their current state, 
i.e. the areas of undesignated blanket bog would continue to be subject to damage from localised 
peat extraction (manual and mechanised), sheep and cattle grazing and afforestation, and 
drainage associated with these landuses. 

There is little pressure on land for development in the area apart from some pressure for one off 
housing in the countryside which may have a minor impact on groundwater quality from effluent 
discharges, or local hydrology from alteration of drainage or cut and fill for landscaping. There are 
no expected large-scale changes in the area. Thus, it would be expected that the area would 
undergo only minor changes in a ‘do-nothing’ scenario. 

In a ‘do nothing’ scenario, the local peatland hydrology will continue to be subject to alteration 
through land use activities including: agriculture, commercial forestry, turf cutting; and natural 
sediment movements from ongoing peatland erosion and deforestation. 

6.2 POTENTIAL IMPACTS, MITIGATION MEASURES & PREDICTED IMPACTS 

Potential impacts from all proposed aspects of the development (e.g. stone road, pipeline trenches, 
site compounds, movement of plant, drainage and dewatering, and excavation and transportation 
of peat materials) have been examined in the context of the existing hydrology of the peatland 
habitats. This has been completed in tabular format in Table 6.1, and the approach described in 
Section 1.5 is followed. For ease of reference each impact has been assigned an impact number 
(PH1, PH2 etc, with PH identifying Peatland Hydrology impacts). 

The main potential impacts for the pipeline development on peatland hydrology are associated 
with construction and commissioning stages of the development. 

Potential impacts associated with the operational and decommissioning stages of the proposed 
pipeline development are discussed in Section 6.2.2 and Section 6.2.3. 
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Table 6.1: Predicted Impacts and Risk Mitigation Measures 

6.2.1 Construction Phase 

Hazard / Source and character of potential impact Pathway Receptor Potential Impact on peat hydrology 
and geochemistry (refer to Table 1.1, 
1.2 and 1.3 for definition of impact 
descriptors and classification).

Proposed Mitigation Measures Residual Impact 

PH1 Dewatering of the stone road excavations and Aghoos compound 
excavation during the construction phase.   
Dewatering is required in the situation where an excavation 
intercepts flow, predominantly on the up-gradient side of an 
excavation, from peat, subsoils and bedrock. 

Stone road excavation in peat will proceed to a depth that results 
in a minimum depth of 0.5m of peat being retained below the 
excavation invert, therefore no subsoil will be exposed in these 
excavations and no groundwater flow from the subsoil or bedrock 
will be intercepted.  Low permeability characteristics of the peat, 
particularly in the catotelm layer, will result in very low seepage 
rates, resulting in very low flows over the short time that the 
excavation will be open. It is anticipated that a very limited / if any 
volume of water will require pumping from the excavations, and 
therefore drawdown in the surrounding peat mass will therefore be 
minimal. 

Excavations into mineral soils will only occur at river crossings or in 
areas where peat depths are shallow (i.e. areas of 
cutaway/disturbed peat which has limited hydrological or 
ecological value). 

Aghoos compound excavation will include removal of the peat 
and excavation of a ramp and access shaft.  No flow from peat 
will therefore occur except at the margin of the peat on the up-
gradient side of the site.  Low permeability characteristics of the 
peat, particularly in the catotelm layer, will result in very low 
seepage rates, resulting in very low flows over the short time that 
the excavation will be open prior to infilling of the main site area 
via the stone road methodology.   Any flow from sub-soils and 
bedrock intercepted in the shaft will be contained by appropriate 
pumping and treatment of pumped groundwater.  

Peat water flow Peat water 
levels  

Stone road:  
Direct negative, significant, short-term 
impact, with moderate probability in 
the area of eroding blanket bog (PB5) 
east of the Leenamore River (i.e.
Aghoos Bog).   

Direct negative, slight, short-term 
impact, with moderate probability at 
other locations on the stone road 
(PB5/PB4 and forestry plantation).  

Aghoos compound:  
Direct negative, imperceptible short-
term, moderate probability impact on 
the eroding/recovering 
eroded/cutover blanket bog 
(PB5/PB4). 

Stone road construction and retention of a minimum of 0.5m of peat below 
the excavation invert. Leaving 0.5m of peat in-situ above the mineral subsoil 
will avoid exposure or disturbance of the sub-peat mineral soils. 

Any required dewatering of excavations will be temporary. 

Reinstatement of excavations and reinstatement of vegetation turves and/ or 
peat cover will minimise long term hydrological impacts. 

As outlined in Section 4.4.1.1 drawdown impacts associated with an 
unmitigated stone road construction were local and only discernable within 
10-15m of the road.  

The proposed stone road construction includes lateral peat plugs, and a 
basal peat layer, which will control vertical and longitudinal drainage.  With 
such controls the hydrological impact of the stone road in disturbed blanket 
peat will not be perceptible.   

Stone road:  
Direct, neutral, slight, 
permanent, high probability 
impact on eroding blanket 
bog (PB5) at Aghoos Bog. 

Direct neutral, 
imperceptible, short-term 
impact, with moderate 
probability at other 
locations on the stone road 
(PB5/PB4 and forestry 
plantation). 

Aghoos compound:  
Direct, negative, 
imperceptible, short-term 
impact on the 
eroding/recovering 
eroded/cutover blanket 
bog (PB5/PB4). 

PH2 Discharge of dewatering of the stone road excavation and Aghoos 
compound excavation during the construction phase. 
The small expected seepage volumes from the excavations in 
peat in the stone road and at the Aghoos compound are likely to 
be laden with suspended sediment.  Discharge of these waters 
directly to watercourses could result in increased sediment loading 
in the watercourses or receiving waters. 

Protection of all water courses and the downstream estuary will be 
required to ensure no undesirable discharge occur during the 
construction phase of the development. 

The pipeline route passes close to Sruwaddacon bay SAC and SPA 
at Aghoos Compound and at Aghoos Bog. Drainage controls in 
these areas are required to ensure there is no impact on water 
quality with the Estuary or at the mouth of the Leenamore River.  

Discharge to surface 
water  

Surface water  Negative, moderate, short term, low 
probability impact. 

Discharge from dewatering will not be discharged directly to any 
watercourse. 

Discharge will be routed into the ‘dirty’ water collection system and treated 
in a system which will include in–line settlement and storage elements 
including check dams, straw bale filters, settlement lagoons and storage 
ponds.  At high risk areas such as Aghoos Compound appropriate storage 
and settlement will be designed for a 1 in 20 year return period rainfall event 
before being discharged to existing ditches or drains. 

Discharge rates will be small and all discharges from the initial stage of 
installation at Aghoos Compound will be treated in an appropriate water 
treatment system.  

Silt fences, straw bales and biodegradable geogrids will be used to control 
surface water runoff from temporary stockpiles and storage areas for peat 
vegetation (scraw) and turves.  

Neutral, imperceptible, 
short-term, high probability 
impact. 
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Hazard / Source and character of potential impact Pathway Receptor Potential Impact on peat hydrology 
and geochemistry (refer to Table 1.1, 
1.2 and 1.3 for definition of impact 
descriptors and classification).

Proposed Mitigation Measures Residual Impact 

PH3 Stone road emplacement from construction phase through to 
operational phase  
Stone road emplacement could potentially result in: 
i) Interception of and redirection of surface water runoff across the 
peat surface. 
ii) Interception of and redirection of peat water flow along 
(longitudinally) and through (laterally and vertically) the relatively 
higher permeability preferential pathway of the stone road. 
iii) Vertical leakage through the base of the stone road to the 
underlying in-situ subsoils and/or bedrock aquifer. 

This could impact on distribution of hydraulic gradients, peat water 
levels and peat water flow direction. Consequent impact on the 
dependent peat habitat could occur. 

Peat water flow. i) Peat water 
hydraulic 
gradients, 
water levels 
and flow 
directions. 
ii) Peatland 
habitats. 

Direct, negative, significant, 
permanent, moderate probability 
impact on hydrology and dependent 
habitat in the area of eroding blanket 
bog (PB5) at Aghoos Bog. 

Direct, negative, moderate, 
permanent, moderate probability 
impact on hydrology and dependent 
habitat in areas of habitats PB5/PB4 
and in forestry plantation. 

The stone road construction comprises suitably sized stone of suitable 
geochemistry inserted into a peat matrix (See Appendix M3 of the EIS for 
details). Once construction is complete the stone road will be reinstated with 
peat or peat turves.  

Drainage controls will include the following:  
i) Relative permeability of the stone road stone/peat core is not such (less) so 
as to induce significant flow from the surrounding peat into the stone road. 
The existing stone road fill material has a recorded permeability in the order 
of 1.0 10-6 m/s (QMEC, 2009).  
ii) Leakage in to the underlying sub-soil/bedrock, in excess of natural leakage 
rates, will be minimised to baseline conditions by retention a minimum of 0.5m 
of low permeability peat at the base of all excavations in peat.   
iii) Low permeability peat plugs will be inserted along the length of the 
construction to retard flow, thus forming virtually isolated cells in the road and 
preventing the road becoming a longitudinal preferential flow pathway.  
Plugs will be emplaced at such intervals so as to negate the possibility of 
upward seepage of water from the stone road core at the down-gradient 
end of any cell. 
iv) The re-instatement of peat turves and/or peat layer will prevent rapid 
recharge of rainwater into the stone road stone/peat core. 
v) The resulting retention of water in the individual cells will result in high peat 
water levels, as naturally occurs and prevent changes to hydraulic gradients 
and resultant flow direction in the peat, i.e. to mimic the natural hydrology. 
Regeneration or retention (of reinstated turves) of habitat on the re-instated 
peat will be facilitated by these conditions. 
vi) Where natural drainage gullies or local significant micro-relief runoff 
pathways for surface water are encountered during stone road construction 
these will be marked (by stakes and marker boards) and this pathway for 
surface water flow will be restored as part of the reinstatement works. A 
typical drainage detail for reinstatement of these types of surface water 
features is attached on Figure 15.    
vii) Where turving is proposed the use of transverse slightly elevated and 
contoured turve ridges coincident with peat plugs to divert surface water 
flow gathering along the reinstated stone road onto downstream peatland 
habitat (i.e. preventing the reinstated stone road acting as a channel for 
surface water, reducing surface water flow velocities and removing the 
potential for erosion). These will be integrated with the patchwork array of 
peat turves across the alignment of the stone road. These details are 
presented on Figure 15. 
viii) Similar transverse slightly elevated turve ridges will be placed at minimum 
50m intervals along sections of the stone road that will be reinstated with 
peat. They will have the same dual function of deflecting surface water 
runoff laterally and preventing longitudinal erosion along the reinstated stone 
road.   
ix) Where turving is proposed the turves will be placed on a regulation layer of 
peat, and will be placed using a patchwork array. Any remaining gaps will 
be hand packed with peat vegetation (scraw) to prevent inter-turve flow of 
surface water. 

Neutral, slight, permanent, 
low probability impact on 
peat hydrology and 
dependent habitat in the 
area of PB5 eroding blanket 
bog at Aghoos Bog. 

Neutral, imperceptible, 
permanent, low probability 
impact on peat hydrology 
and dependent habitat in 
areas of PB5/PB4 bog 
habitat and in forestry 
plantation. 

PH4 Stone road acting as a barrier for natural peat water flow with the 
peat mass.
Stone road emplacement could potentially result in exposure and 
disruption of natural peat water flows within unmapped or 
unexpected sub-terranean peat pipes. (Pumping and water 
treatment from such inflows is dealt with under impact PH2). 

Peat water flow. Peat water 
levels. 

Direct, negative, slight, permanent, 
low probability impact on hydrology at 
Aghoos Bog. 

Direct, negative, slight, permanent, 
low probability impact on hydrology in 
forestry plantation. 

Where significant (volumes) and continuous water inflow within the peat 
profile are encountered and continue to flow during placement of the stone 
road these features will be mapped and appropriate drainage controls will 
be installed to mimic the existing flow pattern of the pipe.  

Neutral, imperceptible, 
permanent, low probability 
impact on peat hydrology 
at Aghoos Bog. 

Neutral, imperceptible, 
permanent, low probability 
impact on peat hydrology 
in forestry plantation. 
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Hazard / Source and character of potential impact Pathway Receptor Potential Impact on peat hydrology 
and geochemistry (refer to Table 1.1, 
1.2 and 1.3 for definition of impact 
descriptors and classification).

Proposed Mitigation Measures Residual Impact 

PH5 Geochemistry of fill emplaced in stone road from construction 
phase through to operational phase  
The emplacement of stone road fill materials of different  
geochemistry to the pre-existing peat has the potential to impact 
on the baseline hydrochemistry of peat waters around the stone 
road. This can potentially result in a change in peat water 
chemistry which could locally alter the composition or spatial 
patterns of vegetation cover, and thus the type of the dependent 
peatland habitat.

Peat water flow. Peat water 
hydrochemistry 
and
dependent 
peatland 
habitats. 

Negative, significant, permanent, 
moderate probability impact on 
hydrochemistry and dependent 
habitat in the area of eroding blanket 
bog (PB5) at Aghoos Bog. 

Negative, moderate, permanent, 
moderate probability impact on 
hydrochemistry and dependent 
habitat in areas of habitats PB5/PB4 
and in forestry plantation. 

The stone road stone fill in the area of eroding blanket bog (PB5) at Aghoos 
Bog will be composed of suitable locally sourced materials.  

It should be noted that the results of the baseline hydrochemical monitoring 
at the existing stone road (at the Bellanaboy Terminal Site) indicate that the 
stone road is having no discernable impact of the local peat water 
geochemistry (c.f. Section 4.4.1.2 and 4.4.1.3).  

The stone road fill in the area of in areas of habitats PB5/PB4 and in forestry 
plantation will be composed of cuttings from tunnelling (under Sruwaddacon 
Bay) as these areas are less sensitive from a hydrological and ecological 
perspective. The stone road will be encapsulated by peat along the margins 
(in-situ peat) and by peat plugs longitudinally. The fill will also be covered 
during reinstatement with a layer of peat so the stone road fill will be isolated 
from surface vegetation or surface water flows. The reinstatement cover of 
peat will prevent erosion of the fill material during high runoff events. Peat 
water chemistry in the conifer forestry plantations is already impacted by rock 
fertilizer and disturbance of the natural hydrology has occurred by drain 
cutting. 

Neutral, slight, permanent, 
low probability impact on 
peat hydrochemistry and 
dependent habitat in the 
area of PB5 eroding blanket 
bog at Aghoos Bog. 

Neutral, imperceptible, 
permanent, low probability 
impact on peat 
hydrochemistry and 
dependent habitat in areas 
of PB5/PB4 bog habitat and 
in forestry plantation. 

PH6 Presence of hydrocarbons on site during the construction phase. 
The presence of plant machinery on the blanket bog introduces 
the risk of hydrocarbon spillage during storage or re-fuelling.  If a 
spillage or leakage event were to occur close to an excavation it 
could have direct hydrochemical impact on groundwater.  The 
groundwater resource potential is low in the Pl aquifer and flow 
paths are short 30-300m therefore any potential pollution would be 
restricted to a small area of aquifer.  A risk to surface watercourses 
occurs if hydrocarbons become entrained in surface water run-off 
which provides a pathway to surface watercourses, in drainage or 
in watercourses.   

i)Groundwater. 

ii)Surface water. 

i) Groundwater 
aquifer quality 
and resources 
potential. 

ii) Surface 
water quality. 

i) Direct, negative, significant, short-
term low probability  impact on 
groundwater quality 

ii) Indirect, negative, significant, short-
term low probability impact on surface 
water  quality 

Retention of a minimum of 0.5m of peat substrate below excavations in 
peatland areas will protect the groundwater aquifer from potential 
hydrocarbon contamination via excavations. 

Specific hydrocarbon storage and re-fuelling areas will be designated as the 
site compounds.  Refuelling will only be completed in a controlled manner at 
the site compounds.  

Fuel storage areas will be bunded appropriately for the fuel storage volume 
and have suitable storm drainage and oil interceptor mechanisms. Spill kits 
and absorbent pads will be available on site for cleaning up minor spills. 

The main site compounds surface water drainage systems will have an oil 
interceptor in advance of any proposed discharge point. 

An emergency plan for the construction phase to deal with accidental 
spillages will be contained within Environmental Management Plan.   

Negative, imperceptible, 
low probability impact on 
groundwater quality and 
groundwater resource 
potential. 

Negative, slight, low 
probability impact on 
surface water quality. 
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Hazard / Source and character of potential impact Pathway Receptor Potential Impact on peat hydrology 
and geochemistry (refer to Table 1.1, 
1.2 and 1.3 for definition of impact 
descriptors and classification).

Proposed Mitigation Measures Residual Impact 

PH7 Entrainment of suspended solids from construction phase 
earthworks in surface waters. 
Removal of vegetation at excavations, temporary stockpiling and 
storage of excavated material provide potential sources of 
sediment which can become entrained in surface water run-off 
which provides a pathway to surface watercourses, in artificial 
drainage or in watercourses.   

This is most likely to occur during high rainfall events.  This risk of 
surface water run-off being a pathway for suspended sediment is 
reduced by the very small area of surface water catchment up-
gradient of both the stone road and the Aghoos compound.  The 
natural catchment area of the Aghoos compound is reduced 
further by the presence of a number of artificial drainage ditches, 
which intercept almost all of the surface water run-off flowing 
down-gradient to the compound. 

Surface water run-off, 
drains and surface 
watercourses. 

Surface water 
suspended 
sediment loads. 

Direct and indirect, negative, 
significant, temporary, moderate 
probability. 

Temporary stockpiling of peat turves for re-instatement on the stone road will 
occur on the site up-gradient of the stone road excavation.   

The route has been located so as to intersect only two minor surface 
watercourses in peatland areas. These are the forestry stream and the stone 
road stream (S1 and S2 on Figure 5). 

Drainage from up-gradient of the stone road is intercepted on the  
up-gradient side of the stone road in an interceptor drain.  This prevents  
up-gradient surface water run-off from crossing the excavation and 
becoming contaminated with suspended sediment.  This intercepted water 
will be discharged to existing local ditches or drains. 

Run-off from across the stone road excavation will be intercepted on the 
down gradient side of the stone road in a vee-drains or swales. These will be 
designed for a 1 in 10 storm event.  Stone road runoff will be directed through 
the site ‘dirty’ water collection system, which will include in-line settlement 
and storage elements i.e. check dams and silt traps etc.   

Aghoos compound will have a site specific drainage system (See Section 6) 
which develops as the compound construction proceeds. It comprises an 
interceptor system for the small volumes of clean up-gradient runoff and a 
‘dirty’ water collection and treatment system.  This will be routed to an 
oversized swale and settlement lagoon, and appropriate water treatment 
systems with appropriate storage and settlement designed for a 1 in 20 year 
return period rainfall event before being discharged to Sruwaddacon Bay. 
Discharge will be automated and controlled by water quality sonde. 

Negative, imperceptible, 
temporary, low probability. 

PH8 Increased surface water run-off volume during the construction 
phase.
The replacement of vegetated surfaces with less permeable 
materials can result in increased surface water run-off and 
consequent hydraulic loading of surface watercourses. 
High run-off rates (85-90%) occur on peat.  The newly exposed 
surfaces and constructed stone road will not be expected to have 
run-off rates in excess of these, therefore will not generate any 
significant additional run-off across their area during the period 
before peat is re-instated.  The Aghoos compound will result in the 
removal of 24,000m2 of vegetation and peat and a stone road 
type construction put in place.  The stone road construction will 
not be expected to have run-off rates in excess of those which 
occur on peat therefore will not generate any significant 
additional run-off across their area during the construction phase. 

Surface water run-off. Surface 
watercourses. 

Neutral, slight, temporary, high 
probability. 

During the construction phase surface water runoff will be attenuated along 
in-line drainage control measures such as check dams. 

Following construction the site will be reinstated with peat turves and/ or peat 
cover. The areas will re-vegetate, and this will result in the existing hydrology 
being restored, i.e. high runoff rates with local hydrology altered by peat 
cutting drains and forestry drains.  

Neutral, slight, temporary, 
high probability. 
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6.2.2 Operational Phase 

Hazard / Source and character of potential impact Pathway Receptor Potential Impact on peat hydrology 
and geochemistry (refer to Table 1.1, 
1.2 and 1.3 for definition of impact 
descriptors and classification).

Proposed Mitigation Measures Residual Impact 

PH9 No impacts are anticipated during the operational phase of the 
pipeline development. Following the construction phase the 
peatland areas will be reinstated and the pre-existing peatland 
hydrology will be restored relative to its existing disturbed state. 
Following reinstatement and re-vegetation the potential for 
sediment laden runoff will be negligible. 

Occasional walkover surveys of the pipeline route will be 
completed but these will not impact on peatland hydrology.   

None. None.  Neutral, imperceptible. None required. Neutral, imperceptible. 

6.2.3 Decommissioning Phase 

Hazard / Source and character of potential impact Pathway Receptor Potential Impact on peat hydrology 
and geochemistry (refer to Table 1.1, 
1.2 and 1.3 for definition of impact 
descriptors and classification).

Proposed Mitigation Measures Residual Impact 

PH10 Decommissioning will be completed in line with Best Available 
Technology at the time of project completion. 

Impacts associated with decommissioning will similar to those 
outlined for the operational phase as the stone road will remain
in-situ but the pipeline will be decommissioned,  

None. None. Neutral, imperceptible. None required. Neutral, imperceptible. 
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6.3 WORST CASE SCENARIO IMPACT 

In the event that the mitigation measures outlined in Section 6.2 failed to work, the worst-case 
scenario would be a slight dewatering impact on adjacent peat within 10-15m of the edge of the 
stone road and a moderate change in vertical gradients. 

Another worst-case scenario is the absence of runoff control and drainage during the construction 
phase, resulting in accelerated runoff and potential erosion of the surface vegetation (i.e. gullying), 
and also an increase in sediment discharge to Sruwaddacon Bay.  

A final worst-case scenario impact would be a significant pollution event causing direct damage to 
the peatland habitats, or runoff to receiving waters.   

The mitigation measures presented in Section 6.2 will ensure that none of these scenarios can occur. 
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APPENDIX I 
GEOLOGICAL LOGS 
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HARD REFUSAL @ 1.20 mbgl

UPSTANDS:
T1-C1-PH1 = 0.085m
T1-C1-P1 = 0.275m
T1-C1-P2 = 0.18m 

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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UPSTANDS:
T1-C1-PH1 = 0.135m
T1-C2-P1 = 0.20m
T1-C2-P2 = 0.28m 

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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HARD REFUSAL @ 1.81mbgl

UPSTANDS:
T1-C3-PH1 = 0.085m
T1-C3-P1 = 0.365m
T1-C3-P2 = 0.255m
T1-C3-P3 = 0.200m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils
mbgl – metres below ground level
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T1-C3-PH1 = 0.09m
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T1-C3-P2 = 0.29m
T1-C3-P3 = 0.19m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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T1-C4-P1 = 0.40m
T1-C4-P2 = 0.30m
T1-C4-P3 = 0.20m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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UPSTANDS:
T1-C4-PH1 = 0.40m
T1-C4-P1 = 1.00m
T1-C4-P2 = 0.80m
T1-C4-P3 = 0.60m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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GRANULAR REFUSAL @ 4.26mbgl

UPSTANDS:
T1-C4-PH1 = 0.50m
T1-C4-P1 = 0.86m
T1-C4-P2 = 0.70m
T1-C4-P3 = 0.60m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'GRANULAR REFUSAL' implies refusal on granular substrate, most likely coarsening sequence with depth 
(i.e. sand, gravel).
mbgl – metres below ground level
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STIFF REFUSAL @ 3.87mbgl

UPSTANDS:
T1-C4-PH1 = 0.50m
T1-C4-P1 = 0.80m
T1-C4-P2 = 0.70m
T1-C4-P3 = 0.60m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'STIFF REFUSAL' implies refusal on stiff but small grain sized substrate, such as clay or silt.
mbgl – metres below ground level
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STIFF REFUSAL @ 3.28mbgl

UPSTANDS:
T1-C1-PH1 = 0.60m
T1-C1-P1 = 0.90m
T1-C1-P2 = 0.80m
T1-C1-P3 = 0.70m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'STIFF REFUSAL' implies refusal on stiff but small grain sized substrate, such as clay or silt.
mbgl – metres below ground level



LOCATION ID:

LOGGED BY:

EASTING:
NORTHING:CLIENT:
ELEVATION (mOD):

PROJECT:

SITE:

PROJECT NUMBER:
METHOD:

DATE:

Piezometer Schematic

W
at

er
 C

on
te

nt

Vo
n 

Po
st

W
at

er
 L

ev
el

 (P
hr

ea
tic

)

El
ev

at
io

n 
(m

O
D)

De
pt

h 
(m

bg
l)

0

1

2

3

4

5

Geological Description

Sy
m

bo
lic

 L
og

REMARKS:

T1-C2

QMEC

86223.88
333892.45SEPIL

24.83

CORRIB ONSHORE PIPELINE

BELLANABOY TERMINAL

P1066-4
GOUGE AUGER

21/10/2008

3.15

P3 PH1P2

0.3

1.0

1.3

2.3

2.0

P1

2.85

Damp

Wet

Damp

Damp

H4

H5

H6

H9

24.83

24.03

23.33

22.16

21.68

Ground Surface
Firm, brown, fibrous PEAT

Firm, brown, fibrous PEAT

Firm, brown, humified PEAT

Firm, dark brown, very humified PEAT

HARD REFUSAL @ 3.15mbgl

UPSTANDS:
T1-C2-PH1 = 0.60m
T1-C2-P1 = 0.90m
T1-C2-P2 = 0.80m
T1-C2-P3 = 0.70m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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P1

2.93

3.23

P3 PH1P2

0.3

1.0

1.3

2.3

Damp

Very Wet

Very Wet

Very Wet

H3

H6

H8

H9

24.50

24.10

23.50

22.50

21.27

Ground Surface
Firm, brown, very fibrous PEAT

Soft, dark brown,  humified PEAT

Soft, dark  brown, very humified PEAT

Very soft, dark brown, very humified 
PEAT

HARD REFUSAL @ 3.23mbgl

UPSTANDS:
T1-C3-PH1 = 0.60m
T1-C3-P1 = 0.90m
T1-C3-P2 = 0.80m
T1-C3-P3 = 0.70m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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P1

3.6

3.9

P3 PH1P2
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1.3

2.3

Dry

Damp

Damp

Damp

Damp

Damp

N/Ap

H4

H7

H8

H8

H9

26.30

25.80

25.10

24.90

23.90

23.30

22.40

Ground Surface
Disturbed PEAT (Side-Cast)

Firm, brown, fibrous PEAT

Soft, brown, humified PEAT

Soft, dark brown, very humified PEAT

Very soft, dark brown, very humified 
PEAT

Very soft, dark brown, very humified 
PEAT

HARD REFUSAL @ 3.90mbgl

UPSTANDS:
T1-C4-PH1 = 0.60m
T1-C4-P1 = 0.90m
T1-C4-P2 = 0.80m
T1-C4-P3 = 0.70m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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2.0

P1

3.55

3.85

P3 PH1P2

0.3

1.0

1.3

2.3

Dry

Damp

Damp

Damp

Wet

N/Ap

H3

H6

H8

H9

26.50

25.00

24.70

24.50

23.50

22.55

Ground Surface
Disturbed PEAT (Side-Cast)

Soft, brown, very fibrous PEAT

Soft, dark brown, very humified PEAT

Soft, dark brown, very humified PEAT

Very soft, dark brown to black, very 
humified PEAT

HARD REFUSAL @ 3.95mbgl

UPSTANDS:
T1-C5-PH1 = 0.60m
T1-C5-P1 = 0.90m
T1-C5-P2 = 0.80m
T1-C5-P3 = 0.70m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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P1

2.78

3.08

P3 PH1P2

0.3

1.0

1.3

2.3

Damp

Damp

Damp

Damp

H3

H7

H6

H8

26.13

25.48

25.13

23.38

23.05

Ground Surface
Firm, brown, very fibrous PEAT

Soft, brown, humified PEAT

Soft, brown, humified PEAT

Very soft, dark brown, very humified 
PEAT

HARD REFUSAL @ 3.08mbgl

UPSTANDS:
T1-C6-PH1 = 0.60m
T1-C6-P1 = 0.90m
T1-C6-P2 = 0.80m
T1-C6-P3 = 0.70m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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3.0

P1

3.93

4.23

P3 PH1P2

0.3

1.7

2.0

3.3

Dry

Dry

Damp

Damp

Damp

Damp

H2

H3

H3

H6

H7

H7

22.21

22.09

21.41

20.51

19.91

18.71

17.98

Ground Surface
Firm, brown, very fibrous PEAT
Firm, brown, very fibrous PEAT

Soft, dark brown, very fibrous PEAT

Soft, dark brown, humified PEAT

Soft, dark brown, humified PEAT

Soft, dark brown PEAT

HARD REFUSAL @ 4.23mbgl

UPSTANDS:
T2-C1-PH1 = 0.70m
T2-C1-P1 = 1.00m
T2-C1-P2 = 0.90m
T2-C1-P3 = 0.80m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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2.3

P1

3.3

3.6

P3 PH1P2

0.3

1.2

1.5

2.6

Dry

Dry

Damp

Wet

Wet

Dry

Dry

H2

H4

H6

H7

H8

N/Ap

H8

21.89

21.59

21.14

20.49

19.39

18.89

18.62

18.26

Ground Surface
Very firm, brown, very fibrous PEAT

Stiff, brown, fibrous PEAT

Very soft, light brown, humified PEAT

Very soft, dark brown, humified PEAT

Very soft, dark brown, very humified 
PEAT

Soft, grey, cohesive CLAY with 
significant silt content

Dark brown, very humified PEAT

HARD REFUSAL @ 3.63mbgl

UPSTANDS:
T2-C2-PH1 = 0.70m
T2-C2-P1 = 1.00m
T2-C2-P2 = 0.90m
T2-C2-P3 = 0.80m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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P1

4.1

4.4

P3 PH1P2

0.3
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2.3

3.3

Dry

Wet

Wet

Wet

Wet

Wet

Damp

Dry

H2

H3

H5

H6

H6

H9

H8

H8

21.94

21.64

21.24

20.24

19.19

18.94

18.14

17.94

17.54

Ground Surface
Very firm, brown, very fibrous PEAT

Firm, brown, very fibrous PEAT

Soft, dark brown, fibrous PEAT

Very soft, brown, humified PEAT

Stiff, dark brown, humified PEAT

Stiff, dark brown, very humified PEAT 
with woody fragments

Stiff, dark brown, brittle, very humified 
PEAT with clay fraction
Stiff, dark brown, very humified PEAT 
with woody bits

STIFF REFUSAL @ 4.40mbgl

UPSTANDS:
T2-C3-PH1 = 0.50m
T2-C3-P1 = 0.95m
T2-C3-P2 = 0.80m
T2-C3-P3 = 0.70m
T2-C3-P4 = 0.60m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'STIFF REFUSAL' implies refusal on stiff but small grain sized substrate, such as clay or silt.
mbgl – metres below ground level

Note: No water levels recorded in T2-C3-P4. Assumed broken after installation.
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P1066-4
GOUGE AUGER

24/10/2008

3.0

P4

1.0

1.3

P1

4.1

4.4

P3 PH1P2

0.3

2.0

2.3

3.3

Dry

Damp

Damp

Damp

Damp

N/Ap

H2

H3

H4

H6

23.00

21.55

21.30

20.10

19.00

18.60

Ground Surface
Disturbed PEAT (Side-Cast)

Firm, brown, very fibrous PEAT

Firm, brown, very fibrous PEAT

Stiff, brown, fibrous PEAT

Stiff, dark brown, humified PEAT

HARD REFUSAL @ 4.40mbgl

UPSTANDS:
T2-C4-PH1 = 0.50m
T2-C4-P1 = 0.95m
T2-C4-P2 = 0.80m
T2-C4-P3 = 0.70m
T2-C4-P4 = 0.60m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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Dry
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Wet

Wet

Damp
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H5
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23.02

21.72

21.42

20.72

20.02

19.57

19.27

18.85

Ground Surface
Disturbed PEAT (Side-Cast)

Firm, brown, fibrous PEAT

Soft, brown, fibrous PEAT

Soft, dark brown, fibrous PEAT

Soft, dark brown, humified PEAT

Brittle, dark brown, woody, fibrous 
PEAT

Soft, dark brown, humified PEAT

HARD REFUSAL @ 4.17mbgl

UPSTANDS:
T2-C5-PH1 = 0.60m
T2-C5-P1 = 1.00m
T2-C5-P2 = 0.90m
T2-C5-P3 = 0.80m
T2-C5-P4 = 0.70m
Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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Dry

Dry

Damp

Damp
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22.89

21.64

21.42

20.89

19.89

19.09

Ground Surface
Disturbed PEAT (Side-Cast)

Brittle, brown, very fibrous PEAT with 
dry wood fragments
Firm, brown, fibrous PEAT

Soft, brown, fibrous PEAT

Very soft, very dark brown, humified 
PEAT

HARD REFUSAL @ 3.80mbgl

UPSTANDS:
T2-C6-PH1 = 0.60m
T2-C6-P1 = 0.90m
T2-C6-P2 = 0.80m
T2-C6-P3 = 0.70m

Note: Original logs and fieldwork completed by QMEC (QMEC Ref: 1008-024.ppt).
Comment: 'HARD REFUSAL' implies refusal on hard substrate, most likely a boulder within mineral subsoils.
mbgl – metres below ground level
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MGILL

85595.45
335137.28

14.33
SEPIL

CORRIB ONSHORE PIPELINE

AGHOOS COMPOUND

P1066-4
GOUGE AUGER

28/04/2010

1.0

P1PH1

1.83

2.13

Very wet

H2/H3

H3/H4

H6/H7

14.33

12.53

12.20

Light brown, soft fibrous PEAT

Dark brown, soft, very wet PEAT (less 
fibres) with occasional woody 
remains.
Hard Refusal @ 2.13mbgl, gravel or 
bedrock

UPSTANDS:
PH1 = 0.52m
P1   = 0.50m

Note: Located in hollow between adjacent peat tussocks and eroded PEAT with sedge vegetation
mbgl – metres below ground level
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8.94
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AGHOOS COMPOUND

P1066-4
GOUGE AUGER

28/04/2010

1.0

P2PH2

2.28

2.58

Very wet

H3/H4

H5/H6

H6/H7

H8

8.94

7.94

6.94

6.69

6.36

Light brown fibrous PEAT.

Soft, damp, brown PEAT with 
occasional woody remains.

Dark brown PEAT with much woody 
remains.
Dark brown/black amorphous PEAT 
with very occasional woody remains.

2.58m Total Depth.

UPSTANDS:
PH2 = 0.50m
P2   = 0.50m

Note: Vegetation: lichens, heather, and red sphagmum
mbgl – metres below ground level
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1.0

P3PH3

2.73

3.03

very wet

wet

H2/H3

H5/H6

H8

H7/H8

5.72

4.52

3.52

3.07

2.87

2.69

Light brown soft fibrous PEAT.

Dark brown, soft PEAT with 
occasional woody remains.

Dark brown PEAT with woody 
remains.

Very soft, very wet dark brown PEAT.

Dark brown, soft PEAT (not as wet as 
previous layer).
3.03mbgl End of Augering Hard 
refusal on gravelly substrate.

UPSTANDS:
PH3 = 0.48m
P3   = 0.50m

Note: Disturbed ground from bog matt placement for drilling of BH3.
mbgl – metres below ground level
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AC-4

MGILL

85647.41
335356.97

6.23
SEPIL

CORRIB ONSHORE PIPELINE

AGHOOS COMPOUND

P1066-4
GOUGE AUGER

28/04/2010

1.0

P4PH4

2.29

2.59

H2/H3

H4/H5

H5

H6

6.23

5.23

4.73

4.23

3.64

Dry, light brown fibrous PEAT.

Reddish brown, fibrous PEAT with 
minor woody remains.

Dark brown, soft, slightly fibrous PEAT 
(small white fibres).

Dark brown, soft, very slightly fibrous 
PEAT (no wood) slightly softer and 
wetter at base of peat.

Hard gravelly refusal @ 2.59m.

UPSTANDS:
PH4 = 0.50m
P4   = 0.50m

Note: Dry ground, sedges, with bare eroding peat.
mbgl – metres below ground level
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CLIENT:
PROJECT:
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REMARKS:

AC-5

MGILL

85743.54
335229.4

7.95
SEPIL

CORRIB ONSHORE PIPELINE

AGHOOS COMPOUND

P1066-4
GOUGE AUGER

28/04/2010

0.65

PH5

Dry

H2/H3

H5/H6

7.95

7.75

7.30

Vegetation & roots.
Light brown, dry fibrous PEAT.
Dark brown, dry, slightly fibrous PEAT.

Hard refusal @ 0.65m on gravelly Till.

UPSTANDS:
PH5 = 0.50m

Note: Dry ground, sedges, with bare eroding peat.
mbgl – metres below ground level
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HYDRO ENVIRONMENTAL SERVICES Corrib Onshore Pipeline 

Appendix III
SEPIL - Corrib Onshore Pipeline
Aghoos Bog - Q2 and Q4 Hydrochemical Results

Q2 Results Aghoos Medium Units Date T1-C2-P1 T1-C2-PH1 T1-C3-P1 T1-C3-P2 T1-C3-P3 T1-C3-PH1 T1-C4-P1 T1-C4-P2 T1-C5-P1 T1-C5-P2 T1-C5-P3 T1-C5-PH1 T1-C6-P1^ T1-C6-P3^ IGV*
Alkalinity Bicarbonate (as CaCO 3) Water mg/l 6 - 7/05/2009 60 40 40 20 50 30 50 40 60 20 50 100 - - nac
Ammoniacal Nitrogen (as N) Water mg/l 6 - 7/05/2009 7.8 0.3 0.5 <0.01 0.7 1.6 0.6 0.3 1.9 0.7 0.6 1.4 - - -
Calcium Water mg/l 6 - 7/05/2009 9.9 8.15 7.9 6.38 9.62 10.33 23.44 7.31 16.1 11.7 23.63 16.78 - - 200
Chloride Water mg/l 6 - 7/05/2009 54.24 48.16 46.11 44.77 41.68 16.2 36.76 48.16 41.38 42.87 36.24 35.9 - - 30
Iron Dissolved Water mg/l 6 - 7/05/2009 0.062 0.035 0.111 0.155 0.195 0.555 0.084 0.035 0.121 0.132 0.143 0.138 - - 0.2
Iron Total Water mg/l 6 - 7/05/2009 0.062 0.068 0.174 0.178 0.234 0.652 0.142 0.068 0.154 0.156 0.187 0.192 - - 0.2
Total Kjeldahl Nitrogen (as N) Water mg/l 6 - 7/05/2009 10.1 0.34 0.64 0.02 1.1 1.84 0.8 0.34 2.14 0.95 0.66 1.64 - - -
Magnesium Total Water mg/l 6 - 7/05/2009 7.1 3.17 2.87 2.75 2.59 1.52 2.67 3.17 3.24 3.21 2.72 2.08 - - 50
Manganese Dissolved Water mg/l 6 - 7/05/2009 0.022 0.001 0.005 0.062 0.001 0.011 0.04 0.001 0.041 0.015 0.019 0.081 - - 0.05
Manganese Total Water mg/l 6 - 7/05/2009 0.034 0.002 0.015 0.084 0.009 0.018 0.064 0.002 0.062 0.028 0.034 0.122 - - 0.05
Nitrate (as NO3) Water mg/l 6 - 7/05/2009 7.96 1.31 3.47 6.68 4.12 3.02 4.62 1.31 4.13 4.16 7.72 1.89 - - 25
Nitrite (as NO2) Water mg/l 6 - 7/05/2009 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - - 0.1
Orthophosphate (as P) Water mg/l 6 - 7/05/2009 0.3 0.01 0.04 0.03 0.01 0.02 0.04 0.01 0.1 0.01 0.04 0.13 - - 0.03
Phosphorus Total (as P) Water mg/l 6 - 7/05/2009 0.41 0.08 0.08 0.05 0.03 0.02 0.04 0.08 0.11 0.03 0.05 0.19 - - -
Potassium unfiltered Water mg/l 6 - 7/05/2009 13.92 0.64 0.88 0.4 0.41 0.62 2.33 0.64 1.56 1.06 1.5 1.2 - - 5
Sodium unfiltered Water mg/l 6 - 7/05/2009 32.4 30.85 31.2 25.7 31.2 9.21 28.4 19.63 22.06 20.02 22.2 39.54 - - 150
Sulphate (as SO4) Water mg/l 6 - 7/05/2009 3.24 1.14 3.47 2.04 3.41 2.02 18.8 1.14 6.32 2.75 9.28 6.08 - - 200
Total Nitrogen (as N) Water mg/l 6 - 7/05/2009 11.89 0.63 1.42 1.52 2.03 2.52 1.84 0.63 3.07 1.88 2.4 3.17 - - -
Total Petroleum Hydrocarbons Water mg/l 6 - 7/05/2009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - - 0.01

Q4 Results Aghoos Medium Units Date T1-C2-P1 T1-C2-PH1 T1-C3-P1 T1-C3-P2^ T1-C3-P3 T1-C4-PH1 T1-C4-P1 T1-C4-P2^ T1-C5-P1^ T1-C5-P2^ T1-C5-P3^ T1-C5-PH1^ T1-C6-P1 T1-C6-P3 IGV*
Alkalinity Bicarbonate (as CaCO 3) Water mg/l 15/12/2009 24 50 20 - 60 70 30 - - - - - 60 30 nac
Ammoniacal Nitrogen (as N) Water mg/l 15/12/2009 8.2 <0.01 0.04 - <0.01 <0.01 1.82 - - - - - 1.8 0.26 -
Calcium Water mg/l 15/12/2009 11.84 10.21 15.41 - 18.9 22.54 9.9 - - - - - 15.4 13.4 200
Chloride Water mg/l 15/12/2009 64.9 43.2 51.9 - 58.9 120.6 49.7 - - - - - 56.9 49.2 30
Iron Dissolved Water mg/l 15/12/2009 0.333 0.288 0.321 - 0.261 0.734 0.745 - - - - - 0.147 0.325 0.2
Iron Total Water mg/l 15/12/2009 0.401 0.308 0.345 - 0.301 1.012 0.874 - - - - - 0.167 0.389 0.2
Total Kjeldahl Nitrogen (as N) Water mg/l 15/12/2009 8.5 0.04 0.11 - 0.04 0.04 2.12 - - - - - 1.99 0.34 -
Magnesium Total Water mg/l 15/12/2009 2.41 1.97 1.47 - 2.01 2.01 2.12 - - - - - 2.14 1.99 50
Manganese Dissolved Water mg/l 15/12/2009 0.019 0.016 0.007 - 0.013 0.008 0.005 - - - - - 0.002 0.006 0.05
Manganese Total Water mg/l 15/12/2009 0.025 0.024 0.011 - 0.019 0.024 0.021 - - - - - 0.006 0.012 0.05
Nitrate (as NO3) Water mg/l 15/12/2009 4.4 5.3 16.6 - 8.3 15.6 13.1 - - - - - 13.5 16.9 25
Nitrite (as NO2) Water mg/l 15/12/2009 <0.05 <0.05 <0.05 - <0.05 <0.05 <0.05 - - - - - <0.05 <0.05 0.1
Orthophosphate (as P) Water mg/l 15/12/2009 0.03 0.03 0.03 - 0.03 0.02 0.03 - - - - - 0.59 0.03 0.03
Phosphorus Total (as P) Water mg/l 15/12/2009 0.03 0.04 0.03 - 0.03 0.03 0.03 - - - - - 0.8 0.03 -
Potassium unfiltered Water mg/l 15/12/2009 2.01 2.12 4.21 - 3.41 1.24 1.94 - - - - - 3.01 2.45 5
Sodium unfiltered Water mg/l 15/12/2009 36.7 33.4 26.7 - 41.2 89.4 29.9 - - - - - 43.2 33.2 150
Sulphate (as SO4) Water mg/l 15/12/2009 6.17 4.5 4.07 - 11.6 33 1.12 - - - - - 4 11.6 200
Total Nitrogen (as N) Water mg/l 15/12/2009 12 4 6 - 2 4 6 - - - - - 8 4 -
Total Petroleum Hydrocarbons Water mg/l 15/12/2009 <0.01 <0.01 <0.01 - <0.01 N/Av <0.01 - - - - - <0.01 <0.01 0.01
* EPA Interim Guideline Value for Groundwater (EPA, 2003)
^ No sample taken during this sampling round

P1066-4 Appendix III



HYDRO ENVIRONMENTAL SERVICES Corrib Onshore Pipeline

Appendix III
SEPIL - Corrib Onshore Pipeline
Bellagelly Q2 and Q4 Hydrochemical Results

Q2 Bellagelly Results Medium Units Date T1-C1-P1 T1-C1-P2 T1-C1-P3 T1-C1-PH1 T1-C2-P1 T1-C2-P2 T1-C2-P3 T1-C2-PH1 IGV*
Alkalinity Bicarbonate (as CaCO 3) Water mg/l 6 - 7/05/2009 180 110 100 20 70 60 50 20 nac
Ammoniacal Nitrogen (as N) Water mg/l 6 - 7/05/2009 3.4 3.5 2.6 0.5 6.1 5.2 2.1 1.8 -
Calcium Water mg/l 6 - 7/05/2009 23.25 15.4 18.7 5.9 14.25 14.25 10.16 10.11 200
Chloride Water mg/l 6 - 7/05/2009 16.2 21.41 37.04 24.34 57.12 72.76 59.92 45.12 30
Iron Dissolved Water mg/l 6 - 7/05/2009 0.223 0.183 0.197 0.163 0.166 0.137 0.117 0.113 0.2
Iron Total Water mg/l 6 - 7/05/2009 0.356 0.312 0.299 0.204 0.284 0.231 0.157 0.186 0.2
Total Kjeldahl Nitrogen (as N) Water mg/l 6 - 7/05/2009 3.65 4.6 4.2 0.61 7.2 6.15 2.25 1.9 -
Magnesium Total Water mg/l 6 - 7/05/2009 3.24 2.08 1.94 0.91 2.66 2.97 2.83 3.37 50
Manganese Dissolved Water mg/l 6 - 7/05/2009 0.191 0.037 0.013 0.002 0.024 0.013 0.014 0.016 0.05
Manganese Total Water mg/l 6 - 7/05/2009 0.245 0.078 0.042 0.009 0.057 0.028 0.038 0.042 0.05
Nitrate (as NO3) Water mg/l 6 - 7/05/2009 3.07 2.45 2.77 0.73 0.63 2.31 2.3 1.26 25
Nitrite (as NO2) Water mg/l 6 - 7/05/2009 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.1
Orthophosphate (as P) Water mg/l 6 - 7/05/2009 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.05 0.03
Phosphorus Total (as P) Water mg/l 6 - 7/05/2009 0.02 0.03 0.03 0.02 0.02 0.04 0.06 0.06 -
Potassium unfiltered Water mg/l 6 - 7/05/2009 3.83 2.24 1.29 0.4 2.97 2.72 1.58 1.3 5
Sodium unfiltered Water mg/l 6 - 7/05/2009 42.6 36.7 38.7 27.7 42.15 45.21 40.56 18.54 150
Sulphate (as SO4) Water mg/l 6 - 7/05/2009 2.2 3.48 12.21 30.67 5.62 5.45 5.51 2.63 200
Total Nitrogen (as N) Water mg/l 6 - 7/05/2009 4.34 5.15 4.82 0.77 7.34 6.67 2.76 2.18 -
Total Petroleum Hydrocarbons Water mg/l 6 - 7/05/2009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01

Q4 Bellagelly Results Medium Units Date T1-C1-P1 T1-C1-P2 T1-C1-P3 T1-C1-PH1 T1-C2-P1 T1-C2-P2 T1-C2-P3 T1-C2-PH1 IGV*
Alkalinity Bicarbonate (as CaCO 3) Water mg/l 15/12/2009 70 11 30 50 50 35 35 80 nac
Ammoniacal Nitrogen (as N) Water mg/l 15/12/2009 6.9 0.1 5.5 <0.01 <0.01 5.1 8.8 0.15 -
Calcium Water mg/l 15/12/2009 20.14 4.56 11.1 12.14 13.54 11.84 8.99 18.41 200
Chloride Water mg/l 15/12/2009 38.8 41.8 38 46.5 46.4 62.4 50.1 67.5 30
Iron Dissolved Water mg/l 15/12/2009 0.297 0.678 0.149 0.497 0.301 0.276 0.207 0.224 0.2
Iron Total Water mg/l 15/12/2009 0.318 0.781 0.178 0.527 0.387 0.401 0.298 0.312 0.2
Total Kjeldahl Nitrogen (as N) Water mg/l 15/12/2009 7.1 0.18 5.9 0.09 0.04 5.9 9.9 0.31 -
Magnesium Total Water mg/l 15/12/2009 3.14 1.86 1.58 0.99 1.21 1.86 2.22 1.87 50
Manganese Dissolved Water mg/l 15/12/2009 0.054 0.017 0.013 0.014 0.006 0.015 0.014 0.004 0.05
Manganese Total Water mg/l 15/12/2009 0.162 0.031 0.021 0.018 0.009 0.019 0.024 0.008 0.05
Nitrate (as NO3) Water mg/l 15/12/2009 10.7 7.7 3 5.1 17.2 3.5 3.9 10.4 25
Nitrite (as NO2) Water mg/l 15/12/2009 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.1
Orthophosphate (as P) Water mg/l 15/12/2009 0.06 0.02 0.03 0.03 0.01 0.01 0.03 0.13 0.03
Phosphorus Total (as P) Water mg/l 15/12/2009 0.06 0.03 0.03 0.03 0.02 0.03 0.05 0.35 -
Potassium unfiltered Water mg/l 15/12/2009 3.45 1.66 2.99 2.01 0.84 0.99 1.45 1.03 5
Sodium unfiltered Water mg/l 15/12/2009 28.9 23.8 19.9 35.9 41.2 39.7 35.41 58.7 150
Sulphate (as SO4) Water mg/l 15/12/2009 4.16 1.12 1.17 5.2 12.9 4.19 5.64 15.1 200
Total Nitrogen (as N) Water mg/l 15/12/2009 9 7 5 7 4 5 8 8 -
Total Petroleum Hydrocarbons Water mg/l 15/12/2009 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 N/av 0.01
* EPA Interim Guideline Value for Groundwater (EPA, 2003)
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HYDRO ENVIRONMENTAL SERVICES Corrib OnShore Pipeline

Appendix III
SEPIL - Corrib Onshore Pipeline
Bellanaboy Q2 and Q4 Hydrochemical Data

Q2_Bellanaboy Terminal Results Medium Units Date T1-C1-P1 T1-C1-P2 T1-C1-P3 T1-C3-P1 T1-C3-P2 T1-C3-P3 T1-C4-P1 T1-C4-P2 T1-C4-P3 T1-C6-P1 T1-C6-P2 T1-C6-P3 T1-C6-PH1 T1-SW1 BH01 BH01a IGV*
Alkalinity Bicarbonate (as CaCO 3) Water mg/l 6 - 7/05/2009 50 40 30 40 20 50 20 60 50 30 40 50 20 30 70 110 nac
Ammoniacal Nitrogen (as N) Water mg/l 6 - 7/05/2009 1.95 1.87 0.9 1.7 0.5 0.74 1.1 1.4 1.8 3.3 1.8 0.5 3.4 0.6 0.24 0.08 -
Calcium Water mg/l 6 - 7/05/2009 10.88 6.32 10.49 19.6 9.63 12.45 9.37 11.42 16.23 14.18 13.86 10.23 21.34 14.23 12.45 11.54 200
Chloride Water mg/l 6 - 7/05/2009 38.61 31.13 38.6 35.5 41.01 50.53 39.97 45.43 38.53 32.31 35.17 41.87 64.43 62.23 42.56 25.56 30
Iron Dissolved Water mg/l 6 - 7/05/2009 0.072 0.098 0.071 0.089 0.066 0.041 0.106 0.157 0.112 0.066 0.071 0.029 0.09 0.157 0.072 0.098 0.2
Iron Total Water mg/l 6 - 7/05/2009 0.142 0.152 0.108 0.147 0.089 0.057 0.128 0.167 0.187 0.124 0.124 0.039 0.124 0.215 0.102 0.111 0.2
Total Kjeldahl Nitrogen (as N) Water mg/l 6 - 7/05/2009 2.11 4.51 1.07 2.2 0.84 1.01 3.1 2.1 3.6 6.4 2.5 0.74 4.9 0.67 0.31 0.14 -
Magnesium Total Water mg/l 6 - 7/05/2009 2.54 2.08 1.92 2.68 2.86 2.99 2.23 2.81 3.45 2.63 2.69 2.58 4.69 3.23 2.14 2.58 50
Manganese Dissolved Water mg/l 6 - 7/05/2009 0.144 0.087 <0.001 0.016 0.003 0.002 0.003 0.001 0.013 0.075 0.137 0.002 0.013 <0.001 0.062 0.087 0.05
Manganese Total Water mg/l 6 - 7/05/2009 0.184 0.111 0.007 0.032 0.012 0.007 0.009 0.005 0.027 0.099 0.184 0.006 0.019 0.007 0.087 0.108 0.05
Nitrate (as NO3) Water mg/l 6 - 7/05/2009 3.68 3.07 2.27 4.36 6.07 5.78 4.36 5.78 1.4 1.87 6.06 1.88 2.24 5.22 4.58 6.58 25
Nitrite (as NO2) Water mg/l 6 - 7/05/2009 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.1
Orthophosphate (as P) Water mg/l 6 - 7/05/2009 0.04 0.1 0.01 0.19 0.08 0.01 0.02 0.07 0.08 0.06 0.07 0.32 0.02 0.04 0.03 0.15 0.03
Phosphorus Total (as P) Water mg/l 6 - 7/05/2009 0.08 0.13 0.04 0.2 0.12 0.03 0.02 0.09 0.12 0.08 0.09 0.33 0.02 0.04 0.04 0.15 -
Potassium unfiltered Water mg/l 6 - 7/05/2009 1.59 0.86 0.52 1.2 0.79 0.6 1.67 0.84 1.6 1.73 1.19 0.88 5.93 <0.3 1.34 1.24 5
Sodium unfiltered Water mg/l 6 - 7/05/2009 31.74 25.45 24.6 20.7 18.74 32.47 17.79 34.54 19.37 19.09 17.85 30.99 23.49 36.57 45.23 48.56 150
Sulphate (as SO4) Water mg/l 6 - 7/05/2009 8.57 2.89 5.5 1.7 1.34 2.77 3.71 4.24 3.46 6.08 1.83 2.48 2.09 8.45 19.52 20.15 200
Total Nitrogen (as N) Water mg/l 6 - 7/05/2009 2.94 5.2 1.58 3.18 2.21 2.46 4.08 3.4 3.92 6.82 3.86 1.16 5.4 1.84 1.34 3.5 -
Total Petroleum Hydrocarbons Water mg/l 6 - 7/05/2009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.01

Q4_Bellanaboy Terminal Results Medium Units Date T1-C1-P1 T1-C1-P2^ T1-C1-P3 T1-C3-P1 T1-C3-P2^ T1-C3-P3 T1-C4-P1^ T1-C4-P2^ T1-C4-P3^ T1-C6-P1 T1-C6-P2^ T1-C6-P3 T1-C6-PH1^ T1-SW1^ BH01 BH01a^ IGV*
Alkalinity Bicarbonate (as CaCO 3) Water mg/l 17/12/2009 20 - 120 70 - 100 - - - 48 - 10 - - 297 - nac
Ammoniacal Nitrogen (as N) Water mg/l 17/12/2009 2.3 - 0.44 3.1 - 1.1 - - - 4.1 - 0.37 - - 4.7 - -
Calcium Water mg/l 17/12/2009 5.14 - 21.21 15.21 - 22.98 - - - 10.12 - 7.12 - - 42.12 - 200
Chloride Water mg/l 17/12/2009 93.8 - 74.15 48.1 - 34.2 - - - 46.6 - 35.6 - - 73.7 - 30
Iron Dissolved Water mg/l 17/12/2009 0.401 - 0.321 0.288 - 0.487 - - - 0.221 - 0.414 - - 6.536 - 0.2
Iron Total Water mg/l 17/12/2009 0.504 - 0.412 0.341 - 0.571 - - - 0.281 - 0.486 - - 7.124 - 0.2
Total Kjeldahl Nitrogen (as N) Water mg/l 17/12/2009 2.4 - 0.6 3.8 - 1.9 - - - 5.8 - 0.48 - - 5.1 - -
Magnesium Total Water mg/l 17/12/2009 1.27 - 3.21 1.57 - 0.99 - - - 1.54 - 1.87 - - 4.75 - 50
Manganese Dissolved Water mg/l 17/12/2009 0.012 - 0.007 0.009 - 0.002 - - - 0.002 - 0.006 - - 0.547 - 0.05
Manganese Total Water mg/l 17/12/2009 0.016 - 0.009 0.015 - 0.003 - - - 0.005 - 0.009 - - 0.645 - 0.05
Nitrate (as NO3) Water mg/l 17/12/2009 4.2 - 4.16 17 - 27.4 - - - 20.7 - 12.1 - - 71.7 - 25
Nitrite (as NO 2) Water mg/l 17/12/2009 <0.05 - <0.05 <0.05 - <0.05 - - - <0.05 - <0.05 - - <0.05 - 0.1
Orthophosphate (as P) Water mg/l 17/12/2009 0.01 - 0.03 0.09 - 1.54 - - - 0.06 - 0.09 - - 0.09 - 0.03
Phosphorus Total (as P) Water mg/l 17/12/2009 0.03 - 0.05 0.15 - 2.2 - - - 0.09 - 0.14 - - 0.13 - -
Potassium unfiltered Water mg/l 17/12/2009 0.99 - 1.84 2.01 - 2.15 - - - 1.24 - 3.14 - - 4.52 - 5
Sodium unfiltered Water mg/l 17/12/2009 62.4 - 64.8 43.1 - 49.2 - - - 47.5 - 25.8 - - 119.4 - 150
Sulphate (as SO4) Water mg/l 17/12/2009 1.17 - 2.22 4.08 - 16.1 - - - 14.8 - 17.4 - - 9.9 - 200
Total Nitrogen (as N) Water mg/l 17/12/2009 4 - 13 7 - 54 - - - 11 - 6 - - 18 - -
Total Petroleum Hydrocarbons Water mg/l 17/12/2009 <0.01 - <0.01 <0.01 - <0.01 - - - <0.01 - <0.01 - - <0.01 - 0.01

* EPA Interim Guideline Value for Groundwater (EPA, 2003)
^ No sample taken during this sampling round.
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HYDRO-ENVIRONMENTAL SERVICES CORRIB ONSHORE PIPELINE

P1066-4
CORRIB ONSHORE PIPELINE
SURFACE WATER DRAINAGE - AGHOOS COMPOUND INSTALLATION

1 in 10 year return treated water discharge rate
10 L/s

Rainfall (mm) C A (km2) (m3/s) Volume (m3) Discharge (m3) Residual Volume (m3) Comments
M10 1min 1.9 0.278 0.95 0.024 0.7226 43.3547 0.600 42.8
M10 2min 3.3 0.278 0.95 0.024 0.6275 75.3002 1.200 74.1
M10 5min 5.9 0.278 0.95 0.024 0.5609 168.2845 3.000 165.3
M10 10min 8.6 0.278 0.95 0.024 0.3271 196.2369 6.000 190.2
M10 15min 10.8 0.278 0.95 0.024 0.2738 246.4370 9.000 237.4
M10 30min 14.1 0.278 0.95 0.024 0.0894 160.8686 18.000 142.9
M10 60min 17.9 0.278 0.95 0.024 0.1135 408.4465 36.000 372.4
M10 2hr 23 0.278 0.95 0.024 0.0729 524.8195 72.000 452.8
M10 4hr 29 0.278 0.95 0.024 0.0460 661.7290 144.000 517.7
M10 6hr 34 0.278 0.95 0.024 0.0359 775.8202 216.000 559.8
M10 12hr 42 0.278 0.95 0.024 0.0222 958.3661 432.000 526.4
M10 24hr 51 0.278 0.95 0.024 0.0135 1163.7302 864.000 299.7
M10 48hr 61 0.278 0.95 0.024 0.0081 1391.9126 1728.000 -336.1

1 in 20 year return treated water discharge rate
10 L/s

Rainfall (mm) C A (km2) (m3/s) Volume (m3) Discharge (m3) Residual Volume (m3) Comments
M20 1min 2.2 0.278 0.95 0.024 0.8367 50.2001 0.600 49.6
M20 2min 3.9 0.278 0.95 0.024 0.7416 88.9911 1.200 87.8
M20 5min 7 0.278 0.95 0.024 0.6655 199.6596 3.000 196.7
M20 10min 10.2 0.278 0.95 0.024 0.3879 232.7460 6.000 226.7
M20 15min 12.9 0.278 0.95 0.024 0.3271 294.3553 9.000 285.4
M20 30min 16.8 0.278 0.95 0.024 0.1065 191.6732 18.000 173.7

M20 60min 21 0.278 0.95 0.024 0.1331 479.1830 36.000 443.2 Residual Storage required = 443.2 m3

M20 2hr 26 0.278 0.95 0.024 0.0824 593.2742 72.000 521.3 Design Storage = 530m3

M20 4hr 33 0.278 0.95 0.024 0.0523 753.0019 144.000 609.0
M20 6hr 39 0.278 0.95 0.024 0.0412 889.9114 216.000 673.9
M20 12hr 48 0.278 0.95 0.024 0.0254 1095.2755 432.000 663.3
M20 24hr 58 0.278 0.95 0.024 0.0153 1323.4579 864.000 459.5
M20 48hr 69 0.278 0.95 0.024 0.0091 1574.4586 1728.000 -153.5

1 in 100 year return treated water discharge rate
28 L/s

Rainfall (mm) C A (km2) (m3/s) Volume (m3) Discharge (m3) Residual Volume (m3) Comments
M100 1min 3.1 0.278 0.95 0.024 1.1789 70.7365 1.680 69.1
M100 2min 5.4 0.278 0.95 0.024 1.0268 123.2185 3.360 119.9
M100 5min 9.9 0.278 0.95 0.024 0.9413 282.3757 8.400 274.0
M100 10min 14.7 0.278 0.95 0.024 0.5590 335.4281 16.800 318.6
M100 15min 19 0.278 0.95 0.024 0.4817 433.5466 25.200 408.3
M100 30min 25 0.278 0.95 0.024 0.1585 285.2280 50.400 234.8

M100 60min 31 0.278 0.95 0.024 0.1965 707.3654 100.800 606.6 Max storage = 663m3

M100 2hr 37 0.278 0.95 0.024 0.1173 844.2749 201.600 642.7
M100 4hr 46 0.278 0.95 0.024 0.0729 1049.6390 403.200 646.4
M100 6hr 53 0.278 0.95 0.024 0.0560 1209.3667 604.800 604.6
M100 12hr 65 0.278 0.95 0.024 0.0343 1483.1856 1209.600 273.6
M100 24hr 77 0.278 0.95 0.024 0.0203 1757.0045 2419.200 -662.2
M100 48hr 91 0.278 0.95 0.024 0.0120 2076.4598 4838.400 -2761.9
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1 INTRODUCTION 

1.1 GENERAL 

This report describes the preliminary design for the surface water drainage systems in the following 
areas: 

(1) Aghoos Tunnelling Compound [i.e. Compound Area (Phase I) and Stringing Area / 
Stockpiling Area (Phase II)]; and  

(2) Glengad Tunnelling Compound.   

This report also includes an outline of the rainwater harvesting system proposed for use at Aghoos 
during tunnelling in order to minimise the volume of imported water to the area.   

The surface water drainage system is described for two stages: 

(1) Initial Construction Stage, during which the compound is set up for the tunnelling works; and 

(2) Tunnelling Stage, during which the tunnelling operation and the subsequent gas pipeline 
and associated services installation take place.   
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2 INITIAL CONSTRUCTION STAGE AT AGHOOS TUNNELLING 
COMPOUND

2.1 GENERAL 

The Initial Construction Stage is the period during which the tunnelling compound is constructed, prior 
to the start of the installation of pipelines by tunnelling.   

In the drainage system design, the surface water runoff is divided into two different categories, namely 
‘clean’ and ‘dirty’.  The ‘clean’ surface water runoff comes from the surrounding undisturbed ground 
area, while the ‘dirty’ surface water runoff is from rainwater falling on the compound and stringing 
areas, where stripping of peat and stone road construction will be carried out to set up the tunnelling 
compound.   

The construction of the compound and the stringing area will be carried out using the stone road
construction method.  In areas of shallow peat, the stone road will be constructed using the ‘excavate 
and replace’ method, whereas in areas of deeper peat, the ‘progressive displacement’ method will be 
used.  Chapter 5 of the EIS describes each of these methods.   

The design principles for the surface water drainage network for the Initial Construction Stage are: 

(1) to prevent the ‘clean’ surface water runoff from entering into the proposed compound area 
and stringing area, where the runoff may be contaminated by construction activities, 
including the setting up of the compound, through the combined use of the existing ditches 
and their temporary diversions; and  

(2) to collect all ‘dirty’ surface water runoff for appropriate treatment prior to re-use in the 
tunnelling operation or discharge to the proposed outfall.   

Surface water runoff management during the Initial Construction Stage is also detailed in the report, 
Peatland Hydrology Impact Assessment included as Appendix M6 of this EIS.   

2.2 DESIGN ASSUMPTIONS 

The design assumptions for the surface water runoff collection system in the compound at Aghoos are 
as follows: 

(1) Design return period is 20 years, in reference to the general guidance of CIRIA – Use of 
SUDS Linear Trench Projects (Publication C648 and C649).

(2) The Rational Method for rainfall runoff is used to determine the design flow (reference CIRIA 
Report No. R124 – Scope of Control for Urban Runoff Volume 3: Guidelines.)

(3) Treatment and attenuation volumes are determined using the design tool for the Initial 
Assessment of the Surface Water Storage Volume Requirements for a Site 
(http://www.irishsuds.com).

2.3 SURFACE WATER COLLECTION SYSTEM  

(A) ‘Clean’ Surface Water Runoff

For ‘clean’ surface water runoff, the major component of the surface water collection system is the 
intercepting ditches, which will be a combination of existing ditches and the proposed temporary 
diversions at the perimeter of the compound and stringing area.  These intercepting ditches will 
intercept all ‘clean’ surface water runoff, preventing it from entering the compound and the stringing 
area.  This will avoid potential contamination of ‘clean’ runoff by the construction activities.   
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Since there is no re-distribution of catchment area drainage to the existing ditches, no upgrade work 
will be required.  Information about the catchment associated with the area in which the tunnelling 
compound will be location is detailed in Appendix M5 of this EIS (i.e. Hydrological Impact Assessment 
and Stormwater Management during Construction).

Existing ditches that will run beneath the compound and/or the stringing area will be culverted.  The 
culverts will be adequately sized and designed to avoid flooding during the site construction phase.   

‘Clean’ surface water runoff will be discharged directly to Sruwaddacon Bay, as it was prior to start of 
construction.   

(B) ‘Dirty’ Surface Water Runoff

Within the compound and stringing areas, settlement lagoons will be provided from the beginning of 
site set-up in order to collect ‘dirty’ surface water runoff (i.e. the surface water runoff within the 
compound area and the stringing area).  In light of the topography and the geological condition of the 
site, these settlement lagoons (one for the compound area and one for the stringing area) may be built 
using mild steel sheet piles lined with polyethylene (PE) sheeting.  The sizing of the settlement 
lagoons is detailed in Section 3.3 (B) of this report.   

Appropriate treatment facilities will also be provided upstream of the settlement lagoon in order to 
ensure that the runoff discharged to Sruwaddacon Bay at the proposed outfall satisfies quality 
requirements for discharging into a cSAC.  For instance, measures to remove hydrocarbons from the 
surface water runoff, in the very unlikely event of a hydrocarbon spill, will be provided. Measures will 
be put in place to facilitate the settlement process if required. 

An oversized swale will be installed along the north-eastern boundary of the compound to receive all 
‘dirty’ surface water runoff from the compound area (and the stringing area) during peat stripping and 
construction of the compound.  The swale will drain the runoff to the proposed treatment facilities and 
the settlement lagoon.  Further details are provided in the report, Peatland Hydrology Impact 
Assessment, included in Appendix M6 of this EIS  

Peat will be excavated in a manner such that the entire excavation area will drain towards the swale 
and all ‘dirty’ surface water runoff will be properly treated prior to discharge to Sruwaddacon Bay.   

A sump pump will be installed in the tunnelling pit to keep it relatively dry prior to and during 
construction activities.  Pumped water will be treated using a suitable filtration facility to remove 
suspended materials that may enter the water from the mineral layer below the peat prior to 
discharging to the proposed outfall.   

The drainage network within the compound for the Tunnelling Stage, which will consist of intercepting 
open channels and a kerb and drainage system (for details refer to Section 3 of this report), which will 
be installed at the same time as construction of the stone road.   

An illustrative design flow chart for the above is shown in Figure 2.1.
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Figure 2.1 – Illustrative Design Flow Chart for Surface Water Collection System in Initial 
Compound Construction Stage 

In general all surface water runoff collected by the Tunnelling Compound Collection System (i.e. runoff 
within the site compound other than the Tunnelling Arisings Storage Area] will be re-cycled and re-
used in the tunnelling.  Only when the water storage tanks, which are to store the water for the use of 
tunnelling (i.e. re-cycling water and imported water, if necessary), are full and can take no more re-
cycling water, will the treated rainwater be discharged to the existing watercourse at the proposed 
outfall.
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3 TUNNELLING STAGE AT AGHOOS TUNNELLING COMPOUND 

3.1 GENERAL 

The Tunnelling Stage is the construction stage during which the tunnel will be drilled and the pipeline 
and services will be installed.   

The design principle is similar to that for the Initial Construction Stage, as described in Section 2.1 of
this report. 

3.2 DESIGN ASSUMPTIONS 

The design assumptions for the surface water runoff collection system in the compound at Aghoos are 
listed in Section 2.2 of this report.  The final surface of the compound will be tarmacadam, with a 
resulting discharge coefficient of 1.0. The area of the tunnelling compound is approximately 24,000m2.

3.3 SURFACE WATER COLLECTION AND TREATMENT SYSTEMS 

(A) ‘Clean’ Surface Water Runoff

The intercepting ditches at the perimeter will continue to collect ‘clean’ surface water runoff from the 
undisturbed ground outside the compound, preventing it from entering the compound and stringing 
areas.  This will avoid potential contamination of ‘clean’ runoff by the construction activities.  ‘Clean’ 
surface water runoff will discharge directly to Sruwaddacon Bay.   

(B) ‘Dirty’ Surface Water Runoff

With the exception of the Tunnel Arisings Storage Area (3,000m2 approx.), ‘dirty’ surface water runoff 
will drain to a surface water collection system before undergoing various stages of treatment and 
attenuation prior to discharge to either the rainwater harvesting re-cycling system or an existing ditch. 
Most of the harvested rainwater will be used for the tunnelling process. Treated rainwater will only be 
discharged into a ditch during extreme rainfall events.  

An illustrative diagram of the surface water design is shown in Figure 3.1 and described in further 
detail below.   
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Outside of Site Compound

'Clean' Surface Water Runoff

Proposed Intercepting Ditches / 
Existing Ditches

Tunnel Arisings Storage Area
Site Compound Other Than

Tunnel Arisings Storage Area

Suitable Filtration Facility
Intercepting Open Channels /
Kerb and Drainage System

Used Bentonite Storage Tanks / 
Off-site

By-pass Separator

Settlement Lagoons (in series)

Discharge at Existing Outfalls Water Re-cycling
Discharge at 

Proposed Outfall
(see Rain Water Harvesting)

Within Site Compound

'Dirty' Surface Water Runoff

Rainfall on Aghoos

Figure 3.1 – Illustrative Design Flow Chart for Surface Water Collection System in Tunnelling 
Stage

Tunnel Arisings Storage Area Collection System

Bentonite slurry will be used in the tunnelling process; therefore, the excavated material (from 
tunnelling) may contain some bentonite.  These tunnel arisings will be stockpiled in the Tunnel 
Arisings Storage Area.  Surface water runoff from this area will not discharge directly to Sruwaddacon 
Bay.  A bunded micro-drainage system will be installed in order to isolate surface water runoff from 
this storage area from the main site surface water drainage system.   

All runoff from the Tunnel Arisings Storage Area will be collected in a sump and will be dealt with by 
one of the following options, or a combination of these options: 

 Runoff will be pumped into the used bentonite storage tank for re-use as drilling fluid in the 
tunnelling process,   

 Runoff will be collected in a tanker and removed off site,   

 Runoff will be passed through a suitable filtration facility and discharged to the settlement 
lagoon or will be reused in the tunnelling process.   

Peat Storage Area Collection System

The swale which will be built at the north-eastern boundary of the compound to collect ‘dirty’ surface 
water runoff during the setting up of the compound will remain in place in order to collect runoff from 
the peat storage area and convey it to the settlement lagoon via a suitable filtration facility as 
described in Section 2.3 (B) of this report. 
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Compound (Phase I) Collection System

During the Tunnelling Stage, within the compound (Phase I) area, the main collection system will be a 
combined kerb and drainage system.  Regularly spaced silt traps will also be provided in the combined 
kerb and drainage system, which will be inspected and cleaned at regular intervals.   

An example of a combined kerb and drainage system is shown in Figure 3.2.

Figure 3.2 – An Example of a Combined Kerb and Drainage System 

Intercepting open channels will be provided with gratings in the facility areas, (i.e. tunnelling area, 
separation equipment area and storage areas, except the Tunnel Arisings Storage Area), to collect the 
over-land flow and drain it to the settlement lagoon via the combined kerb and drainage system.   

Overland flows from the ramp and tunnel access area will be pumped from the base of the tunnel shaft 
to the used bentonite storage tank.

Compound (Phase I) Settlement Lagoon and Outfall

Within the compound (Phase I) area, the settlement lagoon, which will be built in the Initial 
Construction Stage (for details refer to Section 2 of this report), will remain in place to attenuate and 
treat collected surface water and to provide a source of water for use in the tunnelling process (the 
details of rainwater harvesting are described in Section 3.3 of this report).   

Prior to entering the settlement lagoons, any hydrocarbons in the surface water runoff will be removed 
using a by-pass separator, in the unlikely event that hydrocarbons would be present. 

The settlement lagoons will be sized in accordance with the guidelines and tools of the irishsuds.com
website.  It is estimated that the treatment storage requirement for Aghoos is 288m3 based on an 
approximate site area of 24,000m2.  This volume is the minimum permanent volume provided below 
the lagoon inlet and outlet levels. 

Since the settlement lagoon will be non-permanent and will be provided only for the purpose of 
construction, a 20 year return period storm has been used to determine floodwater attenuation 
storage, in accordance with the general guidance of CIRIA – Use of SUDS Linear Trench Projects.  In 
CIRIA C648, a minimum return period 10 year is recommended.   

The approximate attenuation and treatment storage volumes for the compound area at Aghoos, which 
are estimated according to the results given by the design tools for the Initial Assessment of the 
Surface Water Storage Volume Requirements for a Site [see Section 2.2 Design Principle (3)] for a 20 
year return period storm, are shown in Table 3.1.
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Compound Area 
(excluding Stringing 

Area) at 

Approximate 
Attenuation and 

Interception 
Volume (m3)

Treatment 
Storage (m3)

Total (m3)

Aghoos 700 288 988
 Table 3.1 – Compound Phase I Attenuation, Interception and Treatment Storage 

Volumes

Excess treated rainwater, i.e. rainwater not used in the rainwater harvesting process, will be 
discharged to the existing watercourse at the proposed outfall when the water storage tanks are full.  

Stringing Area (Phase II) Drainage System

The surface water collection system in the stringing area will be similar to the one in the compound 
(Phase I) area as described above and will include silt traps and open-channel grating systems.  All 
flows will be discharged to a settlement lagoon via a by-pass separator.  The sizing of the settlement 
lagoon will be based on the same methodology outlined for the compound (Phase I) area. 

It may be necessary to use a section of the Stringing Area as a temporary stockpiling area for tunnel 
arisings.  A micro-drainage system will be installed in this area, which will be separate from the main 
Stringing Area drainage system as described above.   

All runoff collected from this stockpiling area will be collected in a sump and either pumped into the 
used bentonite storage tank for re-use as drilling fluid in the tunnelling process or removed off site or 
passed through a suitable filtration facility and discharged to the settlement lagoon or reused in the 
tunnelling process.   

The final cell of the settlement lagoon will be connected to water storage tanks within the compound 
(Phase I) via pumped mains.  Excess flows, i.e. those flows not required by the rainwater harvesting 
system, will discharge to an existing drainage ditch from the settlement lagoon. 
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4 RAINWATER HARVESTING AT AGHOOS TUNNELLING 
COMPOUND

4.1 GENERAL 

Rainwater will be harvested for use in the tunnelling process in order to minimise the requirement for 
use of imported water during tunnelling.   

The primary objective of this Section is to estimate the amount of rainwater that could be harvested 
and recycled for use during tunnelling and to establish the required water storage tank volume based 
on the analysis of the results.   

The rainwater harvesting system will be in place only during the Tunnelling Stage following set-up of 
the compound area.  No specific rainwater harvesting system will be provided in the Initial 
Construction Stage.   

Only the rainwater harvesting system in the Compound (Phase I) area is presented in the following 
sections as a conservative scenario.  The design for that in the Stringing Area (Phase II) will be 
similar.

4.2 DESIGN ASSUMPTIONS 

The design assumptions for the rainwater harvesting system are as follows: 

(1) The rainfall record from the Met Éireann Belmullet Station was used as the data from this 
station is the most detailed available.  The data was downloaded from the Met Éireann 
website on 12th March 2010.  The Annual Totals for 2009 are the totals of 365 daily values, 
while the Means are for the period 1961 to 1990 (30 years).  The Greatest Value is from the 
same 30 year period.   

(2) The final surface of the compound will be tarmacadam.   

(3) All surface water runoff (excluding that from the tunnel arisings storage area), after removal 
of hydrocarbons, can be recycled for use in tunnelling.   

(4) Recycling of water will begin with the commencement of tunnelling.   

(5) The monthly water consumption for tunnelling for the compound at Aghoos is conservatively 
estimated to be 5,248m3.  This equates to a daily water consumption of about 175m3. It is 
expected that the actual quantity of water to be used for tunnelling will be 150m3 per day. 
However, the sizing of the tanks is conservatively based on a usage of 175m3 per day which 
includes a contingency of 16%.   

(6) Tunnelling will be carried out 365 days a year.   

(7) Losses may be due to (a) depression storage* and (b) evaporation.   

(8) A typical value of 0.5mm, as recommended by David Butler and John W. Davies Urban 
Drainage (2004) for sloping impervious ground, is used to take depression storage into 
account.   

(9) Rainfall of less than 0.2mm is not considered as a rain event and is deducted from the mean 
monthly rainfall.   

(10) A coefficient of runoff of 0.95 is used to take loss of water in the pipework and system into 
account.   
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(11) Average daily rainfall = Mean Monthly Rainfall / No. of Days in the Month.   

* Depression storage accounts for rainwater that has become trapped in small depressions on the catchment surface, 
preventing the water from running off.  This rainwater will not enter into the drainage system. 

4.3 DESIGN PRINCIPLES 

The design principles for the rainwater harvesting system in the compound (Phase I) at Aghoos are 
illustrated in the following design flow chart (Figure 4.1) and the illustration of the proposed operation 
(Figure 4.2).

The calculations are detailed in Annex 2.

Rain Water on the Site Compound Area at Aghoos 
(Area = 2.3964ha)

(G): Min. Volume Scenario [4.32mm]
(S): Max Volume Scenario [67.8mm]

Re-cycling Water 
Volume

(P): Min. Volume Scenario [86m3]
(W): Max Volume Scenario [1532m3]

Losses (e.g. Depression Storage etc.) (D), (E), (J)

Settlement Lagoons
(R): Min. Volume Scenario [380m3] = (P)+(Q)

(X): Max Volume Scenario [1830m3] = (W)+(Q)

Water Storage Tank
(Full or Not?)

Y                 N

Water to be Disposed off Site Water to be Recycled for Use of Tunnelling

Discharge at Proposed Outfall
(Treatment Volume) (Q) [288m3]

Water Storage Tank
(Imported Water + Harvested Rain Water)

(Y): Min. 8 Days Storage

Figure 4.1 – Illustrative Design Flow Chart for the Compound Phase I at Aghoos (see Annex 1 
and Annex 2)

Water to be imported when the storage in the water 
storage tank is less than 8 days AND the 
settlement tanks are empty. Daily  Water Consumption = 175m3. (C)

Rain Water on the Site 
Compound Area at Aghoos

(Area = 2.3964ha)

Water Storage Tank

(Recommended Volume = 1,500m3)
(Equivalent to 8 Days Storage) (Y)

Tunnelling

Surface Water Runoff
Pumped Main         

                               (in operation when the settlement tanks are less than 8 days storage
                               ANDthe re-cycling water tanks are not empty.)

Losses

Discharge at proposed outfall if the water storage tank is full.

Separators
Proposed 

Outfall

To remove hydrocarbons in surface water runoff. Settlement Lagoons (in series)
Recommended Tanks Volume = Treatment Volume + Attenuation Volume (CIRIA)

  = 288 + 700 (approx.; for 1 in 20 years storm) = 988m3

via silt traps
provided at regular

interval.

Figure 4.2 – Proposed Operation of Rainwater Harvesting System at Aghoos (see Annex 1)
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As shown in the preceding flow chart and illustration, it is proposed to provide two types of tanks within 
the compound.  The settlement lagoons, which are in series, will be provided to attenuate surface 
water runoff and treat it by settlement, hence providing a source of harvested rainwater for recycling, 
while the water storage tanks will be used to store rainwater delivered from the settlement lagoons 
and/or imported water from outside the site - for use in the tunnelling process. 

In order to reduce the necessity for imported water, and hence the number of trips made by water 
tankers, harvested rainwater will be used in the tunnelling process as much as possible.  The 
harvested rainwater will be pumped to the water storage tanks from the final phase of the settlement 
lagoons.  Imported water will be brought into the compound only when the volume of water in the 
settlement lagoons is insufficient for use in tunnelling.  This is further detailed in Section 4.5 – 
Operation of the Harvested Rainwater System.

For the purpose of estimating tank sizes, the following two scenarios were considered: 

(a) Minimum Harvested Rainwater Volume; and  

(b) Maximum Harvested Rainwater Volume.   

In the Minimum Harvested Rainwater Volume scenario, the mean monthly rainfall as measured at 
Belmullet was used to estimate the minimum volume of water that could be harvested from the 
compound area. 

In the Maximum Harvested Rainwater Volume scenario, the historical (1961-1990; 30 years) greatest 
daily rainfall for each month was used to estimate the maximum volume of rainwater that could be 
harvested from the compound area.   

The calculations are detailed in Annex 1 and the results are summarised in Table 4.1.

Volume of Harvested 
Rainwater (m3)

Compound Area  
(excluding Stringing 

Area) at 

Minimum Maximum

Aghoos 86 1,532 

  Table 4.1 – Volume of Harvested Rainwater 

Including consideration of the treatment storage volume (i.e. 288m3 as detailed in Section 3.3 of this 
report), the minimum and maximum possible volume of the settlement lagoons is shown in Table 4.2.

Possible Volume of 
Settlement Lagoon (m3)

Compound Area 
(excluding Stringing 

Area) at 

Minimum Maximum

Aghoos 380 1,830 

  Table 4.2 – Possible Volume of Settlement Lagoons 

It should be noted that, from this preliminary analysis and as detailed in Annex 2, the water required 
for tunnelling cannot be solely met by harvested rainwater.  Based on the historical rainfall data from 
Met Éireann, the average daily rainfall (i.e. mean monthly rainfall / no. of days in a month) for the 12 
months of a year is never higher than the daily water consumption [see Assumption 5 in Section 4.2
of this report] in the compound (i.e. 175m3 for Aghoos).   
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4.4 VOLUME OF SETTLEMENT LAGOONS 

As detailed in Section 3.3 (B) of this report, the approximate attenuation storage and interception 
storage for the compound area at Aghoos are provided in Table 4.3.

Compound Area 
(excluding Stringing 

Area) at 

Approximate 
Attenuation and 

Interception 
Volume (m3)

Treatment 
Storage (m3)

Total (m3)

Aghoos 700 288 988
 Table 4.3 – Attenuation Volume, Interception Volume and Treatment Storage 

The total volume is within the range determined in Table 4.2.

4.5 OPERATION OF THE HARVESTED RAINWATER SYSTEM 

The settlement lagoons, the water storage tanks, the pumps and the pumped mains are the main 
components in the system to use harvested rainwater for tunnelling in the compound at Aghoos.   

It is proposed that the water storage tanks be sized to provide a minimum 8 days storage (i.e. 8 x 
175m3 = 1,400m3; say 1,500m3) for use in tunnelling.  This is considered to be a reasonable size for 
the storage tanks having regard to local weather patterns, the size of the tunnelling compound and 
other factors (for instance, visual impact).   

The harvested rainwater in the settlement lagoons will be pumped to the water storage tanks for use in 
the tunnelling process when the volume of water stored in the water storage tanks is less than 
1,500m3 provided the settlement lagoons are not empty.  Environmental issues, such as noise, will 
also be taken into consideration in determining the pumping regime.  

When the volume of water stored in the water storage tanks is less than 1,500m3 and the settlement 
lagoons are empty, a notification signal will be sent to the operators.  Measures may then be put in 
place to import water via tankers. 

Should the settlement lagoons and water storage tanks be full, then the treated rainwater will be 
discharged at the proposed outfalls from the settlement lagoons. 

Table 4.4 summarises the proposed capacities of the Settlement Lagoons and Water Storage Tanks 
for the tunnelling compound.   

Compound Area (excluding 
Stringing Area) at 

Proposed Volume of 
Settlement Lagoons (m3)

Proposed Volume of Water 
Storage Tanks (m3)

Aghoos 988 1,500 

Table 4.4 – Proposed Sizes of Settlement Lagoons and Water Storage Tanks 
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5 SURFACE WATER DRAINAGE SYSTEM AT GLENGAD 
TUNNELLING COMPOUND 

5.1 GENERAL 

The design principle for the surface water drainage network at the Glengad Tunnelling Reception Pit 
Compound is similar to that for Aghoos.   

In the design, the surface water runoff is divided into two different categories, namely ‘clean’ and 
‘dirty’.  The ‘clean’ surface water runoff comes from the surrounding undisturbed ground, while the 
‘dirty’ surface water runoff is from rainwater falling on the compound area.   

5.2 DESIGN ASSUMPTIONS 

The design assumptions for the surface water runoff collection system in the compound at Glengad 
are as follows: 

(1) Design return period is 20 years, in reference to the general guidance of CIRIA – Use of 
SUDS Linear Trench Projects (Publication C648 and C649).

(2) The Rational rainfall runoff method is used to determine the design flow (reference CIRIA 
Report No. R124 – Scope of Control for Urban Runoff Volume 3: Guidelines.)

(3) The final surface of the compound will be blinded stone, and for conservative reasons the 
discharge coefficient is taken as 1.0.   

(4) Treatment and attenuation volumes are determined using the design tool for the Initial 
Assessment of the Surface Water Storage Volume Requirements for a Site 
(http://www.irishsuds.com).

5.3 SURFACE WATER TREATMENT AND COLLECTION SYSTEM 

(A) Collection System

The surface water collection system in the reception pit compound at Glengad will be similar to that in 
Aghoos.   

The existing streams at the eastern and western boundary of the compound will remain in place to 
receive ‘clean’ surface water runoff and discharge to the watercourse at the existing outfalls.   

Silt fences will be installed along the site boundary to stop ‘dirty’ surface water runoff from entering into 
the existing ditches without any treatment.   

At the southern site boundary, two intercepting ditches (one will discharge to the eastern stream and 
the other will discharge to the western stream) will be provided to intercept all ‘clean’ surface water 
runoff, thereby preventing it from entering the compound area where the runoff may be contaminated 
by the construction activities.  These two intercepting ditches will be appropriately sized to collect 
potential overland flows generated by seasonal springs in the vicinity.   

Within the compound area, the surface water collection system will be similar to the one in the 
stringing area (Phase II) at Aghoos, as described in Section 3.3 of this report, and will include silt 
traps and open-channel grating systems.  All flows collected in the channels will be drained to 
settlement lagoons via by-pass separators (to remove any hydrocarbons in the unlikely event of a spill) 
prior to discharging to the existing ditches at the eastern and western site boundary.   
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The settlement lagoons and the by-pass separators will be provided in the beginning of the compound 
setting up so that the ‘dirty’ surface water runoff in the Initial Construction Stage will be treated 
properly before discharging to the existing ditches.   

A sump pump will be installed to pump out all water in the tunnelling pit.  The pumped water will be 
properly treated for suspended minerals prior to discharge to the network of intercepting open 
channels in the Tunnelling Stage.   During the arrival of the TBM at the Reception Pit the water in the 
pit will be pumped into a tank for collection and removal off site to an authorised treatment facility. 

(B) Settlement Lagoons

The combined system of a settlement lagoon and a by-pass separator will be provided at the outfall to 
each of the existing streams at the boundary of the compound.   

The settlement lagoon will be sized in accordance with the guidelines and tools of the irishsuds.com
website.  It is estimated that the total treatment storage requirements for the entire compound at 
Glengad is 42m3 based on an approximate site area of 3,500m2.  This volume represents the minimum 
permanent volume provided below the lagoon inlet and outlet levels. 

As with the compound in Aghoos, the settlement lagoon will be non-permanent and will be provided 
only for the purpose of construction; therefore, a 20 year return period storm has been used to 
determine floodwater attenuation storage, in accordance with the general guidance of CIRIA – Use of 
SUDS Linear Trench Projects.

The approximate attenuation and treatment storage volumes for the compound area at Glengad, 
which are estimated according to irishsuds.com for a storm of 20 year return period, are provided in 
Table 5.1.

Compound Area at Approximate 
Attenuation and 

Interception 
Volume (m3)

Treatment 
Storage (m3)

Total (m3)

Glengad 60 42 102
 Table 5.1 – Attenuation, Interception and Treatment Storage Volumes at Glengad 

Compound 

In light of the general existing topography, the size of each settlement lagoon at the Glengad 
compound will be a minimum of 51m3 i.e. half of the treated surface water runoff will be discharged to 
the existing eastern stream and the other half to the existing western stream. 
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6 SUMMARY 

6.1 GENERAL 

The purpose of this report is to summarise the preliminary design for the surface water drainage 
systems in the compounds at Aghoos and Glengad during the Initial Construction Stage and the 
subsequent Tunnelling Stage.   

6.2 AGHOOS TUNNELLING COMPOUND 

(A) Surface Water Collection System

Compound (Phase I)

The surface water drainage system in the compound area (Phase I) at Aghoos is designed as follows:- 

(1) To collect the ‘clean’ surface water runoff from the undisturbed area (i.e. area outside of the 
compound and stringing area) using existing ditches and interceptor ditches and to 
discharge directly to the existing outfalls  during both the Initial Construction Stage and the 
Tunnelling Stage;  

(2) To provide a settlement lagoon with appropriate treatment facilities (e.g. silt trap and by-
pass separators) to treat ‘dirty’ surface water runoff prior to discharge to the existing ditch in 
the Initial Construction Stage  

(3) To provide a swale at the north-eastern boundary to collect ‘dirty’ surface water runoff and 
draining to the proposed outfall after treatment (e.g. removal of hydrocarbons and 
settlement lagoons and other suitable filtration facility, etc.) in the Initial Construction Stage; 

(4) To collect and treat surface water and re-use it during the tunnelling phase, or, during heavy 
rainfall, discharge the treated water into an existing ditch.   

(5) To provide a combined kerb and drainage system and a network of intercepting open 
channels to collect ‘dirty’ surface water runoff and drain to the settlement lagoons via by-
pass separators in the Tunnelling Stage;  

(6) To provide a sump pump to pump out all water in the tunnelling pit.  The pumped water will 
be properly treated for suspended solids prior to discharging to the swale in the Initial 
Construction Stage or the used bentonite storage tank in the Tunnelling Stage;  

(7) To provide a swale (same as Item 3) to collect ‘dirty’ surface water runoff from the peat 
storage area and drain to the settlement lagoon via a suitable filtration facility, if required, in 
the Tunnelling Stage; and 

(8) To provide a separate drainage system for the tunnel arisings storage area in the Tunnelling 
Stage which does not connect to the compound drainage system and settlement lagoons in 
order to ensure that bentonite traces or other fines from the cuttings will not discharge into 
the bay.

Stringing Area (Phase II)

The system in the stringing area (Phase II) will be similar to that in the compound area (Phase I).  The 
following will be provided for collection and treatment of ‘dirty’ surface water runoff in the area: 

(1) Open-channel grating system;  

(2) Appropriate treatment facilities (e.g. silt traps and by-pass separators);  
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(3) Settlement lagoons; and 

(4)  A separate drainage system for the tunnel arisings stockpiling area (if required) in the 
Tunnelling Stage, which does not connect directly to the Stringing Area drainage system 
and settlement lagoons described above in Items (1) to (3) but instead is treated separately 
and re-used within the tunnelling process or removed from site. 

(B) Rainwater Harvesting System

Compound (Phase I)

In order to harvest rainwater on the compound area (Phase I), the following are proposed: 

(1) Settlement lagoons will be provided at the downstream end of the combined kerb and 
drainage system to provide treatment storage and storage of harvested rainwater;  

(2) A sump pump will be installed to pump the harvested water stored in the settlement lagoons 
to the water storage tanks, which will be provided to store water for use during tunnelling.   

Stringing Area (Phase II)

The rainwater harvesting regime in the Stringing Area (Phase II) will be similar to that in the compound 
area (Phase I) with a connection from the settlement lagoon to the water storage tanks.   

6.3 GLENGAD TUNNELLING COMPOUND 

The surface water drainage system in the Glengad Tunnelling Compound will be designed as follows: 

(1) To collect ‘clean’ surface water runoff from the undisturbed existing area (i.e. the area 
outside of the compound) through proposed interceptor ditches and discharge to the 
existing streams in both the Initial Construction Stage and the Tunnelling Stage;  

(2) To provide settlement lagoons with appropriate treatment facilities (e.g. silt trap and by-pass 
separators) to treat potentially ‘dirty’ surface water runoff prior to discharging to the existing 
streams in the Initial Construction Stage and the Tunnelling Stage;  

(3) To provide a network of intercepting open channels to collect the potentially ‘dirty’ surface 
water runoff and drain to the settlement lagoons via by-pass separators in the Tunnelling 
Stage; and 

(4) To provide a sump pump to pump out all water in the tunnelling pit.  The pumped water will 
be properly treated for suspended minerals prior to discharge to the network of intercepting 
open channels in the Tunnelling Stage.   During the arrival of the TBM at the Reception Pit 
the water in the pit will be pumped into a tank for collection and removal off site to an 
authorised treatment facility. 
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ANNEX 1 

Design Principle for Rainwater Harvesting at Aghoos 
Tunnelling Compound



Corrib Onshore Pipeline
Preliminary Analysis of Rain Water Attenuation and Harvesting at Tunnelling Compounds

(A) Design Principles:

(1) Site Compund at Aghoos

(a) Design Flow Chart
Rain Water on the Site Compound Area at Aghoos 

(Area = 2.3964ha)
(G): Min. Volume Scenario [4.32mm]
(S): Max Volume Scenario [67.8mm]

Re-cycling Water 
Volume

(P): Min. Volume Scenario [86m3]
(W): Max Volume Scenario [1532m3]

Losses (e.g. Depression Storage etc.) (D), (E), (J)

Settlement Lagoons (R): Min. Volume Scenario [380m3] = (P)+(Q)
(X): Max Volume Scenario [1830m3] = (W)+(Q)

Water Storage Tank
(Full or Not?)

Y                 N

Water to be Disposed off Site Water to be Recycled for Use of Tunnelling

Discharge at Proposed Outfall
(Treatment Volume) (Q) [288m3]

Water Storage Tank
(Imported Water + Harvested Rain Water) (Y): Min. 8 Days Storage

(b) Proposed Operation Illustrations

Water to be imported when the storage in the 
water storage tank is less than 8 days AND the 
settlement tanks are empty. Daily  Water Consumption = 175m3. (C)

Rain Water on the Site 
Compound Area at Aghoos

(Area = 2.3964ha)

Water Storage Tank
(Recommended Volume = 1,500m3)

(Equivalent to 8 Days Storage) (Y)
Tunnelling

Surface Water Runoff Pumped Main         
                               (in operation when the settlement tanks are less than 8 days storage
                               AND the re-cycling water tanks are not empty.)

Losses

Discharge at proposed outfall if the water storage tank is full.

Separators Proposed 
Outfall

To remove hydrocarbons in surface water runoff. Settlement Lagoons (in series)
Recommended Tanks Volume = Treatment Volume + Attenuation Volume (CIRIA)

  = 288 + 700 (approx.; for 1 in 20 years storm) = 988m3

via silt traps 
provided at regular 

interval.
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ANNEX 2 

Preliminary Analysis for Rainwater Harvesting at Aghoos 
Tunnelling Compound



Corrib Onshore Pipeline
Preliminary Analysis of Rain Water Attenuation and Harvesting at Tunnelling Compounds

(B) Preliminary Analysis:

(1) Site Compund at Aghoos

Site area: 23964 m2.  (A)
(based on Drawing No. DG0405 Rev. R03)

ie. 2.3964 ha

(a) Minimum Re-cycling Water Volume Scenario
Assumptions:

1. All rain water can be recycled for the use of tunnelling.
2. Re-cycling of water starts with the tunnelling.
3. Monthly water consumption for tunnelling = 5248 m3.  (B) - figure provided by Contractor.
4. Daily demand for water for tunnelling = 174.93 m3.  (C) = (B) / no. of days in a month (30 used here)
5. The tunnelling to be carried out in 365 days in a year.
6. Construction starts in January.
7. Mean monthly rainfall data and greatest rainfall data are from Met Eireann (1961-1990).
8. Daily rainfall < 0.2mm is considered as no rainfall.
9. Dry days (daily rainfall <0.2mm, as in Note 8) occur consecutively in a month.

10. Depression storage = 0.5 mm (typical value for sloping impervious ground).  (D)
11. Coefficient of runoff = 0.95 ; to take loss of water throughout the system into account. (E)
12. Average daily rainfall = mean monthly total / no. of days in the month.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
123.7 80.4 96.3 56.9 67.9 67.2 67.5 93.5 108.6 133.8 127.4 119.3 123.7 F (Met Eireann Data)
3.99 2.87 3.11 1.90 2.19 2.24 2.18 3.02 3.62 4.32 4.25 3.85 3.99 G = F / no. of days in a month
23 19 23 19 18 18 19 20 21 24 23 24 23 H (Met Eireann Data)
8 9 8 11 13 12 12 11 9 7 7 7 8 J =  No. of days in a month - H

3.44 2.04 2.55 1.26 1.61 1.59 1.60 2.45 2.95 3.77 3.56 3.30 3.44 K = (F - J x 0.2) / no. of days in a month - D
82 49 61 30 38 38 38 59 71 90 85 79 82 L = A x K
78 46 58 29 37 36 36 56 67 86 81 75 78 M = L x E
91 141 111 146 133 139 133 114 108 83 94 94 91 N = C - M

From the above table, to minimise the average daily volume of water to be imported,
Min. volume of re-cycling rain water = 86 m3;  (P) = Maximum (M)

(maximum adjusted average daily water storage)

        In case there is an excess of rain water (ie. M' > Total Water Storage on Site = Rain Water Storage + Volume of Imported Water), it should be discharged to the proposed outfalls after treatment (e.g. settlment tank).
        From the website of Irish SuDS: Guidance and Tools [http://geo.hrwallingford.co.uk:8080/wmc/savedapps/suds],

Estimated treatment storage = 288 m3.  (Q)

Min. volume of settlement tanks = 374 m3.  (R) = (P) + (Q)
Say 380 m3. 

(b) Maximum Re-cylcing Water Volume Scenario
Assumptions:

1. Similar to those for Minimum Re-cycling Water Scenario.  

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
32.2 23.6 25.9 20.4 26.5 35.2 44.9 57.3 56.1 67.8 56.4 40.5 32.2 S (Met Eireann Data)
31.7 23.1 25.4 19.9 26 34.7 44.4 56.8 55.6 67.3 55.9 40 31.7 T = S - D
760 554 609 477 623 832 1064 1361 1332 1613 1340 959 760 U = A x T
722 526 578 453 592 790 1011 1293 1266 1532 1273 911 722 V = U x E

From the above table, to ensure all historical rainfall is re-cycled,
Max. volume of re-cycling rain water = 1532 m3;  (W) = Maximum (V)

As in Scenario 1, the estimated treatment storage = 288 m3.  (Q)

Max. volume of settlement tanks = 1820 m3.  (X) = (W) + (Q)
Say 1830 m3. 

Exp Volume of Water to be Imported (m 3)

Adjusted Average Daily Rainfall (mm)

Adjusted Average Daily Water Harvested (m 3)

Mean Monthly Rainfall (mm)
Average Daily Rainfall (mm)

Exp Average Daily Water Harvested (m3)

Mean No. of Days with Rainfall < 0.2mm
Mean No. of Days with Rainfall >= 0.2mm

Adjusted Greatest Daily Water Harvested (m 3)

Greatest Daily Rainfall (mm)
Adjusted Greatest Daily Rainfall (mm)

Exp Greatest Daily Water Harvested (m3)
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1 Introduction

1.1 Margaret Gowen and Co. Ltd undertook an archaeological, architectural and cultural 

heritage assessment of the proposed pipeline development. In addition, an assessment of 

underwater archaeology was undertaken by Archaeological Diving Company Ltd 

(ADCO).   

1.2 The proposed pipeline route and ancillary development avoids all recorded archaeological 

monuments (RMP sites –Appendix 1) and sites of archaeological potential as identified 

through a detailed desk study, field inspection and test excavation (Figures 1 & 1A). 

However, it must be noted that in any area subject to development, there is always a 

possibility that archaeological features/stray finds can be revealed during construction, 

even in areas in which no impact is predicted.  

1.3 It is anticipated that any impacts of an archaeological, architectural and cultural heritage 

nature would be encountered during monitoring of the construction phase of work and 

would be resolved prior to the operational phase.

1.4 The following sections describe the methodology used in the assessment of the existing 

environment from an archaeological, architectural and cultural heritage perspective. This 

report also examines the potential impacts of the proposed development and recommends 

mitigation measures to ameliorate these impacts on features of archaeological potential, 

architectural heritage or cultural heritage.  

1.5 The following legislation, standards and guidelines were considered and consulted for the 

purposes of this evaluation: 

National Monuments Acts, 1930-2004; 

The Planning and Development (Strategic Infrastructure) Bill, 2006; 

The Heritage Act, 1995; 

Guidelines on the information to be contained in Environmental Impact Statements, 

2002, EPA; 

Advice Notes on Current Practice (in preparation of Environmental Impact 

Statements), 2003, EPA; 

NRA Guidelines for the Assessment of the Archaeological Heritage Impact of 

National Road Schemes, 2006; 

NRA Guidelines for the Assessment of Architectural Heritage Impact of National 

Road Schemes, 2006; 
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Frameworks and Principles for the Protection of the Archaeological Heritage, 1999, 

(formerly) Department of Arts, Heritage, Gaeltacht and Islands;  

Architectural Heritage (National Inventory) and Historic Monuments 

(Miscellaneous Provisions) Act, 2000 and the Local Government (Planning and 

Development) Act 2000; and 

Code of Practice between Bord Gáis Éireann and the Minister for Arts, Heritage, 

Gaeltacht and the Islands (now the Department of Environment Heritage and Local 

Government), 2002. 
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2 Project Description 

2.1 The proposed Corrib Onshore Pipeline development consists of the following elements:

A gas pipeline extending from the landfall at Glengad to the Gas Terminal at 
Bellanaboy Bridge; 

As part of this pipeline a tunnel; approximately 4.9km in length; most of which 
will be constructed under Sruwaddacon Bay from Aghoos to Glengad; 

Umbilicals and services which extend from the Gas Terminal to the landfall at 
Glengad;

Outfall pipeline extending from the Gas Terminal to the landfall and onto an 
agreed point offshore; 

Landfall Valve Installation & access road; 

Ancillary development associated with the construction of the onshore gas 
pipeline (site compounds, etc) including removal of up to 75,000m3 of peat from 
the construction of the onshore pipeline to the Srahmore Peat Deposition Site. 

2.2 Construction

The construction of the proposed pipeline will take approximately 26 months to complete. 

The construction of the pipeline will involve a number of activities. These activities have 

been summarised below: 

Mobilisation and compound set-up in Glengad and Aghoos  

Construction of the Landfall Valve Installation (LVI) in Glengad 

Construction of the pipeline in Glengad 

Construction of the segment lined tunnel in Sruwadaccon Bay from Aghoos to 

Glengad; and 

Construction of the pipeline from Aghoos to the Bellanaboy Terminal  

In general, pipeline construction on arable land in Glengad will be carried out by 

excavating a trench approximately 5m wide and 2m deep. The LVI will be excavated to 

an average depth below existing ground level of 3m within a dished area of 
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approximately 45m x 45m.  A site compound (SC1) will be located adjacent to the LVI 

footprint and will be 75m x 60m.

Construction of the Corrib Onshore Pipeline in Sruwaddacon Bay will be by a trenchless 

technique generally known as segment lining. This tunnel will be constructed for 

approximately 4.9km from Aghoos to Glengad, 4.6km of which will be underneath 

Sruwaddacon Bay..  Tunnelling operations will require a tunneling compound in Glengad 

(SC2), which will include the reception pit for the tunnelling process, and a tunneling  

compound in Aghoos (SC3) which will include a starting pit for the tunnelling process.  

The site compound (SC2) will be approximately 3,500m2 while site compound (SC3) will 

be approximately 24,000m2.

This compound in Aghoos is anticipated to be in place for approximately 26 months and 

will be constructed by excavating the peat to within approximately 1.0m of the peat base, 

and replacing it with stone.  The compound (SC3) at Aghoos will also include a stringing 

area of 21,000m2.

In areas of peat, a stone road will be constructed within which the pipeline and services 

will be installed.  The stone road will also provide access for construction plant and 

machinery.  The stone road will be 12m wide in most areas, and generally 3m deep.  

Site compounds will also be located in Bellagelly South (SC4 – 80m x 50m) and at the 

Terminal (SC5 – 80m x 125m). 

2.3 Ancillary development 

A number of ancillary developments will facilitate the construction of the proposed 

onshore gas pipeline. The features and locations of this ancillary development are 

provisional and could be subject to variation during detailed design. Ancillary 

development includes:  

Temporary Working Areas; 

Construction traffic and access roads; 

Tunnelling and site compounds; 

Pipe Stringing Area. 



Archaeological, architectural and cultural heritage assessment Corrib Onshore Pipeline 
________________________________________________________________________________________________

May 2010 Appendix N - 5 Margaret Gowen & Co. Ltd 

2.3.1 Temporary Working areas: 

Established pipeline practice recommends that the corridor of land under construction be 

appropriately fenced off from its surrounding environs. Generally all working areas shall 

be fenced off during construction with a 3m high fence. Within this fenced area, all works 

associated with the pipeline will take place. The width of the proposed working area is 

generally 40m, and 60m in peat. However, a walkover assessment was carried out over a 

100m corridor over the majority of the route.  The proposed working area extends beyond 

40m in a number of areas (Figures 1 &1A) set out below;  

The landfall valve Installation at Glengad;

Tunnelling and site compounds areas;  

Pipe stringing area at Aghoos; 

Areas of peat in Bellagelly South. 

2.3.2 Construction traffic and proposed road maintenance: 

The local road network will be used as a haul route to facilitate the movement of 

construction traffic. It is not anticipated that any proposed maintenance of the existing 

road network will impact on features of archaeological or cultural heritage. Other works 

include:

Permanent access road to landfall valve installation at Glengad – This access road, 

already in existence, is to be upgraded. It will be 6m wide during construction 

works and 3.5m wide after these works. Upgrades to this access road will occur on 

the west side. There will be no intrusion to the east side. 

The proposed temporary access to the site compound and pipeline route in Aghoos 

will be approximately 170m long and 6m wide, while a shorter temporary access 

road will be provided to the stringing area.

A temporary access is also proposed for the site compound SC4 in Bellagelly South 

while the Terminal site will provide access to SC5. 

2.3.3 Tunnelling and site compounds 

There are 2 proposed tunnelling compounds and 3 temporary site compounds located 

within the study area (SC 1-5) (Figures 1 & 1A). These sites have been placed in areas 

free from any known or existing archaeological sites and features. In the majority of cases 

there is an extended working area surrounding these compounds.  

2.3.4 Pipe Stringing Area 

A pipe stringing area (approximately 300m x 75m in area) is located in the townland of 

Aghoos.
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2.3.5 Abbreviations

The terms used for the different aspects of the ancillary development associated with the 

laying of the proposed pipeline have been abbreviated: 

Landfall Valve Installation  LVI

Tunnelling and site Compound 1, 2, 3 etc. SC 1, SC 2, SC 3 etc. 

Pipe Stringing area 1   PS 1 
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3 Methodology 

3.1 The primary function of the study is to ensure that all known and potential archaeological, 

architectural and cultural heritage sites are identified (through the different sources set out 

below) and avoided. Therefore, the final environmental impact assessment (EIA) process 

has involved constant route refinement to ensure, where possible, that no conflict has 

occurred between the emerging route and archaeology, architecture and cultural heritage 

features.

3.2 The route selection study assessed a 500m corridor on land and identified any 

archaeological, architectural or cultural heritage constraints within this corridor and 

facilitated the avoidance of all recorded archaeological sites. This study has been refined 

at the EIS stage of the project to include an assessment of a 100m corridor. The study also 

assesses the location of ancillary development such as a landfall valve installation, access 

roads, compounds sites and a pipe stringing area, the extent of which is shown on figures 

1 & 1A. A detailed description of each of the individual potential archaeological sites that 

lie within or adjacent to the 100m assessment corridor i.e. 50m either side of the pipeline 

route or within areas of ancillary development has been provided in the inventory.  

3.3 The methodology involved a desktop assessment (sources detailed in Appendix 2 and 3), 

field inspection, an examination of aerial photography and a test-excavation, to identify 

and confirm features of an archaeological, architectural or cultural heritage interest within 

the 100m study corridor. The results of previous on-site archaeological monitoring and 

test-excavation are also incorporated into the text for examination. Consultation with the 

design team and statutory authorities has taken place throughout the planning process. 

3.4 A review of the proposed construction layout plan at Glengad and Aghoos was also 

undertaken to identify associated temporary works and the potential to impact on features 

of archaeological, architectural and cultural heritage potential. 

3.5 Field Inspection 

A field inspection was undertaken by archaeologists on varying dates throughout 2007 to 

2009 and 2010 to assess present topography and land use. It also sought to identify 

potential low-visibility archaeological features and upstanding features of architectural or 

cultural heritage interest.

The entire route of the pipeline (generally 50m either side of the pipeline route) and the 

areas associated with the ancillary works were inspected.  
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3.6 Desk-top assessment 

A desk study of the proposed route was undertaken which examined the following 

sources:

RMP files (Record of Monuments and Places); 

Topographical files (recorded stray finds, held in the National Museum of Ireland); 

Mayo County Council (consulted for schedules of buildings and items of 
architectural, historical, archaeological, artistic, cultural, scientific, social or 
technical interest that are listed for protection in the study area); 

Documentary sources (additional published and unpublished documentary and 
literary references consulted are listed in Appendix 3); 

Cartographic sources (various editions of Ordnance Survey mapping, Figures 2-5) 
and historic mapping (William Bald’s map ‘Maritime County of Mayo’, Figure 6); 
and

National Folklore Collection, University College Dublin   - The 1938 essays of the 
Irish folklore commission. 

The methodology utilised for this desktop assessment included: 

An examination of aerial photographs (2004, 2006 and 2008); 

A review of previous cultural heritage reports; and 

Consultation with various parties. Those consulted included: 

- Department of Environment, Heritage and Local Government (DoEHLG): 
National Monuments Section & the Underwater Archaeology Unit; 

- Noel Dunne, author of ‘Pre-bog Archaeology: The Glenamoy-Barnatra 
Peninsula Co. Mayo’. Unpublished MA, 1985, UCD; 

- Dr. Graeme Warren, lecturer in the School of Archaeology, UCD and director 
of an archaeological field survey and excavation project based in Béal Deirg 
(Belderrig), Co. Mayo; 

- Greta Byrne, Manager of Céide Fields Visitor Centre, Co. Mayo; 

- Local landowners; 

- Dr. Seamus Caulfield, formerly of the School of Archaeology at UCD, the 
renowned and now retired expert on the prehistoric landscape at Céide; and 

- Dr. Niall Brady, Director of ADCO Ltd and Rex Bangerter, Underwater 
archaeologist, conducting the underwater archaeological survey for the project. 
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Test Excavation 

Following desk based research and a detailed field inspection, one potential 

archaeological feature was test excavated under licence to the DoEHLG and the National 

Museum of Ireland as part of the EIA process. The proposed development works at 

Aghoos had been deliberately located to avoid this mounded feature (ID A3, Figures 1A 

& 7), however, the National Monuments Section of the Department of Environment, 

Heritage & Local Government (DoEHLG) requested that the feature be archaeologically 

investigated through test excavation. This was proposed to provide an understanding as to 

the level of archaeological potential in the immediate surrounding area and to establish 

whether or not sub-surface remains of a possible archaeological origin extend into the 

proposed working area.  The use of test-excavation is also being applied to improve the 

quality of information and to provide greater certainty and definition of the suggested 

archaeological potential of this site. 

3.7 Assessment Criteria 

Impacts on archaeological, architectural and cultural heritage are generally categorised as 

being a direct impact, an indirect impact or as having no predicted impact as described in 

Table 1. 

Table 1: Type of Impact 

Category of 
Impact

Description 

Direct Occurs when an item of archaeological, architectural or cultural 
heritage is removed, in part or totally, due to the proposed works. A 
direct impact can also occur when the pipeline is crossing an 
environment or area considered to be of archaeological potential.  

Indirect May be caused due to the close proximity of the proposed scheme to 
an archaeological, architectural or cultural feature. Mitigation 
strategies and knowledge of detailed design can often ameliorate any 
adverse indirect impact.  

No
predicted

Occurs when the proposed route does not adversely or positively affect 
an archaeological, architectural or cultural site. 

The impacts of the proposed route on the archaeological, architectural or cultural 

environment are first assessed in terms of their quality, i.e. positive, negative, neutral as 

described in Table 1.
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Table 2: Quality of impact 

Quality Description 
Negative A change that will detract from or permanently remove an 

archaeological, architectural or cultural heritage monument, structure 
or feature from the landscape. 

Neutral A change that does not affect the archaeological, architectural or 
cultural heritage environment. 

Positive A change that improves or enhances the setting of an archaeological, 
architectural or cultural monument, site or feature. 

A significance rating for these impacts is then given i.e. slight, moderate, significant or 

profound as described in Table 2. 

Table 3: Significance of impact 

Significance Description 
Profound Applies where mitigation would be unlikely to remove adverse 

effects. Reserved for adverse, negative effects only. These effects 
arise where an archaeological, architectural or cultural site is 
completely and irreversibly destroyed by a proposed development 
without a record being produced. 

Significant An impact, which, by its magnitude, duration or intensity alters an 
important aspect of the environment.  
An impact like this would be where the part of a site/ structure 
would be permanently impacted upon leading to a loss of character, 
integrity and data about the archaeological, architectural or cultural 
feature/site.

Potentially
Significant

An impact on a potential feature or area of archaeological, 
architectural or cultural heritage potential that could be significant 
without mitigation measures taking place. This impact relates to 
items of archaeological potential, possible sub-surface remains, 
recorded archaeology, possible archaeological sites and areas of 
archaeological potential as well as features of architectural heritage 
merit and sites of cultural heritage interest. 

Moderate A moderate impact arises where a change to the site is proposed 
which though noticeable, is not such that the archaeological integrity 
of the site is compromised and which is reversible. This arises where 
an archaeological, architectural or cultural heritage feature can be 
incorporated into a modern day development without damage and 
that all procedures used to facilitate this are reversible. 

Slight An impact which causes changes in the character of the environment 
which are not significant or profound and do not directly impact or 
affect an archaeological, architectural or cultural heritage feature or 
monument.  

Imperceptible Impact capable of measurement but without noticeable 
consequences.
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The duration of impacts is based on the data contained within the published EPA 

Guidelines, 2002. 

Table 4: Duration of impact 

Duration of 
Impact

Description 

Temporary Impact lasting for one year or less 
Short-term Impact lasting one to seven years 
Medium-term Impact lasting seven to fifteen years 
Long-term Impact lasting fifteen to sixty years 
Permanent Impact lasting over sixty years 
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4 Existing Environment 

4.1 Archaeological Heritage 

The underwater archaeological section of the EIS addresses and details the intertidal, 

coastal, riverine and underwater environments. The land side of the proposed pipeline 

development including the reclaimed, strip fields at the landfall site at Glengad, the 

coastal stretch of eroded bogland at Aghoos and the forested bogland of  Bellagelly South 

townland have been investigated as part of this report.  

The proposed route is situated in the barony of Erris (from the Irish word Iar Ros

meaning the western promontory) and the parish of Kilcommon in northwest Mayo. 

Broadhaven Bay is located to the west. The route passes through three townlands whose 

names reflect the topography and physical aspect of the local landscape; such as Gleann

an Ghad (Glengad), meaning the glen of the rods; Achadh/ Na hEachú (Aghoos), 

translating simply as the fields; and Baile Geimhle/ Beál an Ghoile Theas (Bellagelly 

South), derived from Irish to mean the mouth of the glen.  

The coastline to the west of the proposed landfall site is characterised by rugged cliffs 

where promontory forts (MA004-009 and MA004-10) are located. The Dooncarton 

mountain range, forms the backdrop of the proposed pipeline to the west and south; this is 

an area of mountainous ground with rock outcropping and extensive tracts of blanket bog.   

A number of archaeological monuments, ranging from megalithic tombs to stone circles, 

hut sites, field systems and enclosures, are located at higher elevations of this peninsula 

(above the 100ft contour line), indicating an archaeological presence from Neolithic times 

onwards. None of these recorded monuments will be impacted by the proposed pipeline 

development. 

The proposed route will pass beneath Sruwaddacon Bay (Sruth Fada Conn) meaning the 

long narrow stream of Conn (of the mythical family Clann Lir) also known as the 

Greyhound River. This bay pierces the coastline deeply and penetrates between 

Pollatomish village on its southwest and the village of Rossport on its northeast.   

Coastal, estuarine and riverine environments, especially in the west of Ireland, have been 

shown through research and fieldwork to have significant archaeological potential. 

Archaeological evidence has shown that these areas have acted as focal points for both 

settlement and ritual activity through all periods of human settlement. The School of 
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Archaeology, University College Dublin is conducting a research project in Belderrig, c. 

17.5km to the northeast of the proposed route. The site lies immediately above the 

shoreline on peat-covered west-facing slopes of a sheltered bay near the issuing of the 

Belderrig River (pers comm. Dr. Graeme Warren). Findings include a late Mesolithic 

quartz scatter and associated pre-bog archaeology, including field walls. The Mesolithic 

(c.8,000-4,000 BC) period, that records human activity in Ireland after the end of the last 

ice age, is not represented among the known archaeological record for the immediate 

area. Mesolithic people did not build permanent stone monuments but favoured transitory 

sites, usually connected with habitation or food production activity associated with the 

hunting and fishing economy of this period.  

There is a prehistoric settlement site (MA004-007) consisting of middens, field walls, hut 

sites, a cairn and a possible burial site at Curraun Boy, on the opposite side Sruwaddacon 

Bay to the proposed landfall site for the pipeline. From historic cartographic evidence 

(first edition Ordnance Survey (OS) 1838-39) this area is shown to be extensive and is 

noted on the maps as ‘sandhills’. While this site is over 900m from the proposed route, it 

provides a good example of the type of coastal settlement which may be found in the 

surrounding area providing that environmental and physical conditions are suitable. While 

sand hills are also noted to the east of the landfall site, these are limited in extent and it is 

unknown as to whether the environmental conditions existing at this location would have 

attracted settlement.  To date, no archaeological features, sites have been identified at 

Glengad by archaeological monitoring or investigation (see archaeological and 

environmental investigation section of the report). 

There are a number of previously recorded prehistoric sites located on the peninsula and 

in the wider environs of the pipeline route. Court-tombs (MA004-016) and (MA004-012), 

which are Neolithic burial monuments, are recorded in Rossport and Glengad townlands. 

They are part of the megalithic tomb-building tradition in Ireland and as such are the 

earliest large-scale monuments in the landscape. Court tombs mainly have a northern and 

western distribution in Ireland and generally consist of a ceremonial open court set in 

front of a gallery divided into two, three or four burial chambers. The gallery of the court 

tomb at Glengad (MA004-012) is divided into two chambers of unequal length.  

Stone circles are another prehistoric monument dating to the Neolithic and Early Bronze 

Age and are usually interpreted as ritual or ceremonial sites. They comprise circular or 

nearly circular arrangements of free-standing upright stones and are often located in 

elevated positions with good views of the immediate surroundings. The stone circle at 
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Glengad (MA004-013) is located in an upland area overlooking the lowlying northern 

coastal strip of the peninsula. Over the years different surveys (Westropp; 1912, Dunne; 

1985 and ASI; 1995) have recorded the number of uprights as consisting of seven, nine 

and eleven stones with three, four and one fallen stones respectively. 

During the Early Bronze Age some burials were placed in cists, a small box-like structure 

lined with stone flags (Waddell 1991). While a cist burial is also recorded in Glengad 

townland (MA004-017), this site was destroyed during quarrying and is now occupied by 

a dwelling and gardens.  The site could be described as a long cist burial as it was over 

1.65m in length (large enough to contain a single extended inhumation) and oriented east-

west. Long cists burials do not form a homogenous closely dated group and there are 

examples from the Bronze Age to late medieval times (O’Kelly, 1989). Finds from the 

site include part of a skull, an upper jaw and seven teeth; and according to Dunne given 

the fact that the inhumation survived under an acidic bog, it is likely that this site is 

relatively recent in origin and not prehistoric.  

An enclosure site (MA004-015, ID A1, Plate 1) is recorded in Glengad. It is located c. 

10m to the east of the permanent access route to the LVI. Archaeological monitoring has 

already taken place in this area during the construction of the access route for previous 

project works and during this time no archaeological features or finds were revealed 

(Frazer, 2002). 

Enclosures can date to a variety of periods. Often identified from early OS maps or 

through aerial photography, they are referred to as ‘enclosures’ in the Archaeological 

Survey of Ireland (ASI) unless a more precise classification can be established. The site at 

Glengad is depicted on the first edition Ordnance Survey (1838-39) as a circular feature, 

resembling a ringfort. It now presents as a mounded area and is approximately 16.5m in 

diameter at its base and 2.2m in height (ASI, 1995). The site is encircled by traces of an 

infilled fosse. From the east, south and west, portions of the mound have been removed as 

a consequence of the construction of a modern field boundaries and the fosse has been 

incorporated into the field boundary. The north-eastern half of the site has been largely 

quarried away, probably for use in the modern field boundaries described above. It is 

known locally as a ‘kileen’ (cillíní), which are also called ‘caldraghs’ (ceallúrach), or a 

children’s burial ground. 
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Kileens commonly reuse existing features, such as ringforts or mounds, and are often 

located at physical boundaries as these were regarded as somewhat otherworldly places. 

They can also be located directly outside church graveyards, often as a small field 

attached to - but not part of - the sacred area. These burial grounds are identified as areas 

of unconsecrated ground where unbaptised babies or victims of suicide or drowning were 

buried. They can be characterised by rough ground and by small stone grave markers with 

no names, though this is not the case at the site in Glengad. It must be noted that this is an 

unusual location for a kileen as the mound is a prominent feature in the landscape and not 

hidden, as is more common. The access road adjacent to this recorded monument has 

been fenced off to ensure that no impact occurs to this monument and that it is protected 

during the construction stages of the project.

Prehistoric and historic finds and features of an organic nature can be found in bogs; these 

include trackways, log boats, wooden platforms, objects and implements, bog butter and 

burials. Bogs create anaerobic environments, i.e. they are poor in oxygen, which means 

that the bacteria which contribute to the breakdown of organic material cannot survive 

(Raftery, 1990). Human bodies or features such as wooden trackways are therefore 

excellently preserved. Due to the work of the Irish Archaeological Wetland Unit (IAWU) 

in conjunction with Bord na Móna, many trackways have been found in the raised bogs of 

the midlands.  They vary, in form, from simple brushwood structures to substantial oak 

planks and have been dated from the Neolithic period onwards. The vast majority of 

trackways have been recorded as Iron Age in date; this coincides with a climatic change, 

when the weather became colder and wetter, creating an expansion of bogland 

environments. No trackways are recorded or have been revealed in western Mayo. 

The discovery of human remains is always of great public interest – this is because the 

peat preserves not only the skeleton but also the skin, hair, internal organs and clothes and 

provides valuable scientific evidence as to how and when the person died. Records of two 

bodies being revealed ‘near Bangor’ (before 1954) and ‘near Corick’ (Bellacorick in 

1905) in County Mayo have been reported to the National Museum of Ireland. The 

information in relation to the discovery at Bangor is scant, associated artefacts included 

‘brown garments and big cloak’, and a pair of leather shoes. This person was reburied in a 

disused graveyard near Bangor (Irish Antiquities Division field; IA/173/54).  The body at 

Bellacorick was noted as male and about 40 years old. The body was wrapped in a ‘home-

spun woollen blanket and clothed ‘in a long coat’. A flint stone was found in an old 

tobacco pouch on the body. The present location of this body is unknown. Both burials 

are considered to date to the late-medieval and post-medieval period (Ó Floinn, 2006). 
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The only artefact that has been recorded in a townland through which the proposed 

pipeline route passes is a churn-type wooden lid retrieved as a stray find from Glenamoy 

Bog in Bellagelly South (NMI Ref. 1960:269).  

4.2 Archaeological Investigation

To date archaeological test-excavation at the landfall site has revealed no features or 

finds. In June 2002, William Frazer (Excavation Licence Number 02E0568) 

archaeologically monitored topsoil-stripping in the Glengad area. Soil was stripped from 

an area of 0.25ha along the route of an access road and approximately from an area 500 – 

600m sq along the pipeline route itself across the Glengad headland. Nothing of any 

archaeological significance was noted during any of the topsoil stripping. Monitoring of 

inshore dredging operations in Broadhaven Bay was undertaken under licence by Simon 

O Faolain (Excavation Licence Number 02E0846). Geotechincal test trenches excavated 

in the intertidal zone were also monitored. Nothing of an archaeological nature was 

observed or recovered during the monitoring programmes. 

Further to this in May and June 2005, Ms Rowena Keane monitored the excavations of 

three geo-technical test pits located within the pipeline wayleave on the eastern shore of 

Glengad Headland (Plate 2). All three pits were excavated to a depth of 3m using a 

tracked mechanical excavator. The pits were excavated through natural sand with some 

gravel and occasional shell fragments noted in the upper levels to a depth of 0.35m. In 

order for the tracked excavator to reach the location of the three pits, two 5m long 

sections of field boundaries were removed. The field boundaries consisted of banks of 

mixed sand and peat. Nothing of any archaeological significance was noted (Delaney, 

2005).

Also at Glengad a roughly linear 15m long bank was test excavated in order to assess its 

archaeological potential (Excavation Licence Number 05E0411). This feature is located 

in a naturally marshy field which has been partially drained. A field drain is situated at the 

southern edge of the field and is oriented east-west. The neighbouring field to the north 

has been completely drained and is improved pasture land. The linear bank is 15m long 

and runs from north-north-west to south-south-east. It has a maximum height of 0.5m and 

is 2.75m wide. The ground to the south-west of the linear mound is noticeably flat and 

even. Stones were noted protruding through the grass which covers the linear bank. 

A tracked excavator fitted with a toothless grading bucket was employed to excavate two 

sections across the linear feature. The bank was composed of irregular loosely packed 
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limestone rocks mixed throughout with sandy clay. The underlying natural was light 

brown/yellow sandy clay. The feature was thought to be the result of field clearance and 

modern drain excavations along the western field boundary. It was not archaeologically 

significant (Delaney, 2005). 

To date, no archaeological deposits, finds or features have previously been revealed as a 

result of an archaeological field inspection, engineering investigations or probing in the 

Aghoos area where blanket and eroding bogland extends from the shore of Sruwaddacon 

Bay to the townland boundary of Bellagelly South (Ch 88.650-89.260).  A peat probe 

survey has established that the depths of bog vary from 3.6m to 0.2m. 

Archaeological test excavation of a mound (ID A3, Plate 3) (approx 11m in diameter and 

1m high) identified during field inspection at Aghoos took place in April 2010 

(Excavation Licence Number 10E120). Excavation confirmed that the mound was formed 

as a result of natural processes and is not archaeological in nature, no archaeological 

material was revealed. 

4.3 Archaeological and Environmental Analysis 

Neolithic stonewall or earthen bank field systems pre-date the bog, and it follows that 

their construction must have taken place prior to the initiation of the bog, which in turn 

must have preceded the growth of the pines rooted in the bog (Caulfield et al. 1998). 

Around 4,000 years ago, a great expansion of pine on bog surfaces took place in western 

and central Ireland. Pine also flourished on raised bogs in the midlands between 4,000 

and 3,500 years ago. On the western seaboard, pine stumps are widely present deep down 

in the peat, and, as sea level was lower in prehistory, peat can be found below today’s 

high water mark. 

Evidence for prehistoric forest cover in the lowlying townland of Aghoos is demonstrated 

by the remains of tree stumps, predominantly of pine and preserved either in the lower 

layers of the bog or under it. These remains of scrubby pine were studied by Prof. M. 

Downes (Maynooth). However, he found that the tree rings were so narrow that the trends 

in the ring patterns between the different trees could not be noted. Downes did achieve a 

C14 determination of 2,348BC from one pine stump (Dunne 1985). Two further pine 

samples were dated from this townland, one was taken from 0.65m above the mineral soil 

and dated to 4340 ± 60BP, the other from 0.75m above the mineral soil, dated to 3950± 
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60BP (Caulfield, O’Donnell & Mitchell 1998) (Figure 7). Because these pines grew on 

peat and were preserved by it, the C14 dates of the pines are central to providing a date 

for the initiation of blanket bog. These dates place the growth of the pine trees in the Late 

Neolithic-Early Bronze Age Period placing the growth of bog to the Neolithic period and 

earlier. It follows that the initiation of the bog, given the depth of cover, must have been 

relatively early in this area, possibly earlier than Neolithic settlement; leaving this area 

devoid of archaeology dating to this period. The results of the test excavation would 

confirm this theory.  

In north Mayo, studies have suggested that the initiation of blanket bog is older than 

previously expected. It is also clear that certain regions such as the extensive lowland 

plain of Glenamoy which includes Bellanaboy (Håkansson, 1974) (Caulfield, O’Donnell 

& Mitchell, 1998) were avoided by the Neolithic people, probably because the blanket 

bog was already established there by that time. At Bellanaboy Bridge, which is located to 

the south of the proposed pipeline, an exposed section of blanket bog along the river bank 

was examined in the 1970’s. Two superimposed layers of pine stumps, one at the base of 

the peat, the other 0.2m higher, were radiocarbon dated to 7,110±75BP (Håkansson 1974) 

and 4340±65BP respectively, suggesting that the rate of growth was extremely slow and 

that the bog was already there throughout the Neolithic period. These dates are important 

in determining the initiation of blanket bog in the north Mayo region.  

4.4 Pre-bog field systems 

Blanket bog masks evidence of pre-bog settlement. The subsequent extension of the 

blanket bog enveloped areas of settlement, forcing the abandonment of the region. Some 

time after the bog had become established, pine forest spread onto it in certain places, but 

this was a relatively short-lived episode preceding a return to bog growth that has 

remained unaltered to this day (Caulfield, O’Donnell & Mitchell, 1998). Investigation has 

shown that the presence of pre-bog field systems in the northern part of the country and 

on the western seaboard is much more extensive than originally thought, with systems 

being revealed in Co. Donegal, in the northern part of the Inishowen peninsula, the 

Iveragh peninsula in Co. Kerry, and in the vicinity of Clifden in Co. Galway. 

The Céide Fields located approximately 23 km northeast of the proposed route encloses 

an area 12km² and consists of two large conjoined coaxial prehistoric field systems 

preserved intact under a mantle of deep blanket bog in excess of 4m deep in places. 

Within these field systems, there is evidence for settlement in the form of enclosures, hut 

sites and megalithic tombs. This evidence suggests that a co-operative effort in large-scale 
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forest clearance was very probable and the division of the landscape would appear to 

indicate the work of a settled organised community. The construction of tombs and the 

development of field complexes may have spanned several centuries. The environmental 

archaeological evidence indicates that prior to the development of these sophisticated 

field systems in the Neolithic period, the area was covered in extensive woodland, with 

limited blanket bog forming in some areas. The land was cleared by an organised, and 

clearly skilled, community working together to produce a planned, divided, open 

landscape for agricultural production and use.

With no visible expression of the large-scale monument, the physical archaeological 

evidence at Céide Fields, Rathlackan and Belderg Beg was first identified in cutaway bog. 

It was later traced and surveyed by a probing method. A programme of systematic survey 

was devised and undertaken over a number of years, in which the survey method used 

metal probes inserted at regular intervals into the bog until resistance was met. In this way 

the stone walls and other structures buried beneath the peat were identified and tracked. 

The depths and spatial relationships were illustrated on the surface of the peat using light, 

cost-effective bamboo canes and when a ‘block’ of land was completed these were all 

accurately recorded and surveyed. 

Pre-bog field systems also occur in the Glen Amoy–Barnatra peninsula, west of the 

proposed development. These field systems were detected and recorded by Dunne (1985) 

at Glengad (MA004-021 and MA011-023), Graghil (MA011-024), Gortbrack North 

(MA011-025), Gortmellia (MA011-026), Knocknalower (MA011-027), Faulagh and 

Muingerroon South (MA011-028) (Dunne 1985).  

The nearest recorded field system (MA004-021) is 1.8km from the proposed pipeline 

route. Dunne suggests that megalithic tombs reflect areas where field boundaries once 

existed, as is the case on Glenamoy –Barnatra Peninsula. An analysis of the overall 

survey results of his study revealed that the pre-bog field systems have a very high 

correlation, spatially, with the other prehistoric monument types within the peninsula 

(Dunne 1985, 57). Partly cutaway bogland covers Pollatomish Hill to the west of the 

pipeline, no field monuments were revealed there as a result of the survey conducted by 

Dunne in 1985. Also, no prehistoric monuments are recorded between the east slope of 

Faulagh Hill, southwest of the pipeline at Aghoos and Belderg to the east (Dunne 1985).

Dunne also noted that there was an absence of settlement in the low-lying regions of his 

study area (below the 100ft contour line). He postulated that sufficient factors were 
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present including turbary, gullies, stream and bog erosion and modern drainage to permit 

the identification of pre-bog field monuments, in at least some places, if present. However 

no monuments have been revealed and the absence can be regarded as a genuine void. He 

also concludes that the distribution of trees (pine stumps as they present now) and areas of 

prehistoric settlement are mutually exclusive. This suggests that the two are contemporary 

and that the Neolithic farming practices kerbed the encroachment of the bog and the 

subsequent trees onto settled areas (Dunne 1985).  

4.5 Architectural and Cultural Heritage within the proposed development area 

4.5.1 Architectural Heritage 

The Mayo Development Plan (2008-2014) was consulted to identify the presence of any 

protected structures or features of an architectural heritage merit in close proximity to the 

proposed scheme. No upstanding historic structures, items of architectural heritage 

significance or their surrounds, curtilage or attendant grounds will be affected by the 

construction of the proposed pipeline route or associated works.  

The landscape of the Erris peninsula used to contain many vernacular cottages, set within 

stone walls or along the roadside. According to Mac Graith & Ní Gherraigh (2004) there 

are no inhabited houses of the traditional type in the Dún Chaocháin area of Mayo today: 

‘Many have fallen into ruin or were converted into cow byres. From the fifties onwards 

traditional houses have been replaced by modern bungalows’ (Mac Graith & Ní 

Gherraigh 2004, 134). 

The term ‘vernacular’ applies to traditional structures made of local materials and often to 

a ‘well tried’ design normally considered in three categories; agricultural, industrial and 

domestic. Vernacular buildings can vary over countries or regions as the geography and 

landscape often determined the vernacular design, style and build. The vernacular build 

also refers to the everyday or typical construct for an area, however with agricultural 

improvements and development of land what once was commonplace is now becoming 

increasingly rare.  

The vernacular form in western Ireland is a modest single-storey thatched building, 

rectangular in plan. Dwellings use the direct entry plan form layout where the main hearth 

is normally at the opposite end of the kitchen from the entrance door. Traditionally built 

of stone with exposed gable ends, many structures in the west incorporated a byre as well 

as a living compartment. It is common that vernacular structures are under recorded in the 

architectural record, given that until relatively recently these structures were thought of as 
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the everyday architecture, built by local people free from convention. However, it is the 

skill of these local crafts people using locally sourced materials which provide the 

countryside with a charming distinctiveness of stone and white washed buildings of 

thatch, framed with oak from the bog or replaced corregated iron roofs.   

The legacy of the ladder field system promoted by the Congested Districts Board (CDB) 

is evident at Glengad and demonstrated on the historic mapping for the area. This type of 

field pattern was created in the nineteenth and early twentieth centuries by the CDB, a 

government body established to improve conditions in disadvantaged areas. Land is laid 

out and parcelled in narrow parallel strips (stripped fields) with the farmsteads largely 

arranged along newly built roads. This type of enclosure is evident throughout the region 

providing a uniform appearance of regular small to medium field patterns. The CDB was 

also responsible for the establishment of a lace school at Pollatomish which proved to be 

one of the most successful schools in Ireland due to the dedication of the teachers and 

local community and become renowned for the superior quality of work (Noone, 1991). 

At the turn of the twentieth century, the school provided much needed employment for 

the women of the area and brought economic stability and improved housing conditions 

(Breathnach, 2004). 

A commemorative mass site (ID A4), a site of cultural heritage interest, is located 

immediately east of the Lenamore stream. This stream forms the townland boundary 

between Bellagelly South and Aghoos. The site is located on low ground, cut into a west-

facing slope. It is naturally sheltered and protected from the elements (Plate 4 & 5). The 

location also affords good views to Sruwaddacon Bay. William Bald’s map (surveyed 

1809-1817 and published 1830) shows a chapel in much the same location as this site 

along the Lenamore stream, which is referred to on the map as ’Muingnanoone’, the 

stream of the lamb (Figure 6). The site consists of stone foundations in a rectangular form 

(c. 11m north-south x c. 5m east-west). There are two possible entrances on the western 

side. The stone foundations of the site are overgrown by earthen banks and the stone that 

is exposed is much worn. Locals say the site was used as a church in penal times and that 

it was never roofed (pers comm. local landowners). There is still a local tradition of 

practising mass at this location every Easter Sunday. Noone, states that ‘by the mid 

1820’s the chapel at Lenamore had fallen’ (1991, 142). He also records that according to 

a local of the Aghoos area; Mass was celebrated at Lenamore during penal times at a 

place known as ’Pollan an Aifrinn’ which possibly is a reference to the topography of the 

valley (the mass hollow). The first edition six-inch Ordnance Survey mapping depicts two 

structures roughly in this location each enclosed by a ditch or wall.  
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Approximately 1.5m from the southwest corner of the foundations (ID A4) is the southern 

extent of a curving stone wall/enclosing feature (Plate 5). This feature, c. 0.5 - 0.7m high, 

follows the bend of the Lenamore stream from the south-eastern extent of the church site. 

Further along this feature, to the north, the stone wall bends away from the river. Noone 

says this feature protected the ‘chapel’ (ID A4) in times of floods. 

4.5.2 Townland Names

Townland names are an invaluable source of information on topography, land ownership 

and land use within the landscape. They also provide information on the history, the 

archaeological monuments and folklore of an area. A placename may refer to a long 

forgotten site, and may indicate the possibility that the remains of certain sites may still 

survive below the ground surface. The Ordnance Survey surveyors wrote down townland 

names in the 1830s and 1840s, when the entire country was mapped for the first time. 

Most of the townland names in the study area have Irish origins (which is unsurprising 

given that this is a Gaeltacht area) and have been anglicised through time. A description 

of each of the townland names along the proposed route is provided in Table 5 below.  

Table 5: Townland & placenames traversed by proposed pipeline 

Townland Name Derivation Meaning
Bellagelly South Baile Geimhle/ Beál an Ghoile 

Theas
Mouth of the glen 

Aghoos Achadh/ Na hEachú Fields 
Glengad/
Dooncarton

Gleann a’Ghaid/ 
Dún Chiortáin 

The glen of the rods/ 
The fort of Carton 

Sruwaddacon Bay Sruth Fada Conn The long narrow stream of 
Conn (of the mythical 
family Clann Lir). It is also 
known as the Greyhound 
River.

Aghoos: refers simply to a field and is first recorded in 1635 as Agheris, although 

its origin to this date is questionable. It is later recorded in 1820 as ‘Poráiste na n-

Eachú’.

Glengad: According to local folklore, a family migrated to this townland from 

Glengad in County Donegal bringing with them gads or sally rods (gleán a ghad,

the glen of the gads or withes). These were planted in the glen and were used for 

making ropes and baskets. It was a common practice in olden times to name the 

area of new settlement after the homeland (Ní Ghearraigh & Mac Graith 2000). The 

townland of Glengad is also known as Dooncarton, meaning ‘the fort of Carton’ a 

reference to one of the promontory forts located in this townland. The proposed 
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route will not impact on any of the promontory forts in this townland. According to 

folklore Carton was a mythical giant who lived in a cliff-top fort. He was a 

contemporary of Caocháin who lived on the other side of Broadhaven Bay. 

Historically, Dooncarton (Dún Ceartáin) appears earlier in the records dating to 

1585 while Glen-a gad appears for the first time in 1830 on Bald’s map of the area. 

Sruwaddacon Bay: Although Sruwaddacon Bay is not a townland, the name does 

refer to local folklore. It means the long narrow stream of Conn. Conn was one of 

the children of the mythical family of Lir. The four children of Lir were turned into 

swans by their jealous stepmother. According to the story once the children 

regained their human form after 900 years they were buried on the island of 

Inisglora which is located off the coast of Blacksod, Belmullet, to the west of the 

proposed route (Ní Ghearraigh & Mac Graith 2000). It was first recorded by Bald 

in 1817 as Sruff foddacon (www.logainm.ie). 
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5 Inventory of recorded and sites of archaeological potential within the 100m 

assessment corridor  

5.1 This section details the recorded monuments and specific features of archaeological 

potential, both within the 100m study corridor and within any extended working area 

greater than 100m. The distances given are measured where possible from the visible 

edge of recorded archaeological monuments, or from the centre of the archaeological 

constraint circle or from specific features of archaeological potential to the proposed route 

or to the nearest part of the ancillary works. All sites, features or areas of archaeological, 

architectural or cultural heritage significance/interest/potential have been assigned a 

unique ID number and are detailed in the inventory below. 

Table 6: Inventory of archaeology & cultural heritage sites 

Unique ID ID A1 

Legal Status Recorded Monument 

Ref No. RMP MA004-015 (Plate 1) 

Townland  Glengad 

Site type Enclosure site 

National Grid 

Reference (NGR) 

GPS coordinate 816800, 338390 

Description Circular earthen mound (diam. at base 16.5m; max. H 2.2m) encircled 

by traces of an infilled fosse. From E-S-W, portions of the mound have 

been removed as a consequence of the construction of a modern field 

boundaries and the fosse has been incorporated into the field boundary. 

The NE half of the site has been largely quarried away, probably for 

use in modern field boundaries described here. 

Sources RMP Archive and historic mapping 

Approx distance from 

access road to LVI 

Approx distance from 

the proposed pipeline 

c. 10m to east.  

c. 235m to the southwest 
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Unique ID ID A2 

Legal Status None, specific site of archaeological potential 

Townland Aghoos 

Site type Large Mound (Plate 6) 

NGR GPS coordinate 857779.44, 335252.11 

Description This site was identified during a field inspection and is located in an 

area of uneven, eroding bogland south of and immediately adjacent 

to Sruwaddacon Bay. The site appears as a sub-circular mound. It is 

c. 12m north-south and c. 13m east-west (Plate 2). There is also a flat 

projection (c. 11m long north-south) attached to the north of the 

mound. The site is positioned at a strategic point overlooking 

Swaddacon Bay where it narrows forming the Muingnabo and 

Glenamoy Rivers. It is also located beside the inlet for the Lenamore 

Stream. While the location is unsheltered, this mound and ID A3 

both are visible in the landscape and can be viewed from the road 

side at Aghoos. While this feature occupies a prominent position in 

the landscape, given the test excavation findings of the other mound 

(ID A3) and the dating evidence of the pine stumps it is considered 

likely  to be natural in origin.  

Sources Field inspection 

Approx. distance from the 

proposed pipeline 

Approx distance from 

working area 

106m 

The working area is located approx 31mnorthwest of the mound  and 

51m southwest of the feature. 
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Unique ID ID A3 

Legal Status None 

Townland Aghoos 

Site type Mound – not archaeological in nature (Plate 3 & 8) 

NGR GPS coordinate 85712.91, 335233.37 

Description Located in an area of uneven and eroding bogland south of and adjacent to 

Sruwaddacon Bay. This site was identified during a field inspection of the 

area. The site appeared as a circular mound c. 11m in diameter (Plate 3). A 

rectangular feature abuts the mound to the northeast which measures c. 

3.5m long and c. 2m wide. This site was archaeologically test excavated 

and was found to be formed by natural processes.  It is not an 

archaeological monument or feature. 

Sources Field inspection 

Approx. distance from the 

proposed pipeline 

Approx distance from 

working area 

21m from the edge of the mound to the proposed pipeline 

3.2m from the edge of the mound to the fence line of the working area 
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Unique ID ID A4 

Legal Status None, of cultural heritage interest 

Townland Bellagelly South 

Site type Commemorative mass site and stone wall/enclosure 

NGR GPS coordinate 85876, 334964 

Description This site is situated in close proximity to a small stream called Lenamore,

which forms the townland boundary between Bellagelly South and Aghoos. It 

is located on low ground, cut into a west facing slope. It is naturally protected 

from the elements (Plate 4) and has good views out to Sruwaddacon Bay. 

William Bald’s map (surveyed 1809-1817 and published 1830) shows a 

chapel in much the same location as this site (Figure 6). The site consists of 

stone foundations in a rectangular form (c. 11m north-south x c. 5m east-

west). There are two possible entrances on the western side. The stone 

foundations of the site are overgrown by earthen banks and the stone that is 

exposed is very worn. Locals say the site was used as a church in penal times 

and that it was never roofed (pers comm. local landowners). There is still a 

local tradition of practising mass at this location every Easter Sunday. Noone 

states that ‘by the mid 1820’s the chapel at Lenamore had fallen’ (1991, 142). 

He also states that the sacrament of confirmation was celebrated there in the 

1820’s (1991, 142). The 1st edition six-inch Ordnance Survey mapping depicts 

two structures roughly in this location each enclosed by a ditch or wall.  

Approximately 1.5m from the southwest corner of the foundations (ID A4) is 

the southern extent of a curving stone wall/enclosing feature (Plate 5). This 

feature, c. 0.5 - 0.7m high, follows the bend of the Lenamore stream from the 

south-eastern extent of ID A4. Further along this feature, to the north, the 

stone wall bends away from the river. Noone says this feature protected the 

‘chapel’ (ID A4) in times of floods. 

Sources Field inspection, local knowledge, Noone 1991, 141-142, cartographic (Bald 

1809-1817, 1st edition O.S map 1838) 

Approx. distance from the 

proposed pipeline  

Approx distance from 

working area 

82m 

52m 



Archaeological, architectural and cultural heritage assessment Corrib Onshore Pipeline 
________________________________________________________________________________________________

May 2010 Appendix N - 28 Margaret Gowen & Co. Ltd 

Unique ID ID A5 

Legal Status None, specific site of archaeological potential 

Townland  (Bellagelly South) 

Site type Mound (Plate 7) 

NGR GPS coordinate 86128.41, 334921.64 

Description This feature presents as a roughly oblong, linear anomaly which 

is located within bogland parallel to the forestry plantation. The 

feature is approx 11m east-west and while the northern extent is 

clearly defined the southern extent blends into the rising level of 

the bog. Therefore the feature, while visible when approaching 

from the northwest (Plate 7), appears as a natural ridge when 

viewed from the south. Telegraph poles have also been placed 

parallel to the forestry boundary and it is possible that this feature 

was created as a result of the disturbance caused by the various 

development activities. The northern extent of the feature is 

defined by a drop in the bog as the field becomes steeper towards 

Sruwaddacon Bay. There are good views to the north and 

northwest over Sruwaddacon Bay. While noted, it is considered 

likely that this feature is part of a natural ridge and not 

archaeological in nature. 

Sources Field inspection 

Approx. distance from the 

proposed pipeline 

This feature is located 13m to the north of the pipeline. 
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6 Field Inspection  

6.1 The assessment in the field had special regard to the archaeological, architectural and 

cultural heritage landscape. In particular to the location and concentration of recorded 

archaeological sites and features and the possibility of interconnections between them. 

The survey sought to identify any low-visibility archaeological features that might have 

little surface expression, or areas that could be considered as having archaeological 

potential. Historical maps, digital aerial photography and other reference sources were 

consulted. The nature of the terrain in which each of the study areas are located was 

assessed to observe if it was a well-preserved cultural landscape, undeveloped, natural or 

marginal such as forested, bogland and wetland. Each area is discussed under the 

following headings: 

Physical Environment 

Cultural Landscape 

Archaeological potential 

Proximity to recorded Archaeological Monuments 

Proximity to Protected Structures

6.2 Glengad (Inspected between 28th–31st Aug 2007 and 23rd February 2010) (Figures 2 & 

3)

6.2.1 Physical Environment 

The proposed pipeline comes onshore at the headland of Glengad at chainage 83.400 and 

extends through one large field, the northern section of two narrow strip fields and an area 

of agricultural grassland used for cattle. The ground (from chainage c. 83.400-84.000) is 

composed of rough grass pasture and is relatively flat (Plate 2). There are two large 

mounds of overburden and a large mound of stone situated in the vicinity of the proposed 

landfall valve installation (LVI) and site compound 1 (SC 1). There are good views in 

every direction from the headland. The fields slope in a northeasterly direction to the Bay. 

They are divided by earthen banks and ditches, topped with post-and-wire fencing. 

Drainage ditches also criss-cross the fields with rushes present on the lower slopes. Some 

shell fragments were noted on the surface of the fields 

The access road was inspected and has been previously investigated by archaeological 

monitoring. This road extends through a rough pasture field which slopes gently to the 

north-northeast. A recorded archaeological monument (MA004-015), an enclosure (ID 

A1, Plate 1, Figure 1) is located c.10m to the east of the existing access road.  The 

monument has been fenced off from all works and construction traffic to ensure that it is 

protected.
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6.2.2 Cultural Landscape 

Cartographic analysis of the 1st, 2nd, (Figure 2) and 3rd edition (Figure 3) Ordnance Survey 

(O.S.) maps (1838-1839, 1895-1896 and 1913-17; respectively) shows that very little has 

changed in the part of Glengad that the proposed pipeline and ancillary works extend 

through. The 1st edition O.S. map shows just one sub-rectangular field with a small plot of 

land and a structure within it, in the approximate location of the proposed LVI and 

proposed SC 1. This structure and plot of land are no longer evident on the 2nd and 3rd

O.S. editions, however the access to the foreshore is still in place today. On the 2nd edition 

O.S. map, the large singular field has been subdivided into a number of strip fields at the 

eastern side of Glengad headland and this part of Glengad appears much as it does today. 

On the 1st edition map a double concentric circular feature is depicted c. 230m to the 

southeast of this field. It is unlabelled but probably represents the recorded enclosure (ID 

A1, MA004-015, Figures 1 & 2) which still exists to the east of the access road. This 

feature is not shown on the 2nd edition O.S. map (Figure 2) but re-appears as a hachured 

sub-circular feature on the 3rd edition (Figure 3).  

A track on the 1st edition O.S. map links settlement on the eastern side of Glengad 

headland to the site of a castle (MA004-01002); this coastal path circumvents the sand 

hills and travels along the rugged cliffs of the peninsula. By the 2nd edition O.S. this track 

has by in large disappeared and has been replaced with a formal road network further 

inland. According to Noone (1991) ‘there was an old road, or bridle path, along the cliffs 

until the present road was made during the Trevelyan Relief Works of 1846-1847. This 

road was rolled and tarred in 1962’. 

There has been very little change to this part of the landscape at Glengad by the 3rd

edition O.S. map. A few of the fields have been further divided. 

6.2.3 Archaeological potential

Nothing of an archaeological nature was noted during the field inspection of the part of 

Glengad through which the proposed pipeline and associated ancillary works extend. 

However, due to the presence of a recorded enclosure site (ID A1, MA004-015, Figure 

3)) c. 10m to the east of the proposed access road and the greenfield and coastal nature of 

the area, there is a potential that archaeological remains with no visible expression may 

exist sub-surface in the area of the proposed development. 
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6.2.4 Proximity to known Archaeological Monuments 

As mentioned above, a recorded enclosure (ID A1, MA004-015) is located c. 10m to the 

east of the proposed access road. This enclosure is c. 235m to the south-southwest of the 

proposed pipeline and will not be impacted by it. While the site itself will not be directly 

impacted by the proposed development, there will be an indirect impact on the environs 

of the site where there is a potential that previously undisturbed subsurface features may 

be located in the area of the proposed road upgrade. 

6.2.5 Proximity to Protected Structures 

There are no recorded protected structures within the vicinity of the proposed pipeline or 

any part of the associated ancillary works. 

6.3 Aghoos (Fields Inspected 28th-31st August 2007, 28th-29th January & 23rd July 2008, 7th

January 2009 and test excavated April  12-14th2010) (Figures 4 - 7)  

6.3.1 Physical Environment 

The area of Aghoos through which the proposed pipeline (and associated ancillary works) 

travels, extends between chainage c. 88.640 to c. 89.250. Having travelled underneath 

Sruwaddacon Bay in a tunnel, the proposed pipeline reaches landfall at Aghoos and 

extends in a south–southeast direction through eroded blanket bog habitats for c. 590m. 

This area slopes gently northwards towards the Bay and field boundaries are composed of 

earthen banks and ditches c. 2–3m wide.  

The proposed pipeline extends through a field of eroded bog. There are numerous tree 

stumps (pine) exposed within the bog in the southern section of this field. Two mounded 

areas of bog, of possible archaeological potential, were identified in the northern section 

of this field. ID A2 is a sub-circular mound (c. 13m in diameter and c. 2m in height) 

located immediately adjacent to Sruwaddacon Bay; c. 106m to the northeast of the 

proposed pipeline (Plate 6) and outside of the assessment corridor. ID A3 appears as a 

circular mound c. 11m in diameter with a rectangular feature abutting the mound to the 

northeast (Plate 3). Subsequently, this site was subjected to archaeological test excavation 

and found to be natural in origin. 

The field to the southeast of this bog is composed of rough pasture and slopes to 

the southeast towards the Lenamore stream, which forms the townland boundary 

between Aghoos and Bellagelly South. 
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6.3.2 Cultural Landscape 

William Bald’s map of maritime County Mayo (surveyed 1809-1817 and published 1830) 

shows no distinctive features in the townland of Aghoos where the proposed pipeline will 

cross (Figure 6). The 1st edition O.S. map depicts the area, through which the pipeline and 

associated ancillary works extends, as a large open tract of land (Figure 4).  

By the time of the 2nd edition (O.S.) map, several small irregularly shaped fields have 

been created on the west and east side of Lenamore stream (not named on the map) 

(Figure 4). Two small structures are shown c. 20m to the southwest of the confluence of 

this stream and Sruwaddacon Bay. By the time of the 3rd edition O.S. map, strip fields 

have been created throughout Aghoos townland (Figure 5); as they are seen today.  

6.3.3 Archaeological potential 

The archaeological potential of this area of Aghoos is determined to be limited, this is 

based on the results of the test excavation and dating evidence from the pine stumps, 

which suggest that the peat was established at a very early date, negating the possibility of 

revealing pre-bog archaeological activity.

6.3.4 Proximity to known Archaeological Monuments 

There are no recorded archaeological monuments in the vicinity of the area discussed here 
(Figure 5). 

6.3.5 Proximity to Protected Structures

There are no protected structures in Aghoos townland. 

6.4 Bellagelly South (Area Inspected 22nd July 2008) (Figure 4-6) 

6.4.1 Physical Environment 

The proposed pipeline crosses the Lenamore at a point where the stream meets 

Sruwaddacon Bay. Having crossed this stream the pipeline extends through another field 

of rough pasture which slopes to the northwest towards the stream. The two rough pasture 

fields on either side of the Lenamore stream form a shallow valley). A commemorative 

mass site and stone wall/enclosure (ID A4), was identified within this valley (Plates 4 & 

5). This site of cultural heritage interest is located c. 82m to the south of the proposed 

pipeline outside the working area. A strip of very rough waterlogged ground with gorse 

surrounding it is situated at the top of the break of slope of the rough pasture field to the 

east of the Lenamore Stream. To the east of this strip the proposed pipeline extends 

through an area of uncut bog. This area of bog is relatively level at the northern section 

but begins to slope north towards the bay in the southern section. ID A5 was noted 

approx. 13m north of the proposed pipeline and while visible when viewed from the 
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southeast (Plate 7), this feature blends into the surrounding landscape when viewed from 

the north. 

The last area through which the proposed pipeline travels before it reaches the Bellanaboy 

Terminal site is a forested area situated in Bellagelly South townland. This forested area 

extends from chainage c. 89.530 to c. 91.72. Access to the majority of the northernmost 

part of the forested area was hindered as it was too heavily wooded and the drainage ditch 

faces were overgrown. The proposed compound (SC4) location has been cleared of trees 

and has previously been used as a storage area for construction material. The area is very 

disturbed and nothing of an archaeological nature was noted in this northern section of the 

forested area in Bellagelly South. 

The remainder of the proposed pipeline extends in a south-southwesterly direction 

towards the terminal site. This section of the proposed pipeline travels through a cleared 

section of forested area along the line of the former approved pipeline route. It crosses a 

small culverted stream; the ground rises on either side of this small stream and eventually 

levels out. Approximately 50-100m south of the culverted stream a more substantial road, 

c. 12m wide, with a hardcore surface is evident . The final section of the proposed 

pipeline runs to the existing terminal site. No features or sites of archaeological potential 

are evident within any part of the forested area traversed by the proposed pipeline. 

6.4.2 Cultural Landscape 

William Bald’s map of maritime County Mayo (surveyed 1809-1817 and published 1830) 

shows a chapel in much the same location as the commemorative mass site and stone 

wall/enclosure (ID A4) (Figure 6). On the 2nd edition, the small plot of land and 

associated rectangular structure seen in the 1st edition map in a similar location to ID A4 

is no longer extant. 

Cartographic analysis of the 1st, 2nd and 3rd edition Ordnance Survey (O.S.) maps (1838-

1839, 1895-1896, 1913-1917 respectively) reveals that there was very little development 

in the part of Bellagelly South currently under discussion. A road/track is shown on the 1st

edition O.S. map which extends from the Lenamore stream on the Aghoos and Bellagelly 

South townland boundary to a road in the southeast (Figure 4). This is a similar alignment 

to the same road which exists today. On the 2nd edition O.S. map this road/track extends 

further to the northwest (Figure 4) and by the 3rd edition O.S. map the road appears well 

established (Figure 5). 
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As was seen in the 2nd edition map small irregular fields are depicted situated on the 

slopes of the shallow valley close to the Lenamore Stream. To the east of these fields a 

large open area of land is shown. 

6.4.3 Archaeological potential 

ID A4, a commemorative mass site and stone wall/enclosure is of cultural heritage 

significance and has been avoided by the proposed development. ID A5, a slight mounded 

area, is considered to be a natural feature given the findings of the test excavation in the 

neighboring townland of Aghoos and the general appearance of the feature as it forms 

part of a longer ridge which drops steeply to the south and towards Sruwaddacon Bay. 

The potential site is also located in an area that has been previously disturbed by forestry 

activity and power lines.  

No features or sites of archaeological potential were noted during the field inspection of 

the forested area. No recorded archaeological monuments are situated in the vicinity of 

this part of the proposed pipeline. A churn-type wooden lid was retrieved as a stray find 

from Glenamoy Bog in Bellagelly South (NMI Ref. 1960:269). There remains a limited 

potential for the proposed pipeline to impact on sub-surface archaeological sites and stray 

finds that may have not previously been disturbed or removed by the forest plantation. 

6.4.4 Proximity to known Archaeological Monuments 

There are no recorded archaeological monuments in the vicinity of this part of the 

proposed pipeline. 

6.4.5 Proximity to Protected Structures

There are no protected structures in the vicinity of the forested area in Bellagelly South 

through which the proposed pipeline and associated ancillary works extend. 
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7 Impacts on the existing environment caused by the proposed Corrib Onshore  

 Pipeline 

7.1 Direct impacts on recorded monuments 

The proposed route of the pipeline avoids all recorded archaeological monuments. 

7.2 Direct impacts on potential archaeological sites 

There are no direct impacts to specific sites of archaeological potential. All features 

identified in the field, by cartographic analysis or through desk based research are 

avoided.

7.3 Areas of Archaeological Potential Directly Impacted 

Blanket Bog  

The route will travel through an area of peatland in Aghoos and Bellagelly 

townlands. While bog can mask the presence of pre-bog archaeological features, 

it must be noted that dating samples of pine stumps (Caulfield, O’Donnell & 

Mitchell 1998, Dunne 1985) in this area have placed the growth of the pine trees 

in the Late Neolithic-Early Bronze Age Period. It follows that the initiation of the 

bog, given the depth of cover, must have been relatively early in this area, 

possibly earlier than Neolithic settlement; leaving this area devoid of archaeology 

dating to this period and of pre-bog archaeological features. The results of the test 

excavation confirm this theory.  

Greenfield and Coastal  

The proposed route travels through a greenfield area along the northern coastline 

of Glengad headland. This area is an area of archaeological potential due to its 

proximity to the coast and because of its greenfield setting. While there is a 

potential that the proposed development will impact on previously undiscovered 

sub-surface archaeological sites and features archaeological monitoring and test 

excavation to date at Glengad have revealed no archaeological monuments, 

material or soils. 

7.4 Indirect impacts on recorded monuments (RMP) 

There are no recorded monuments in proximity to the proposed pipeline or indeed within 

the 100m assessed corridor. A recorded enclosure (RPM MA004-015) (ID A1) is located 

adjacent to an existing access road to the LVI in Glengad. All previous work conducted in 

this area was archaeologically monitored and did not reveal any finds or features of an 
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archaeological nature. The enclosure is located 10m from the nearest (eastern) edge of the 

existing road. The monument has been fenced off for protection and any further work in 

the area will take place on the opposite side of the road to the enclosure and will be 

monitored by a licensed archaeologist.  

7.5 Indirect impacts on sites of archaeological potential 

The field inspection primarily concentrated on revealing previously unrecorded features 

along the route of the proposed pipeline. In the bogland environment, observation was 

largely restricted to noting anomalies on the surface of the bog, as well as viewing any 

clear sections of cut peat. Practices such as overgrazing can lead to the bog eroding, as it 

has done in Aghoos townland, and this creates distinctive cracked appearance on the 

surface of the bog allowing observation to take place through those cracks. Anomalies 

presented as mounded areas of vegetation. It is likely that the majority of these are either 

as a result of turf cutting practices and/or disturbance and therefore a recent man-made 

phenomenon or a result of naturally occurring events in the dynamic bog environment. 

Archaeological work carried out in bogland environments has proven that features noted 

on the surface of the bog do not necessarily equate with a buried archaeological site. 

Mounds may simply reflect a rise in mineral soil, a rock or tree stump which lies beneath 

the peat.

In Aghoos, a mound (ID A3) identified during field inspection is located outside and 

adjacent to the working area; the pipe stringing and compound area have been 

deliberately sited to avoid this feature. The DoEHLG required this mound to be subjected 

to test excavation. As the feature was natural in origin and not archaeological in nature, 

there will be no impact. In Bellagelly, an oblong irregular mounded area (ID A5) was 

identified approximately 13m north-east of the pipeline within the working area. The 

location of this feature has been noted and while it is likely to be part of a natural ridge,  it 

can be avoided. 

7.6 Indirect impacts on sites of a cultural heritage interest 

The commemorative mass site (ID A4) has been avoided by the proposed pipeline 

development. During the construction period, however, fencing will be erected around the 

working area which will have an indirect short term impact on the setting of this site.  

7.7 Impacts on Architectural Heritage 

There are no protected structures or structures of architectural heritage merit located 

along any part of the proposed pipeline route or within any area proposed for ancillary 
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development. Therefore, there is no anticipated impact to features of architectural heritage 

merit.

7.8 Provisional Working areas 

The width of the proposed working area is generally 40m. However, this extends in a 

number of locations to facilitate site compounds, access roads, etc. 

The extended working areas do not impact on any recorded archaeological sites (RMP 

sites). In Bellagelly, an oblong irregular mounded area (ID A5) was identified 

approximately 13m north-east of the pipeline within the working area. The location of 

this feature has been noted and while it is likely to be part of a natural ridge and not 

archaeological, it can be avoided. 

At Aghoos, one site of archaeological potential (ID A2) has been identified outside the 

working area. The location and extent of this potential site (ID A2) will be incorporated 

into the design process to ensure that no impact occurs.  

7.9 Construction traffic and proposed road maintenance works 

The local road network in Aghoos will be used as a haul route to facilitate the movement 

of construction traffic. It is not anticipated that any proposed preventative or maintenance 

works to the already existing road network will impact on features of an archaeological, 

architectural or cultural heritage.  

7.10 Plantation Forests 

The remainder of the proposed route travels through forested areas. One proposed 

compound site is situated within an area cleared of forest (SC4). Much of these forested 

areas have gone through the entire forestry cycle of thinning, felling and harvesting. This 

type of concentrated disturbance considerably reduces the possibility of archaeology 

surviving intact below the surface of the bog and marginal land. Monitoring the removal 

of peat from the Terminal site did not produce any archaeological features or finds. Given 

the dating evidence obtained at Bellanaboy Bridge (Håkansson 1974) indicating the early 

initiation date for the development of blanket bog and the results of archaeological 

monitoring, it appears that the bog and pine stumps pre-date the Neolithic period resulting 

in no archaeological activity throughout the area. 

7.11 Impact Assessment Table 

It can be difficult to ascertain the exact impact level of the proposed route for two 

reasons. The first being the potential to reveal previously unknown and buried 

archaeological sites in the future as part of an archaeological testing strategy. The second, 

is that, possible newly identified sites may prove to be natural when test- excavated, for 
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example, the mound (ID A3) in Aghoos townland. The tables below are based on 

information available at the time of writing this report.  

Table 7:  Impact Assessment 

Ref. 
No

Townland Site Type Type of 
development 
causing
impact 

Type of 
Potential 
Impact 

Distance Impact 
Level 

ID
A1

Glengad Enclosure site 
MA004-015 

Access road to 
the LVI 

Indirect 
impact 

c. 10m from 
access road to 
LVI

No 
predicted 
impact  

ID
A2

Aghoos Mound  None No predicted 
impact 

Located outside 
the  working 
area and 106m 
from the 
proposed 
pipeline 

No impact 

ID
A3

Aghoos Mound – non 
archaeological 

Working Area No predicted 
impact 

Located
immediately
outside the 
working area 
and 21m from 
the pipeline 

No impact 

ID
A4

Bellagelly 
South 

Commemorative 
mass site 
and stone 
wall/enclosure 

Fencing 
associated with 
project

No predicted 
impact on the 
feature but 
indirect, 
short term  
impact on the 
setting of the 
site

Located 52m to 
the south of  the  
working area 
and 82m south 
of the proposed 
pipeline 

Indirect, 
short term 
impact on 
the setting 
of the site  

ID
A5

Bellagelly 
South 

Mound Proposed route 
(located within 
the working 
area)

Indirect 
impact 

c. 13m from 
pipeline 

This site 
is likely 
to be part 
of a larger 
natural 
ridge and 
can be 
avoided. 
No 
predicted 
impact  

‘Do Nothing’ Scenario 

In the event of such a scenario, in general any previously unrecorded subsurface 

archaeological features not yet discovered would remain intact and undisturbed. In the 

event of a ‘do nothing’ scenario, features of an architectural and cultural heritage nature 

would remain intact and undisturbed. 
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‘Worst Case’ Scenario 

In the ‘worst case’ scenario the proposed pipeline development could disturb previously 

unrecorded features of archaeological merit or that archaeological material could be 

destroyed, without preservation by record taking place. Similarly, in the ‘worst case’ 

scenario, the proposed development could disturb and potentially remove previously 

unrecorded features of cultural heritage merit without the appropriate recording taking 

place.

Residual Impacts 

There will be no residual impacts on archaeology or features of an architectural or 

cultural heritage merit as it is anticipated that all cultural heritage issues will be resolved 

in the pre-construction or construction stage of the proposed development. 
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8 Recommendations for Mitigation and further assessment 

All recorded archaeological features (ID A1), sites of archaeological potential (ID A2 and 

A5) and of cultural heritage interest (ID A4) have been avoided by the proposed scheme. 

The following mitigation measures have been prepared and agreed with the National 

Monuments Section of the DoEHLG.  .   

8.1 Archaeological Heritage - Construction Stage

8.1.1 Monitoring 

An archaeological program of inspection will enhance and build upon the historic 

information gathered to date and provide a further understanding and appreciation of the 

historic landscape and its evolution along the proposed route. Having discussed the 

proposed pipeline development and the matter of archaeological mitigation with the 

National Monuments Section of the DoEHLG, it is recommended by that authority that 

archaeological monitoring by a licensed archaeologist be undertaken during the 

earthmoving works of the construction stage. This will ensure that any potential 

archaeological feature or discovery of an isolated stray find is identified, recorded and 

fully resolved under licence to the statutory authorities.  
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8.1.2 Mitigation Assessment Table 

Following completion of the field walkover survey, test excavation and desk assessment 

the following mitigation measures are proposed.  

Table 8: Mitigation Summary  

ID
Number

Type of site Location in 
relation to 
proposed 
development 

Mitigation strategy

ID A1 RMP(MA004-
015) - Enclosure

Access road to 
LVI

This recorded archaeological site will be 
avoided.  

Previously, ID A1 has been fenced off and 
this protective measure will be subject to 
review by the licensed archaeologist on site 
and the DoEHLG to ensure that no inadvertent 
damage occurs to the monument.  

Archaeological monitoring will take place 
throughout the pre-construction stage.

ID A2 Mound – 
potential 
archaeological 
site

Located 106m 
from the pipeline 

This feature is located outside the working 
area associated with the pipeline and will be 
avoided. 

ID A3 Naturally 
occurring mound 

21m north of the 
proposed 
pipeline 

Archaeological test excavation has 
demonstrated that this site is not
archaeological in nature and therefore 
requires no further mitigation.  

ID A4 Commemorative 
mass site and 
stone wall 
enclosure 

82m from the 
proposed 
pipeline and 52m 
to the south of 
the working area 

This site and area will be avoided. 
Appropriate signage in relation to the historic 
nature and cultural heritage significance of the 
site is suggested for fencing in proximity to 
this feature. 

ID A5 Mound – 
potential 
archaeological 
site

13m north of the 
proposed 
pipeline 

This anomaly is part of a long natural ridge 
and given the early initiation of bog formation 
and disturbance in the area and the results of 
test excavation in the neighbouring townland 
of Aghoos, considered to be of very  limited 
archaeological potential. Archaeological 
monitoring will take place throughout the pre-
construction stage. The feature will be 
avoided during the construction process. 

8.1.3 Ecologically sensitive areas 

Restricted work practices may prevail in ecologically sensitive environments and 

permission will be sought by the client from the National Parks and Wildlife Section of 

the DoEHLG in advance of any archaeological investigation work taking place. 
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8.1.4 Architectural and Cultural Heritage Strategies  

At Glengad, there are seven structures within 100m of the access road to the site 

compound and the LVI. None of the structures within Glengad will be directly physically 

impacted by the proposed upgrading of the access road. The landscape and visual chapter 

discusses the setting of these structures in relation to the proposed pipeline development.  

There is only one structure, a single storey, rendered, modern building within 100m of the 

proposed works at Aghoos. This building is not a protected structure and is not 

considered to be of architectural heritage merit.  

No structure or building will be removed as a result of the development of this scheme 

and no protected structure or structure of an architectural heritage merit will be subject to 

a direct impact.  

It is not anticipated that any maintenance works to the already existing road network will 

impact on features of a cultural or architectural heritage merit. If improvement measures 

are deemed necessary they will be subject to review by the appropriate statutory 

authority. As a result, it is anticipated that there will be no direct impact by the proposed 

development on any items of architectural heritage merit (for example bridges, stone 

boundary walls, gateways) which are at a remove from the route of the gas pipeline and 

the proposed works at Glengad, Aghoos and Bellagelly South. 

It is recommended that fencing surrounding the compounds and working area at Glengad 

and Aghoos could display information in relation to archaeology and the cultural heritage 

of the area. This is particularly relevant to the pedestrian access route to the 

commemorative mass site (ID A4), where signage could be developed to reflect the 

historic nature of the area and provide a more aesthetically pleasing backdrop to the 

setting of the site during the construction period. 

8.2 General

The recommended mitigation strategy of on-site archaeological monitoring has been 

subject to consultation and agreed with the National Monuments Section at the 

Department of the Environment, Heritage and Local Government (DoEHLG).

Shell E & P Ireland Ltd’s attention is drawn to national monuments legislation (1930–

2004), stating that in the event of the discovery of archaeological finds or remains, the 

Department of the Environment, Heritage and Local Government and the National 

Museum of Ireland should be notified immediately (see Appendix 4). Shell E & P Ireland 

Ltd shall make provision to allow for and to fund the necessary archaeological 
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monitoring, inspection and excavation works that may be needed on the site during and 

prior to construction. 
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Appendix 1  Inventory of Recorded Archaeological Monuments 

RMP Reference MA004-012 

Townland  Dooncarton or Glengad 

Monument Type Court tomb 

OS   1838, 1921 

NGR  810400, 338210 

Sources  de Valera and O’Nuallain (1964, 1); Otway (1841, 336-
337); Westropp (1912, 130-132); de Valera (1951, 179; 
1960, 137) 

Description: The site is located a short distance from the steep 
northern slope of Dooncarton Hill on the shoulder of a 
bench that overlooks a lowlying coastal strip of land. 
The immediate vicinity of the site is good agricultural 
land. Benwee Head and Knockaduff form the skyline to 
the northeast.

  The tomb consists of a cairn at least 24m long and 
orientated east-west with a gallery 5m long at its east 
end. Entrance to the gallery is gained through two 
jambs set 0.45m apart. Single court stones flank both 
sides of the entrance. A transversely set slab divides the 
gallery into two chambers of unequal length. The front 
chamber is 2.0m long and the other 2.8m. The average 
width of the gallery is 1.3m. Two peculiar set jamb and 
sill arrangements are present in the western end of the 
cairn.

Distance  c. 634m southwest of the pipeline
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RMP Reference MA004-013

Townland  Dooncarton or Glengad 

Monument Type Stone circle 

OS  1838, 1921 

NGR  811700, 338190 

Sources  T. J. Westropp (1912) ‘The promontory forts and early 
remains on the coast of Mayo,’ JSRAI 42, 129–32. 
Otway (1841, 236.) Dunne (1985, 92).The 
Archaeological Survey of Ireland 

  NMI Topographical Files. 

Description The site is located on fair agricultural land, in an 
elevated position overlooking the lowlying northern 
coastal strip. The view is restricted to the south by the 
steep northern slope of Dooncarton Hill. A good 
outlook exists between the north northwest and the 
northeast over the Curraunboy sandhills towards 
Benwee Head and Knockadaff. The Ross Port 
peninsula is overlooked to the east northeast (Dunne, 
1985).

  In 1985, Dunne recorded the stone circle as 5.2m in 
diameter and consisting of nine orthostats with three 
other stones lying prostate. Westropp (1912) recorded 
eleven set stones and four prostrate on his ground plan. 
However, the Archaeological Survey of Ireland (ASI) 
recorded the site as a level circular area approximately 
4.85m in diameter defined by seven irregularly shaped 
upright boulders. An eighth stone, at the northeast, has 
fallen and is now largely grass-covered. Approx. 16m 
to the northwest is a fallen rectangular block, possibly 
an outlier. The surviving orthostats range in height 
from 62cm to 1.32m. 

  The landowner told the survey that the stones used in 
the stone circle are not native to the area and must have 
been transported from at least six miles away (ASI, 
1995).

Date of Survey 07/06/95 

Distance  c. 577m southwest of the pipeline 
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RMP Reference MA004-015 

Townland  Dooncarton or Glengad 

Monument Type  Enclosure site 

OS  1838, 1921 

NGR  816800, 338390 

Sources  Noel Dunne, pers. comm. 1991. This site was not 
evident when he surveyed the area for his MA thesis. 

Description This site presents as a circular earthen mound. It is 
approximately 16.5m in diameter at its base and 2.2.m 
in height.  The site is encircled by traces of an infilled 
fosse. From the east-south-west, portions of the mound 
have been removed as a consequence of the 
construction of a modern field boundaries and the fosse 
has been incorporated into the field boundary. The 
north-eastern half of the site has been largely quarried 
away, probably for use in the modern field boundaries 
described above. It is known locally as a ‘kileen’ or a 
chidrens burial ground. 

Date of Survey 07/06/95

Distance  c. 235m southwest of the pipeline 
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RMP Reference MA004-017

Townland Dooncarton or Glengad 

Monument Type  Cist 

OS   Not marked 

NGR  821600, 338110 

Sources  Noel Dunne, pers. comm. 1991. 

JRSAI 1963 p. 124 

Description Situated on the northeast slope of a steep mountainous 
hill, the site is now occupied by a modern dwelling 
house and gardens. No remains of any antiquity are 
now visible. (JRSAI says it was destroyed during 
quarrying). 

  According to Dunne (1985, 89) the immediate vicinity 
of the site has a slight cover of bog. The cist was 
orientated east-west and was 1.65+m in length 0.3-m 
wide and 0.265m deep. The top pf the structure was 
0.46m below ground level. Three slabs were uncovered 
along the southern side and a single slab formed the 
western end. The northern side of the cist was 
destroyed during the discovery and only a single slab 
survived at its eastern end. The roof was constructed 
with overlapping capstones and the floor was of earth. 

  Part of a skull and an upper jaw and seven teeth were 
recovered from the cist. 

Date of Survey 07/06/95 

Distance  c. 227m south of the pipeline 
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RMP Reference MA004:023

Townland  Dooncarton or Glengad 

Monument Type  Wedge tomb (possible). 

OS   Not marked 

NGR  820000, 337870 

Sources  S. Zajac, pers. comm. Aug 1993 

Description No further information

Distance  Marked in the wrong area on the SMR maps and will 
not be affected by the proposed pipeline, approximately 
509m southwest of the pipeline 
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RMP Reference MA011:005

Townland  Kilcommon or Pollatomish 

Monument Type  Ecclesiastical remains 

OS   1838 

NGR  825900, 336960 

Sources  Noel Dunne, pers. comm. 1991. Medieval church ruins. 

  O'Donovan, OS Letters for Mayo 1838, p. 157 (83), 
reproduced by M. O' Flanagan 1927, Bray 

Description (After O'Donovan). This parish, which is the largest in 
Ireland, is named from the old burial ground of 
Kilcommon lying in the NW extremity of the townland 
of Pollatomish. Of the old church itself, only a part of 
one gable remains, from which but little can be learned 
of its style or age. The name unquestionably signifies 
'the church of St. Coman' but we are completely in the 
dark about the history of the parish. 

  Situated at the E end of a modern graveyard, adjacent 
to a NW–SE roadway, beyond which is Sruwaddacon 
Bay. The E, S and W walls of the church have been 
removed. The N wall (L 9.35m; wall T 0.56m) 
constructed of roughly coursed masonry survives to 
almost its original height (H 2.4m), except at the E end, 
where it has been incorporated into a modern wall with 
a modern gate pillar. 

Date of Survey 15/08/95 

Distance  660m southwest of the pipeline
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Appendix 2 - Methodology 

1 The desk study for this report is based on the following sources 

1.1 Record of Monuments and Places

The primary source of information for the archaeological and cultural heritage of the 

study area is the Record of Monuments and Places (RMP) maintained by Department of 

the Environment, Heritage and Local Government (DoEHLG). The Sites and Monuments 

Record (SMR), as revised in the light of fieldwork, formed the basis for the establishment 

of the statutory RMP pursuant to Section 12 (1) of the National Monuments 

(Amendment) Act, 1994 (See Appendix 4). The RMP documents known upstanding 

archaeological monuments, their original location (in cases of destroyed monuments) and 

the position of possible sites identified as cropmarks on vertical aerial photographs. It is 

based on a comprehensive range of published and publicly available documentary and 

cartographic sources.

The information held in the RMP files is read in conjunction with constraint maps, 

published at reduced six-inch scale, on which recorded sites are clearly marked. Maps for 

the RMP sheets relevant to the present development are Sheets 4 and 11 for Co. Mayo.  

1.2 Topographical files of the National Museum of Ireland

The topographical files of the National Museum of Ireland (NMI) identify recorded stray 

finds that have been donated to the state in accordance with National Monuments 

legislation (See Appendix 4) and are now held in the museum’s archive. The files, 

provenanced to townland, sometimes include reports on excavations undertaken by NMI 

archaeologists.

1.3 Mayo County Council Development Plan (2008-2014)  

The Mayo County Council Development Plan was consulted for schedules of buildings 

and items of architectural, historical, archaeological, artistic, cultural, scientific, social or 

technical interest that are listed for protection in the study area. These structures have 

been afforded protection under both the Local Government (Planning and Development) 

Act 2000 and the Architectural Heritage (National Inventory) and Historic Monuments 

(Miscellaneous Provisions) Act, 1999.  
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1.4 Aerial Photography 

Colour vertical aerial photographs (2004, 2006 and 2008) of the lands along the proposed 

route, supplied by RPS, were examined for any evidence of previously unknown or 

unrecorded archaeology in the vicinity of the proposed route corridor. 

1.5 Review of Previous Reports 

Cultural Heritage reports relating to the Corrib field development (offshore field to 

terminal) and the Bellanaboy Bridge Gas Terminal were reviewed (Appendix 3 

References).  

1.6 Other documentary sources

Additional published and unpublished documentary and literary references consulted are 

listed in Appendix 3. 

1.7 Cartographic sources

Cartographic sources consulted for this report include William Bald’s map ‘Maritime 

County of Mayo (surveyed 1809-17, published 1830) (Figure 6), the 1st edition Ordnance 

Survey map (1838-1839), 2nd edition Ordnance Survey map (1895-6), and 3rd edition 

Ordnance Survey map (1916-17) (Figures 2-5). No baronial map was produced by the 

Down Survey for the Barony of Erris in County Mayo. 
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Appendix 4 - National Monuments Legislation (1930-2004)

All archaeological sites have the full protection of the national monuments legislation (Principal 

Act 1930; Amendments 1954, 1987 and 1994). In the 1987 Amendment of Section 2 of the 

Principal Act (1930), the definition of a national monument is specified as: 

any artificial or partly artificial building, structure or erection or group of such buildings, 
structures or erections 

any artificial cave, stone or natural product, whether forming part of the ground, that has 
been artificially carved, sculptured or worked upon or which (where it does not form part 
of the place where it is) appears to have been purposely put or arranged in position, 

any, or any part of any, prehistoric or ancient 

(i.) tomb, grave or burial deposit, or 

(ii) ritual, industrial or habitation site, 

and

any place comprising the remains or traces of any such building, structure or erection, any 
cave, stone or natural product or any such tomb, grave, burial deposit or ritual, industrial 
or habitation site... 

Under Section 14 of the Principal Act (1930): 

It shall be unlawful... 

to demolish or remove wholly or in part or to disfigure, deface, alter, or in any manner 
injure or interfere with any such national monument without or otherwise than in 
accordance with the consent hereinafter mentioned (a licence issued by the Office of 
Public Works National Monuments Branch), 

or

to excavate, dig, plough or otherwise disturb the ground within, around, or in the 
proximity to any such national monument without or otherwise than in accordance... 

Under Amendment to Section 23 of the Principal Act (1930), 

A person who finds an archaeological object shall, within four days after the finding, 
make a report of it to a member of the Garda Síochána...or the Director of the National 
Museum... 

The latter is of relevance to any finds made during a watching brief. 

In the 1994 Amendment of Section 12 of the Principal Act (1930), all the sites and ‘places’ 

recorded by the Sites and Monuments Record of the Office of Public Works are provided with a 

new status in law.  This new status provides a level of protection to the listed sites that is 

equivalent to that accorded to ‘registered’ sites [Section 8(1), National Monuments Amendment 

Act 1954] as follows: 

The Commissioners shall establish and maintain a record of monuments and places where they 

believe there are monuments and the record shall be comprised of a list of monuments and such 

places and a map or maps showing each monument and such place in respect of each county in 

the State. 
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The Commissioners shall cause to be exhibited in a prescribed manner in each county the list and 

map or maps of the county drawn up and publish in a prescribed manner information about when 

and where the lists and maps may be consulted. 

In addition, when the owner or occupier (not being the Commissioners) of a monument or place 

which has been recorded, or any person proposes to carry out, or to cause or permit the carrying 

out of, any work at or in relation to such monument or place, he shall give notice in writing of his 

proposal to carry out the work to the Commissioners and shall not, except in the case of urgent 

necessity and with the consent of the Commissioners, commence the work for a period of two 

months after having given the notice. 

The National Monuments Amendment Act enacted in 2004 provides clarification in relation to the 

division of responsibilities between the Minister of Environment, Heritage and Local 

Government, Finance and Arts, Sports and Tourism together with the Commissioners of Public 

Works. The Minister of Environment, Heritage and Local Government will issue directions 

relating to archaeological works and will be advised by the National Monuments Section and the 

National Museum of Ireland. The Act gives discretion to the Minister of Environment, Heritage 

and Local Government to grant consent or issue directions in relation to road developments 

(Section 49 and 51) approved by An Bord Pleanála and/or in relation to the discovery of National 

Monuments. 

14A. (1) The consent of the Minister under section 14 of this Act and any further consent or 

licence under any other provision of the National Monuments Acts 1930 to 2004 shall not be 

required where the works involved are connected with an approved road development. 

(2) Any works of an archaeological nature that are carried out in respect of an approved road 

development shall be carried out in accordance with the directions of the Minister, which 

directions shall be issued following consultation by the minister with the Director of the National 

Museum of Ireland. 

Subsection 14A (4) Where a national monument has been discovered to which subsection (3) of 

this section relates, then 

(a) the road authority carrying out the road development shall report the discovery to the 

Minister

(b) subject to subsection (7) of this section, and pending any directions by the minister under 

paragraph (d) of this subsection, no works which would interfere with the monument shall be 
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carried out, except works urgently required to secure its preservation carried out in accordance 

with such measures as may be specified by the Minister. 

The Minister will consult with the Director of the National Museum of Ireland for a period not 

longer than 14 days before issuing further directions in relation to the national monument. 

The Minister will not be restricted to archaeological considerations alone, but will also consider 

the wider public interest. 
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   EXECUTIVE SUMMARY 

The Archaeological Diving Company Ltd. (ADCO) was appointed by RPS on 

behalf of Shell E & P Ireland Ltd., to undertake geophysical data interpretation, 

inter-tidal survey, and underwater archaeological assessment of the proposed 

route of the Corrib Onshore Pipeline. Archaeological survey work was 

undertaken in 2007 and was subsequently reviewed in 2010 in light of a 

proposed revision to the pipeline route within Sruwaddacon Bay.  

The 2007 archaeological assessment was carried out across Sruwaddacon 

Bay, reviewing the geophysical data acquired, conducting an inter-tidal 

foreshore inspection of the Bay, and a dive inspection of the sub-tidal zone. 

The work was carried out under licence from the Department of the 

Environment, Heritage and Local Government (DoEHLG). The current study 

focuses on the 4.9km section of the pipeline, most of which will be tunnelled 

beneath Sruwaddacon Bay, between Aghoos (located approximately 1.5km 

north-northeast of the Gas Terminal at Bellanaboy) and Glengad, in north 

County Mayo.  

Desktop assessment has not identified material of archaeological significance 

within the bay area. However, cartographic sources indicate the presence of an 

active river channel running along the south side of the bay in the nineteenth 

century, which has subsequently become inactive.  

The marine geophysical survey was comprehensive, and indicated a relict 

paleo-channel running through the bay. A series of geophysical anomalies 

were identified and those located within the Bay were diver-truthed as part of 

the underwater/ inter-tidal assessment. Four anomalies, SS6, SS29 SS11, and 

SS26 (see figure 11) are located within the impact corridor identified for the 

revised pipeline route. None of the anomalies are deemed to retain 

archaeological significance. 

Systematic visual inspection of the foreshore/ inter-tidal and sub-tidal seabed 

areas in 2007 did not reveal any material or features of archaeological 

significance. In addition, four sections of intertidal foreshore (Areas 1-4) were 

re-inspected in April 2010 in light of the revised pipeline route through the 
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Sruwaddacon Bay and following discussions with the DoEHLG. Onsite work 

revisited the upper foreshore and intertidal areas at Aghoos and Glengad and 

did not reveal any material or features of archaeological significance.

The conclusion of the present survey is that the known archaeological potential 

within Sruwaddacon Bay is low. The possibility nevertheless remains that 

subsurface deposits retain archaeological material, and palaeo-channels would 

be ideal holding areas for such material. This is especially the case for all-

wooden constructions, such as log boats and other pre-modern sailing craft 

and related features, since geophysical prospecting is unable to detect buried 

timber features of such character.  

This report recommends that further in-water work in advance of construction is 

not required.   

The pipeline will be constructed by tunnelling under the Bay, avoiding all known 

archaeological features, and no impact on marine archaeology is anticipated.  

The method of pipeline insertion requires the excavation of a starting pit at 

Aghoos and a reception pit at Glengad. These works represent a potentially 

significant impact on the existing environment and it is recommended that a 

programme of archaeological monitoring be conducted during construction, 

with the proviso to resolve fully any archaeological material that is observed at 

that point.  It is also recommended that a programme of monitoring be allowed 

for during the tunnelling process, but that the requirement be reassessed as 

progress is made. Archaeological monitoring should be undertaken if an 

intervention pit is required for the purposes of this tunnelling work.  

The recommendations in this report have been discussed and agreed with the 

DoEHLG.
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1.0 INTRODUCTION 

The Archaeological Diving Company Ltd (ADCO) was appointed by RPS on behalf of 

Shell E & P (Ireland) Ltd, to interpret marine geophysical data, and carry out 

foreshore/inter-tidal survey, and underwater archaeological assessment in 

Sruwaddacon Bay, Co. Mayo, as part of the Environmental Impact Statement (EIS) 

being prepared for the Corrib Onshore Pipeline Project. The following report 

considers the foreshore and in-water areas associated with the pipeline route. 

The proposed onshore pipeline will extend approximately 8.3km from where the 

offshore pipeline makes landfall at Glengad to the permitted Gas Terminal at 

Bellanaboy. The proposed pipeline route will run in a south-easterly direction in 

Sruwaddacon Bay, from the tunnelling compound (SC2) at Glengad to the tunnelling 

compound (SC3) in Aghoos, where it will continue on a landward route to the Gas 

Terminal at Bellanaboy (Figures 1-2). The pipeline will also transect a small inlet 

located in the southeast corner of Sruwaddacon Bay. The inlet is the discharge 

location for a small stream and forms the boundary between Aghoos townland and 

Bellagelly South townland. 

Sruwaddacon Bay forms a narrow estuarine inlet off Broadhaven Bay and south of 

Rossport, Co. Mayo. It is fed by the Glenamoy River to the southeast, and measures 

c. 4.5km in length and c. 0.7km in width, extending north-westwards to its confluence 

with the lesser Ross Bay before emptying into Broadhaven. 

The marine geophysical data was acquired by Osiris Projects Ltd for Shell E & P 

(Ireland) Ltd.  A total of twenty-nine anomalies were visually inspected to ascertain 

their archaeological potential, as part of the onsite archaeological foreshore/ inter-

tidal and underwater assessment carried out in 2007. Only four anomalies, SS6, SS9, 

SS13 and SS26 (see Figure 11), are located within the potential impact corridor 

identified for the proposed pipeline route. None of the anomalies are deemed to retain 

archaeological significance. 

ADCO sought to: 

 identify and record the location, nature, and dimensions of any archaeological 

features, fabric or artefacts that may be impacted by the proposed pipeline. 

 make detailed recommendations for the mitigation of any archaeology 

present within Sruwadacon Bay. 
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 make recommendations as to the options available to the client in the event 

of archaeology being present. 

Particular attention was paid to recording seabed and foreshore topography, bottom 

composition, and highlighting any material concentrations. Following an 

archaeological review of the marine geophysical survey data acquired, an 

archaeological inter-tidal survey of Sruwaddacon Bay was completed on the 11th and 

12th September 2007. The underwater assessment and diver-truthing of the side-scan 

sonar anomalies was completed on 11th and 12th of October 2007. Both surveys were 

carried out by a team of three maritime archaeologists and a certified Dive 

Supervisor. In addition, an experienced boatman and tender were provided to 

expedite the surveys. The assessment was carried out under licence from the 

Department of the Environment, Heritage and Local Government (DoEHLG), licence 

numbers: 07D038, 07D040, and 07R169, 07R170. 

The foreshore and intertidal areas at Aghoos and Glengad (foreshore Areas 1-4) 

were recently revisited (April 2010) to assess the possibility for fresh information to 

have become exposed naturally on the foreshore locations of the pipeline landfalls. 

The work was carried out by two maritime archaeologists under licence from the 

DoEHLG; licence numbers 010D018, 010R034. 

2.0 PROPOSED DEVELOPMENT 

The proposed Corrib Onshore Pipeline consists of the following elements: 1

 Onshore Gas Pipeline  

 Landfall Valve Installation 

 Umbilicals and Services 

 Outfall Pipeline 

The proposed development will comprise approximately 8.3km of onshore pipeline 

extending from the landfall at Glengad to the permitted Gas Terminal at Bellanaboy. 

                                                     
1 The following elements are considered in greater detail in Volumes 1 and 2 of the 
Environmental Impact Statement. What follows in the present report is an overview of the 
proposed Onshore Pipeline development. 
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Pipeline Construction Techniques

It is proposed to install the gas pipeline and services in a 4.9km long segment lined 

tunnel. This tunnel will run in a south-easterly direction between the townlands of 

Glengad and Aghoos.  The tunnel will be constructed as a segment lined tunnel. The 

pipeline will also transect a small inlet located in the southeast corner of 

Sruwaddacon Bay. It is understood that an open-cut construction method will be 

adopted for this estuary/ river crossing. 

It is proposed that the tunnel into which the pipeline is installed is constructed below a 

water body, generally without excavating from the surface. These methods are 

designed to minimise the amount of surface disturbance required during construction. 

Construction of the Corrib Onshore Pipeline in Sruwaddacon Bay will be by a 

tunnelling technique generally known as segment lining. Segment lined tunnelling will 

be used to first construct a concrete lined tunnel.  The onshore pipeline and 

associated utilities will then be installed within the tunnel.  This technology uses a 

Tunnel Boring Machine (TBM) to gradually excavate a tunnel underneath the bay.  As 

the excavation moves forward, new sections of tunnel are assembled directly behind 

the TBM.  The excavated material from the tunnel will be pumped back along the 

tunnel to the surface through hoses.  The tunnelling operation will involve the 

construction of a starting pit at the tunnelling compound (SC3) in Aghoos and a 

reception pit at the tunnelling compound (SC2) at Glengad. The operation is carried 

out from the starting pit and proceeds towards the reception pit. 

If a problem is encountered, it may be required to excavate from the surface via an 

intervention pit. The intervention pit would be sheet-piled and excavated using 

conventional land-based excavation equipment.  This equipment would be deployed 

from a pontoon or barge set-up. 

It is proposed to construct the tunnel with a minimum depth of cover of 5.5m. It is 

anticipated that the majority of materials encountered during the tunnelling process 

will be sands and gravels. 

Aghoos Tunnelling Compound

A temporary tunnelling compound (SC3) is to be located within the townland of 

Aghoos, NGR: 85596E, 335345N (centre-point). The compound will be divided into 

two sections, the pipeline stringing area and the tunnelling construction compound. If 

an intervention pit is required during construction a temporary shore access point will 

also be located immediately north of the tunnelling construction compound. 
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Pipeline stringing area: this area measures 20,643m2. It is anticipated that the 

stringing area will be constructed by excavating the top layer of peat that 

covers the site to within approximately 0.5m - 1.0m of the peat base and the 

resulting area will be in-filled using imported stone.  When construction is 

complete, a regulation layer of peat will be spread upon the stringing area 

before surface layers are replaced to reinstate the area.

Construction compound: this compound will measure 23,964m2 and is 

located immediately northwest of the pipeline stringing area. The top layer of 

peat that covers the site will be excavated to within approximately 0.5m - 

1.0m of the peat base and the resulting area will be in-filled using imported 

stone.  When construction is complete, a regulation layer of peat will be 

spread upon the stone compound before surface layers are replaced to 

reinstate the area. 

Temporary shore access point: this area will allow access to Sruwaddacon

Bay in the event that an intervention pit is required during the tunnelling 

works. The area encompasses both the upper foreshore and inter-tidal zone 

at this location, stretching across a 121m (north-south) x 138m (east-west) 

area.

Tunnel start pit: this will be located within the compound and will measure 

20m in length and 9m in width. 

Glengad Tunnelling Compound

A temporary tunnelling compound (SC2) is to be located within the townland of 

Glengad, NGR: 819356E, 338545N (centre-point). The compound will measure 

approximately 3,500m2. The tunnel reception pit will be located within the compound 

and will measure 27.5m in length (east-west) x 7.5m in width (north-south). 

Pipeline Insertion, Watercourse Crossing Point

A section of pipeline will extend, from Aghoos in a south-easterly direction to the Gas 

Terminal at Bellanaboy. This landward section of pipeline will cross a small inlet and 

watercourse located in the south-easternmost corner of the Bay. The watercourse 

(Leenamore River) forms the townland boundary between Aghoos to the west and 

Bellagelly South to the east. An open trench-method will be used to lay the pipeline at 

this location. It is anticipated that the trench will measure 6m width (north-south) x 

40m length (east-west). 
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3.0  SURVEY METHODOLOGY 

A desktop assessment of cartographic and archival information was conducted as a 

preliminary stage of archaeological assessment for the project. The desktop 

assessment included an examination of the Ordnance Survey mapping for the area 

since the First Edition six-inch series in 1839, as well as an examination of the 

topographical files in the National Museum of Ireland and the Sites and Monuments 

Record in the Department of the Environment, Heritage and Local Government, with 

specific attention to the Inventory of Historic Shipwrecks. In addition, the record of 

licensed archaeological work was consulted and relevant published sources were 

reviewed.

The following legislation, standards and guidelines were considered and consulted for 

the purposes of this evaluation: 

 National Monuments Acts, 1930-2004; 

 The Planning and Development (Strategic Infrastructure) Bill, 2006; 

 The Heritage Act, 1995; 

 Guidelines on the information to be contained in Environmental Impact 

Statements, 2002, EPA; 

 Advice Notes on Current Practice (in preparation of Environmental Impact 

Statements), 2003, EPA; 

 Guidelines for the Assessment of Archaeological Heritage Impacts of National 

Road Schemes, NRA 

 Frameworks and Principles for the Protection of the Archaeological Heritage, 

1999, (formerly) Department of Arts, Heritage, Gaeltacht and Islands;  

 Architectural Heritage (National Inventory) and Historic Monuments 

(Miscellaneous Provisions) Act, 2000 and the Local Government (Planning and 

Development) Act 2000; and 

 Code of Practice between Bord Gáis Éireann and the Minister for Arts, 

Heritage, Gaeltacht and the Islands (now the Department of Environment 

Heritage and Local Government), 2002. 

The marine geophysical survey data acquired by Osiris Ltd was issued for review and 

archaeological interpretation. The geophysical survey was also inspected by ADCO 

during its operation. ADCO was provided with a full and complete record of the data 

available and examined this information with a view to highlighting particular 

anomalies that may be considered to retain archaeological potential and to inform 

subsequent archaeological fieldwork. The examination also sought to present 
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overview images of the nature of the sub-surface portion, as indicated in the side-

scan sonar data.  

The on-site archaeological fieldwork was carried out following the data review and 

under licence from the Department of the Environment, Heritage and Local 

Government (DoEHLG), licence numbers: 07D038, 07D040, and 07R169, 07R170. 

The full extent of the inter-tidal foreshore of Sruwaddacon Bay was field-walked at 

Low Water and included the foreshore areas opposite the starting pit at Aghoos and 

the reception pit at Glengad. The field-walking was undertaken by a team of three 

archaeologists, supported by boat cover from a rigid inflatable boat (RIB), skippered 

by a third party provided by the client. A detailed written record, supplemented by 

photographic record, of the foreshore environment was made and a hand-held GPS 

was used to position-fix the survey route and any observations made.  

The sub-surface or sub-tidal element of the survey was conducted in a similar 

manner. Visual inspection was employed to assess the archaeological potential of the 

seabed within Sruwaddacon Bay. A team of three maritime archaeologists (certified 

to a minimum of HSE Part III diving certification) and a certified dive supervisor 

conducted the work, using a mobile surface-supplied diving set-up. Maximum 

coverage of the underwater inspection area was achieved using a diver-towed survey 

method. The dive survey was carried out to HSE/HSA standards using Surface 

Supplied Diving Equipment and all relevant safety equipment.  

Inspection of the sub-tidal geophysical anomalies was undertaken using circular 

searches from an anchored down-line that was centred on the anomaly coordinates, 

which were pinpointed using the boat’s Differential GPS receiver. Geophysical 

anomalies located within the inter-tidal zone were inspected at Low Water and 

position-fixed using a hand-held GPS.  

Magnetometry survey by hand-held metal-detection was undertaken across two 

areas deemed suitable for metal-detector use (as identified on Figure 9); strong 

currents within the bay made metal-detection use impractical along much of the 

underwater survey area. However, the geophysical survey carried out by Osiris 

supplemented this information and the absence of metal-detector information did not 

form a constraint to the study. A Fisher Aquanaut 1280X underwater metal-detector 

was used to conduct the survey (Plate 1). 

Both the underwater and the inter-tidal survey areas were examined. Detailed 

descriptions were made of topography and bottom composition. A photographic 



Marine Geophysical and Geotechnical   Corrib Onshore Pipeline 
Data Interpretation, Intertidal and Dive Survey

14

record of the existing environment was made and, where possible, metal-detector 

anomalies were inspected and mapped.  

Four areas of intertidal foreshore were revisited in April 2010. This recent on-site 

assessment used the same methodological approach to that of 2007 under licences 

010D018, 07D034. 

Limitations

No limitations were encountered during the surveys and the full extent of the inter-

tidal foreshore of Sruwaddacon Bay has been field-walked at Low Water, and the 

sub-tidal zone has been dive inspected.  

Classification of Impacts

The impact categories listed below have regard to those set out in the ‘Guidelines on 

the information to be contained in Environmental Impact Statements’, 2002, EPA, 

‘Advice notes on Current Practice (in preparation of Environmental Impact 

Statements), 2003, EPA, and Guidelines for the Assessment of Archaeological 

Heritage Impacts of National Road Schemes, National Roads Authority. 

Impacts are generally categorised as either being a direct impact, an indirect impact 

or as having no predicted impact: 

Direct impact occurs when an item of archaeological heritage is located within the 

centreline of the proposed route alignment and entails the removal of part, or all, of 

the monument. 

Indirect impact may be caused where a feature or site of archaeological interest is 

located in close proximity of the proposed development.  

No predicted impact occurs when the proposed route option does not adversely or 

positively affect an archaeological heritage site. 

These impact categories are further assessed in terms of their quality i.e. positive, 

negative, neutral (or direct and indirect).  

Negative Impact: a change that will detract from or permanently remove an 

archaeological monument from the landscape.

Neutral Impact: a change that does not affect the archaeological heritage. 

Positive Impact: a change that improves or enhances the setting of an 

archaeological monument. 
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A significance rating for these impacts is then given i.e. slight, moderate, significant or 

profound. 

Profound: applies where mitigation would be unlikely to remove adverse effects. This 

is reserved for adverse, negative effects only. These effects arise where an 

archaeological site is completely and irreversibly destroyed by a proposed 

development. 

Significant: an impact which, by its magnitude, duration or intensity alters an 

important aspect of the environment. An impact like this would be where the part of a 

site would be permanently impacted upon leading to a loss of character, integrity and 

data about the archaeological feature/site.  

Moderate: a moderate direct impact arises where a change to the site is proposed 

which though noticeable, is not such that the archaeological integrity of the site is 

compromised and which is reversible. This arises where an archaeological feature 

can be incorporated into a modern day development without damage and that all 

procedures used to facilitate this are reversible. 

Slight: an impact which causes changes in the character of the environment which 

are not significant or profound and do not directly impact or affect an archaeological 

feature or monument.  

Imperceptible: an impact capable of measurement but without noticeable 

consequences. 

In addition, the Duration of Impacts is assessed and has been sub-divided into the 

following categories.  

Temporary Impact:  Impact lasting for one year or less 

Short-term Impacts: Impact lasting one to seven years 

Medium-term Impact:  Impact lasting seven to fifteen years 

Long-term Impact:  Impact lasting fifteen to sixty years. 

Permanent Impact:  Impact lasting over sixty years 
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4.0 THE RECEIVING ENVIRONMENT 

4.1 Cartographic Information 

An early map of Mayo (1830) shows Sruwaddacon Bay in simplified form with a water 

channel running centrally through the bay flanked by tidal mudflats on either side 

(Plate 2). The map also shows a ferry point at the mouth of the bay, and a sequence 

of shoals-like features extending into the channel off the southern shore. 

A more detailed map is provided in the Ordnance Survey First Edition six-inch map 

series dated to 1839 (Figure 3). The map shows the estuarine nature of 

Sruwaddacon Bay with large expanses of tidal mudflats and sandbars. In contrast 

with the present-day topography of the bay, the river channels depicted on the 1839 

map appear to be wider and a second channel is shown running along the southern 

shore of the bay, below a large mudflat expanse. Today that southern channel has all 

but disappeared, and waters flowing from the Glenamoy and Muingabo rivers are 

directed northwards along a single main channel that runs through the bay at Low 

Water. 

From an archaeological perspective, one can expect certain discrete indicators of 

maritime cultural heritage on nineteenth-century maps, such as fish traps and eel 

weirs, if not actual shipwreck sites. The location of traps and weirs on tidal mudflats in 

an estuarine context is to be expected, where advantage is taken of the access 

provided to fish during the tidal cycle.2  However, there are no such indicators of 

fishing features on the 1839 map within Sruwaddacon Bay. The only feature indicated 

along the foreshore is a ferry crossing point at the north end of the bay. The small 

house located beside the crossing point on the east shore was no doubt for the use of 

the ferryman.  

In the time since 1839, the bay has seen certain change, both in terms of the infilling 

of the southern channel, and the more extensive development of the ferry crossing 

point at the north end of the bay (Figure 4). However, little else has changed and the 

tongue-like sand-bars remain very much as they were in the 1830s.3

                                                     
2 The potential of intertidal archaeology is perhaps most comprehensively set out in Aidan 
O’Sullivan, Foragers, Farmers and Fishers in a Coastal Landscape. An intertidal 
archaeological survey of the Shannon Estuary Discovery Programme Monograph 5 (Dublin 
2001), especially chapters 5-6. 
3 The present-day aerial views reproduced in Figure 2 continue to show this pattern, and it 
should be noted that the photographs were taken at a time when the tide was high, whereas 
the mapped data reproduced on Figures 3-4 show the Low Water levels.
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4.2 Desktop Data

There are no artefacts recorded in the topographical files of the National Museum of 

Ireland provenanced to Sruwaddacon Bay. 

Terrestrial Sites 

The land-based archaeological record in the area around Sruwaddacon Bay is 

focused at the head of the bay in Glengad where there is an interesting selection of 

largely prehistoric period monuments (Figure 4). These include a wedge tomb grave 

(MA004-023) that is located c. 350m west of the shoreline, and a cist grave (MA004-

017) situated only 125m from the shore. These sites present a clear sense of the 

appreciation of access to the shore by peoples in the distant past and suggest the 

potential for settlement and other remains in the immediate area. A little to the south, 

in Kilcommon or Pollotomish and Carnhill townlands, the cluster of sites relating to a 

church, graveyard and Holy Well (MA011-005, 006) indicate that access to the bay 

and through the bay remained important into the historic period. Perhaps it is due to 

the presence of blanket bog that there are few charted sites as one moves into the 

bay area, and indeed the north shore is quite barren. The absence of settlement here 

on the 1839 map suggests too that the clearance of bog to create the ribbon of 

development that is noticeable today, along both shores, is of very recent date.  

The clearance of bog raises a most important facet of the archaeology of northwest 

Mayo, since it is below the blanket bog at Céide, Belderrig and at Behy/Glenulra that 

Seamas Caulfield has championed the discovery of a prehistoric agricultural 

landscape that reaches back to the first moments of sedentary existence in the 

Neolithic period.4 Caulfield’s innovative field techniques realized that the blanket bog 

grew over and buried an actively managed landscape, and has preserved much of it 

intact. The piecemeal exploitation of the bog as a source for turf, and its cutting away 

to create new areas for houses presented important opportunities to see the lines of 

stone walls and the sites of settlement and burial associated with the prehistoric 

landscape. The extension of such bogland into Sruwaddacon Bay cautions 

archaeologists and suggests the possibility of similarly rich insight to the distant past. 

As it happens, however, there has not been any discovery reported of buried 

prehistoric landscapes in the area immediately surrounding the bay, and as such the 

known potential is low. While one may conclude that the existing archaeological 

record highlights activity on either side of the entrance to Sruwaddacon Bay, and that 

the insights are less clear as one proceeds into the bay, especially on the north side, 
                                                     
4 S. Caulfield, R. G. O’Donnell, P. I. Mitchell, ‘14C dating of a Neolithic field system at Céide 
Fields, County Mayo, Ireland’, Radiocarbon 40 (1998): 629-40; see also Graeme Warren, 
Fieldwork in 2006 at Belderrig, Co. Mayo, 04E0893, unpublished report. 
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the absence of known sites should not be considered to correspond to an absence of 

archaeology. The presence of so much blanket bog may simply be serving to mask 

these features.  

The Record of Monuments and Places lists seventeen sites for the townlands 

surrounding Sruwaddacon Bay and these are tabulated below (Table 1/ Figure 4): 

RMP Number: National 
Grid
Reference:

Townland: Site Type: Closest 
distance from 
Pipeline Route: 

MA004-010-001 798870E, 
338190N 

Glangad or Dooncarton Promontory Fort 1.9km 

MA004-010-002 798870E, 
338190N 

Glangad or Dooncarton Castle, 
Unclassified 

1.9km

MA004-010-003 798870E, 
338190N 

Glangad or Dooncarton Building (s) 1.9km 

MA004-010-004 798870E, 
338190N 

Glangad or Dooncarton Hut site  1.9km 

MA004-011 802380E, 
338441N 

Glangad or Dooncarton Promontory Fort 1.5km 

MA004-012 810656E, 
335215N 

Glangad or Dooncarton Megalithic Tomb  716m 

MA004-013 810405E, 
338215N 

Glangad or Dooncarton Stone Circle 716m 

MA004-015 817176E, 
338416N 

Glangad or Dooncarton Enclosure 241m 

MA004-016-001 827207E, 
338291N 

Rosdoagh Megalithic Tomb 375m 

MA004-016-002 827207E, 
338291N 

Rosdoagh Enclosure 375m 

MA004-017 821439E, 
338140N 

Glangad or Dooncarton Cist 207m 

MA004-023 819934E, 
337889N 

Glangad or Dooncarton Megalithic Tomb 442m 

MA004-024 826705E, 
339720N 

Rosdoagh Ringfort/ Cashel 1.4km 

MA011-005-001 826454E, 
337012N 

Kilcommon or 
Pollatomish 

Church 615m 

MA011-005-002 826454E, 
337012N 

Kilcommon or 
Pollatomish 

Graveyard 615m 

MA011-006 852785E 
333752N 

Kilcommon or 
Pollatomish 

Ritual site, Holy 
Well

975m

Table 2: List of RMP sites located within the general vicinity of Sruwaddacon 
Bay.

Shipwreck Sites 

The Shipwreck Inventory in the Department of the Environment, Heritage and Local 

Government’s archive is a list of recorded instances of wrecking since 1750. The 

details provided describe the type of vessel, the journey it foundered on, and 

information on the ultimate plight of the vessel and its crew, where possible. In 

describing the wrecking event, the records will locate the incident in relation to the 

nearest headland or other topographic marker where known. This is not a record of 

where the wreckage lies, however, since the historic records generally only deal with 
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the vessel before it sank. Such finer details emerge from other sources, such as 

fishermens’ records of snag points and diver records of sites located underwater. 

These are included in the Inventory wherever possible, but it is true to say that most 

entries lack this final level of data. It should also be pointed out that while the 

inventory provides a record of wrecking incidents since 1750, it does not claim to be a 

comprehensive record for earlier events, and therefore the medieval and prehistoric 

periods are not represented in this archive.  

In searching the Inventory for wrecks in Sruwaddacon Bay, a wider net was cast to 

include Broadhaven Bay in general (Table 2). The results suggest that recorded 

wreckings on this stretch of coastline are relatively few, but this might have more to 

do with the under-populated landscape than anything else, since there would have 

been fewer people regularly observing shipping movements than on the more 

densely populated stretches of coastline. If this was true for the active coastline, the 

relative absence of settlements on Sruwaddacon Bay even up to 1839 might explain 

the lack of wreckings reported in the bay. 

Vessel Name: Date of loss: Location: Description: 

Albion 12th November 1847 Broadhaven Bay Sailing Vessel 
Alliance 15th October 1902 Inver Schooner 
Annie 14th January 1893 Broadhaven Bay Brig 
Ann Worthington October 1841 Broadhaven Bay Brig 
Arab 18th December 1823 Broadhaven Bay Brig 
California 5th October 1853 Broadhaven Bay Emigrant Ship 
City of Limerick 29th November 1850 Broadhaven Bay Schooner 
Emerald 12th January 1847 Broadhaven Bay Sailing Vessel 
Favourite 17th March 1807 Broadhaven Bay ------ 
First Come 16th October 1905 Broadhaven Bay Rowing Boat 
Hawk 21st November 1881 Portacloy Beach Wooden Lugger 
John Willey 10th February  Broadhaven Bay ------ 
Magdala 14th April 1882 Broadhaven Bay Brigantine 
Maid of Mayo 1899 Porturlin Creek Steel-hulled ship 
Mary 16th July 1853 Broadhaven Bay Sloop 
Rain 24th april 1770 Erris ------ 
Ranger 12th July 1847 Erris Head Sailing Vessel 
River Nith 1892 Broad Haven Bay Barque, Towed Off 
Saint Anthony 27th May 1905 Brandy Point Cutter 
Sinai 1st January 1877 Inver Brig 
Santiago 1588 Poulatomsih Armada Ship 
Thetis 25th November 1819 Broad Haven Bay ------ 
Three Brothers 22nd March 1847 Broad Haven Bay Sailing Vessel 
Unknown 1588 Kid Island Tender Vessel 
Unknown 8th February 1822 Erris ------ 
Unknown ------ Inver Point Dutch East Indiaman 
Unknown 1851 Broad Haven Bay Schooner 
Unknown Unknown Inver ------ 
Unknown Unknown Inver Two-masted vessel 
Unknown Unknown Inver Dutch warship 
Unknown Unknown Inver ------ 
Unknown 1640 Poulatomish Dutch East Indiaman  

Table 3: Instances of shipwrecking recorded in the general area, based 
on the DoEHLG Historic Shipwreck Inventory.
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Conclusions 

The cartographic and desktop information indicate that the known archaeological 

potential within Sruwaddacon Bay in general is low, and that the area of the proposed 

crossing is equally low. However, the circumstances of under-population on the one 

hand, and the extension of blanket bog to the Bay edges must be taken into account 

and serve as a cautionary note when assessing the possible archaeological potential 

that could be exposed. 

4.3 Marine Geophysical Data Review

The sources for assessment included: 

 Side-scan Sonar Data Files on CD-ROM with CODA Geosurvey – Windows 
Version 4.0.2 operating system 

 Magnetometer Profiles on CD-ROM 
 Project Drawings showing tracklpots and position fixing, overlaid with Latitude 

and Longitude and Irish Universal Transverse Mercator grids. 
 J. Walters, Sruwaddacon Bay Geophysical Survey Report, Preliminary Draft, 

September 2007, Osiris Projects Ltd. 

The data was acquired by Osiris Projects Ltd. The survey operation was inspected by 

Dr. Niall Brady during the fieldwork phase on 13th July 2007, where it was possible to 

review the data acquisition process and discuss the project directly with the Osiris 

team. The record is comprehensive. The survey was collected in significant detail 

using side-scan sonar and magnetometry, supported by bathymetry.  

Marine Geophysical Survey Equipment Used

1. Single beam echo sounder 
2. Multi-beam echo sounder 
3. Side-scan sonar, operating at dual frequency, towed 
4. Sub-bottom profiler, Applied Acoustics AA200 Boomer System 
5. Magnetometer, Geometrics G882, Caesium system 

A programme of borehole drilling for site investigation was conducted in 2008 and the 

borehole logs were presented to ADCO for review. 

Survey Grid

The survey lines provide an ample and adequate buffer area for a valid assessment. 

Figures 5-7 are reproduced from Osiris Projects Ltd showing the vessel trackplot 

maps, divided between the lower, the upper, and the outer sections of the bay. The 

maps show the extent of the cover conducted, with the main axis being along the 

length of the bay where a multitude of parallel survey lines were conducted. A system 

of crosslines was weaved at right angles tightly through the bay. The side-scan sonar 

and sub-bottom profile data was acquired simultaneously. The magnetometry data 
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was acquired separately. The trackplot maps distinguish between the deployments. 

Vessel fix points are indicated on the maps, with periodic fixes numbered on the 

maps to make them legible. Data was acquired using Irish Transverse Mercator, and 

this grid is overlaid onto the project drawings, as is that of Latitude and Longitude. It 

may be concluded that the survey was comprehensive and has provided ample 

opportunity to observe the same sections of seabed from different angles. 

Bathymetry

Sruwaddacon Bay is mostly exposed at Low Water as an array of intertidal sand and 

mudflats. Water depths are shallow throughout, and are deepest in the narrow 

channel areas, where depths are all less than -4.5m Chart Datum. Comparison 

between the 1839 map and modern soundings, as reported by Osiris Ltd, not only 

shows the infilling of the southern channel through the inner half of the bay, but also 

reveals the mobile nature of the channel in the upper mid-section of the bay, where it 

is reworking the northwestern tip of the main mudflat island. If the bay is relatively 

impeded with sand and mudflats, these features are constantly being modified by the 

water passing through. 

Side-scan Sonar Data

The data reveals a seabed within the survey area that is predominantly sand and 

mudflats. There is little evidence for rock exposure but perhaps one of the features 

particular to this part of the country is the presence of peat. Given the preservation of 

prehistoric landscape below the raised bog areas in nearby Behy/Glenulra and the 

Ceide Fields site, the presence of peat below the water surface in Sruwaddacon Bay 

is an obvious source of archaeological interest. The side-scan sonar imaging is very 

clear but it did not indicate features that might be associated with buried 

archaeological landscapes within Sruwaddacon Bay, such as lines of stone walls that 

might be jutting out from the edges of peat expanses. The peat was nevertheless 

noted and highlighted as locations that warranted inspection during the diving of the 

Bay.

A number of anomalies were identified in the data, and these are presented below in 

Appendix 2 and referred to in the text as SS#. They are mapped on Figures 10-12. 

Only one anomaly however suggested that it retained significant archaeological 

potential, SS20. This anomaly is not located within Sruwaddacon Bay, and is one of 

four anomalies detected by the surveyors off Ballyglass Pier. The anomalies that 

were identified within Sruwaddacon Bay have all been dive-inspected, and the 

findings are described in Appendix 2. While they are located throughout the bay, they 

are concentrated in the mid section with perhaps a focus towards the southern shore. 
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The anomalies range in type from natural features such as tree trunks (SS6-7) and 

kelp-festooned rock (SS4 and SS8), to modern debris (SS3 a car wheel; SS16-17 a 

machine part; SS25 an abandoned dog hutch), a pier head (SS28), and modern 

shoreline features, such as fence-lines (SS 29).  

Only five anomalies, SS6 (Tree branch), SS9 (Peat) and SS11 (Peat), SS13 (Scour-

hole), and SS26 (Mobile object) are located within proximity to the proposed pipeline 

route, being located within the corridor highlighted for the Temporary Working Area. 

No anomaly was directly over the pipeline route, and none of the anomalies indicated 

material of archaeological significance. The side-scan sonar data has not revealed 

material of archaeological significance in Sruwaddacon Bay. 

Sub-bottom Profile Data

The sub-bottom profile survey was conducted in tandem with the side-scan sonar 

deployment. The detail reveals a sequence of natural variations at depth, which 

include the tracing of a buried river channel through the bay that pursues a slightly 

different course to the present-day river channel. Sediment thicknesses vary within 

the relict channel, from c. 8-10m at the south end of the bay, to c. 10-13m in the mid-

section, deepening to c. 16-18m and up to c. 20m at the north end of the bay. Within 

the body of the bay, a strong reflector was observed and was thought by the 

surveyors to represent either coarser gravel, or a remnant peat. It is also possible that 

this represents a silty/clay level from a previous lower sea level. The presence of 

buried peats was indicated at the south end of the bay during borehole investigations 

at depths of between -9.3m and -9.8m and -7m below current seabed level.

The sediments that fill the former river channel would provide good holding content 

for archaeological material but there was an absence of archaeological indicators in 

the surface levels, where one might otherwise expect indications of buried manmade 

features, such as boats and ships. Figure 8 shows a typical sub-bottom profile 

acquired. The continuous horizontal alignment of the surface strata indicates the 

absence of manmade intrusions, while the arch-like shape of the reflected strata at 

depth indicates the presence of natural features which in this instance is interpreted 

as the rising east bank at the south end of the bay. The profile imaged in Figure 8 is 

taken from a sinuous trackplot that zig-zags across the bay. The central feature is 

where the vessel approached the shore from the southwest, and then proceeded 

away from it in a northwesterly direction. 

Magnetometer Data

Magnetometry provides a different opportunity to assess the nature of the sub-

surface environment. Specifically, magnetometry highlights variations in the metallic 
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content of the underlying levels, and therefore is suitable for identifying ferrous metal 

objects or features as well as natural geological variations. Magnetometry also 

penetrates below the seabed and can locate items that are buried.  

The magnetometer survey in Sruwaddacon highlights natural variations within the bay 

that are explained geologically. The survey identified a single localised anomaly that 

may be related to human agency, located by Osiris at 84860mE, 336280mN, in the 

middle of the upper bay area, and to the southeast of SS24.  The side-scan sonar 

data does not indicate a surface anomaly in this location and the dive survey 

conducted through the bay, which included this area, did not observe any feature on 

the seabed. The magnetic anomaly may be deemed to be buried. 

The magnetometer has a focussed survey capability. Unlike side-scan sonar, which 

extends its beam to capture data either side of the survey device, magnetometry 

acquires its data directly below the instrument and therefore does not capture 

information that may lie on either side. This explains why, in the present context, the 

metallic debris identified in the side-scan sonar data (SS3 and SS16-17) were not 

highlighted in the magnetometry data. As Figure 9 shows in relation to SS3, the 

trackline of the magnetometer (in red) ran some distance to the northeast of the side-

scan sonar anomaly location, and therefore did not highlight the feature. 

Conclusion

The marine geophysical data acquired across Sruwaddacon Bay does not indicate 

archaeologically significant material on the seabed. However, this data works within 

its own limitations: side-scan sonar scans the surface of the seabed/riverbed but does 

not penetrate below the surface layers and cannot therefore indicate the presence or 

absence of material that is buried. While sub-bottom profiling and magnetometry both 

counter this limitation by identifying buried strata, they acquire data on a direct 

vertical section below the acquisition device. Therefore the devices only capture thin 

sections through any given area, and consequently there remain gaps in the record. 

In addition, magnetometry detects ferrous metal and does not claim to identify non-

ferrous metal objects, such as copper and bronze. The possibility therefore remains 

that archaeological material survives undetected in Sruwaddacon Bay. 

Bore holes

A series of fourteen borehole investigations were carried out in 2008, four located at 

the lower part of Sruwaddacon bay and the remainder at the upper part of the Bay 

(Figure 10). A band of buried peat was encountered in four boreholes at the upper 

part of the Bay, BHF007-08, BHF008-08 (rotary and percussive borehole) and 

BHF010-08. The peat bands extended for between 0.1m in thickness (BHF007) to 
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70cm in thickness (BHF10), and were located between -5.8m and -5.9m (BHF7), -

9.3m and -9.8m (BHF8 percussive), -10.1 and -10.3m (BHF8 rotary) and -10.6m and 

-10.7m (BHF10) below current seabed level respectively. The borehole data gathered 

from this part of the Bay indicates that buried peat deposits may be impacted by the 

tunnelling works. An archaeological monitoring strategy is required during the 

tunnelling works to mitigate for these layers 

5.0 ARCHAEOLOGICAL ASSESSMENT 

The archaeological field assessment has been divided into four sections to allow 

separate discussion of the Inter-tidal Survey (section 5.1), Sub-tidal Survey (5.2), 

Foreshore Areas of Archaeological Potential (5.3), and Geophysical Anomaly 

Inspection (5.4). 

5.1 Inter-tidal Zone 
Foreshore topography 

The inter-tidal zone at Low Water extends to cover the majority of Sruwaddacon Bay, 

leaving only a small central-channel that remains sub-tidal. Approximately 90% of the 

tidal seabed was inspected at Low Water and series of reference points were taken 

during the inter-tidal survey. The reference points run clockwise around the bay area, 

starting at the south-easternmost point of Sruwaddacon Bay. The reference points, 

coupled with topographic observations made, aim to highlight the existing inter-tidal 

environment and are listed below (Figure 11): 

Reference Point 1, NGR: 857038E, 336089N (Plates 3-4, Figure 11): the upper 

foreshore is delineated by a raised peat-bog that is in excess of 1m in height and is 

covered with tufted sedge-grass, hawthorn, and other low-lying vegetation. The 

foreshore measures 29m in width at this location and is composed of coarse sands 

and gravels (<2mm) with frequent larger sub-angular and sub-rounded stones (size 

range: 0.04m x 0.05m – 0.08 x 0.10m). Larger rocks are also frequent within the 

foreshore make-up, ranging in size from 0.20m x 0.30m to 0.40m x 0.50m. These 

larger rocks are predominantly found close to the High Water Mean (HWM), smaller 

rocks being more frequent along the upper reaches of the foreshore. Seaweed 

(Bladderwrack species) predominates along the inter-tidal zone between the HWM 

and the Low Water Mark (LWM); the seaweed covering approximately 90% of the 

inter-tidal zone. 

Reference Point 2, NGR: 854568E, 336221N (Plates 5-7, Figure 11): the upper 

foreshore is 12m in width at this location and is composed of a thin (>0.10m), grass-
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covered deposit of peat with frequent rounded and sub-rounded stones (<0.10m x 

0.10m). This area of foreshore is delineated by a 1m+ high deposit of silty-sand (fine-

coarse sediments), light brown in colour, with frequent coarse gravel and rounded to 

sub-rounded stone inclusions. This deposit lies beneath a 1.25m deposit of raised 

peat-bog, covered by hawthorn, tufted sedge-grass, and mixed heather species. The 

inter-tidal zone measures 15m in width at Low Water and comprises of angular to 

sub-angular rocks covered with bladderwrack seaweed.  

Reference Point 3, NGR: 852765E, 336404N (Plates 8-10, Figure 11): a mid-brown, 

silty-sand deposit measuring 0.75m in height delineates the foreshore at this location. 

A 0.30m deep deposit of topsoil overlies this silty sand and mixed grasses and low-

lying vegetation line the top of the bank structure. The upper foreshore is composed 

of sub-angular and sub-rounded stones ranging in size from 0.05 x 0.08m – 0.10m x 

0.14m. The upper foreshore measures 5-8m in width along this section, while the 

inter-tidal area has an increased width to 30m+.The inter-tidal area is composed of 

silty-sand (40%60% mix) with frequent stone, gravel, and crushed shell inclusions. As 

with the previous reference points there is a thick covering of seaweed 

(bladderwrack) across most of the inter-tidal zone; only becoming patchy towards the 

LWM.

Reference Point 4, NGR: 849893E, 336639N (Plates 11-13, Figure 11): the upper 

foreshore at this location is characterized by an isolated bedrock outcrop that shelves 

from a small rock-face (4m max. height) for a distance of c.10m to meet the HWM. At 

this point the topography changes, the inter-tidal zone being composed of coarse 

angular gravels and angular stones/ rocks; most likely eroded from the adjacent rock 

outcrop. Seaweed (Bladderwrack) is present across this area and covers 

approximately 70% of the inter-tidal zone. 

Reference Point 5, NGR: 849890E, 336881N (Plates 14-16, Figure 11): this area of 

foreshore is delineated by a 1.5m-2.5m high deposit of silty-sand (fine-coarse 

sediments), light brown in colour, with frequent coarse gravel and rounded to sub-

rounded stone inclusions. The deposit is pot-marked, and has small, cave-like, 

depressions in its face (average size 1mx 1m x 0.50m); most likely caused by the 

erosional effect of spring tides and storm waters within the bay. A thin layer of topsoil 

overlies this deposit which is covered with gorse bushes, hawthorn, and mixed 

grasses. The upper foreshore is composed of angular to sub-angular stones (size 

range: 0.02m x 0.04m x 0.08m x 0.12m), coarse gravels, and frequent concentrations 

of saltmarsh grasses. The upper three quarters of the inter-tidal zone is of similar 

composition to the upper foreshore, although the grass is replaced with extensive 
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seaweed (bladderwrack) cover. The lower reaches of this zone is composed of a 

silty-sand (10%/90% mix) that extends 5-10m to meet the LWM.

Reference Point 6, NGR: 846722E, 336881N (Plates 17-19, Figure 11): this area is 

characterized by an extensive sand bank that extends c.135m to the bay’s central 

flow-channel. The sandbank is completely exposed at Low Water. It is flat and 

featureless; only occasional scouring being present around the rocks that infrequently 

dot its expanse. The upper reaches of the inter-tidal zone, measuring 20m in width, 

are composed of rounded to sub-rounded cobbles and large patches of seaweed. 

The upper foreshore area is delineated by a gently rising 1m+ high bank covered with 

long grasses and rushes. This upper area is composed of saltmash vegetation. 

Reference Point 7, NGR: 839868E, 337119N (Plates 20-22, Figure 11): as with the 

previous reference point, this area is characterized by sandbank exposure at Low 

Water. Its extent measures 1480m east-west and a 450m north-south (at widest 

point); the central-flow channel meandering to the southern side of the bay to 

accommodate the sandbank. This sand deposit, while largely flat and featureless, has 

a number of large scour holes caused by modern debris protruding from the surface. 

Patches of kelp are evident within these scour holes, where the seaweed has 

anchored to the debris.  

The sandbank is composed of a medium to fine-sand with quartz inclusions and fine 

crushed-shell fragments. Isolated, water rolled/ worn lumps of peat dot the sandbank, 

eroded from upstream peat deposits located at the confluence of the Glenamoy and 

Muingabo Rivers. The upper reaches of the inter-tidal zone are composed of sub-

angular stone and rocks (size range: 0.02m x 0.04m x 0.08m x 0.12m) with 

occasional larger rocks measuring up to 0.40m x 0.50m in size. Seaweed covers 

much this zone, which measures approximately 12m in width. The upper foreshore 

area measures 10m in width and is delineated by a grass-covered bank measuring 

2m+ in height.

Reference Point 8, NGR: 824673E, 3381851N (Plates 23-25, Figure 11): this area of 

foreshore is located at the waterway’s narrowest point, c.1.4km from the mouth of 

Sruwaddacon Bay. The inter-tidal extent is greatly reduced along this section, 

measuring 10m in width,  and is delineated by a steep, almost vertical, cliff-face 

measuring 5m+ in height. In several places the shelving-bedrock runs from the cliff-

face down to the LWM. There is no upper foreshore zone along this stretch, the HWM 

extending to the base of the cliff. The inter-tidal zone is composed of large angular 
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rocks interspersed with smaller rocks and fragments of bedrock eroded form the cliff-

face. Seaweed coverage is approximately 60-70% along this section.

Reference Point 9, NGR: 822662E, 339189N (Plates 25-27, Figure 11): this section 

of foreshore is located at the mouth of the Gweendany River Estuary, as it flows into 

the northwest extent of the bay, approximately 600m to the east of the bay’s mouth. 

The inter-tidal zone measures 30m in width and is composed of fine sand deposits 

with frequent, large, angular rocks located along the upper reaches of the HWM. 

There is no upper foreshore area between the HWM and the base of a sloping grass 

covered bank, measuring 4-5m in height, which delineates the shoreline.

Reference Point 10, NGR: 822594E, 338480N (Plates 28-29, Figure 11): this 

reference point is located on the south-eastern limit of a large sand bank and sand 

dune system (c.300m x 300m area), located on the southern side of the mouth of 

Sruwaddacon Bay. This area is composed of a silty-sand (40%/60% mix) with 

frequent stone and crushed shell inclusions (approximately 30%). The silt content is 

increased along this area due to the deposition of river sediments along the eastern 

extent of the sand bank; these sediments being washed downstream through the 

central-flow channel from the Glenamoy and Muingabo Rivers. In addition, it was 

noted that due to this river deposition, several deposits within the sand bank comprise 

of 60% silt content with frequent tree branch and waterborne debris inclusions, 

including clumps of peat and other organic matter. Large sand dunes are located 

along the western limit of this area. 

Reference Point 11, NGR: 822973E, 338067N (Plates 30-32, Figure 11): this section 

of foreshore is located on the southern side of the bay, adjacent to reference point 8, 

and is similar in composition to that of the northern side of the bay. A steep-sided, 

60º, rock-face (8-10m in height) delineates the HWM along this section of shoreline. 

The rock-face is largely covered with overhanging vegetation and small trees. The 

inter-tidal zone measures 13m in width and is composed of shelving bedrock with 

overlying deposits of angular stone and coarse gravels. Large, angular rocks are 

intermittently located along this are and represent rock-fall from the adjacent rock-

face. The inter-tidal zone is covered with a thick growth of bladderwrack seaweed and 

a large number of cockles and mussels were located along the LWM. 

Reference Point 12, NGR: 824312E, 3378426N (Plates 33-34, Figure 11): the 

topography described for reference point 11 continues along this section for a 

distance of 200m (running eastwards). However, the inter-tidal zone increase in width 
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to 20m and a 4m wide area of upper foreshore now begins to be present. This upper 

area is composed of bedrock and overlying saltmarsh vegetation. 

Reference Point 13, NGR: 824993E, 337704N (Plates 35, Figure 11): the rock face 

that previously delineated the shoreline is replaced by a tree lined, grass covered, 

embankment. A small stream runs through a ravine at NGR: 82468E, 337691N to 

discharge into the bay. The upper foreshore is composed of coarse gravels (<2mm), 

rounded to sub-rounded stones (size range: 0.04m x 0.04m – 0.10m x 0.12m), and 

patches of saltmarsh vegetation is taking hold. The inter-tidal zone increases in width 

to 28m along this section and is composed of silty-sand (30%/70% mix) with frequent 

gravel inclusions. Occasional large, sub-angular rocks, are dotted along its extent. A 

thick growth of bladderwrack seaweed covers the inter-tidal zone (approximately 80% 

coverage).

Reference Point 14, NGR: 826127E, 337211N (Plates 36-38, Figure 11): this section 

of foreshore is characterized by a 110m north-south x 205m east-west inlet where a 

tributary of the Bellanaboy River discharges into the bay. The upper foreshore is 

composed of rounded to sub-rounded cobbles, below which a 10m band of 

bladderwrack seaweed is located; along the HWM. The inter-tidal zone measures 

110m in maximum with and is composed of water-sorted sediment deposition from 

the river discharge. The upper area of the inert-tidal zone is composed of a 40%/60% 

silt-sand mix. This sediment mix changes, with the silt content greatly increasing, the 

further north you travel across the foreshore. The greatest silt content being present 

along a 30m band above the LWM, 70% silt /30% sand mix. This deposit measures 

2m+ in depth. 

Reference Point 15, NGR: 82912E, 336995N (Plates 39-41, Figure 11): the 

foreshore is delineated by a shallow peat deposit (0.25m height) with an overlying 

cover of saltmarsh vegetation. The HWM is composed of sub-rounded gravels and 

small sub-rounded stones (>0.04m x 0.05m) overlying a silty-sand (30%/70%). This 

composition extends into the inter-tidal zone where it becomes extensively covered 

with bladderwrack seaweed. The inter-tidal zone is 31m in width at this location.

Reference Point 16, NGR: 835839E, 336647N (Plates 42-44, Figure 11): this section 

of foreshore is similar to that found at the previous reference point. The inter-tidal 

zone measuring 33m in width and is composed of sub-rounded gravels and small 

sub-rounded stones (>0.04m x 0.05m) overlying a silty-sand (30%/70%). 

Bladderwrack seaweed covers 70% of this zone.
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Reference Point 17, NGR: 852022E, 335561N (Plates 45-47, Figures 11, 15): this 

section of foreshore is located 200m east of Foreshore Area 1, located within the 

townland of Aghoos. The foreshore is delineated by a shallow peat deposit (0.30m 

height) with an overlying cover of saltmarsh vegetation. The HWM is composed of 

sub-rounded gravels and small to medium sub-rounded stones (0.04m x 0.05m – 

0.08m x 0.10m) overlying a silty-sand (30%/70%). This composition extends into the 

topmost section of the inter-tidal zone (10m wide section) where it becomes 

extensively covered with bladderwrack seaweed. The inter-tidal zone extends 

approximately 200m northward to reach the central flow-channel at the LWM. This 

zone is composed of a silty-sand (30%/70%) with frequent shell and gravel 

inclusions. Occasional stones/ rocks dot the inter-tidal zone, providing anchor points 

for bladderwack seaweed to take hold.

Reference Point 18, NGR: 855377E, 335513N (Plates 48-50, Figures 11, 15): this 

section of foreshore is located on the eastern limit of the section of foreshore 

identified as Area 1, located within the townland of Aghoos. The HWM is delineated 

by a shallow peat deposit (0.30m-0.40m height) with an overlying cover of saltmarsh 

vegetation. A large bank structure is located c.5m behind (south) of the HWM. This 

bank comprises of a 2m+ high deposit of juvenile peat overlying a light grey/ brown 

deposit of silty-sand. As found at TRP17, the HWM is composed of sub-rounded 

gravels and small to medium sub-rounded stones (0.04m x 0.05m – 0.08m x 0.10m) 

overlying a deposit of silty-sand (30%/70%). This composition extends into the 

topmost section of the inter-tidal zone (10m-20m wide section) where it becomes 

extensively covered with bladderwrack seaweed. The inter-tidal zone extends 

approximately 80m northward to reach a southward meander in the central flow-

channel running through Sruwaddacon Bay. This zone is composed of a silty-sand 

(30%/70%) with frequent shell and gravel inclusions. A 30m long feature extends 

northward from the HWM. This comprises of a natural deposit of small to medium, 

sub-rounded rocks, (0.25m x 0.30m – 0.35m-0.45m size range) that are randomly 

spaced approximately 1m-2m apart. Bladderwrack seaweed is extensively anchored 

to these rocks. This feature has been formed by natural estuarine processes, which 

have transported and deposited the rocks at this location. The feature or spit forms 

part of a series of similar features located along the foreshore at Aghoos.

Reference Point 19, NGR: 858153E, 335281N (Plates 51-53, Figure 11, 15): this 

section of foreshore is located along the foreshore at Aghoos, 80m east of Area 2 and 

139m northwest of Area 3. The HWM is delineated by a shallow peat deposit (0.20m-

0.30m height) with an overlying cover of saltmarsh vegetation. The HWM is 

composed of a mass of sub-angular rocks, largely uniform is size (measuring up to 
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0.06m x 0.08m in size). This rocky deposition extends below the HWM for a distance 

of 14m and is completely covered with bladderwrack seaweed. A silty-sand 

(30%/70% mix) forms the seabed along the LWM, which is located along the 

southern limit of the central-flow channel at this location. 

Reference Point 20, NGR: 861885E, 335222N (Plates 54-56, Figures 11, 15): this 

section of foreshore is located at the eastern limit of Sruwaddacon Bay. It is 

delineated by a steep sided, undulating, peat deposit measuring 2.5m+ in height. 

Saltmarsh vegetation covers this deposit and extends 7-8m east towards the HWM. 

The HWM is composed of a mass of angular rocks, largely uniform is size (measuring 

between 0.04m x 0.05m and 0.06m x 0.06m). This rocky deposition extends below 

the HWM for a distance of 11-12m and is completely covered with bladderwrack 

seaweed. A silty-sand (30%/70% mix) forms the seabed along the LWM. 

Observations

A number of modern objects were encountered during the survey and all represented 

modern, dumped debris. The majority of were located within the sandbank areas, and 

are believed to have been used as fastening points for mono-filament netting, and 

discarded mono-filament netting was found either attached to or located close by to 

these objects. Only two features of note were encountered during the survey: 

Feature 1 comprises an artificial, linear, deposit of rocks located at NGR: 826197E, 

337967N (Plate 57, Figure 11). The feature is aligned Northwest-Southeast and 

extends from the upper foreshore for a distance of 8m to end just below the HWM. 

The structure comprises of a single course of un-faced stone blocks; measuring on 

average 0.40m in length x 0.30m in width x 0.30m in depth. It is of dry-stone 

construction and no trace of mortar bonding was present. The structure is thought to 

represent a simple, nineteenth or early twentieth-century, boat-slip or landing place; 

suitable for a rowing boat, curragh, or similar size vessel.  

Feature 2 comprises the upstanding remains of a nineteenth-century boathouse, 

located at NGR: 826143E, 33851N. (Plates 58-59, Figure 11). The boathouse is of 

roughly-coursed masonry construction, bonded with a coarse lime mortar. The 

structure is rectangular in form, running northeast to southwest for a distance of 

approximately 6m. Both the back wall (north side) and the eastern wall survive to a 

height of 1.25m, while the west and south walls survive to a maximum height of 

2.75m. Collapsed masonry from the boathouse is located to the east and south of the 

structure. The boathouse is almost certainly associated with an adjacent, ruined, two-
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storey house of nineteenth-century date; the boat house lying within its field 

boundary.

Conclusion

The inter-tidal assessment was comprehensive. No material/ deposits/ structures of 

archaeological significance were observed as part of the survey. While the presence 

of Features 1 (possible slipway) and 2 (ruined structure; boathouse) are of historic 

interest, providing an insight into the nineteenth-century and early twentieth century 

use of the foreshore, they hold no inherent archaeological value. 

The inter-tidal zone was largely clear of man-made surface debris; only occasional 

modern debris being found across the foreshore and sandbank areas. Given the 

compact and rocky topography which makes up much of the upper foreshore area, a 

poor archaeological holding-content can be ascribed. Together with a lack of any 

physical evidence from the survey, this has resulted in poor archaeological potential. 

A medium archaeological holding-content can be ascribed to the inter-tidal sandbank 

areas. While they lie within a high-energy environment, one that would move any 

portable objects downstream, the sandbank areas provide a good holding-content for 

larger, non-portable, objects or structural remains; these would be quickly buried 

within the shifting sands of the bank structure. As such, the possibility that 

archaeological material/deposits may lie buried in-situ within the sandbank areas 

remains.
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5.2 Sub-tidal Zone 

Seabed Topography 

The sub-tidal zone is limited to the central-flow channel which meanders westwards 

between a series of large sandbanks (Figures 11-12). This central flow-channel 

measures 30-40m along much of its extent, reaching a maximum width of 140m 

between Reference Points 8 and 11. However, even at its widest point the channel is 

split into two sections, measuring 54m and 63m in width, with an intersecting 23m 

wide sandbank. A water depth of between 0.30-0.40m was recorded for the 

shallowest parts of the channel, increasing to a maximum depth of 2m along the 

deepest parts. 

The seabed between NGR: 860114E, 335228N and NGR: 850980E, 336158N 

(located across eastern quarter of bay) is composed of a silt-sand mix (30%/70% mix) 

with occasional cobble inclusions. It is flat and featureless with occasional scouring 

around, water-rolled, peat deposits or larger rocks. The silt content present within the 

seabed decreases as you travel west across the bay; the silt being replaced by 

coarser sediments and crushed shell deposits. The seabed between NGR: 860114E, 

335228N and NGR: 825003E, 337942N (the central half of the bay) is composed of a 

silt-sand (5%/95%) mix and remains largely flat and featureless. This bottom 

topography changes between NGR: 860114E, 335228N and NGR: 822782E, 

338993N where water velocity is greatly increased and deep scour holes (1m+ in 

depth) are present. The natural bedrock is being exposed within the deeper scour 

holes. The seabed is composed of a coarse sand deposit, with frequent crushed 

shell, overlying a rocky bottom.  

Observations

Only one man-made object was encountered as part of the underwater survey, 

located at NGR: 841635E, 336978N (Figure 9). The object represents a mass of iron 

measuring 3m (north-south) and 0.40m (east-west). The object is modern in origin 

and is believed to a machine part. 

Magnetometer Survey

Magnetometer survey by hand-held metal-detector was undertaken across two areas, 

as identified in Figure 12. Metal-detection (MD) Area 1 is located at the eastern limit 

of Sruwaddacon Bay (Reference Point 20) and MD Area 2 represents a large sand 

bank located on the northern side of the bay (Reference Point 6).  
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A medium-low target ratio of 1 hit per 2m² was encountered across MD Area 1. The 

majority (90%) of the targets represented sub-surface hits. Surface finds included: 

fragments of barbed wire fencing, fishing weights/ hooks, drinks cans, etc. All material 

encountered was of modern origin. 

A medium-low target ratio of per 2m² was encountered across the upper foreshore at 

MD Area 2. In contrast, a relatively low target ratio of 1 hit per 3-4m² was 

encountered across the inter-tidal sandbank area. As with Area 1, targets were 

mainly sub-surface. Surface hits included machine parts, a car wheel, and fragments 

from a metal drum. All material encountered was of modern origin. 

5.3 Foreshore Areas of Archaeological Potential 

The foreshore surrounding Sruwaddacon Bay is considered an area of archaeological 

potential. The foreshore locations at Aghoos Td. and Glengad Td. which are located 

next to the proposed temporary construction sites for the proposed pipeline tunnelling 

works are discussed further in this section. Three areas of archaeological potential 

have been identified on the foreshore/ intertidal zone at Aghoos Td., Foreshore Areas 

1-3, and one at Glengad Td., Foreshore Area 4 (Figures 13-16). 

ID Foreshore Area 1 

Figures/Plates: Figures 13, 15, Plates 60-66 

Legal status None, area of archaeological potential 

Townland Aghoos  

Location: 155m north-east of Starting Pit, NGR: 852689E, 336430N 

Extent: This area encompasses both the upper foreshore and inter-tidal 
zone, stretching across a 264m (east-west) x 175m (north-south) 
area.

Topography 

The upper foreshore ranges between 12m-16m in width across this area and is 

composed of a thin (>0.10m), grass-covered (Saltmarsh grass), deposit of peat with 

frequent rounded and sub-rounded stones (<0.10m x 0.10m). This area of foreshore 

is delineated by a 0.30m high deposit of silty-sand (fine-coarse sediments), light 

brown in colour, with frequent coarse gravel and rounded to sub-rounded stone 

inclusions. This deposit lies beneath a 1.5m-2m deposit of raised peat-bog, covered 

by hawthorn, tufted sedge-grass, and mixed heather species (Plates 60-61). Frequent 

tree stumps and trunk sections are visible within the peat matrix (Plates 62-63). In 

addition a series of tree stumps are also located within the intertidal zone (Plate 64). 

The inter-tidal zone measures 148m in width at Low Water and comprises of a silty-
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sand (30%/70% mix) with frequent shell and small stone inclusions. A series of three 

natural features of seaweed covered rocks extend northward from the foreshore 

across Area 1 (Plates 65-66). These features are formed from angular and sub-

angular rocks that are covered with bladderwrack seaweed. The rocks are randomly 

deposited and are loosely spaced (c.1m-2m apart).  

Archaeological Assessment 

The field inspection was comprehensive and extended across the area as identified in 

Figure 13. The presence of tree stumps along the foreshore indicate the presence of 

an ancient shoreline that was c.40m further north than that of the present day. No 

archaeologically or historically significant material, structures, or deposits were 

encountered as part of the survey. In addition, there was no visible change in 

foreshore exposure levels from that observed in the previous survey at this location.  

ID Foreshore Area 2 

Figures/Plates: Figures 13, 15, Plates 67-69 

Legal status None, area of archaeological potential 

Townland Aghoos  

Location: Temporary shore Access Point, NGR: 852689E, 336430N 

Extent: This area encompasses both the upper foreshore and inter-tidal 
zone, stretching across a 200m (NW-SE) x 95m (SW-NE) area. 

Topography 

The upper foreshore ranges between 10m-17m in width across this area and is 

composed of a thin (>0.10m), grass-covered (Saltmarsh grass), deposit of peat with 

frequent rounded and sub-rounded stones (<0.10m x 0.10m). The foreshore is 

delineated by a 0.20m high deposit of silty-sand (fine-coarse sediments), light brown 

in colour, with frequent coarse gravel and rounded to sub-rounded stone inclusions. 

The deposit lies beneath a 1.5m-2m deposit of raised peat-bog, covered by hawthorn, 

tufted sedge-grass, and mixed heather species (Plate 67). The inter-tidal zone 

measures 30m in width at Low Water and comprises of a silty-sand (30%/70% mix) 

with frequent shell and small stone inclusions. Two natural features comprising of 

seaweed covered rocks extend northward from the foreshore across Area 2 (Plates 

68). These linear features are composed of angular to sub-angular rocks covered 

with bladderwrack seaweed. These rocks have been randomly deposited and are 

loosely spaced (c.1m-2m apart).  
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Archaeological Assessment 

The field inspection was comprehensive and extended across the area as identified in 

Figure 13. No archaeologically or historically significant material, structures, or 

deposits were encountered as part of the survey. In addition, there was no visible 

change in foreshore exposure levels from that observed in the previous survey at this 

location. The only man-made feature located within this area is a field-boundary fence 

which extends from the upper foreshore and across the inter-tidal zone for a distance 

of 29m to reach the LWM (Plate 69). This modern feature corresponds with anomaly 

SS29 from the side-scan sonar survey undertaken within Sruwaddacon Bay. 

ID Foreshore Area 3  

Figures/Plates: Figure 13, 15, Plates 70-72 

Legal status None, area of archaeological potential 

Townland Aghoos & Bellagelly South  

Location: Watercourse (Lenamore River) crossing point located east of 
temporary construction compound, NGR: 824565E, 338303N

Extent: This area encompasses a 40m (east-west) x 100m (north-south) 
section of estuarine foreshore located in south-eastern corner of 
Sruwaddacon Bay. 

Topography 

Area 3 comprises of an inlet located at the discharge point of a small waterway 

(Lenamore river), situated at the south-eastern limit of Sruwaddacon Bay. The 

southern half of Area 3 is composed of water-cut peat deposits (0.75m height) with an 

overlying growth of mixed-grass species (Plate 70). The watercourse meanders in a 

northerly direction through this area. It is predominantly shallow with an average 

water-depth of 0.10m, although occasional sections reach a maximum depth of 

0.30m (Plate 71). The streambed is compact and composed of rounded to sub-

rounded stones (>0.06m x 0.08m) and pebbles (>0.02 x 0.03m). A shore access 

trackway is located on either side of the stream at this location.  The northern half of 

Area 3 is inter-tidal in nature and a band of seaweed (bladderwrack) covers a 43m 

section of the zone, extending from the HWM (Plate 72). The inter-tidal zone extends 

170m from the HWM to the LWM, located adjacent to the bay’s central-flow channel. 

The inter-tidal zone is composed of a silty-sand (40%/60%) with frequent gravel and 

small stone inclusion. The silt content within this deposit is believed to be higher than 

observed for other areas of foreshore within the bay due to the discharge of silt from 

Lenamore river.  
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Archaeological Assessment 

The field inspection was comprehensive and extended across the area as identified in 

Figure 13. No archaeologically or historically significant material, structures, or 

deposits were encountered as part of the survey, and there was no visible change in 

foreshore exposure levels observed in the 2007 survey at this location.  

ID Foreshore Area 4 

Figures/Plates: Figure 14, 16, Plates 27-28, 73 

Legal status None, area of archaeological potential 

Townland Glengad  

Location: 178m east of Reception Pit, NGR: 820834E, 338476N

Extent: This areas encompasses both the upper foreshore and inter-tidal 
zone, stretching across 244m (east-west) x 119m (north-south)  

Topography 

The survey area is located on the south-eastern limit of a large sand bank and sand 

dune system located on the southern side of the mouth of Sruwaddacon Bay. This 

area is composed of a silty-sand (40%/60% mix) with frequent stone and crushed 

shell inclusions (approximately 30%). The silt content is increased because of the 

deposition of river sediments along the eastern extent of the sand bank; the 

sediments are washed downstream through the central-flow channel from the 

Glenamoy and Muingabo Rivers. In addition, it was noted that because of the river 

deposition, several deposits within the sand bank comprise of 60% silt content with 

frequent tree branch and waterborne debris, including clumps of peat and other 

organic matter. Large sand dunes are located along the western limit of this area. A 

shallow watercourse is located at NGR: 820852E, 338466N, situated 10m to the 

south of the proposed pipeline route (Plate 73). 

Archaeological Assessment 

The field inspection was comprehensive and extended across the area as identified in 

Figure 14. No archaeologically or historically significant material, structures, or 

deposits were encountered as part of the survey. In addition, there was no visible 

change in foreshore exposure levels to those observed in the 2007 survey at this 

location.  

Conclusion

No surface material, deposits, or structures, of archaeological/ historical significance 

were encountered as part of the non-disturbance survey at Foreshore Areas 1-4. The 
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possibility nevertheless remains that buried, in situ, archaeological features could be 

present at these locations. 

5.4 Geophysical Anomalies 

A list of geophysical anomalies was identified in advance of dive work in 

Sruwaddacon Bay, and their details are set out below in Appendix 1 (Figure 17). In 

only one instance (Anomaly 20) did the geophysical data suggest that the anomaly 

retained clear archaeological significance. However, as this feature and several other 

of the anomalies lay outside Sruwaddacon Bay itself they were also outside the dive 

inspection zone, which was restricted to the Sruwaddacon Bay. Such ‘external’ 

anomalies were not considered further. Dive inspection of the anomalies within the 

bay used the location coordinates to position over the feature. A measured line 

search around the feature was undertaken to assess fully the anomaly and its 

immediate context. 

Conclusion

All side-scan sonar anomalies located were of natural of modern origin. Anomalies 

SS1, SS3, SS4, SS6, SS8, SS10, SS13 and SS26 were identified during the 

underwater survey, these anomalies being located within the sub-tidal zone (Plates 

74-76). The remainder of the anomalies were located within the inter-tidal zone and 

were easily identified during the foreshore and sandbank walk-over. 

6.0 POTENTIAL IMPACTS5

Potential Impacts during Construction Phase

A tunnel will be constructed beneath Sruwaddacon Bay, a method designed to 

minimise seabed and foreshore disturbances. This method requires the excavation of 

a starting pit at Aghoos Td. (NGR: 855759E, 335374N) and a reception pit at 

Glengad Td. (NGR: 819098E, 338559N). These works represent potentially 

significant impact on the existing environment, from an archaeological perspective. 

The main tunnelling work will be conducted at a minimum depth of 5.5m below 

surface and represent an imperceptible impact on the known archaeological 

environment. If an intervention pit in the Bay is required, this would represent a 

potentially significant impact on the existing environment, from an archaeological 

perspective. Surface intervention would require a shaft to be excavated from the 

seabed surface to the obstruction located at the TBM head.  This intervention shaft/ 

                                                     
5 This section does not purport to relate precise engineering details but is rather an attempt to 
understand the nature of the impact on the potential archaeological environment, based on 
the data supplied by RPS.
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pit would require sheet piling prior to excavation of the seabed material. In addition, 

the use of an intervention pit may result in a secondary impact to the foreshore at 

Aghoos; a shore access point being required to mobilise and embark the excavation 

machinery. A temporary access point has been designated for this purpose snd 

designed to mitigate any impact to the foreshore. It is located across a 138m section 

of foreshore, adjacent to the Aghoos construction site, at NGR: 856778E, 335391N 

(centre-point). 

A linear section of intertidal zone will be impacted by the construction of the pipeline 

between the Starting Pit (Aghoos Td.) and the Gas Terminal (Bellanaboy Td.). This 

section of pipeline will cross a small inlet located at the south-eastern corner of 

Sruwaddacon Bay, at NGR: 85880E, 335061N (centre-point). A small watercourse 

discharges (Leenamore River) into the bay at this location. An open trench 

construction method will be used to construct the pipeline at this location.  

Potential Impacts during Operational Phase

As no surface archaeological indicators were encountered as part of the 

archaeological assessment of the inter-tidal foreshore and underwater areas 

impacted by the proposed pipeline crossing within Sruwaddacon Bay, it is anticipated 

that any impact to archaeological features would take place during the site 

preparation or construction stage of the proposed pipeline development; thus all 

archaeology will be resolved prior to the operational phase of the site. 

Impacts during Decommissioning Phase

There will be no impact on archaeological or cultural heritage during the 

decommissioning stage of the project as it is anticipated that all archaeological 

features and sites will be resolved in the preconstruction or construction stage of the 

proposed development. 

 7.0 CONCLUSION 
The conclusion of this assessment is that the known archaeological potential within 

Sruwaddacon Bay is low. This assessment does not extend on land beyond the 

foreshore but it is understood that the landward side of the pipeline route retains 

archaeological potential, as detailed separately by Margaret Gowen Ltd (see 

Appendix N). The possibility remains that the subsurface deposits within the Bay 

retain archaeological material. The mobile nature of the estuarine silts within the 

sandbank areas and the palaeo-channel on the south side of the bay in particular 

would be an ideal holding area for such material. This is especially the case for all-

wooden constructions, such as log boats and other pre-modern sailing craft and 
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related features, since geophysical prospecting is unable to detect such anomalies 

that are buried. This point was made in the course of the Irish Subsea 2025 Gas 

Interconnector project at the Gormanston, Co. Meath landfall, when a 7m long 

logboat was encountered during dredging 1km offshore.6 Despite detailed 

geophysical survey in advance of the work, it was impossible for the suite of 

instruments to detect the wooden vessel. It is therefore recommended that all ground 

disturbances, on land and at sea, are archaeologically monitored, with the proviso to 

resolve fully any archaeological material observed. 

8.0 RECOMMENDATIONS 

Pre-construction Measures

No further archaeological measures are deemed necessary in advance of 

construction works commencing. 

Construction Phase Measures

ARCHAEOLOGICAL MONITORING. It is recommended that archaeological 

monitoring licensed by the Department of the Environment, Heritage and Local 

Government is conducted during all seabed and inter-tidal/foreshore disturbances 

associated with the development. Licence applications take a minimum of three 

weeks to process through the Department, and advance planning is required to 

ensure that the necessary permits are in place before site works commence.  

Monitoring of the extracted spoil material from the tunnelling process is 

recommended. A programme of monitoring is to be carried out for all tunnelling 

works. This programme will be reviewed once the works are underway. 

Should an intervention pit be required, it is recommended that any associated seabed 

disturbances are archaeologically monitored, with the proviso to resolve fully 

archaeologically significant materials that may be observed at that point. 

RETAINING AN ARCHAEOLOGIST/S. An archaeologist experienced in maritime 

archaeology will be retained for the duration of the relevant works. 

                                                     
6 Niall Brady, Archaeological Monitoring and Excavation. Gas 2025 Irish Subsea  
Interconnector Gormanston Landfall, Co. Meath, 02E0467, 02E0948, Interim Report, The 
Archaeological Diving Company Ltd, 27 November 2002; Reported by Niall Brady in Eoin 
Grogan, Lorna O’Donnell and Penny Johnston, The Bronze Age  Landscapes of the Pipeline 
to the West (Dublin 2007), pp 325-6. 
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THE TIME SCALE for the construction phase will be made available to the 

archaeologist, with information on where and when ground disturbances will take 

place.

DISCOVERY OF ARCHAEOLOGICAL MATERIAL. In the event of archaeologically 

significant features or material being uncovered during the construction phase, 

machine work should cease in the immediate area to allow the archaeologist/s to 

inspect any such material. 

ARCHAEOLOGICAL MATERIAL. Once the presence of archaeologically significant 

material is established, full archaeological recording of such material is 

recommended.  If it is not possible for the construction works to avoid the material, 

full excavation would be recommended.  The extent and duration of excavation would 

be a matter for discussion between the client and the licensing authorities. 

ARCHAEOLOGICAL TEAM. It is recommended that the core of a suitable 

archaeological team be on standby to deal with any such rescue excavation.  This 

would be complimented in the event of a full excavation. 

ARCHAEOLOGICAL DIVE TEAM. It is recommended that an archaeological dive 

team is retained for the duration of any inwater disturbance works on the basis of a 

twenty-four or forty-eight hour call-out response schedule, to deal with any 

archaeologically significant/potential material that is identified in the course of the 

ground disturbance activities. The permits necessary for this aspect of the site work 

are additional to the excavation licence required by the archaeological monitor, and 

are generally held by the dive-team leader. The archaeological dive licence takes a 

minimum of 3-5 weeks to process. It is necessary to ensure that all permits are in 

place before site works commence. 

A SITE Office and facilities should be provided on site for use by archaeologists.  

BOUYING/FENCING of any such areas would be necessary if discovered and during 

excavation.

MACHINERY TRAFFIC during construction will be restricted to avoid any identified 

archaeological site/s and their environs. 

SPOIL will not be dumped on any of the selected sites or their environs. 
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PLEASE NOTE: The above recommendations have been outlined and 
discussed with the National Monuments Section at the Department of the 
Environment, Heritage and Local Government. 

Operational Phase Measures

It is not anticipated that any archaeological measures should be necessary during the 

operational phase. 

Decommissioning Phase Measures

It is not anticipated that any archaeological measures should be necessary in during 

the decommissioning phase. 

Residual Impacts

There will be no residual impacts on archaeological features or sites encountered as 

it is understood that any archaeology encountered will be resolved in the construction 

stage of the proposed pipeline development. 
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APPENDIX 1 
Table of Side-scan Sonar anomalies Identified 
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Appendix 1: Table of Side-scan Sonar Anomalies Identified, Sruwaddacon Bay 

Note: Lat/Long shown as WGS84 degrees, decimal minutes 

Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

1 5200 482941.72 837103.25 82965.268 337097.893 54 16 9.57458 9 47 49.62708 
Small anomaly less than 1m long on area of 
mudflat waves 

Diver Inspection Identification: Kelp anchored to large 
rock

2 5206 483014.93 837008.39 83038.494 337003.013 54 16 6.56783 9 47 45.44971 
Localized small-scale anomaly. Debris or 
peat
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

Diver Inspection Identification: Lump of water-rolled 
Peat

3 5217 483179.42 836859.12 83203.021 336853.71 54 16 1.87689 9 47 36.15415 
Hemispherical shaped anomaly, small scale, 
debris. Less than 1m in diameter 
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

Diver Inspection Identification: Car wheel

4 5283-4 483226.69 836878.66 83250.3 336873.255 54 16 2.5475 9 47 33.57058 
Irregularly shaped anomaly occupying c. 2m 
square area in sandy/muddy environment 
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

Diver Inspection Identification: Kelp anchored to large 
rock.

6 5244 483675.67 836894.46 83699.376 336889.058 54 16 3.42645 9 47 8.79279 
2m long linear anomaly on silt bed. 
Debris/pipe piece 
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

Diver Inspection Identification: Tree branch debris

7  485128.35 836422.67 85152.368 336417.167  15 49.3535  45 47.89993 
6m long narrow irregular feature, possibly a 
ridge/outcrop of peat in a muddy bottom 

Diver Inspection Identification: Tree branch debris

8 5606 483228.6 836877.71 83252.211 336872.304 54 16 2.51835 9 47 33.46375 

c. 6m long object partly buried in silt/mud 
with scour pockets either side. Probable 
debris
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

Diver Inspection Identification: Kelp anchored to large 
rock; Same as SS4.

9 5708 483745.57 836916.4 83769.29 336911.003 54 16 4.193 9 47 4.96242 
Short defined anomaly rising clear of the 
seabed. Debris or turf clod 
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

Diver Inspection Identification: Large Lump of water-
rolled Peat

10 5727 483499.03 836879.44 83522.698 336874.035 54 16 2.79617 9 47 18.52871 
Probable natural feature, forming bow-
shaped extrusion from a linear ridge-like area 
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

of the seabed 

Diver Inspection Identification: Scour hole around large 
rock

11 5985 483823.78 836843.65 83847.517 336838.237 54 16 1.90477 9 47 0.54078 

3-4m long irregularity in muddy seabed area, 
indicative of partly buried feature, perhaps 
debris
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

Diver Inspection Identification: No anomaly 
encountered during diver-truhting of SS11.

Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

12 6665 483898.69 837088.32 83922.441 337082.961 54 16 9.8767 9 46 56.74445 

Sharply defined anomaly with strong echo 
indicative of rising above seabed; probable 
pole

Diver Inspection Identification: Seaweed covered 
Breeze-Block and small scour hole, Plate 50.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

13 7066-7 482435.28 837997.53 82458.712 337992.368 54 16 38.0703 9 48 18.86582 
Localized anomaly that presents a bow-
shaped scour pattern in SW direction 

Diver Inspection Identification: Scour-hole with small 
rocks at its base.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

16 14873 483594.07 837159.93 83617.756 337154.586 54 16 11.9429 9 47 13.67148 Localized small anomaly on seabed, debris 

See anomaly 17, which is the same location 

17 15194 483597.76 837154.03 83621.447 337148.685 54 16 11.7551 9 47 13.45939 
Localised anomaly on sandy featureless bed. 
Debris

Diver Inspection Identification: Anomalies 16 and 17 
are the same object observed from different angles. The 
object is a large Fragment of Iron, machine part, with 
scour hole and snagged mono-filament netting, Plate 51.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

18 141? 476666.64 835388.59 76688.876 335382.857 54 15 8.83324 9 53 33.69643 Localized anomaly on rough silt bed. Rock? 

Diver Inspection Identification: Outside Study area
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

19 316? 476581.67 835333.19 76603.888 335327.445 54 15 6.96844 9 53 38.30577 

linear straight-sided anomaly, c. 2m long x 
70cm wide, possible plank like feature but 
equally possible turf-cutting anomaly 

Diver Inspection Identification: Outside Study area
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

20 406? 476839.59 835277.99 76861.864 335272.233 54 15 5.40736 9 53 23.98381

Striking anomaly on clay bed. Straight 
side 5.64m long with three curving ribs 
extending on SW side, the longest 
measuring 8.46m long. Definite high 
potential 

Diver Inspection Identification: Anomalies located 
outside survey area, near Ballyglass Lighthouse.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

21 673 476946.42 835371.81 76968.715 335366.074 54 15 8.53306 9 53 18.22416 Localized anomaly on clay/sand bed. Debris? 

Diver Inspection Identification: Anomalies located 
outside survey area, near Ballyglass Lighthouse.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

22 15237 477108.51 836765.39 77130.826 336759.958 54 15 53.7283 9 53 11.3317 3m long anomaly on sandy bed 

Diver Inspection Identification:  Anomalies located 
outside survey area, near Ballyglass Lighthouse
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

23 5569 483135.45 837590.55 83159.034 337585.299 54 16 25.4894 9 47 39.6103 

Parallel linear track, probable dragline. 
Heading SE/NW from shore, c.40m long+, 
1m wide. 

 to 5573 483150.04 837550.34 83173.628 337545.081 54 16 24.2013 9 47 38.74779  

Diver Inspection Identification:  Anomalies located 
outside survey area, near Ballyglass Lighthouse.



Marine Geophysical Data Interpretation, Intertidal & Dive Survey                     Corrib On-shore Pipeline 

A D C O              19

Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

24 15___ 484569.26 836461.46 84593.159 336455.965 54 15 50.1549 9 46 18.83318 
Localized anomaly on area of clear sand. 
Debris?

Diver Inspection Identification: No anomaly present. It 
is suggested that this might have been a portable object, 
perhaps a lump of peat that moved between the time of 
the geophysical survey and the dive inspection.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

25 4504 483087.75 837049.47 83111.329 337044.102 54 16 7.95594 9 47 41.48505 
c. 1m long narrow anomaly on sand-wave 
bed. Debris. 

Diver Inspection Identification: Dog Hutch within large 
scour hole, Plate 52.



Marine Geophysical Data Interpretation, Intertidal & Dive Survey                     Corrib On-shore Pipeline 

A D C O              21

Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

26 4638 482537.61 0837884.13 82561.065 337878.943 54 16 34.48853 9 48 13.05203 
Flat sharply defined anomaly with trapezoidal 
echo, centreline is 7m long.

Diver Inspection Identification: No anomaly 
encountered during the diver-truthing of SS26.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

27 4975-6 482585.67 837217.93 82609.141 337212.598 54 16 12.9888 9 48 9.45649 Oblong anomaly on sand, probably natural. 

Diver Inspection Identification: Natural ridge of stones.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

28 17421 482515.07 837386.17 82538.525 337380.875 54 16 18.3699 9 48 13.59398 
Trapezoidal shaped anomaly with echo on 
silt/peat interface; manmade. 

Diver Inspection Identification: Pier Structure.
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Anomaly 
No. Fix No. ITM Easting 

ITM
Northing ING E ING N WGS84 Lat N WGS84 Long W Description 

29 6__28 485680.46 835403.24 85704.605 335397.516 54 15 16.8375 9 45 16.0059 

Straight narrow line leading off shore in area 
of peat (?) clods; service/water pipe? 15m 
long.

Diver Inspection Identification: Modern Fence-line.
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Plate 1:  Working shot of metal-detection survey at Area 1 (See Figure 9 for location). 

Plate 2: Extract from William Bald’s 1830 Map of Sruwaddacon Bay.



Marine Geophysical and Geotechnical   Corrib Onshore Pipeline 
Data Interpretation, Intertidal and Dive Survey

Plate 3: North-facing view of raised peat deposit along upper foreshore at TRP1 (1m scale). 

Plate 4: West-facing view of inter-tidal zone and upper foreshore at TRP1. 
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Plate 5: North-facing view of upper foreshore at TRP 2 (1m scale). 

Plate 6: West-facing view of upper and inter-tidal zone at TRP 2. 
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Plate 7: South-facing view of inter-tidal zone, running down to the LWM at TRP2. 

Plate 8: North-facing view of upper foreshore area at TRP 3 (1m scale). 
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Plate 9: West-facing view of inter-tidal zone at TRP 3. 

Plate10: Southeast-facing view of inter-tidal zone at TRP 3, LWM in middle distance. 
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Plate11: North-facing view of bedrock outcrop forming the upper foreshore at TRP 4 (1m 
scale).

Plate 12: West-facing view of inter-tidal zone at TRP 4. 
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Plate 13: South-facing view of inter-tidal zone, running down to the LWM, at TRP 4.  

Plate 14: North-facing view of upper foreshore at TRP 5; note erosion of bank structure (1m 
scale).
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Plate 15: West-facing view of inter-tidal zone at TRP 5. 

Plate 16: South-facing view of Inter-tidal zone at TRP 5. 
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Plate 17: North-facing view of upper foreshore at TRP 6 (1m scale). 

Plate 18: West-facing view of inter-tidal zone at TRP 6. 
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Plate 19: Southeast-facing view of inter-tidal zone at TRP6. 

Plate 20: North-facing view across inter-tidal sandbank at TRP 7. 
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Plate 21: West-facing view across inter-tidal sandbank at TRP 7. 

Plate 22: South-facing view across inter-tidal sandbank at TRP 7. 
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Plate 23: North-facing view of bedrock outcropping located along the upper foreshore at 
TRP 8 (1m scale). 

Plate 24: West-facing view of inter-tidal zone at TRP 8. 
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Plate 25: South-facing view of inter-tidal zone at TRP 8. 

Plate 26: Southeast-facing view of inter-tidal zone at TRP 9 (1m scale). 
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Plate 27: Northwest-facing view of inter-tidal zone located at the mouth of the Gweendany 
River Estuary, TRP 9 (1m scale). 

Plate 28: Southeast-facing view of inter-tidal-zone at TRP 10. 
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Plate 29: Detail-shot of composition of the sandbank along the LWM at TRP 10. 

Plate 30: South-facing view of upper foreshore at TRP 11 (1m scale). 
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Plate 31: East-facing view of inter-tidal zone at TRP 11. 

Plate 32: Northwest-facing view, taken from LWM, at TRP 11. 
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Plate 33: East-facing view of inter-tidal zone at TRP 12. 

Plate 34: North-facing view of inter-tidal zone at TRP 12. 
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Plate 35: South-facing view of upper foreshore at TRP 13 (1m scale). 

Plate 36: South-facing view of inter-tidal zone and inlet where a tributary of the Bellanboy 
River discharges in to the bay at TRP 14.
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Plate 37: East-facing view along LWM at TRP 14. 

Plate 38: North-facing view bay taken from LWM, TRP 14. 



Marine Geophysical and Geotechnical   Corrib Onshore Pipeline 
Data Interpretation, Intertidal and Dive Survey

Plate 39: South-facing view of upper foreshore at TRP 15 (1m scale). 

Plate 40: East-facing view of inter-tidal zone at TRP15. 



Marine Geophysical and Geotechnical   Corrib Onshore Pipeline 
Data Interpretation, Intertidal and Dive Survey

Plate 41: South-facing view of inter-tidal zone at TRP 15.

Plate 42: South-facing view of upper foreshore at TRP 16 (1m scale). 
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Plate 43: East-facing view of inter-tidal zone at TRP 16. 

Plate 44: Northwest-facing view of inter-tidal zone at TRP 16; tender boat in background. 
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Plate 45: South-facing view of upper foreshore at TRP 17 (1m scale). 

Plate 46: East-facing view of inter-tidal zone at TRP 17 (1m scale). 
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Plate 47: North-facing view of inter-tidal zone at TRP 17 (1m scale). 

Plate 48: South-facing view of upper foreshore at TRP 18 (1m scale).
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Plate 49: East-facing view of inter-tidal zone at TRP 18 (1m scale).

Plate 50: North-facing view of inter-tidal zone at TRP 18 (1m scale). Note: natural feature/ 
spit running across foreshore.
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Plate 51: South-facing view of upper foreshore at TRP 19 (1m scale).

Plate 52: East-facing view of inter-tidal zone at TRP 19 (1m scale).
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Plate 53: North-facing view of inter-tidal zone at TRP 19 (1m scale).

Plate 54: East-facing view of upper foreshore at TRP 20 (1m scale). 
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Plate 55: South-facing view of upper foreshore and inter-tidal zone at TRP 20 (1m scale). 

Plate 56: West-facing view of inter-tidal zone at TRP 20 (1m scale). 
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Plate 57: West-facing view of Feature 1, located along the upper limit of the inter-tidal zone 
(1m scale ranging rods). 

Plate 58: North-facing view of Feature 2, ruined boat house, located along the upper 
foreshore (1m scale ranging rods). 
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Plate 59: North-facing view of Feature 2, ruined boat house and associated dwelling (1m 
scale ranging rods). 

Plate 60: South-facing view of deposit of raised peat bog that forms the upper foreshore 
across Foreshore Area 1 (1m scale). 
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Plate 61: Southwest-facing view of deposit of raised peat bog that forms the upper 
foreshore across Foreshore Area 1 (1m scales). Note: tree stump in peat matrix.

Plate 62: South-facing view of series of tree stumps and a tree trunk located within the 
deposit of peat that forms the upper foreshore across Area 1 (1m scales). 
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Plate 63: West-facing view of tree stumps located along the upper foreshore surrounding 
Area 1 (1m scales). 

Plate 64: Example shot of submerged tree stump protruding from silty-sand that forms inter-
tidal zone within foreshore area 1 (1m scales). 
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Plate 65: West-facing view of seaweed covered rocks that form a series of linear features 
located across the inter-tidal zone within Foreshore Areas 1 and 2 (1m scales). 

Plate 66: North-facing view of natural linear feature extending from upper foreshore within 
Area 1 (1m scale). 
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Plate 67: South-facing view of upper foreshore within Foreshore Area 2 (1m scale).

Plate 68: North-facing view of natural linear feature extending from upper foreshore within 
Area 2 (1m scales).
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Plate 69: North-facing view of modern field boundary fence that extends across the inter-
tidal zone within Foreshore Area 2 (1m scale). 

Plate 70: North-facing view of southern-half of Area 3, inlet located in southeast corner of 
Sruwaddacon Bay (1m scale). 
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Plate 71: East-facing view of juvenile peat deposit forming eastern bank of watercourse 
(Lenamore Stream) as it approaches the HWM (1m scale). 

Plate 72: Southeast-facing view of the upper part of the inter-tidal zone located within the 
inlet that forms foreshore Area 3 (1m scale).



Marine Geophysical and Geotechnical   Corrib Onshore Pipeline 
Data Interpretation, Intertidal and Dive Survey

Plate 73: South-facing view of shallow watercourse that discharges into the bay within 
Foreshore Area 4 (1m scale). 

Plate 74: Shot of SS25, Dog Hutch located within large scour hole. 
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Plate 75: Shot of SS12, Seaweed covered Breeze-block and small scour hole. 

Plate 76: Shot of SS16, Fragment of Iron (machine part) with scour hole and snagged 
mono-filament netting
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1 INTRODUCTION 

1.1 THE REQUIREMENT FOR AN ASSESSMENT UNDER ARTICLE 6 

The requirement for appropriate assessment is set out in the EU Habitats Directive (92/43 EEC) in 
Article 6.3 which states: 

‘any plan or project not directly connected with or necessary to the management of the site but 
likely to have a significant effect thereon, either individually or in combination with other plans or 
projects, shall be subject to appropriate assessment of its implications for the site in view of the 
site's conservation objectives’ 

1.2 THE AIM OF THIS REPORT 

This Natura Impact Statement (NIS) has been prepared in accordance the current guidance (NPWS, 
2009, Revised February 2010), and provides an ecological impact assessment (EcIA) for the 
proposed Corrib Onshore Pipeline.  

The NIS provides the information required in order to establish whether or not the proposed 
development is likely to have a significant impact on the Natura sites in the context of their 
conservation objectives and specifically on the habitats and species for which the Natura 2000 
conservation sites have been designated.  In the case of the proposed development, the Natura 2000 
sites are the Glenamoy Bog Complex candidate Special Area of Conservation (cSAC Site Code 
0000500) and the Blacksod Bay/Broadhaven proposed Special Protection Area (pSPA Site Code 
004037). 

By taking the ecological impact assessment in a step by step manner in relation to the habitats and 
species of these two Natura sites, together with their conservation objectives, this report seeks to 
inform the screening process required as the first stage of the process pursuant to Article 6.3 of the 
EU Habitats Directive and also to provide full and detailed information as required for the second, that 
of Appropriate Assessment should the competent authority decide that such an assessment is 
required. 

This Natura Impact Statement has been undertaken by the following ecological experts, with input 
from other disciplines as set out in Chapter 1, of the EIS: 

 Ecological Advisory and Consultancy Services (EACS); 
 Aquatic Services Unit (University College Cork); and 
 Benthic Solutions Ltd.  

1.3 BACKGROUND - AN OVERVIEW OF THE CORRIB GAS PROJECT 

The Corrib natural gas field is located 83 kilometres offshore of County Mayo. This medium sized gas 
field is being developed as a subsea ‘tie-back’ facility, connected by a pipeline to an onshore 
processing terminal located approximately 9 kilometres inland. 

The Corrib Field was discovered in 1996 by Enterprise Energy Ireland Ltd, which was subsequently 
acquired by the Royal Dutch Shell Group in 2002.  The Corrib Gas Partners are Shell E&P Ireland 
Limited (SEPIL) (45% - Operator), Statoil Exploration (Ireland) Limited (36.5%) and Vermilion Energy 
Ireland Limited (18.5%).  
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The Corrib gas field development consists of a series of gas wells and seabed infrastructure in the 
Corrib field, a manifold that will gather the flow of gas from each of the wells, and a pipeline to the 
onshore gas terminal located at Bellanaboy Bridge. The gas pipeline comes ashore at Glengad in 
Broadhaven Bay from where it will run underground to the Terminal. There will also be a multipurpose 
umbilical that runs from the Terminal to the Corrib field. A treated water outfall pipeline for the 
discharge of treated surface water run-off from the Terminal site will run along the route of the pipeline 
between the Terminal and a point offshore approximately 12.7km from the landfall.  A Landfall Valve 
Installation will be situated close to the landfall of the offshore pipeline, its function being to limit the 
pressure of the gas in the onshore section of the pipeline.  

All of the statutory permits and consents necessary to develop the Corrib gas field and associated 
facilities and infrastructure were in place at the end of 2004 when construction commenced. As of 
November 2009 the offshore production facilities have been installed, the 83km offshore section of 
the Corrib pipeline between the field and the landfall has been laid, and the gas terminal is more than 
90% complete.  To allow the connection of the Corrib development with the national gas distribution 
network the 150km Galway to Mayo pipeline was completed in 2006 and is now connected to the 
Terminal. The 8.3km onshore section of the Corrib pipeline is the last major project element to start 
construction. 

While significant progress has been made on all elements of the project, challenges have been 
encountered along the way.  Construction on the onshore section of the Corrib gas pipeline was 
halted in 2005 when a small number of local landowners, citing health and safety concerns, refused to 
allow SEPIL to proceed with construction work relating to the onshore section of pipeline.  The 
impasse resulted in five local men being jailed and construction work on the onshore elements of the 
project being suspended for 18 months.     

In an effort to resolve the situation, the (then) Minister for Communications Marine and Natural 
Resources appointed international pipeline consultants, Advantica, to conduct an independent safety 
review of the onshore pipeline. They subsequently issued a report on their findings (Independent 
Safety Review of the Onshore Section of the Proposed Corrib Gas Pipeline, 2006).   The Corrib Gas 
Partners accepted the recommendations arising from this review, which included limiting the design 
pressure in the onshore section of the pipeline to 144 bar - less than half the original design pressure 
of the pipeline. 

Also in 2005, the Minister appointed an independent mediator, Mr Peter Cassells. His report, which 
was issued at the end of his engagement in 2006, recommended that the route of the onshore section 
of the Corrib Gas Pipeline be modified to address concerns about proximity of the pipeline to 
dwellings in Rossport. The Corrib Gas Partners again accepted this recommendation and appointed 
RPS as consultants to identify a suitable modified route. RPS carried out route selection studies 
which involved extensive consultation, culminating in the lodgement of statutory applications to 
construct the pipeline in February 2009, with An Bord Pleanála (the planning authority), the 
Department of Communications, Energy and Natural Resources and the Department of Agriculture, 
Fisheries and Food.  The applications were accompanied by an Environmental Impact Statement. 

In November, 2009, An Bord Pleanála invited SEPIL to modify a specified portion of the proposed 
onshore pipeline route between Glengad and Aghoos. Such modification was acknowledged in the 
Board’s correspondence generally to comprise Corridor C as previously identified in the route 
selection process (that is, within Sruwaddacon Bay).  The Board also requested further information on 
the proposed development, including a revised EIS.

This Natura Impact Statement has been prepared in the context of the response to An Bord 
Pleanála’s request for further information, and assesses the proposed Corrib onshore pipeline 
development in the context of the Natura 2000 sites potentially impacted by the revised route, the 
Glenamoy Bog Complex candidate Special Area of Conservation (cSAC Site Code 0000500) and the 
Blacksod Bay/Broadhaven proposed Special Protection Area (pSPA Site Code 004037). 
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1.4 CONSULTATION 

1.4.1 Government Departments 

Consultations with the National Parks and Wildlife Service (NPWS) of the Department of the 
Environment, Heritage and Local Government (DoEHLG) in relation to the Corrib Gas Project, 
including the proposed Onshore Pipeline development commenced in the summer of 2000 and are 
ongoing.  

Consultations have also taken place with the Local Authority (Mayo County Council), the Department 
of Communications, Energy and Natural Resources, the Foreshore Unit of the Department of the 
Environment, Heritage and Local Government, and with their technical advisers.  

1.4.2 Other bodies 

Other bodies consulted are as follows: 

 North Western Regional Fisheries Board:  in relation to fisheries and the use of Sruwaddacon 
Bay by migratory fish;

 Non-governmental organisations: 

 An Taisce: in relation to the potential impact of the proposed development in the 
designated sites; 

 BirdWatch Ireland (BWI): in relation to birds and the proposed Special Protection Area. 
Consultations with BWI are ongoing; and 

 Irish Peatlands Conservation Council (IPCC): in relation to habitat restoration in non-
designated blanket bog habitats which are present on the proposed route of the onshore 
pipeline.

1.5 CONSTRAINTS 

The key constraint in the context of the designated sites is the need for the proposed onshore pipeline 
to be the link between the offshore pipeline which has already been installed, and which comes 
ashore at Glengad, and the nearly fully constructed Bellanaboy Bridge gas terminal, which represents 
the destination of the natural gas from the Corrib Field.    

The NIS has been prepared in the context of the request from An Bord Pleanála for SEPIL to modify a 
specified portion of the route of the pipeline between Glengad and Aghoos, so that it goes through 
Sruwaddacon Bay.   
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2 THE APPROPRIATE ASSESSMENT PROCESS 

2.1 INTRODUCTION 

There is a requirement, under Article 6(3) of the EU Habitats Directive (Directive 92/43/EEC), to carry 
out an Appropriate Assessment. The first step of the Appropriate Assessment process is to establish 
whether, in relation to a particular plan or project, Appropriate Assessment is required.   Article 6(3) 
states:

‘Any plan or project not directly connected with or necessary to the management of the site 
but likely to have a significant effect thereon, either individually or in combination with other 
plans or projects, shall be subject to appropriate assessment of its implications for the site in 
view of the site’s conservation objectives. In the light of the conclusions of the assessment of 
the implications for the site and subject to the provisions of paragraph 4, the competent 
national authorities shall agree to the plan or project only after having ascertained that it will 
not adversely affect the integrity of the site concerned and, if appropriate, after having 
obtained the opinion of the general public.’

A number of guidance documents on the appropriate assessment process have been referred to 
during the preparation of this NIS. These are: 

 Appropriate Assessment of Plans and Projects in Ireland - Guidance for Planning Authorities
(NPWS 2009, Revised February 2010); 

 EU Guidance document on Article 6(4) of the 'Habitats Directive' 92/43/EEC (2007);  
 Assessment of plans and projects significantly affecting Natura 2000 sites. Methodological 

guidance on the provisions of Article 6(3) and (4) of the Habitats Directive 92/43/EEC (Nov. 
2001 – published 2002); and  

 Managing Natura 2000 Sites: The provisions of Article 6 of the ‘Habitats’ Directive 92/43/EEC 
(2000).  

Should a decision be reached to the effect that it cannot be said with sufficient certainty that the 
development will not have any significant effect on the Natura 2000 sites, then, as is stated above, it 
is necessary and appropriate to carry out an appropriate assessment of the implications of the 
development for the sites in view of their conservation objectives. 

The guidance for Appropriate Assessment (NPWS, 2009, revised February 2010) states: 

“AA is an impact assessment process that fits within the decision-making framework and tests 
of Articles 6(3) and 6(4) and, for the purposes of this guidance, it comprises two main 
elements. Firstly a Natura Impact Statement – i.e. a statement of the likely and possible 
impacts of the plan or project on a Natura 2000 site (abbreviated in the following 
guidance to “NIS”) must be prepared. This comprises a comprehensive ecological impact 
assessment of a plan or project; it examines the direct and indirect impacts that the plan or 
project might have on its own or in combination with other plans and projects, on one or more 
Natura 2000 sites in view of the sites’ conservation objectives. Secondly, the competent 
authority carries out the AA, based on the NIS and any other information it may consider 
necessary. The AA process encompasses all of the processes covered by Article 6(3) of the 
Habitats Directive, i.e. the screening process, the NIS, the AA by the competent authority, and 
the record of decisions made by the competent authority at each stage of the process, up to 
the point at which Article 6(4) may come into play following a determination that a plan or 
project may adversely affect the integrity of a Natura 2000 site”. 
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2.2 STAGES  

The European Commission’s guidance promotes a fours stage process, as set out in Box 1 below,  to 
complete the Appropriate Assessment, and outlines the tests required at each stage.  Stages 1 and 2 
deal with the main requirements for assessment under Article 6.3 Stage 3 may be part of Article 6(3) 
or a necessary precursor for Stage 4. 

This NIS includes the ecological impact assessment and testing required under the provisions of 
Article 6(3) by means of the first stage of Appropriate Assessment, the screening process (as set out 
in the EU Guidance documents). 

EU guidance1 states: 

“This stage examines the likely effects of a project or plan, either alone or in combination with other 
projects or plans, upon a Natura 2000 site and considers whether it can be objectively concluded that 
these effects will not be significant. This assessment comprises four steps: 

1. determining whether the project or plan is directly connected with or necessary to the 
management of the site; 

2. describing the project or plan and the description and characterisation of other projects or 
plans that in combination have the potential for having significant effects on the Natura 2000 
site; 

3. identifying the potential effects on the Natura 2000 site; 
4. assessing the significance of any effects on the Natura 2000 site”. 

The NIS also provides the information required for the Competent Authority to complete the 
Appropriate Assessment (Stage 2) should this be necessary and appropriate in the opinion of the 
Competent Authority.  An evaluation of alternatives has also been provided to demonstrate that all 
feasible alternatives for the proposed development have been considered and that the option with the 
least ecological impact has been selected. 

2.3 ALTERNATIVES  

2.3.1 Introduction 
The consideration of alternative routes and designs for the Corrib Onshore Pipeline has been the 
main focus for the planning of this project with the main objective of finding the best balance between 
community, environmental and technical criteria.  The process of considering alternatives resulted in 
the proposal set out in the statutory applications and accompanying EIS submitted to An Bord 

1 Paragraph 3.1 of ‘Assessment of plans and projects significantly affecting Natura 2000 sites.  Methodological 
Guidance on the provisions of Article 6(3) and (4) of the Habitats Directive 92/43/EEC (Nov. 2001) 

Box 1 – Stages of Appropriate Assessment 

1
Screening

2
AA

3
Alternatives

4
IROPI
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Pleanála, the Department of Communications, Energy and Natural Resources (DCENR) and the 
Department of Agriculture Fisheries and Food (DAFF) in February, 2009.   

The alternatives have now been revisited following the request from An Bord Pleanála, in a letter 
dated 2nd  November, 2009, for SEPIL to modify the pipeline route between identified chainage points 
(Ch. 83.91 to Ch. 89.55) such that it ‘would be generally in accordance with that indicated as Corridor 
C (that is, within Sruwaddacon Bay) in the route selection process’, and thereby increase the distance 
to dwellings.  

With this constraint in mind, alternative solutions or options that could enable the plan or project to 
proceed without adverse effects on the integrity of a Natura 2000 were examined.  This included:  

 Alternative construction methods applicable to a route through Sruwaddacon Bay; and 
 Alternative alignments / routes. 

2.3.2 Alternative construction methods 

A number of alternative construction options, and combinations of methods, were considered for the 
pipeline section underneath Sruwaddacon Bay.  These included conventional open cut / surface 
trenching construction methods which have been used in inter-tidal areas on other projects in Ireland, 
as well as trenchless / below ground construction methods.   

Among the main construction options considered were: 

 Conventional open cut construction; 
 Specialised open cut method; 
 Trenchless methods conventionally used for pipeline construction, such as Micro-tunnelling 

(Direct Pipe/Pipe Jacking) and Horizontal Directional Drilling (HDD); and 
 Segment lined tunnelling. 

Conventional open cut construction (pre-trenching followed by pull-in of assembled pipeline into open 
trench) would require extensive plant to be located in the bay for a significant duration.  The 
subsequent reinstatement and consolidation of the seabed/river bed would take some time to be 
achieved, and therefore would result in temporary habitat loss.  This construction option was therefore 
ruled out at an early stage. 

A study was also undertaken to identify a more effective specialised open cut technique for this 
project (sheet piling in sections) which could achieve construction within a reduced programme and 
thereby minimise the overall impact of the construction of the pipeline.  This study concluded that 
such methods would be technically feasible, but on detailed examination it was concluded that the 
time required for reinstatement and consolidation of the trench could result in temporary habitat loss.  
Therefore, this open cut method was also ruled out. 

Trenchless construction methods normally used in pipeline construction include micro-tunnelling 
(Direct Pipe/Pipe Jacking) and Horizontal Directional Drilling (HDD).  These had been studied 
previously for a long crossing of Sruwaddacon Bay (Corridor C 2009 EIS), where the option 
considered involved a combination of the Direct Pipe micro-tunnelling method (in 2 x drives 
approximately 300m long) and the HDD method (comprising 2 x ‘twin bore’ parallel HDD drives 
approximately 1,750m long).  A minimum of 3 intermediate pits would be required within 
Sruwaddacon Bay for this method, with HDD activities taking place from a barge in Sruwaddacon Bay 
(located at the middle pit). 

The combined micro-tunnelling / HDD approach is complex, would entail significant surface based 
works within Sruwaddacon Bay and an anticipated duration of at least 2 construction seasons.  Also, 
the HDD would require the use of bentonite under high pressure with which to maintain a tunnel bore 
open until the gas pipeline (and for the parallel services conduit) could be inserted.  It was therefore 
considered that this method represented an unacceptable risk of bentonite escape into Sruwaddacon 
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Bay given that the ground conditions within the bay consists of gravel layers and highly fractured and 
layered rock.  Overall, it was considered that the impacts associated with the intermediate 
pits/stations and the logistics surrounding these gave rise to impacts including temporary habitat loss 
and disturbance.  This approach was therefore ruled out. 

The remaining construction option was segment lined tunnelling.  This method would involve building 
a tunnel, which can be constructed without intermediate pits.  However, as this method would require 
manned tunnelling, i.e. the tunnelling workforce would work at the front end of the tunnel bore, 
assembling the tunnel’s concrete lining in segments just behind the tunnel boring machine, the 
diameter of the tunnel would be much larger than that required for the trenchless methods described 
above.

The advantages in terms of impact on the Natura sites of selecting this construction methodology 
include the following: 

 It would minimise the potential impact on the seabed and overall disturbance to the bay;  
 It would minimises the risk of bentonite releases by using bentonite under much lower 

pressures; and  
 It is the only trenchless construction method that can be used for such long crossings in 

conditions such as those found in Sruwaddacon Bay.   

Conclusion: 

A 3.5m internal diameter (4.2m outer diameter) segment lined tunnel has been proposed for the 
onshore pipeline and services between Glengad and Aghoos.  It represents the construction 
methodology with the least impact on the Natura site. 

2.3.3 Tunnelling from One Side or Two Sides 

Further consideration was also given to constructing the tunnel from one or both ends.  The average 
estimated rate of tunnelling for the proposed tunnel, taking into account soil data available, would 
indicate an overall average tunnelling progress rate of 11m/day.  The options of tunnelling from one or 
two sides were examined in order to determine if the overall tunnelling programme and thereby 
construction phase duration could be reduced.  The options studied were: 

1. Tunnelling from one side (Aghoos):  This option comprises one tunnelling operation based at 
Aghoos and a reception pit at Glengad.  (For reasons outlined below, tunnelling from the 
Glengad side only was not considered to be an acceptable option). 

2. Tunnelling from both sides (Aghoos and Glengad): Segment lined tunnel constructed in two 
sections, meeting at a point beneath Sruwaddacon Bay, without the requirement for an 
intermediate pit.  This option comprises a tunnel from Aghoos (1.9km x 4.2m O.D.) and a 
tunnel from Glengad (3.0km x 3.5m O.D) (when tunnelling from both sides, one tunnel bore 
must be smaller than the other such that when the tunnels meet, it will be possible for the 
smaller tunnel to be extended into the larger tunnel, thereby connecting the tunnel end to 
end).  This option was estimated to reduce overall duration by approx 6 months. 

The impact of tunnelling from one side versus two sides has been considered in relation to impacts on 
the Natural 2000 site as follows: 

 A single tunnel would greatly reduce the risk of a need for surface intervention.   

 If tunnelling were to be undertaken from both directions then at least 20% of area  of the large 
associated tunnelling compound at Glengad would have been the within the cSAC - albeit 
located in non-annexed habitats - but nonetheless adjacent to fixed dune grassland cSAC 
Annex I Priority Habitat, with potential to impact on same (eg. run off, dust).  
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 A single tunnel would mean that a much smaller compound, with shorter duration, would be 
required at Glengad which would minimise potential for indirect impacts on the Annex I 
habitats to the north of the route; and a smaller area of non-annexed habitats in the cSAC 
would be subject to direct impacts.  

 The presence of a large 24 hour tunnelling compound at Glengad would have had the 
potential to impact on birds as follows:  

 The compound would be of a similar scale to that proposed at Aghoos, with the same 
plant and machinery, lighting, noise emissions etc., giving rise to impacts on roosting and 
feeding birds in reasonably close proximity to the site compound area.  

 At times, Glengad strand holds a variety of Gull species (Laridae) outside of high tide, 
and the shingle banks to the east of Glengad can have a variety of feeding wading birds, 
present - typically in small numbers.  Brent Geese also congregate to feed close to the 
landfall area and a short distance offshore of Glengad strand – from October to April.   

 The feeding and roosting Brent Geese and other waterfowl and wading bird species in the 
area could be disrupted by light from a large tunnelling compound at Glengad.   

 There would have been a risk that, without mitigation, a well - lit compound at Glengad 
could attract pelagic birds and passing nocturnal migrants. It would be harder to mitigate 
for lighting and noise emissions than at Aghoos, because of Glengad’s elevated location 
relative to the coastline in that it is very visible from the air by migrant and pelagic 
species.  Birds could be attracted towards the light and increase their energy expenditure 
in approaching the lit compound.  The lighting array and above ground structures could 
also pose a collision risk in these circumstances – especially considering the exposed 
location at Glengad.   

 The presence of a large tunnelling compound at Glengad for any extended period, would 
give rise to a greater potential for impact on migrating sea birds and their navigation 
systems as a result of the use of white lighting (even if downwards - facing).  This is 
because Glengad is much closer to the open sea and Broadhaven Bay than Aghoos, and 
the large compound would be visible to seabirds (pelagic) flying at height. Species such 
as Storm Petrel and Manx Shearwater are susceptible to this. For this reason, a single 
tunnel, with smaller compound and shorter duration at Glengad would be preferable. The 
compound at Aghoos will be much less visible to seabirds because of its location. 

Conclusion:  

Tunnelling from one side (Aghoos) has been selected as the option with the least impact on the 
Natura 2000 site. 

2.3.4 Tunnel Alignment / Routing 

The proposed tunnel alignment has been developed on the basis of the following constraints: 

 The overburden (distance between seabed/river bed and tunnel is a minimum of 1.3 times the 
outer diameter of the tunnel during construction (this is of the standard recommended by the 
engineering code of practice that SEPIL has elected to apply); 

 The route between Poll an tSómais (Pollatomish) and Ros Dumhach (Rossport) is aligned to 
maximise distance to housing on both sides of the bay; 

 The route alignment seeks to minimise the length of the tunnel and the tunnelling duration as 
it represents a feasible trajectory for tunnel construction and pipeline installation (the 
minimum bending radius of the gas pipeline is the principal constraint in this regard), and it 
avoids a rocky area east of the channel in the outer bay.   
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Conclusion: 

As the route is entirely underneath the bay and because none of the impacts associated with the 
tunnelling are predicted to have a likely significant impact on the Natura site, it is considered that the 
proposed route alignment represents the least damaging for the Natura site. 
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3 THE ECOLOGICAL IMPACT ASSESSMENT (EcIA) 

3.1 INTRODUCTION 

The approach and methodology to the Ecological Impact Assessment for this Natura Impact 
Statement has been undertaken with due regard to the EPA Advice Notes on Current Practice (2003); 
EPA ‘Guidelines on the Information to be contained in Environmental Impact Statements’ (2002); and 
the Institute of Ecology and Environmental Management’s Guidelines for Ecological Impact 
Assessment (IEEM, 2006) and with reference to the National Roads Authority Guidelines (NRA) for 
ecological impact assessment (Revision 2, 2009).  

The ecological characteristics of the Natura 2000 sites are described in Section 4 of this statement, 
followed by Assessment of Likely Effects, Mitigation and Residual impacts in Sections 5, 6 and 7 
respectively. Conclusions are set out in section 8. 

The relevant sections of the EIS, together with their associated technical reports should be referred to 
for further detail on species and habitats: 

 Chapter 12 - terrestrial ecology 
 Chapter 13 – freshwater ecology (including salmonids) 
 Chapter 14 – the marine environment  

A summary description of the Project is provided below at 3.1.1. 

3.1.1 Description of the Project 

The proposed Corrib Onshore Gas Pipeline will be located between the landfall at Glengad and the 
Gas Terminal at Bellanaboy.  The proposed development consists of the following elements, which 
are considered in the Corrib Onshore Pipeline EIS: 

 8.3km onshore gas pipeline extending from a landfall located at Glengad to the permitted Gas 
Terminal at Bellanaboy; 

 Landfall Valve Installation (LVI) located approximately 50m from the landfall in the townland of 
Glengad/Dooncarton (Volumes 1 & 2); 

 Associated services which extend from the Bellanaboy Bridge Gas Terminal to the landfall 
(and continues to the subsea manifold in the Corrib Field); and 

 Outfall pipeline extending from the Gas Terminal to the landfall (and continues to a discharge 
location approximately 12.7km from the landfall).  

The proposed development also includes the permanent deposition of up to 75,000m3 of peat at the 
Srahmore Peat Deposition Site. This peat will be excavated during the construction of the onshore 
pipeline. There will also be a requirement to reuse / dispose of approximately 68,000m3 of excavated 
tunnelling material.   

The method of construction onshore will vary according to the ground conditions and habitat type. The 
principal construction method for the pipeline and services through the terrestrial habitats within the 
cSAC at Glengad will be a conventional surface trenching spread technique, which provides a 
minimum cover of 1.2 m above the pipeline and services.  

It is proposed that the Corrib Onshore Pipeline will be installed in a 3.5 m internal diameter tunnel. 
The tunnel, which will be approximately 4.9 km long, whereof 4.6 km is under Sruwaddacon Bay, will 
be constructed by a tunnel boring machine from Aghoos to Glengad.  The tunnel will be concrete 
lined.  The duration of the construction programme is estimated to last approximately 26 months. In 
the highly unlikely event of problems being encountered during tunnelling underneath Sruwaddacon 
Bay, or in the case of an emergency, an intervention pit may be required. 
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The short crossing of the Leenamore River inlet on the southern shore of Sruwaddacon Bay will be 
constructed using open cut methods. 
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4 NATURA 2000 SITES 

The Natura 2000 sites traversed by the proposed pipeline are:  

 Glenamoy Bog Complex candidate Special Area of Conservation (Site Code IE0000500);  
 Blacksod Bay/Broadhaven proposed Special Protection Areas (Site Code 4037) the relevant 

sections of which also form part of Site 0000500 the Glenamoy Bog Complex cSAC. Part of 
this site is also included in the Internationally Designated Ramsar site 844, Blacksod Bay / 
Broadhaven. 

4.1 DESIGNATED SITES IN THE VICINITY OF THE PROJECT  

There are a number of designated sites within 15km of the proposed development (Figure 4). Natura 
sites are listed in Table P1, while others including Natural Heritage Areas (NHAs) are listed in Table 
P2.

Table P1: Natura sites within 15km of the proposed development 
Designation Site Name Site Code Distance from the 

proposed development 
Glenamoy Bog Complex  0000500 0 km 
Broadhaven Bay 0000472 200m  west of  landfall 
Carrowmore Lake Complex 0000476 1.7 km 
Slieve Fyagh Bog 0000542 2.7 km 
Owenduff/Nephin Complex 0000534 10.2 km 
Bellacorick Bog Complex 0001922 11 km 

Candidate Special Area of 
Conservation (cSAC) 

Mullet/Blacksod Bay Complex 0000470 13.2 km 
   

Blacksod Bay/Broadhaven pSPA  004037 
0 km 

Carrowmore Lake  SPA 004052 3 km 
Owenduff/Nephin Complex SPA 004098 10.2 km 

Special Protection Areas 
(SPA) 

Stags of Broadhaven  SPA 004072 8.8 km 
Illanmaster SPA 004074 10.6 km 

Table P2: Other designated sites within 15km 
Designation Site Name Site Code Distance from the 

proposed development 
Pollatomish Bog 1548 1.8 km 
Glenturk More Bog 2419 3.5 km 
Ederglen Bog 2446 5.3 km 
Tristia Bog 1566 8.8 km 
Tullaghan Bay and Bog  1567 13.25 km 

Natural Heritage Area 
(NHA) 

Inagh Bog 2391 12.5 km 
Ramsar Site Blacksod Bay / Broadhaven 844 0 km 

4.2 CHARACTERISTICS OF THE DESIGNATED SITES 

Sections 4.2.1 and 4.2.2 describe the ecological features of the two Natura sites which will be directly 
affected by the proposed development, and section 4.2.4 describes the features of the Blacksod 
Bay/Broadhaven Ramsar Site.   

Although not directly affected by the proposed development of the Corrib onshore pipeline, the 
ecological features of the Broadhaven Bay cSAC are outlined in Section 4.2.3 for completeness. This 
is because it is physically linked to the Glenamoy Bog Complex cSAC, and its area of designation 
overlaps with that of the Blacksod Bay/Broadhaven pSPA.
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4.2.1 Glenamoy Bog Complex cSAC (site code: IE0000500) 
This is an extensive site on the north Mayo coast, underlain by metamorphic rocks mostly of schists 
and quartzites, and covers an area of 12,901.8 hectares (See Figure 1, and Figures 1.1 to 1.4).  It is 
dominated by low-level, undulating blanket bog, rising to the high peaks of Maumkeogh (379m) and 
Benmore (343m) to the east, and a fringe of high sea-cliffs (up to 275m) on the northern fringe. The 
area is drained by four rivers: Muingnabo, Glenamoy, Belderg and Glenglasra. The site includes one 
medium sized lake. Owing to its exposed position, the site receives rainfall with high concentrations of 
magnesium and potassium. In addition to the qualifying annexed habitats, the site has marine and 
estuarine systems, salt marsh and various types of heath, grassland and exposed rock. Many of the 
areas surrounding the site are now planted with conifers. 

The cSAC includes Sruwaddacon Bay, and the small bay to the north of Rossport both of which are 
also within the Blacksod Bay / Broadhaven pSPA (site code 004037).  Sruwaddacon Bay is a shallow 
tidal inlet which forms an integral part of the Glenamoy River salmonid fishery. The cSAC 0000500 
has been extended to include the salmonid habitats of the Glenamoy and Muingnabo Rivers and 
many of their tributary streams.  

The ecological information in the Standard Data Form for the cSAC 0000500 is summarised in the 
following tables (P3a to P3c).  The site synopsis for this cSAC is given in Appendix 1 of this report. 

Table P3a:  Qualifying habitats listed on the Natura 2000 Standard Data Form  

Qualifying Habitats (* denotes Priority Habitat) Code 
Blanket bog (* active only) 7130
Northern Atlantic wet heaths with Erica tetralix 4010
Vegetated sea cliffs of the Atlantic and Baltic Coasts 1230
Juniperus communis formations  on heaths or calcareous grasslands 5130
Depressions on peat substrates of the Rhynchosporion 7150
Transition mires and quaking bogs 7140
Natural dystrophic lakes and ponds 3160
Machair (*  in Ireland) 21A0 

Table P3b: Species present covered by Article 4 of the Directive 70/409/EEC (the Birds Directive) and 
Annex II of Directive 92/43/EEC (the Habitats Directive) – from the Natura 2000 Standard Data Form 

Species Species Name Code 
Branta leucopsis (Barnacle Goose) A045
Hydrobates pelagicus (Storm Petrel) A014
Falco columbarius (Merlin) A098
Falco peregrinus  (Peregrine Falcon) A103
Pluvialis apricaria (Golden Plover) A140

Birds listed on Annex I of the Birds Directive

Pyrrhocorax pyrrhocorax (Chough) A346
Fulmarus glacialis (Fulmar) A009
Puffinus puffinus (Manx Shearwater) A013
Rissa tridactyla  (Kittiwake) A188
Alca torda (Razorbill) A200
Uria aalge (Guillemot) A199

Regularly occurring migratory birds not listed on 
Annex I of the Birds Directive

Fratercula arctica (Puffin) A204
Mammals listed on Annex II of the Habitats 
Directive

NONE   

Amphibians and Reptiles listed on Annex II of 
the Habitats Directive

NONE   

Fishes listed on Annex II of the Habitats 
Directive

Salmo salar (Salmon) 1106 

Invertebrates listed on Annex II of the Habitats 
Directive

NONE  

Petalophyllum ralfsii (a liverwort) 1395 
Drepanoclados vernicosus (a moss) 1393 

Plants listed on Annex II of the Habitats 
Directive

Saxifraga hirculus (Marsh Saxifrage) 1528 
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Table P3c: Other species of Flora and Fauna of importance – from the Natura 2000 Standard Data Form 

Species name Type † 
Lagopus lagopus (Red Grouse) B 
Phalacorax aristoteli (Shag) B 
Larus argentatus (Herring Gull) B 
Larus marinus (Great Black-backed Gull) B 
Cepphus grylle (Black Guillemot) B 
Meles meles (Badger) M 
Lepidus timidus hibrenicus (Irish Hare) M
Salmo trutta (Sea trout) F
Rana temporaria (Common Frog) A
Lacerta vivipara (Common Lizard) R
Rhynchospora fusca (Brown-beak Sedge) P
(†:  B = Bird; M = Mammal; F = Fish; A = Amphibian; R = Reptile; P = plant) 

4.2.1.1 Conservation objectives 

The current conservation objectives for cSAC 0000500 have been received from NPWS (April, 2010) 
however these may change prior to the site being fully designated. The objectives are: 

European and national legislation places a collective obligation on Ireland and its citizens to 
maintain at favourable conservation status areas designated as candidate Special Areas of 
Conservation. The Government and its agencies are responsible for the implementation and 
enforcement of regulations that will ensure the ecological integrity of these sites.  

According to the EU Habitats Directive, favourable conservation status of a habitat is achieved 
when:  

its natural range, and area it covers within that range, is stable or increasing, and  
the ecological factors that are necessary for its long-term maintenance exist and are likely 
to continue to exist for the foreseeable future, and  
the conservation status of its typical species is favourable as defined below.  

The favourable conservation status of a species is achieved when:  
population data on the species concerned indicate that it is maintaining itself, and  
the natural range of the species is neither being reduced or likely to be reduced for the 
foreseeable future, and  
there is, and will probably continue to be, a sufficiently large habitat to maintain its 
populations on a long-term basis.  

Objective 1: To maintain the Annex I habitats for which the cSAC has been selected at 
favourable conservation status: Vegetated sea cliffs of the Atlantic and Baltic 
coasts; Machairs; Natural dystrophic lakes and ponds; Northern Atlantic wet 
heaths with Erica tetralix; Juniperus communis formations on heaths or 
calcareous grasslands; Blanket bog; Transition mires and quaking bogs; 
Depressions on peat substrates of the Rhynchosporion. 

Objective 2: To maintain the Annex II species for which the cSAC has been selected at 
favourable conservation status: Salmo salar, Drepanocladus vernicosus, 
Petalophyllum ralfsii, Saxifraga hirculus.  

Objective 3: To maintain the extent, species richness and biodiversity of the entire site.  
Objective 4:  To establish effective liaison and co-operation with landowners, legal users 

and relevant authorities. 

It is noted that some species which are listed on the Standard data Form are not included in these 
conservation objectives. These species are:  
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Annex I listed bird species: Branta leucopsis – Barnacle Goose, Hydrobates pelagicus – 
Storm Petrel, Falco columbarius – Merlin,  Falco peregrinus – Peregrine Falcon, Pluvialis 
apricaria – Golden Plover, and  Pyrrhocorax pyrrhocarax – Chough. 

Regularly occurring migratory birds not listed on Annex I of Council Directive 79/409/EEC (the 
Birds Directive): Fulmarus glacialis (Fulmar), Puffinus puffinus (Manx Shearwater), Rissa 
tridactyla (Kittiwake), Alca torda (Razorbill), Uria aalge (Guillemot) and Fratercula arctica
(Puffin).

Other species of interest as listed above at Table P3c 

4.2.1.2 Other Annex I habitats and Annexed species present within the cSAC  

Annex I habitats which are not listed on the Natura 2000 Standard Data Form or included in the 
conservation objectives, are shown in Table P4.  

Table P4: Annexed Habitats present within the Natura site but which are not listed on the Natura 2000 
Standard Data Form or on the Conservation Objectives for the Site.  

Annex 1 Habitats Code 

Estuaries 1130

Mudflats and sandflats not covered by sea water at low tide 1140

Large shallow inlets and bays 1160

Atlantic salt meadows 1330

Otter, Lutra lutra (Annex II and IV), Common or Harbour Seal Phoca vitulina (Annex II) and Grey Seal 
Halochoerus grypus (Annex II) are not included on the Natura 2000 Standard Data Form either as 
qualifying species or as species of importance, neither are any other marine mammals listed. 

4.2.2 Blacksod Bay / Broadhaven pSPA (site code 004037) 
This site is of high ornithological importance for its excellent diversity of wintering waterfowl and for 
the nationally important populations of five species that it supports. Of particular note is the usage of 
the site by over 3% of the national Ringed Plover population. It is also of importance as a breeding 
site for terns and gulls, especially the localised Sandwich Tern. It is of note that seven of the species 
that occur regularly are listed on Annex I of the EU Birds Directive, ie. Great Northern Diver, Red-
throated Diver, Golden Plover, Bar-tailed Godwit, Sandwich Tern, Common Tern and Arctic Tern. 
Sruwaddacon Bay, and the small bay to the north of Rossport, are both included within the pSPA.  
Sruwaddacon Bay is a shallow tidal inlet of special importance for its wintering wildfowl populations, 
which feed on the intertidal sand/mud flats (See Figure 2).  The site synopsis for the pSPA is given in 
Appendix 1 of this report. 

Unlike more recently designated SPAs there is no formal site citation – i.e. the “Intention to designate” 
notice which lists the species for which the site was designated. However the site synopsis lists 
species for the site as a whole and includes numbers of birds of international and national importance.  
It is understood that this site is to be re-designated.  “As part of this process the special conservation 
interests of the site have been provisionally identified using (a) the 4-year mean peak counts from the 
period 1995/96 - 1998/99 for wintering water-birds and (b) the 1995 all-Ireland tern survey along with 
the Seabird 2000 census for breeding seabird interests” (NPWS, 2009).  In addition, it is understood 
that, as a result of recently recorded numbers of Light-bellied Brent Goose [from Corrib Brent Goose 
surveys] that it “should be regarded as a special conservation interest for this site”.  

From the information received from NPWS (2009 and 2010), it is understood that the proposed 
interests for the re-designated SPA are as follows:   
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 The site qualifies for designation as an SPA for: Ringed Plover, Bar-tailed Godwit and 
Sandwich Tern;  

 Great Northern Diver, Common Scoter, Dunlin and Light-bellied Brent Goose are all to be 
listed as species of special conservation interest for the site. 

From recent consultations with NPWS (2010), it is understood that, as part of the redesignation 
process, SPA boundaries are being re-defined. Whereas formerly the Mean High Water Mark was 
taken to be the boundary, the proposed new mapping will be to the nearest definable land feature and 
will include any wetland habitat, (eg. salt marsh). It is further understood that non-wetland areas will 
only be included if there is a site specific reason to do so. 

4.2.2.1 Proposed special conservation interests for Blacksod Bay/Broadhaven pSPA (4037)  

The current conservation objectives for pSPA 004037 have been received from NPWS (April, 2010) 
however these may change prior to the site being fully designated. The objectives are: 

The site is selected for: Ringed Plover, Bar-tailed Godwit  and Sandwich Tern  
Additional Special Conservation Interests: Great Northern Diver, Common Scoter, Dunlin and 
Wetland & Waterbirds  
Main conservation objective:

To maintain the special conservation interests for this SPA at favourable conservation 
status: Ringed Plover, Bar-tailed Godwit, Sandwich Tern, Great Northern Diver, Common 
Scoter, Dunlin, Wetland & Waterbirds.  
The favourable conservation status of a species is achieved when:  

o population data on the species concerned indicate that it is maintaining itself, and  
o the natural range of the species is neither being reduced or likely to be reduced for 

the foreseeable future, and  
o there is, and will probably continue to be, a sufficiently large habitat to maintain its 

populations on a long-term basis. 

In addition to the above interests, it is known from consultations with NPWS in 2009 and 2010 that the 
Brent Goose is considered to be a species of special conservation interest for the site. 

4.2.2.2 International designations – Ramsar 

“Ramsar” refers to an international convention in relation to wetland sites which was ratified by Ireland 
in 1985. The Convention has its roots in the protection of wetland wildfowl and for many sites it is 
species-associated. More recently Ramsar has taken on the more all-encompassing wetland habitat 
approach which in the context of the EU falls in line with site protection under the Habitats Directive. 
The Ramsar convention has no statutory basis itself, but it is operated through either EU or national 
legislation, in this case the EU Birds Directive and EU Habitats Directive through the Wildlife and 
Amendments Acts (1976 and 2000). 

It must be noted therefore that part of the pSPA 004037, including Sruwaddacon Bay, is designated 
under the Ramsar Convention as follows: 

Blacksod Bay / Broadhaven (Ramsar Site Code 844) 

Designated in 1996 the site covers 683 ha., and is a “composite of diverse marine and coastal 
habitats that includes vast dune systems and extensive areas of dune grassland with salt marshes 
occurring in sheltered bays and inlets. The grasslands are of considerable botanical importance. The 
site also includes several brackish lakes important to various species of breeding waders, large 
numbers of wintering waterbirds of various species, and internationally important numbers of Brent 
Geese” (www.ramsar.org).
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4.2.3 Broadhaven Bay cSAC (Site Code IE 0000472)
This site is of high conservation importance owing to the presence of several habitats that are listed 
on Annex I of the EU Habitats Directive. In addition, it has ornithological importance for breeding and 
wintering birds. The Natura 2000 Standard Data Form includes the following qualifying habitats and 
species of interest and importance: 

Qualifying habitats for the site are:
 1170 – Reefs 
 1160 – Large shallow inlets and bays 
 1140 – Mudflats and sandflats not covered by seawater at low tide 
 1330 – Atlantic salt meadows (Glauco - Puccinellietalia) 
 8330 – Submerged or partially submerged sea caves 

 Bird species present which are covered by Article 4 of the Directive 70/409/EEC (the Birds 
Directive) are: 

 A140: Pluvialis apricaria (Golden Plover) 
 A157: Limosa laponnica (Bar-tailed Godwit) 
 A191: Sterna sandvicensis (Sandwich Tern)  
 A193: Sterna hirundo (Common Tern) 
 A194: Sterna paradisaea (Arctic Tern) 

 Other listed species of interest for the site include regularly occurring migratory birds (not 
listed on Annex I of the EU Birds Directive).  

 Annex II (EU Habitats Directive) species listed as being of importance for the cSAC include a 
number of marine invertebrates and the plant species Zostera marina (Eelgrass). 

Whilst neither qualifying species nor listed as species of importance for the cSAC, a number of 
cetacean species (Annex IV species of marine mammal), including harbour porpoise and dolphin 
species, are known to occur in the cSAC. (See the Supplementary Update Report to the Offshore 
EIS, 2010). Annex IV species are afforded strict protection under Article 12 of the EU Habitats 
Directive.
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5 ASSESSMENT OF LIKELY EFFECTS  

Impact assessment has been undertaken with due regard to the EPA Advice Notes on Current 
Practice (2003); the EPA Guidelines on the information to be contained in Environmental Impact 
Statements (2003); with reference to the discipline-specific Institute of Ecology and Environmental 
Management’s Guidelines for Ecological Impact Assessment (IEEM, 2006) and the National Roads 
Authority’s Guidelines (NRA), for ecological impact assessment. (These cited references are listed in 
Appendix J1 of the EIS). 

Criteria for assessing impact level have been derived from those set out in Appendix 4 of the NRA 
discipline specific EcIA Guidelines (2004), but expanded in order to be able to address issues such as 
habitat quality and are shown in Appendix 2 of this report. Terminology for impact significance and 
duration follows that set out by the EPA (2003) in its generic guidelines. 

5.1 CONSIDERATION OF SIGNIFICANCE 

In terms of significance, the NPWS Guidance (2010 Rev) uses an EC definition as follows:..” any
element of a plan or project that has the potential to affect the conservation objectives of a Natura 
2000 site, including its structure and function, should be considered significant (EC, 2006)”. Other 
guidance documents also discuss significance criteria, some in more detail than others. The Dutch 
Guidance2 (2004) discusses a number of criteria in relation to habitats and species population.  

In general, significance indicators might include:  

 impact on Annex I habitat (including loss or reduction in size - percentage relative to the 
overall area of the habitat in the Natura site; impairment of function);  

 fragmentation of habitat or population (depending upon the duration or permanence);  
 disturbance (noise, light etc. - distance, duration);  
 effect on species populations (direct or indirect damage to size, breeding patterns etc);  
 changes in water quality. 

To summarise the significance issue, it is useful to quote from Morris (2008) who describes 
significance in the context of the Habitats Directive as follows: “...Within the Habitats Regulations, 
significance is quite different. It is used as a coarse filter and the test is a question over the possibility 
that there will be a significant effect on a key receptor that determines the conservation status of a 
European site. Thus, determining whether there will be a ‘likely significant effect’ does not imply that 
there will be such an effect or even that such an effect is more likely than not; it simply flags the need 
to test the issues and then make a judgement of the pathways and mechanisms imposed by a project 
on the designated wildlife interest. This test best equates to the screening and scoping opinions 
sought for an EIA but is confined to the Natura 2000 and Ramsar interest rather than wider 
environmental or nature conservation issues”. 

In order to assess the likely impacts and ascertain whether a significant impact on the integrity of the 
Natura site(s) is likely to occur as a result of the proposed development, should the appropriate 
assessment process deemed to be required, it is necessary to consider what constitutes the integrity 
of a Site as referred to in Article 6(3). The document Managing Natura 2000 Site, The provisions of 
Article 6 of the ‘Habitats’ Directive 92/43/EEC (2000)  gives clear guidance in this regard and states:  
“The integrity of the site involves its ecological functions. The decision as to whether it is adversely 
affected should focus on and be limited to the site’s conservation objectives”.

Integrity has been discussed and defined in various ways in guidance documentation and the 
literature. For example, Treweek (1999) discusses biological integrity and ecosystem health, and 
refers to three generally accepted criteria: systematic indicators of ecosystem functional and structural 
integrity; ecological sustainability or resilience (relating to the ability of a system to withstand “natural” 

2  Translated from Publication of Dutch State Printers in book:’Praktijkboek Habitattoets’ , 2004 (F. Neumann en 
H. Woldendorp, SDU) 
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or anthropogenic stresses); and absence of detectable symptoms of ecosystem disease or stress. A 
similar, but less academic, approach is adopted by the various guidance documents with a number of 
definitions proposed. The essence of the concept of ecological integrity is distilled in the following 
definition from Planning Policy Statement 9 (UK Department of Environment, 1994 – now superseded 
by PP9, 2005):  “coherence of the site’s ecological structure and function, across its whole area, or 
the habitats, complex of habitats and/or populations of species for which the site is or will be 
classified”

5.2 POTENTIAL IMPACTS ON NATURA SITES – IMPACTS PREDICTION 

Criteria for assessing impact level have been derived from those set out in Appendix 4 of the NRA 
EcIA Guidelines (2004) criteria and expanded in order to be able to address issues such as habitat 
quality. Terminology for impact significance and duration follows that set out by the EPA (2003).  
These criteria are outlined in Appendix J1 of the EIS.  The potential impact magnitude described in 
the following sections, without mitigation, is negative unless otherwise stated as being positive or 
neutral.  Where the impact is stated as being localised, it refers to the immediate area of impact.  

Impacts on habitat and species for the Natura sites are summarised in Table P14. 

Annex I habitat which does not occur within any designated site is considered in Appendix 3 of this 
report. 

5.2.1 Potential impacts on habitats in the Glenamoy Bog Complex cSAC  

The proposed development will not impact on any qualifying habitat for the Glenamoy Bog Complex 
cSAC.  Non-qualifying EU annexed habitats will be disturbed during construction of the pipeline, 
however this will be confined to a 40 metre wide working area in the approximately 50 metre long 
crossing of  the Leenamore River inlet.  This will result in extremely localised impact in the context of 
the area of the designated site as a whole and the Annex habitat types present therein. No impact on 
qualifying or non-qualifying EU annexed habitats outside the immediate area of construction activities 
is anticipated. Impacts are summarised in Table P14.   

Habitat mapping is provided in Chapter 12 and in Appendix J1 of the EIS. Habitat mapping target 
notes are explained in Appendix J1, Appendix 1.

5.2.1.1 Qualifying habitats for the cSAC 

The proposed development will not impact on any qualifying habitat for the Glenamoy Bog Complex 
cSAC as a result of the proposed development (Table 3a). 

5.2.1.2 Non-qualifying and unlisted Annex I habitats for the cSAC 

The use of a segment lined tunnel will avoid impacts to annexed intertidal and estuarine habitats, 
including salt marsh, for the length of the tunnel. The potential impacts on intertidal habitats of an 
emergency intervention pit, if required in a worst case scenario, have been included, even if this is 
very unlikely to occur.   Should such intervention be required in an emergency during tunnelling, there 
would be a temporary, localised impact on habitats.  It should be noted that such an intervention pit 
might be required at any point along the length of the tunnel, thus annexed habitats which could be 
subject to impact in such a scenario include the estuarine and intertidal habitats and salt marsh.  

An area of non-qualifying Annex I habitats at the Leenamore River crossing will be subject to impact 
(ie. intertidal and salt marsh; Table 4). The area of annexed habitats which will be disturbed at this 
location is approximately 2,000 m2, which equates to less than 0.002% of the cSAC’s total land cover 
of 12,901.8ha. A turving technique will be employed at this location to preserve the salt marsh 
vegetation within the affected area during the period of construction. The duration of works to install a 
carrier pipe is expected to be short (a few days at most), with immediate reinstatement  
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The potential impact level on Annex I salt marsh affected during construction is expected to be direct, 
temporary, localised and moderate.  

The area of Annex I intertidal habitats to be disturbed will be limited to the Leenamore inlet. Impacts 
will be slight to moderate, localised and temporary. 

As shown on Pipeline Alignment Sheet 1 of 6 (Appendix A, of the EIS), the LVI site compound (SC1) 
and the tunnel reception compound (SC2) do not impact directly upon either the salt marsh or the 
dune system at Glengad.  The proposed development will have no impact upon sediment movement 
in and around the existing or developing dune and salt marsh habitats. In the unlikely event of 
emergency surface intervention being required, any access required to the foreshore will avoid the 
developing salt marsh (Appendix J1 of the EIS, Note 7 on habitat mapping Ecology Figure 1, sheet 1) 
and the dune system.  Therefore, the proposed development will have no potential for impact on the 
rates of sedimentation and erosion.   

It should be noted that Sruwaddacon Bay is a dynamic system providing a transitional zone between 
the freshwater riverine flow and the fully marine environment of Broadhaven Bay. The entire estuary 
is continuously swept by semi-diurnal tides.  Given the natural variability and dynamic nature of the 
estuary, constantly changing patterns of sedimentation and erosion are expected – as have been 
observed in recent years for example, with sand accretion leading to the developing foredunes on the 
northern side of the main dune system; and the developing salt marsh to the north of the pipeline 
route (Appendix J1 of the EIS, Habitat sheet 1, Note 7).

5.2.1.3 Non-annexed cSAC habitats at Glengad 

There will be no impact on the previously undisturbed sections on either side of the cliff section 
already affected by the construction of the Corrib offshore pipeline at the Glengad landfall.

The agriculturally improved grassland and wet, rushy grassland, non-annexed habitats in the cSAC 
will be subject to impacts in connection with: the landfall valve installation (LVI) and its associated 
construction Site Compound SC1); the access road; and the tunnel reception pit compound (SC2). 
These habitats include the areas which were reinstated in 2009 following the landfall works for the 
offshore pipeline, and which currently comprise mainly bare soil with the beginnings of vegetation 
recolonisation. There will be a permanent loss of habitat within the cSAC on the footprint of the LVI 
(20 x 22m) and for the access road (1,177m2). Impacts in other areas of non-annexed habitats in the 
cSAC at Glengad will be direct, localised, temporary or short term (depending upon location) and 
Moderate,  See also Appendix J1 of the EIS. 

5.2.2 Potential impacts on qualifying species and listed species for the cSAC  

5.2.2.1 Qualifying plant species for the cSAC 

There will be no impact on any qualifying, or listed, species of plant. None was found during any of 
the surveys carried out, and it is considered that the habitats present on the proposed route at 
Glengad are not suitable for any of the protected species listed as occurring within the Glenamoy Bog 
Complex cSAC.  

Desk study and consultations confirmed that no rare species of plant, including those on the current 
Flora Protection Order 1999 (SI No 94 of 1999), are known to occur along the route of the proposed 
development at present.  

5.2.2.2 Listed bird species for the cSAC - Annex I species (EU Birds Directive)   

The Golden Plover is the only qualifying bird species for the cSAC which could potentially be 
impacted by the construction of the proposed pipeline development.  Historically, Golden Plover were 
noted to occur on occasion in the inner bay in considerable numbers,  but this has not been the case 
in 2007-2010.  Indeed, this species has been very rarely recorded in recent winters despite the 
intensive survey schedule. It is a dynamic feeder, with a requirement for an abundant food supply 
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near the surface, and the current condition of Sruwaddacon Bay in terms of available food supply 
appears not to meet this species’ requirements. Neither has it been present at high water roosts 
except as a very occasional individual. Based on the recent survey data, no impact on the species is 
anticipated.  

The other qualifying species for the cSAC are Barnacle Goose, Storm Petrel, Merlin, Peregrine 
Falcon and Chough.  

 The Barnacle Goose is not known to occur in the Sruwaddacon Bay area, and it has not been 
recorded, even as a casual sighting, during surveys, therefore no impact on this species is 
expected. 

 Storm Petrel, Merlin, Peregrine Falcon and Chough: these species have been noted, on 
occasion, flying over the Bay area. No nesting sites are known in the vicinity of the proposed 
pipeline route, and no impact is anticipated on either their food (prey) or their foraging areas.  

No impact is expected on other cSAC - listed bird species, most of which are pelagic. 

5.2.2.3 Qualifying and listed species of mammal for the cSAC  

No mammalian species are listed as qualifying interests of the cSAC.  

Badger and Irish Hare are listed as species of importance for the Site (Table 3c) and both are known 
to occur in the wider area. No signs of badger activity have been recorded in the cSAC in the vicinity 
of route sections at Glengad, however the presence of this mobile species cannot be ruled out as it is 
known to be present on the south side of Sruwaddacon Bay near Aghoos. No known badger setts are 
known in or close to the proposed working areas. The Irish Hare is present throughout the area and 
has been recorded during faunal surveys at Glengad (See fauna maps in Appendix J1 of the EIS, 
Figure 2).  Construction impacts (if any) on these species would be as a result of minor, localised 
temporary disturbance. Impacts levels at Glengad are considered to be slight negative.  

5.2.2.4 Other terrestrial vertebrates species listed as important for the cSAC  

While not observed at Glengad, the Common Frog is likely to be present, especially in the wet, rushy 
grassland habitat. There is a potential frog breeding habitat to the south of the proposed temporary 
work area near the landfall (Appendix J1 of the EIS, Figure 2.9). Potential impacts (if any) on this 
species during construction in the cSAC are considered likely to be slight negative. 

The Common Lizard is known to occur in the wider locality on the drier, heather – dominated sections 
of cutover bog, and while it is not expected to be present in the improved agricultural habitats in the 
cSAC at Glengad,  its presence cannot be ruled out. Potential impacts, if any, would be considered to 
be slight negative. 

5.2.2.5 Qualifying Annex II and listed fish species for the cSAC 

The Atlantic salmon (Salmo salar) is a qualifying species for the cSAC (Table 3b, above), and the Sea 
Trout (Salmo trutta) is listed as a species of importance for the site (Table 3c, above). 

The Glenamoy River is the most important river within the study area for both salmon and sea trout 
production and it is the only river, consistently fished with rod and line (pers. comm. NWRFB).  In the 
Glenamoy River, spawning takes place outside of the study area from about 200m downstream of the 
Post Office at Glenamoy Village all the way upstream, where there are extensive stretches of suitable 
habitat throughout the system, none of which will be impacted by the proposed development.  Below 
Glenamoy village, the river mainly comprises holding and nursery areas for salmon and trout.  Some 
important holding pools exist between Glenamoy Bridge and the estuary.  The most important holding 
area however, is at the mouth of Sruwaddacon Bay in a deep bend in the river situated upstream of 
Rossport Pier and seaward of Pollatomish Pier; elsewhere within Sruwaddacon Bay the channel is 
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considered too shallow to hold many fish (pers. comm. NWRFB).  The Glenamoy is a late river, with 
adult salmon concentrated here between the 2nd week of June into September but more recently 
salmon are not appearing until mid-July.  Now that driftnetting has been banned at sea (since January 
1st 2007) there were signs of more fish returning into the system in 2007 (pers comm., NWRFB).  Two 
draft net licences, which operate at the mouth of Sruwaddacon Bay, have been suspended until 
further notice.   

A recent study conducted on the Glenamoy by the NWRFB in spring 2009, indicates that the main 
peak in smolt out-migration is in April.  However, a repeat of that survey in 2010 (not yet completed) 
has shown that smolts had not begun descending the Glenamoy by early May and this is thought to 
be due to the very cold weather in the first two to three months of 2010 combined with the low flows in 
April (pers. comm, NWRFB). 

The timing of seatrout returns is less well defined than that of the salmon but the peak of the seatrout 
run into Sruwaddacon Bay is roughly mid June to mid July and during this period Pollatomish Pier is a 
popular angling location, although they are fished from the shore in many places throughout the bay, 
where the channel is accessible (pers. comm. NWRFB).  

The Glenamoy is a spate river, fishing best after floods, especially later in a series of floods as the 
water clarity improves.   Most salmon taken by anglers are grilse3 of 6-7lbs although larger fish are 
occasionally taken later in the season.  Seatrout range from 1.5-4lbs,  mainly 2-2.5lbs.  Currently, all 
salmon taken on rod and line have to be returned to the river as a conservation measure.   

Potential impacts are as follows: 

 No watercourse, within the cSAC (or otherwise), crossed by the proposed pipeline contains 
any habitat that will be lost for any Annex II species. 

Leenamore River: Salmon and Sea Trout are not known within the Leenamore River.  

Sruwaddacon Bay: The tunnelling method proposed was chosen in order to avoid any 
disturbance of seabed sediments, and so no impact from increased suspended sediment 
levels is anticipated.  In the unlikely event of an intervention pit being constructed in the main 
channel during the smolt migration in April-May or the adult return period in July – September, 
the likelihood is that fish would just avoid the obstruction by swimming around it.  Work by the 
Marine Institute in Clew Bay in 2004 and 2005 has shown that smolts there move very rapidly 
out to sea having left freshwater travelling at average speeds of up to 1.5km per hour.     

Bentonite Breakout: during the construction of the tunnel bentonite slurry is injected into the 
leading end of the tunnel boring machine (TBM) in order to lubricate the cutting head and to 
facilitate returning tunnel spoil to the landward end of the tunnel for separation.  The bentonite 
will be pumped at very low pressure and so the possibility of bentonite pushing up through 
several meters of overburden and getting into the overlying bay area is considered very 
remote.  If bentonite did escape and the concentrations are high enough, i.e. tens to hundreds 
of thousands of milligrams per litre, then direct fish mortality could occur in a relatively short 
period, i.e. less than a day.  Lower concentration of several thousands of milligrams could 
produce the same impacts over more extended periods (a week or more).   Much lower 
concentrations i.e. several hundreds of milligrams per litre are likely to cause very turbid 
conditions because of the slow settlement rate of bentonite.  This could reduce feeding rates 
in fish but clearly the more important impact would be associated with the release of large 
amounts.  A large outbreak in the low tide channel, especially in the middle of the bay (where 
the channel is narrowest), during low tide, and during a smolt migration event would expose 
smolts to possible gill damage and possibly slowed migration until plume had dispersed 
during flooding tide, if they didn’t just swim around it.  Exposure long enough to cause 
mortalities in this open situation would be very unlikely.  The combination of criteria both 
spatial and temporal which would have to be met to give rise to either of these impacts 
occurring is considered very remote.  The risks associated with these events are considered 
to be very low because the bentonite will be used at low pressures and low quantities relative 

3 grilse are salmon which have spent one winter at sea before returning to freshwater 
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to other trenchless methods.  It is important to point out that salmon are known to migrate 
through very turbid waters e.g. in the River Suir in County Waterford and the Severn in the 
UK, where suspended solids levels of several hundred mg/l are not uncommon.  

Potential for run-off from Aghoos Compound (SC3) 

The tunnelling compound at Aghoos will have a large hard-stand area, containing the 
bentonite batching plant, cement grout batching plant and bentonite-spoil recycling-treatment 
works, all within a bunded enclosure to prevent any material washing onto the shore.  The 
tunnelling spoil stockpiling area will also be present in the compound with its own drainage 
area, the run-off from which will be collected for treatment.  The construction of this 
compound has the potential to give rise to solids discharge from peat excavations, and during 
tunnelling from run-off from the hard-stand area in the form of suspended solids and 
hydrocarbons from vehicles.   

It is not expected that these activities pose a significant threat to Annex II species in the bay 
provided good construction practice and site management is adopted.   

Noise Impact 

Modelling of groundborne vibration and associated underwater noise arising from the 
tunnelling has been carried out. The results indicate that close to the tunnelling face noise 
levels will range from approximately 130 to 160 dB re 1μPa within 0-10m of the source (i.e. 
the tunnelling face) and from approximately 125-145 dB re 1μPa at 90m from the source in 
the frequency range 1Hz to 100Hz .  These noise levels are likely to be audible to salmon and 
to trout but less so to the latter species.  In the case of salmon, it is estimated based on the 
hearing thresholds for the species determined by Hawkins and Johnstone (1978) that the 
TBM noise levels will be approximately 22.5 to 52.5 dB re 1 μPa above the hearing threshold 
for salmon within 0 to 10m from the tunnelling face and between 17.5 and 37.5 dB re 1 μPa 
above at 90m from the tunnelling face.   

In a recent report, Nedwell et al. (2007) used data from several sources and a range of 
species to validate a scale with which to assess the likelihood that a given level of noise 
above a fish’s hearing threshold would invoke an avoidance reaction in fish (see Table 5). 

Table P5 Criteria for assessing the likelihood that a noise will result in avoidance 
reactions in fish (after Nedwell et al., 2007) 

Sound level above the species hearing 
threshold

Effect

Less than 0 dB None 

0-50dB 
Mild reaction in minority of individuals, probably 
not sustained 

50-90dB 
Strong reaction by the majority of individuals, but 
habituation may limit effect  

90dB and above Stronger avoidance reaction by virtually all 
individuals 

This scale suggests that there exists the possibility of avoidance reactions by some salmon of 
the TBM noise, particularly in the near field (0-10m).   

While sound in water as it affects animals is generally measured in sound pressure level units 
(SPL), i.e. dB re 1μPa, it is now known that salmon are more sensitive to particle motion, than 
pressure, especially at lower frequencies (Knudsen et al., 1992).  Furthermore, Knudsen et 
al., (1992) appear to have been the first authors to measure the avoidance reaction of Atlantic 
salmon smolts to sound levels expressed in terms of particle motion, in this case particle 
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acceleration, which is expressed as dB re 10-5ms-2.  To facilitate a comparison with the 
findings of Knudsen et al., (1992), the sound output from the TBM has also been presented 
as particle acceleration.  These data have been compared with the salmon hearing thresholds 
(also expressed in units of particle acceleration) at a range of relevant frequencies (Table 2).  
These show that for the TBM the highest levels of exceedence of the thresholds are in the 
higher frequencies.  However, these levels are below those reported by Knudsen et al., 1992 
as causing avoidance reactions in Atlantic salmon smolts.  These observations therefore are 
in agreement with the general scale proposed by Nedwell, which suggests that there is only a 
low likelihood of salmon exhibiting an avoidance reaction to noise from the TBM.  

Table P6.  Approximate noise levels in units of particle acceleration (dB re 10-5ms-2) at 
0-10m and 90m from the TBM at five frequencies (in Hz) and the corresponding hearing 
thresholds for Atlantic salmon at the same or near frequencies based on the 
audiogram from Knudsen et al., (1992) as well as the difference between these 
thresholds by TBM noise at 0-10m and at 90m from the tunnelling face. 

Frequency Approximate 
particle 
acceleration
sound level 
at 0-10m 

Approximate 
particle 
acceleration
sound level 
at  90m 

4Salmon
hearing  
threshold

Exceedence  
of  salmon
hearing  
threshold
(at 0-10m) 

Exceedence 
of salmon
hearing 
threshold
(at 90m) 

(Hz) (dB re 10-5ms-2) (dB re 10-5ms-2) (dB re 10-5ms-2) (dB re 10-5ms-2) (dB re 10-

5ms-2)
5 27.5 20 22* 7.5 -2 
10 25 15 22* 3 -7 
31.5 63 45 22** 41 25 
50 45 35 21 34 14 
100 55 35 14 44 21 

* extrapolated from the threshold at 30Hz   ** value for 30Hz 

On their downstream migration, smolts are likely to generally follow the area of the bay 
experiencing the fastest flows i.e. close to the low tide channel, as this ensures the most rapid 
transport toward the sea.  This channel is generally well outside the route of the tunnel except 
at two positions.  The first is in the middle of the bay where the tunnel route crosses the 
channel as the latter switches from the northern to the southern side of the bay, and the 
second is in the outer bay where the tunnel crosses the low tide channel and then hugs its 
northern edge until crossing it again as it approaches Glengad.  In the middle of the bay the 
TBM will only be tunnelling in this region of the low-tide channel for about 2.5 weeks, based 
on an average tunnel advance rate of 11m per day, while in the outer bay, the tunnel will be 
adjacent to the channel for about  2 .5 months.  Only at these points is it considered possible 
that noise from the TBM would stimulate avoidance reactions in salmon.   

Three other variables are likely to influence the reaction of salmon to TBM noise and reduce 
its influence.  These are: (i) background noise, (ii) the salmon’s migratory impulse and 
especially, (iii) downtime in the operation of the TBM.  It is known that background or ambient 
noise in rivers and in the sea is sufficiently high under certain conditions that it could mask the 
influence of anthropogenic noise, in this case from the TBM.  Background noise levels within 
coastal waters for wind speeds of 3-8 m/s (~ Beaufort 2-4) are in the range 95 – 115 dB re. 1 
μPa in the frequency range 10 Hz to 100 Hz (Kinsler et al., 1982).  Under these conditions, 
were they to occur in Sruwaddacon Bay during salmon migration, it could make it more 
difficult for salmon (adults and smolt) and other fish to hear the TBM noise, particularly at 
greater distance (i.e. >90m) and therefore be less likely to react to it. 

Migration rates of smolts in the literature range for around to 0.5m/s.  These migration rates 
are broadly in line with those reported by LaBar et al., (1978), though slightly higher than 
those reported by Moore et al., 1998 (0.14-0.35m/s); It is likely, therefore, that when smolts 
leave the Glenamoy River, mainly during elevated flows in that river, the majority will swim 

4 Calculated by Knudsen et al., 1992 from the audiograms of  Hawkins and Johnstone (1978) 
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rapidly through the bay and not be deterred by TBM noise.   Returning adult salmon are also 
likely to swim through the bay on a flooding tide without being deflected or retarded by noise 
from the TBM, provided the water levels are sufficiently high in the Glenamoy River, 
otherwise, under low flow conditions in the river, they would normally drop back again with the 
ebbing tide (pers. comm. NWRFB).   If smolts exhibit avoidance reactions, it will most likely 
happen in those areas in the middle bay and outer bay where the TBM will be closest to the 
main flow channel.  Where avoidance reactions were observed in the laboratory (Knudsen et 
al., 1992), Atlantic salmon smolts were observed to move rapidly to deeper water in response.  
This same behaviour was exhibited by smolts of North American salmon species under the 
same circumstances, and they were additionally observed to move horizontally away from the 
noise source if they couldn’t move into deeper water (Mueller et al., 1998).  It is suggested 
therefore that if smolts do exhibit avoidance reactions in Surwaddacon Bay they will tend to 
swim to deeper water and or away from the track of the TBM.  In the majority of instances, 
this should mean that they would simply swim around the source but continue toward the sea 
and within a few minutes be beyond the avoidance reaction threshold of TBM noise.  If on the 
other hand some smolts were to stop their seaward migration, when current condition would 
otherwise permit them to advance (something which is considered very unlikely), then it is 
important to note that the TBM will only be tunnelling for 20 minutes in every hour, leaving 40 
minutes when there will be no noise generated from the TBM.  In that time, a smolt could 
have travelled between 300m and 1200m based on the travel times for smolts given above.  
Thus if, in the unlikely event that TBM noise were to impede the passage either of smolts or 
adults during tunnelling, the 66% downtime in each hour should be more than adequate to 
allow groups of adults or smolts to pass beyond the influence of the TBM noise every hour.   

5.2.2.6 Annex (II and IV) species not listed as qualifying or of special interest for the cSAC 

Otter (Annex II and IV) 

Otter surveys from 2002 have revealed otter signs along all coastal and estuarine portions of 
Sruwaddacon Bay and also along the adjacent freshwater reaches of the Glenamoy and Muingnabo 
Rivers to the east.  The 2010 survey also revealed use of all the Bay area by otters, much as had 
been identified in previous surveys.  Survey of the Bay area west of Rossport pier in 2010 identified 
considerable otter activity in that area.  Otters undoubtedly use many of the small streams and rivers 
that enter the Bay for washing also. 

Many shoreline caves used by otters were identified as resting places or as potential holts and these 
are included on the fauna mapping in Appendix J1 of the EIS, Figure 2.  These small caves situated 
along the coastline have been formed by coastal erosion.  Only 3 potential holts were identified, two 
of which were considered to be active (of these two, the one at Glengad was considered to be an 
occasional holt, with some evidence of use of this burrow by foxes also). None of the three holts 
identified could be confirmed as active breeding holts at time of survey in early 2010.  

Despite intensive searches close to the shore, with some searches into the adjoining hinterland, no 
certain principal, or natal, otter holts have been found.  The holt at Glengad is in use by otters on 
occasion; while it may have some potential as a breeding holt, is in an unusually exposed location for 
a breeding holt.  

Further details on otter activity in the area from all surveys are given in Appendix J1 of the EIS along 
with details of holts, resting places, spraints and the otter diet. Holts identified and other signs of otter 
activity (spraints, feeding signs, footprints and paths) have been mapped.  

Short-term impacts on otters are to be expected.  Otters use all of the Bay area as foraging habitat 
and there are numerous resting places along the shores of the Bay. The foraging range of individual 
otters will undoubtedly be affected to some extent during construction works. Impacts on otters are 
expected to be temporary slight negative, to potentially moderate negative during construction. No 
impacts on otter holts or resting places are expected.   
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Bats (Annex IV) 

Very few bats were recorded in the study area (please refer to Appendix J1 of the EIS for details).  
Bat species within the survey area are not expected to be affected by either the construction phase or 
operation phase.  Loss of vegetation and temporary loss of habitat during construction will not affect 
bat populations to any measurable extent.  Construction works would have little or no impact on bat 
movements in the Bay area and will not affect foraging habitats for bats in the area to any measurable 
extent.

Potential impacts on bats during construction are expected to be temporary Neutral or Imperceptible 
Negative.

Marine mammals (Annex II and Annex IV species) 

No marine mammals are listed as qualifying species for the cSAC, or as being of special importance 
to the cSAC.  

Based on extensive survey and monitoring programmes in 2001-2, 2005, 2008 / ongoing (See the 
Supplementary Update Report to the Offshore EIS, 2010) the only marine mammals apart from otters, 
known to use Sruwaddacon Bay are harbour seals (Phoca vitulina) and grey seals (Halichoerus 
grypus) To date there are no records of cetaceans occurring in  Sruwaddacon Bay. The occasional 
presence of harbour porpoise (Phocoena phocoena) and larger odontocetes (e.g. dolphins) cannot be 
ruled out; however, while they are known to occur in Broadhaven Bay, it is unlikely that they would 
enter the shallower waters of Sruwaddacon Bay, unless pursuing prey species. Despite the 
unlikelihood of their presence, potential impacts on odontocetes have been assessed.  

Noise  

The tunnel boring machine (TBM) operates by slowly rotating a cutter head that will produce a low 
level ground vibration through the sediments and water column above the route of the pipeline. Since 
sound moves differently through water than it does through air, it is also measured differently for the 
two media. Noise travelling through air is typically measured in decibels (dB) relative to a reference 
pressure of 20 micro-Pascals ( Pa); however, as water is denser than air, sound travels much faster 
and further, so noise travelling through water is measured in dB relative to a much lower reference 
pressure of 1 Pa. Since our hearing responds logarithmically to received sound levels, the ratio to 
the reference is also expressed in logarithmic terms, in dB: 

0

log20)(
P
PdBSPL

where SPL is the Sound Pressure Level and P0 is the reference, 1μPa. Every 20dB thus represents a 
ten-fold increase in SPL.  

These reference pressures are standards adopted among acoustic engineers. Since the reference 
pressures that apply to the two mediums are not the same, direct comparisons between 
measurements taken in air and water cannot be made. 

The likely groundborne vibration arising from tunnelling was modelled for the proposed pipeline route, 
sediment type and expected geological profiles at selected points along the proposed profile (See 
Appendix H3 of the EIS). The model shows that the main output frequencies occur at 16Hz, 20Hz, 
31.5Hz, 40Hz and 63Hz.  The vibration outside this frequency range is not of significant amplitude 
and the responses are generally below 10Pa (140dB re. 1 Pa).
The vibration model shows that the highest underwater noise output is at 31.5 Hz with a pressure 
level of around 100Pa (160dB re. 1 μPa) within a few metres of the TBM, decreasing to less than ca.
30Pa (149.5dB re. 1 μPa) within a 30m distance from the TBM, and ca. 18Pa (145 dB re. 1 μPa) at a 
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distance of 90m.  At higher and lower frequencies the pressure level (dB re. 1 μPa) is generally lower 
and also declines with distance from the TBM.   

Frequencies of 4, 25 and 63Hz also show moderate outputs of between 145dB re. μ1Pa and 150dB 
re. 1μPa (See  Appendix H3 of the EIS).  Outside of these frequencies, the responses were generally 
below 10Pa (140dB re. 1 μPa).  

On average the sound output within the frequency range modelled (i.e. 1-100Hz) ranges from 160dB 
re. 1 μPa to 120dB re 1μPa within 10m of the TBM to about 140-120dB re 1μPa at 90m distance.  
These sound levels are the highest modelled.  They represent the situation directly above the cutting 
face and propagating along the axis of the tunnel during high water; they show a clear decline with 
distance.  A slightly faster decline in noise levels with distance from the source will occur at right 
angles to the path of the tunnel. 

These modelled results can be compared to a frequency of 20-100Hz recorded for a 14m diameter 
tunnel from Hamburg to Elbe through a mixed sediment type (clay, sand gravel and boulder) or 20-
80Hz recorded for the 4 metre Boston MWWST tunnel through hard rock and limestone. 

Owing to the tidal nature of the site, the proposed route of the TBM will pass beneath sediments 
exposed by the receding tide for significant periods of time. A review of the bathymetric profile in 
Sruwaddacon Bay (Chapter 14 Figure 14.2) shows that less than 2% of the route lies below lowest 
astronomical tide (LAT), whilst around 38% remains exposed when the tide is at mean sea level 
(MSL). Consequently, whilst the propagation of groundborne vibration  will be occur through the 
seabed throughout construction, temporally this will only also impact the overlying waters in respect of 
underwater noise for a proportion of the time. These areas relate mainly to the channel areas 
represented by between 2 and 44% of the route during maximum and minimum low water periods, 
respectively.  The excavation of the tunnel by the TBM will neither be static nor continuous with the 
tunnel expected to advance around 11m on average per day, and to be underway for less than a third 
of the total operational time per day (See Chapter 5 of the EIS). 

Background noise levels 

Ambient underwater noise levels depend upon a number of factors, including surface interaction 
between wind and waves, rainfall, marine animals and shipping. Early studies into ambient noise 
levels (Knudsen et al., 1948 and Wenz 1962) determined relationships between descriptors of 
physical and anthropogenic noise sources (e.g. ships; wind speed) and noise spectrum level in the 
deep open ocean. In shallow water (which includes the North Sea and the waters around Ireland), 
there is greater spatial and temporal variability in ambient noise level. Ambient noise levels would be 
expected to be higher in coastal locations due to the noise from breaking surf; the movement of 
shingle, sand, gravel and other sea/coast interactions; and from ships (near ports, harbours and 
shipping lanes) and smaller vessels. Thomsen et al (2006) published results on the measurements of 
ambient noise around wind farms in the North Sea, with results showing a 1/3rd-octave spectrum 
typically peaking at just below 115dB re 1μPa at around 20 to 30Hz but falling to below 95 dB re 1μPa 
above 250Hz (Figure 5). Other common ambient background noises are quite natural and relate to 
the clicking of communicating crustacea (1 to 100kHz), or are anthropogenic and relate to marine 
engines. These can vary from fast running outboard motors (152-156dB re 1μPa @ 630Hz to 6.3KHz) 
or slower running fishing type vessels (151dB re 1μPa @ 250Hz to 1KHz). Vessel noise is broadband, 
ranging from 10 Hz to 10 kHz or more, and source levels can vary by vessel type from 157 to 187dB 
re 1μPa for a variety of vessel types travelling at 10 knots (Kipple and Gabriele, 2004). Other ship 
borne devices, such as sonars and echo sounders, typically operate at 100 to 500KHz frequency in 
shallow water environments.  

Noise impacts on marine mammals 

Impacts to marine mammals will vary with the sensitivity of the receptor species. The baleen whales 
(mysticetes), whose collective auditory range of 7 Hz to 22 kHz can be classed as low-frequency 
(Table 7; after Southall et al., 2007) are not found in the waters of the Sruwaddacon, although they 
have been recorded further out in Broadhaven Bay. While low-frequency noise propagates further 
than higher frequency noise in optimal conditions, it may be possible that mysticetes are impacted by 
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the noise from tunnelling; however, the shallow and tidal nature of the site is not conducive to 
transmission of low frequency sound, and it is expected that this will be rapidly dissipated in the 
intertidal and nearshore environment. As such, baleen whales are not anticipated to be impacted by 
the operations. Of the toothed whales and dolphins (odontocetes), only the smaller species could be 
expected to occur within the estuary on rare occasions, whilst the seals (pinnipeds) are commonly 
recorded at the entrance of the Bay and can be occasionally seen to venture into the Sruwaddacon to 
forage or haul out. Table P7 summarises the typical auditory range for all of these species, although 
the sensitivity of these ranges may alter significantly with the frequency. Kastelein et al. (2002) 
showed that the harbour porpoise exhibited a very wide hearing range with relatively high hearing 
thresholds, although this was relatively poor (ca. 92-115dB re 1μPa) at the lower frequencies 
produced by the TBM. Hearing was notably more sensitive (i.e lower thresholds) in the mid and higher 
frequency bands (60-80 dB between 1 to 8KHz, falling to only 32 to 46dB from 16 to140kHz, 
respectively. Consequently noise output from the TBM below 100Hz is unlikely to interfere with the 
sounds used for routine foraging and communication activity of the odontocetes encountered in the 
region.

Figure 5. Summary of Modelled TBM Sound Pressure Levels compared to expected 
ambient background noise and the Audiograms of Harbour Porpoises and Harbour 
Seals
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Table P7: Summary of key hearing frequencies for sensitive receptor species and criteria for injury (after 
Southall et al. 2007) (**Annex IV,  * Annex II)

Species of marine 
mammal Potential for 

occurrence in 
Sruwaddacon Bay 

Approximate 
distance from 

nearest sighting 
to  where the 

estuary narrows 
at Rossport Pier 

Estimated 
auditory 

bandwidth 
(hearing group†)

Criteria for injury†

** Sei whale  
(Balaenoptera borealis)

Not expected 
11 km 

** Minke whale 
(Balaenoptera 
acutorostrata)

Not expected 
5 km 

7 Hz to 22 kHz 

(Low-frequency 
cetaceans)

Sound Pressure 
230 dBpeak re.1μPa (flat) 

Sound exposure 
198 dB re.1μPa2-s(Mlf)

** Killer whale  
(Orcinus orca)

Not expected 
8 km 

** Risso’s dolphin 
(Grampus griseus)

Not expected 4 km 

** White-beaked dolphin 
 (Lagenorhynchus 

albirostris)
No expected 13 km 

** White-sided 
dolphin(Lagenorhynchus 
acutus)

Not expected 3 km 

** Common dolphin 
(Delphinus delphis)

Not expected§ 4 km 

** Bottlenose dolphin 
(Tursiops truncatus) Rare§ 1.5 km 

150 Hz to 160 kHz 

Mid-frequency 
cetaceans

Sound Pressure 
230 dBpeak re.1μPa (flat) 

Sound exposure 
198 dB re.1μPa2-s(Mmf)

** Harbour porpoise 
(Phocoena phocoena)

Rare§ 2.5 km 

200 Hz to 180 kHz 

(High-frequency 
cetaceans)

Sound Pressure 
230 dBpeak re.1μPa (flat) 

Sound exposure 
198 dB re.1μPa2-s(Mhf)

* Harbour seal (Phoca 
vitulina)

Rare to occasional 
0 km 

*Grey Seal (Halichoerus 
grypus)

Occasional 0 km 

In water: 75 Hz to 
75 kHz 

In air: 75 Hz to 30 
kHz

(IN WATER) Sound 
Pressure 

218 dBpeak re.1μPa (flat) 
Sound exposure 

186 dB re.1μPa2-s(Mpw)

(IN AIR) Sound Pressure 
149 dBpeak re.20μPa (flat) 

Sound exposure 
144 dB re.20μPa2-s(Mpa)

†Data from Southall et al., 2007, Table 2 and Table 3. 
§ For assessment purposes it is assumed that these species would occur rarely, if at all. 

The hearing sensitivity of harbour seals is marginally greater than that of the cetaceans for the lower 
frequencies with a central hearing range of around 8 to 16kHz, and potentially with some infrasonic 
perception (Figure 5). The summary figure shows that the higher frequencies produced by the TBM 
might just be detectable by the seal on the very limit of its auditory range when within close proximity 
to the drilling location, but this level is well below any threshold for damage for this species 218dB 
re.1μPa, Table P7). The majority of the TBM frequencies will be imperceptible to this group.   
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Overall, the majority of noise energy produced from the TBM operation in water is below 100 Hz; any 
vibration outside this range is unlikely to be of an amplitude high enough to affect marine mammals. 
The hearing sensitivity of the high and mid frequency cetaceans along with the pinnipeds falls rapidly 
below 100 Hz. Table P7 also lists example criteria contained within Southall et al. (2007) which have 
been adopted by the UK Joint Nature Conservation Committee (JNCC) as a suitable criteria to 
determine what constitutes an ‘injury offence’ in accordance with Article 12 of the Habitats Directive. 
The TBM noise output model shows that the expected maximum outputs fall well below these limits. 
Consequently, the overall impact of the TBM noise to marine mammals is expected to be 
imperceptible and temporary. No mitigation procedures are deemed necessary for this the level of 
impact.

Fish – Lamprey (Annex II)  

The Brook Lamprey (Lampetra planeri), which is non-migratory, is the only lamprey species to have 
been recorded with certainty in the wider study area i.e. in the Bellanaboy River (Poole et al., 2005).   
However, there have been reports of unidentified lampreys in one of the small streams crossed by the 
route, namely the Leenamore River (at the Site 4 crossing point) (Aquens, 2003).  This species is 
likely to be Brook lamprey also but could possibly be river lamprey (L. fluviatilis) as they are very 
difficult to tell apart when immature. River lampreys usually enter rivers in early spring to spawn and 
have also been recorded in the Boyne entering in October-November (pers. comm., CFB).  The 
Central Fisheries Board did not record any lamprey from their phyke net surveys undertaken in 
October 2006 near the confluence of the Muingnabo and Glenamoy rivers in upper Sruwaddacon 
Bay, nor in a subsequent survey in 2008. 

Sea lamprey (Petromyzon marinus) is a large species, which would only occur, were it present, in the 
Muingnabo and Glenamoy Rivers, where it would most likely spawn in the lower or middle reaches.  It 
is a large species and unlikely to go undetected by anglers, which suggests that it does not in fact 
occur within the study area, from where it has not been reported either by the NPWS or the NWRFB.   

Habitat disturbance - Leenamore River: There are no known Annex II species within the Leenamore 
River.  However, the presence of river lamprey cannot be entirely ruled out on the basis of our current 
knowledge and so there is a remote possibility that an open cut crossing of a small stream in the 
upper reaches close to the Bellanaboy Terminal could give rise to sedimentation which would damage 
habitat further downstream that might be suitable for juvenile river lamprey.  This is considered a very 
remote possibility, however, because the scale of the works is very modest (i.e. a short open-cut 
crossing) and adequate mitigation measures will minimise any sediment loss. 

Noise Impact 

Neither river lamprey nor sea lamprey have been recorded within the catchment of Sruwaddacon Bay, 
however, they cannot be definitively ruled out as occurring.  There does not appear to be any specific 
data available on the auditory sensitivity of lamprey, but the fact that they are very primitive 
vertebrates, without a swim bladder, would suggest that they have a low sensitivity to sound and 
therefore are very unlikely to be adversely impacted by TBM noise..  

5.2.2.7 Other fish species  

Trout were observed by Knudsen et al., 1992 to react in a similar way to noise as salmon smolts, 
such that the scenario outlined above for smolt should be similar for trout.  It is notable that their 
audiogram indicates that they are less sensitive to sound than salmon over the same frequencies 
(Nedwell, et al., 2006). 

Noise Impacts to Marine Fish other than Salmon and Lamprey  

The majority of resident marine fish species will be limited to the channel areas for most of the time, 
and periodically only move into shallow waters over the main banks to feed with the advancing tide.  
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The sensitivity of different fish species to noise and vibration is dependant upon whether the fish has 
a swim bladder or specialised auditory couplings within to the inner ear (e.g. herrings). These make 
them more sensitive to sound pressure waves. Species without specialised auditory coupling (e.g. 
cod) or fish with a reduced or absent swim bladders (e.g. flounder, mackerels and rays) have lower 
sensitivities (Fay 1988). Further details of noise impacts on other marine fish species are given in 
Chapter 14 of the EIS. 

Behavioural response by fish to noise and vibration is related to the perceived loudness of the sound. 
(See Table P5) carried out an assessment of fish avoidance from noise and vibration produced during 
a construction project. He produced criteria for fish behavioural responses and concluded that this is 
based on the level of noise in dB above the hearing threshold of the fish (i.e. dBht). The range of 
responses listed in his 2007 report were as follows:  

 90 dBht (species) and above – Strong avoidance reaction by virtually all individuals; 
 50 - 90 dBht (species) – Strong reaction by the majority of individuals, but habituation may limit 

the affect.  
 0 – 50 dBht (species) – Mild reaction in minority of individuals, probably not sustained  

Outputs from the vibration modelling show a worst case scenario for underwater noise occurring at 
high tide, along the axis of the tunnel and at a frequency of 31.5Hz.  At 90m from the TBM, the 
modelled underwater noise level is 145 dB re. 1 μPa.   

Assuming an average auditory threshold for fish species within Sruwaddacon Bay of 100dB re 1 Pa
(approximate lower threshold for Atlantic salmon), the Nedwell data above would suggest that the 
likely effect of the tunnelling activities at this distance would result in a mild reaction in the minority of 
individuals.  Within 30m of the TBM, where the modelled worst case noise level is 149.5dB re 1 Pa, it 
is likely that the response of fish could be at the threshold of ‘strong reaction’ but that the effect could 
be limited by habituation.   

Data which is available on the Atlantic Salmon is considered in Chapter 13, where it is concluded that 
TBM noise will have a negligible adverse impact on salmon and that the impact on trout and lamprey 
(were they to be present in the bay) would be similarly low.  Consequently, it is considered that, given 
the lack of available data on other marine species, it is not unreasonable to use lower level values 
that are available for the Atlantic salmon as a basis for the assessment of responses of these other 
species to TBM noise in the water column.  This approach would suggest that the tunnelling activities 
are likely to have a negligible adverse impact on marine fish species in Sruwaddacon Bay, similar to 
that for the Atlantic Salmon.   

It is important to note that, the duration if this impact will be small as this is limited by actual drilling 
time (ca. 1/3rd) and will only occur whilst the seabed is covered by water.  Consequently, impacts to 
the marine fish species caused by noise and vibration are expected to be negligible and short term. 

5.2.2.8 Other bird species - neither qualifying, nor of special interest for the cSAC  

During construction, in addition to a small permanent loss of habitat at the footprint of the landfall 
valve installation (approximately 20m x 22m), there will be also be temporary loss of foraging habitat 
in areas adjacent to the landfall valve installation, including the access road.  These works will also be 
located in areas of improved agricultural grassland of low ecological value and of low ornithological 
potential. Construction impacts are expected to be localised, direct, moderate, and temporary in all 
but the footprint area of the LVI and access road.  

The landfall valve installation is located immediately to the south of an active Sand Martin colony 
(Colony A) at Glengad and within 200m of another, smaller Sand Martin colony (Colony B). Studies 
since 2002 have shown that the birds return each year and use the same burrows for breeding. They 
usually arrive in late April/early May and depart in September.  The LVI is not expected to impact on 
Sand Martin feeding behaviour as they forage over a wide area in the locality. 
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It should be noted that construction activities on the cliff and causeway in 2002, 2008  and 2009 did 
not appear to interfere with the Sand Martins and they appeared to feed (on the wing) normally and 
undisturbed, and bred successfully. At that time a foreshore exclusion zone was also set up such that 
no personnel or vehicles were allowed on the foreshore directly below the colony. 

Potential impacts associated with disturbance by human presence might be expected, however Sand 
Martins are a species which is extremely tolerant of noisy activities and is known to nest in noisy sand 
quarries.  Impacts on the Sand Martin colony are therefore expected to be temporary Imperceptible to 
Slight Negative and Neutral in the long term. 

5.2.3 Potential impacts on bird species in the pSPA in general 

It should be noted that, when assessing impact levels on qualifying bird species and species of 
special conservation interest for the cSAC and pSPA, the impact magnitude on a designated site of 
international importance and the species of importance to that site cannot be given a value lower than 
Moderate (EcIA guidance, NRA and IEEM), even though the likelihood for disturbance may be 
extremely low, and the corresponding potential impact of a highly localised and temporary, even 
transient, nature (See Appendix J1 of the EIS, Table 7). 

Potential impacts on birds are summarised in Table P14, and are considered below in more detail. 
They include: 

 Habitat loss and degradation  
 Disturbance – lighting, construction noise and vibration  
 Indirect sources of disturbance – interaction of various impacts; increased human activity; 

traffic movements; risk of collision from cranes, light arrays, fencing etc.  

5.2.3.1 Habitat Loss and Degradation  

The habitats of greatest importance within the pSPA traversed by the pipeline route are the intertidal 
and estuarine areas of Sruwaddacon Bay.  The use of a segment lined tunnel will avoid impacts to 
intertidal habitats. The potential impacts on intertidal habitats of an intervention pit, if required in a 
worst case scenario, are described in detail in Chapter 14 of the EIS.  

5.2.3.2 Disturbance - Lighting 

It is accepted that artificial light can disturb activity patterns, phenology, and hormone regulated 
processes of many animal species (e.g. Longcore & Rich, 2004; Navara & Nelson, 2007; Rich & 
Longcore, 2006).  The impact of artificial light on birds has been the subject of research for 
behavioural ecologists in terms of inappropriate night-time singing in birds (e.g. Miller, 2006) and 
disorientation in nocturnal migrants (e.g. Poot et al., 2008).  The foraging success of several wading 
bird species is known to be related to light level indicating that visual cues are important in the 
detection of their benthic prey (e.g. Evans 1987).  Many of the wading bird and wildfowl species 
overwintering in the Sruwaddacon bay also forage at night to meet their energetic requirements.  
There is virtually no light pollution present and nights, except for moonlit nights with clear skies, are 
dark.

Artificial light at Aghoos (SC3) during the construction of the pipeline 

The Aghoos tunnelling site compound (SC3) will require lighting for health, safety and security 
reasons.  It is in relatively close proximity to the southern shore of Sruwaddacon Bay.  Details of the 
proposed lighting for compound SC3 are given in Chapter 10 of the EIS. The compound lighting and 
the lighting of structures such as cranes has the potential to impact on birds in the vicinity of the 
compound – both terrestrial and waterbird species. 
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The lighting arrays at SC3 will be present for a prolonged period and the poles upon which the 
downward facing white lights will be secured will be up to 8m in height.  These brightly lit areas could 
impact on birds within the zone of influence in a number of ways: 

 Birds could choose to avoid well lit areas. This would be significant if the avoidance area was 
extensive, and if it coincided with important resources (e.g. feeding, roosting, commuting 
routes) of the affected birds. 

 Birds could be attracted towards the light and increase their energy expenditure in 
approaching the lit area.  The lighting arrays and above ground structures could pose a 
collision risk in these circumstances.  This impact would be most serious if it were to impact 
on migrating birds and or typically pelagic species.   

 Birds could be more watchful (of predators) feeding in areas on the foreshore that had light 
trespass from the compound at Aghoos.  Restlessness and increased physiological stress 
would be a potentially negative impact if preferred roosts and feeding areas were to be 
exposed to considerably increased light intensity during the nocturnal period.  

 The lighting could cause inappropriate nocturnal singing and territorial disputes in terrestrial 
bird species. 

 Artificial lighting could increase predator activity, and capture success, of roosting and feeding 
birds within its zone of influence. 

 Artificial lighting might impact upon the prey availability and foraging success of birds through 
disorientation, glare, changes in the behaviour of prey etc. 

Lighting and known concentrations of birds 

The position of site compound SC3 at Aghoos is set back a short distance from the southern shore 
line of Sruwaddacon Bay which gives rise to a risk of light spillage onto the foreshore area.  The 
indicative bird usage mapping at low and high tide (Figures 3.1, 3.2 and 3.5) illustrate clearly the 
concentrations of birds within the bay in relation to the proposed compound.   

Aghoos is several kilometres from the open water of Broadhaven Bay and the north Mayo coast, and 
would not be expected to be a significant attractant of pelagic or coastally migrating birds at night.  
However, birds feeding or roosting close to the mouth of the Leenamore River could be at risk of the 
light disturbance effects described earlier.  The results of the breeding and non-breeding season 
surveys indicate that the area around Aghoos does not support many feeding birds of any species, 
and there have been no records of birds using this area as a high-water roost.  A walkover of the site 
of the pipe-stringing area (PSA), site compound area (SC3) indicated that these habitats support a 
very poor diversity and overall abundance of bird species.  Therefore the risk of lighting as a potential 
cause of significant disturbance to birds in the zone of influence of the compounds would be 
considered low.  Appendix J1 of the EIS, Appendix 17 Figure 17.3 shows the proposed lighting 
regime at SC3 and light levels in the intertidal zone.  

Lighting of the compounds at Glengad (SC1 and SC2) will not be required for general works, but may 
be required occasionally. The provision for lighting will be the same as that used in 2008 and 2009 
during the landfall works for the offshore pipeline, and not of the same height or intensity as that 
required at Aghoos SC3. If the Glengad compounds do need to be lit for any reason, then there would 
be some potential for light spillage resulting in temporary impacts on birds in the immediate vicinity.     
Potential impacts resulting from light emissions are expected to be temporary or short term (SC3), 
and localised slight to moderate (depending upon location) negative. 

5.2.3.3 Disturbance - Noise  

The potential for noise disturbance is obvious to anyone that has observed a flock of birds take flight 
in response to a sudden loud noise.  Hearing in birds and the potential for noise to cause disturbance 
in various circumstances and species has been discussed at length in the scientific literature (e.g. 
Dooling 2002).  In recent years it has been found that, apart from loud intermittent noise and its 
“scaring” effect, that ongoing noise “pollution” can have subtle but biologically significant impacts on 
birds.  For instance, it has been discovered that in urban environments that songbirds sing louder and 
with a depleted repertoire when compared to rural conspecifics (Yong, 2008).  Noise pollution has 
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been shown to have a negative impact on species diversity in certain circumstances and that nest 
productivity can vary significantly between noisy and quiet areas (Science Daily, 2009). 

However,  although pyrotechnics and acoustic bird scarers are still marketed as effective bird 
deterrents it is now known that the “banger” type devices are of limited effectiveness due to rapid 
habituation of resident birds (Bishop et al. 2003).  Similarly, it is observed that many birds can 
habituate to road traffic noise, industrial noise etc.  Ultrasonic devices marketed as bird scarers are 
likely to be completely ineffective as it is known that most bird species are less sensitive than humans 
above 15kHz (Dooling, 2002).   

Noise during the construction of the pipeline 

There will be several sources of potential noise disturbance to birds during the construction of the 
onshore pipeline.  The machinery concentrated at Aghoos tunnelling compound will be the most 
significant source of potential noise disturbance.  Generators, operation of heavy plant, the separation 
plant, assembly of machinery, traffic, general construction noise, erection of fencing and other 
structures, human vocalisations etc. all have the potential to be disruptive to birds within range of 
these noise sources. Details of noise emissions are given in Chapter 9 of the EIS. 

The noise impacts on birds may be separated into:  

 those resulting from ongoing background noise features from general construction activity and 
operation of generators etc.; and  

 those which are “unexpected” peaks in noise levels that could startle birds within close 
proximity of the noise source.   

During compound installation and decommissioning phases the likely noise levels and sudden peaks 
are more likely as the activities are different than ongoing works, and less amenable to attenuation by 
acoustic screening.   

During the terrestrial phases of pipe laying the noise of the construction activities and reinstatement 
has the potential to affect terrestrial as well as waterbirds – though this noise is more akin to the noise 
emanating from machinery involved in normal agricultural land management practices. 

A range of variables will determine how increases in noise level are transmitted to birds in the 
proximity of the works – e.g. prevailing winds, wind speed, precipitation, cloud base/cover, tidal state, 
time of day, background noise from other sources. The potential impacts caused by noise associated 
with the construction activities might include: 

 Avoidance of affected areas by certain bird species or individuals 
 Increasing the difficulty of normal vocal interaction between birds in the vicinity of noise 

sources 
 Increase in restlessness or physiological stress of birds feeding, nesting or roosting in the 

affected areas 
 Change in the pattern of usage of impacted areas as a result of differences in tolerance of 

certain species to increases in noise levels 

Noise sources and known concentrations of birds 

The area with the most persistent and noise- causing activities will be the tunnelling compound at 
Aghoos (SC3).  The construction of the compound, its operation and eventual decommissioning, all 
have the potential to disturb the local bird community.  The noise sources are described in Chapter 9 
of the EIS, and include the various activities associated with the tunnelling operation.  Other 
potentially noisy activities include the unloading and loading of materials, and general construction 
traffic.  

The area where site compound SC3 is to be located is unimportant for terrestrial birds and is not 
situated close to any areas of high waterbird concentration (See Appendix J1 of the EIS, Figures 3.3 
and 3.7).  Without mitigation there would be potential for greater impact on those birds that choose to 
stay in the area around the works. 
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At Glengad the noise associated with the construction of the LVI, the operation of the LVI site 
compound (SC1), and tunnel reception compound (SC2) has less potential to negatively impact upon 
nearby concentrations of terrestrial and waterbirds. The duration during which these compounds will 
be fully operational is significantly shorter than the works area at Aghoos and there will be significantly 
less noise--generating activity in the two Glengad works areas.  However, given the proximity of the 
Glengad compound to sensitive areas for birds it is likely that noise impacts could (without mitigation) 
lead to a diminished usage of the nearby parts of the estuary at certain times by key species.   

However, it must be noted that the recent experience of the operation of a construction compound at 
Glengad (landfall works for the offshore pipeline) has provided evidence of the continued usage of 
nearby areas by Brent Geese and Sand Martin, and also usage of the high water roost area to the 
east of the proposed works area.  The landfall works in 2009 were closer to the sensitive area for both 
of those key species than SC2 will be (Plate 34, Appendix 15), and no discernable avoidance or 
diminished resource usage was recorded during the period when the landfall works were taking place. 

Potential impacts on birds from noise emissions are expected to be temporary to short term 
(depending upon location), localised, moderate negative. 

Noise and vibration associated with the tunnelling operation 

The construction of a segment-lined tunnel under the Bay from Aghoos to Glengad will involve the 
operation of a Tunnel Boring Machine (TBM).  Details of this construction methodology are given in 
Chapter 5 of the EIS.   

It is not predicted that noise impacts from the operation of the TBM will increase the audible noise at 
the surface of the bay under which it is passing.  The overburden will attenuate the noise from the 
rotation of the TBM and lining of the tunnel. 

The indicative areas of high bird usage maps (Figures 3.1, 3.2 and 3.5) show the areas where bird 
concentrations occur at low tide and high tide.  The tunnel is generally located mid-bay apart from the 
launch and reception ends.  The route does not pass under any of the areas of high bird 
concentration.  The high water roost on the sandbank near the Glengad end is of importance for a 
range of species however, the proposed route passes underneath the extreme southernmost part of 
the roost area.  This area is large and elevated and space is not at a premium for birds roosting at this 
location.  In the unlikely event of a portion of the roost area being disturbed for the short period when 
the TBM would be passing under this area there is no shortage of alternative high-water roosting 
areas in the immediate locality. 

The TBM will move forwards very slowly, with an expected average horizontal progress of 11m per 
day.  It will rotate at a very low frequency of approximately 6 rotations per minute, and operates 
intermittently - approximately 15 to 20 minutes - in each hour, there being no vibrations produced 
during the remainder of each hour. As a result, no high frequency vibrations or noise are produced 
during this operation.  The vibration levels that will be felt at or near the surface of the substrate over 
the actively rotating boring head will be, at worst, 0.16 mm/second  (160 micrometres per second) 
r.m.s. broadband value (ie. total vibration between 1 Hz and 100 Hz), a PPV equivalent of 0.5 
mm/second.  The highest predicted velocity is 0.16 mm/second r.m.s. at 31.5 Hz. This level might be 
expected to be just perceptible at the onset. Vibration velocities typically halve with each doubling of 
distance from the TBM, reducing to 0.035 mm/s at 80m distance from the TBM at which distance it will 
not be perceptible. mms-1 RMS (See Chapter 9 of the EIS for further details).  

It is noted that it is the rotation of the cutting face of the TBM which will produce the vibration. Noise 
and vibrations from other processes within the tunnel such as logistics and placement of the segment 
lining will be negligible. The gradual forward movement of the TBM, means that the potential impact 
on birds feeding on the surface will be highly localised and temporary, lasting for one or two days - at 
most - in any one location. 

Given the low level of vibration (predicted to represent a worst case scenario) associated with 
tunnelling, the potential for disturbance of birds or their benthic prey would appear to be highly 
localised (spatially and temporally) in extent, however, given that it is within the pSPA it is classed as 
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moderate5 negative at most in line with the NRA, and IEEM, EcIA guidelines.  If there were to be 
perceptible impacts associated with the passage of the TBM under any area of the Bay the potential 
impacts on birds or their prey are unlikely to be anything other than highly localised and temporary. 
Impacts on benthic fauna are discussed below and in Chapter 14 of the EIS. 

5.2.3.4 Indirect Sources of Disturbance 

There is the potential for different sources of disturbance to have an additive or synergetic impact e.g. 
noise and light disturbance.  There are also other potential sources of disturbance that may transmit 
multiple possible stimuli to birds and their environment.  For instance, the movement of vehicles and 
personnel can have multiple potential impacts on birds and their environment. 

Traffic to and from the construction footprint, especially the compounds, has the potential to disturb 
birds in the wider area, including pSPA species.  Erection of fences, gantry cranes, etc. could 
increase the risk of collision by birds commuting during period of low visibility (fog, low light). 

Such impacts would be expected to be temporary, slight to moderate and highly localised.

5.2.3.5 Potential impacts on the pSPA qualifying and listed bird species of interest 

As stated above, it should be noted that, in accordance with EcIA guidance when assessing impact 
levels on qualifying bird species and species of special conservation interest for the pSPA, the impact 
magnitude on a designated site of international importance and the species of importance to that site 
cannot be given a value lower than Moderate, even though the likelihood for disturbance may be 
extremely low and the potential impact of a highly localised and temporary - even transient - nature. 
(see Appendix 2 of this report). 

In order to assess the potential impact on the qualifying species for the pSPA and cSAC, it is 
necessary to put the numbers of any of these species, which have been recorded in the area in recent 
years, in the context of the pSPA population as a whole. The qualifying and special interest bird 
species for the cSAC and pSPA, which have been recorded in the Sruwaddacon Bay area in recent 
years are shown in Table P8, along with the percentage of the known pSPA population6 for each 
species.  

Note for clarification: it should be noted that, although the pSPA ‘population’ (as used here in and in 
subsequent paragraphs) is referred to as ‘flock’ in Chapter 12 and Appendix J1 of the EIS, the 
quantification in percentage terms is not affected by the difference usage of words in this context. 

None of these species, with the exception of Brent Goose, are present in the wider Bay area in 
significant numbers at any time. Brent Geese usage is concentrated in the outer sections of the study 
area (Figure 3.3) and not within Sruwaddacon Bay itself. 

Qualifying species for the pSPA are: Ringed Plover, Bar-tailed Godwit and Sandwich Tern

 Only Ringed Plover are frequently recorded in appreciable numbers within or close to the 
mouth of Sruwaddacon Bay.  The feeding flocks of Ringed Plover during the winter months 
are typically concentrated in the mid-inner bay (Figure 3.4).  Numbers fluctuate greatly 
between survey visits and the use of the Sruwaddacon Bay areas in which they are recorded 
are probably part of a range of feeding patches used by these species in the wider locality.  
Their distribution in the Bay may be described as scattered with occasional concentrations, 
and typically highly mobile. The area of concentration, as shown in Figures 3.2 and 3.4, is 
only occasionally used. The highest numbers of Ringed Plover recorded represent a small 
proportion of the pSPA population. Given the distance of their main concentration from the 
route of the tunnel and the Aghoos construction compounds, the likelihood that there will be 

5 Impact magnitude level is ‘moderate’ because of its being within a site of International importance; the equivalent the impact
level using EPA guidance would be considered ‘imperceptible’. . 
6 This is based on two sources (Crowe, 2005) and information received from NPWS in 2009 in relation to the proposed 
redesignation of the pSPA.
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any visible change in behaviour patterns is extremely low. There may be some temporary 
displacement, but with only a very low risk of disturbance (because of their highly mobile 
behaviour patterns). Any impacts on Ringed Plover as a result of the construction of the 
proposed development are expected to be temporary, highly localised and moderate, No 
impact on the Ringed Plover population in the wider pSPA is anticipated. 

 Bar-tailed Godwits have not been recorded within Sruwaddacon Bay over the past two winter 
survey seasons.  No impact on Bar-tailed Godwit is expected. 

 Sandwich Terns are recorded feeding within inner Broadhaven Bay, on occasion, during the 
summer months, and the approaches to the mouth of Sruwaddacon Bay, but they rarely are 
encountered in any numbers within Sruwaddacon Bay itself. (An historical note on Tern 
species in the pSPA is included in Appendix J1 of the EIS). No impact on Sandwich Terns is 
expected. 

Species listed as special conservation concern for the pSPA are Great Northern Diver, Common 
Scoter and Dunlin. Although not currently listed Brent Goose would also appear to meet qualifying 
interests and is considered below. 

 Great Northern Divers are frequently recorded in Inner Broadhaven Bay and the outer 
sections of Sruwaddacon Bay over the winter period.  However, their numbers are typically 
extremely low in the study area (<5 per survey visit).  Owing to the low numbers of this 
species, even at High Water, any impact on this species is considered to be highly unlikely. 

 Common Scoter is a more pelagic species and has not been recorded near shore or within 
Sruwaddacon Bay in recent survey seasons. No impact on this species is expected. 

 Dunlin numbers within Sruwaddacon Bay fluctuate considerably during the winter months but 
the flocks, while highly mobile, are normally concentrated some distance to the west of the 
Aghoos compound (Figure 3.4).  There is a small risk of temporary disturbance, though the 
area in which most Dunlin have been recorded is within sight and hearing distance of the local 
road, with exposure to traffic and its traffic and human activity. Given the small proportion of 
the pSPA population, and its occasional usage of Sruwaddacon Bay, together with the fact 
that it does not lie directly over the route of the proposed tunnel, the potential impact level on 
Dunlin is considered to be temporary, highly localised and moderate. No impact on the Dunlin 
population in the wider pSPA is anticipated.

 Light-bellied Brent Goose 
Brent Geese as already discussed are found in the area from Rinroe pier, along Rinroe 
strand, feeding off Glengad strand and roosting and feeding near the mouth and in the outer 
sections of Sruwaddacon Bay and North Rossport Bay.  For much of the winter this local flock 
is stable and in numbers a good deal below nationally or important thresholds.  However, 
from late February to April the numbers may exceed the current threshold for international 
importance.  The April 2010 peak of 426 individuals is the peak number recorded for this local 
flock over the past decade and reflects a general increase in the population of this species 
during this period.  The population may currently stand at over 35,000 individuals (Merne 
pers. comm.).  The intensive studies of the local Brent flock have given an excellent 
understanding of their preferred feeding and roost sites during differing weather conditions.  

The important areas for Brent Geese are indicated in Figure 3.3.  

The mainly algal beds, with some  Zostera (Eel Grass),  on which the over wintering Light-
bellied Brent Geese feed are located to the west and north of the landfall at Glengad.  The 
main Brent Goose feeding grounds at Glengad and Rinroe are far enough away to be 
unaffected. by construction activities.  

The algal beds were observed prior to, and throughout the 2008 and 2009 construction 
periods at Glengad. It was very noticeable that, when the Brent geese left on migration in 
April, there was an almost immediate “greening up” of the area. Not only did the growth on the 
algal beds recover very quickly - more so than had been noted in previous years, but also the 
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area of algae has increased significantly. During these construction periods there was no 
noticeable reduction in the extent of the algal beds.  Indeed, the extent and obvious growth in 
the algal beds continued throughout and there is no question that the amount of available 
food crop at Glengad appeared greater in the last two years. The area also appears to be 
extending even further eastwards - along the southern edge  of the channel.  

With regard to the area to the north of the route at the Glengad end of Sruwaddacon Bay, the 
usage of this area is entirely predictable in that the Brent geese use it for occasional roosting 
in bad weather ie. westerlies, or north westerlies as it is sheltered from the west. Owing to the 
accretion of sediments since the mid-2000s the former feeding ground’s algal beds have 
significantly reduced in size resulting in little available food for the geese in terms of algae 
with little Zostera now present. 

The use of segment-lined tunnelling means that this occasional (bad weather) roost will not 
be impacted upon by construction.  The reception pit compound (SC2) at Glengad will be set 
well back from the shoreline.  An intervention pit will only be used in a worst case scenario.  

In addition, it is noted that in 2008 the geese returned from migration earlier than in previous 
years such that the landfall works for the offshore pipeline coincided with the presence of 
these birds. On 27th October 2008 the peak count was 19, at which time Brent geese were 
observed feeding normally and apparently undisturbed by the noisy dismantling of the 
causeway on the foreshore (movement of heavy plant etc.),  within 200-300m of the peak 
activity.  

Furthermore, from consultations with experts such as Mr. Oscar Merne (personal 
communication, September 2008) it is known that Brent Geese in Ireland are unique in their 
rapid habituation to noise and distance.  Brent Geese which return to Broadhaven are likely to 
have come from other areas such as Strangford where they will have become accustomed to 
human activity, and it is the considered that they will quickly habituate to any activities at 
Glengad.   

Finally, it is noted that, unlike flocks in some other locations in the country, the birds in 
Broadhaven have a number of other feeding grounds available to them - in addition to the 
Glengad area  -  for example at Rinroe, north Rossport Bay and other areas further afield in 
the wider locality.  

No impacts on the Brent Geese feeding grounds are expected during the construction works 
for the LVI outfall as this will take place outside the overwintering period. No impact, other 
than a possible minor disturbance, on the Brent Goose flock is anticipated during the 
construction of the onshore pipeline because of the location of their main areas of usage in 
relation to the areas of construction.   

Impacts during construction are expected to be, at most, localised temporary Moderate 
Negative.
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Table P8:  Species of conservation interest: percentage of the cSAC and pSPA population recorded in 
the Sruwaddacon Bay area (2007 to 2009).  Figures in brackets refer to (Low Water) peak counts and 
percentage based on (LW) peak counts.

Species pSPA/cSAC 
status 

Average HW (LW) 
peak counts  2007 

to 2009 during 
Corrib surveys of 

the wider 
Sruwaddacon Bay 

area 

Mean HW 
Peak count 

1995 to 2000 
for pSPA 
(Crowe, 
2005) 

% of pSPA 
population at 

HW (LW) 

Based on 
Crowe (2005) 

Peak HW 
count figures 

for pSPA 
(NPWS  May 

2009) † 

% of pSPA 
population at 

HW (LW) 

Based on 
NPWS (2009) 

Golden 
Plover 

Qualifying 
species for 

cSAC 

1 (0) 849 0.12 - - 

Ringed 
Plover 

Qualifying 
species for 

pSPA 

14.5 (103) 417 3.48 (24.7) 379 3.8 (27.2) 

Bar-tailed 
Godwit 

Qualifying 
species for 

pSPA 

1 (5) 506 0.2 (0.98) 476 0.2 (1) 

Sandwich 
Tern 

Qualifying 
species for 

pSPA 

44 (0) - - [81 pairs at 
Inishderry] 

25 (0) 

In outer and 
middle Bay 

areas 

Great 
Northern 
Diver 

Special 
conservation 

interest for the 
pSPA 

2 (2) 54 3.7 41 4.9 (4.9) 

Common 
Scoter 

Special 
conservation 

interest for the 
pSPA 

0 (0) 449 0 561 0  

Dunlin Special 
conservation 

interest for the 
pSPA 

2.5 (64) 1663 0.15 (3.8) 2003 0.12 (3.2) 

Light-bellied 
Brent Goose 

Special 
conservation 

interest for the 
pSPA 

250 (230)§ 195 128.2 (118) § - - 

† - in submission to Án Bord Pleanála with regard to re-designation of the pSPA (May, 2009) 
§ - In line with count areas throughout Ireland, peak counts of Brent Geese in recent years have exceeded the high water 
peak counts referred to by Crowe (2005). The national population has substantially increased in number (Please refer to 
Appendix J1 of the EIS).

5.2.3.6 Potential impacts on the macrobenthos - food source for pSPA bird species  

Noise Impacts on Benthos 

Unlike noise impacts caused by the TBM to the surrounding air and waters, the impact to the 
sediment environment is based on the vibration produced by the slow rotation drill head (ca 6 
revolutions per minute). Data derived from modelling (See Appendix H 3 of the EIS), predicted the 
highest vibration velocity as 0.16 mm/s (RMS) with a broadband frequency range of 1 to 100 Hz. This 
is equivalent to a peak particle velocity (ppv) of approximately 0.5 mm/s. This can be compared to the 
14m Hamburgh Elbe tunnel, which recorded a ppv of 0.5mm/s between 20 and 100Hz at 50m through 
mixed sediments, or the 4m Boston MWWST tunnel, which recorded a ppv of 0.2mm/s between 20 to 
80Hz in limestone. To place the unit into context, a ppv level of 0.5 mm/s may just be perceptible to 
humans in a residential environment but probably not detectable in water logged sediments where 
minor settlement may absorb some of the energy. Dissipation of the vibration velocities in the field will 
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typically halve with each doubling of distance from the TBM location (i.e. 0.16 mm/s reduces to 
approximately 0.07 mm/s 40 m away and to 0.035 mm/s 80m away ). 

Little or no information is known on the effect of low level vibrations on the benthos. However, given 
the small vibration values modelled and the short term nature of the localised activity, impacts are 
expected to be limited to short term behavioural mechanisms. Vibrations may impact on the benthos 
in the following ways: 

 Consolidation of sands. Sands deposited onto the seabed from suspension usually undergo 
an extended period of consolidation where particles continue to settle into interstitial spaces. 
The introduction of a short period of low frequency vibration may accelerate this process and 
cause some sediments to slump slightly leaving an area of water on the surface. This is only 
likely to effect areas where sediments have previously been disturbed due to other processes, 
such as continued erosion and deposition at the edges of the channel, and current related 
bedforms.

 Benthos migration. Unlike the terrestrial earth worm, which migrates to the surface during 
periods of vibration as a behavioural response to avoid drowning from rainfall, polychaetes 
and other macro-invertebrate species are likely to retract or migrate into the sediment in 
predator-avoidance behaviour. Groups such as the molluscs may simply retract surface 
siphons, whilst surface dwelling amphipods and some polychaetes may migrate vertically 
downwards. In the case of the latter, the depth to which the species can retreat will be limited 
by of the redox discontinuity layer (RDL), where free-oxygen remains available to the 
organism within the interstitial waters. This layer is typically around 2-5cm thick for most of the 
bay (Wilson 2010_1). The impact of vertical migration may be a minor reduction in avian 
predation by species with shorter beaks in the immediate area (ca. 50m) of the TBM location. 
As drilling is not continuous, the more mobile benthos will quickly return to normal behaviour 
immediately after drilling. 

Impacts to the macrobenthos will be imperceptible, very localised and temporary, as the continued 
movement of the TBM will ensure that any given area will not be impacted by more than 2 or 3 days 
at a time during periods when exposed by the tide. No residual impact is expected, so further 
mitigation is not deemed to be necessary.  

5.2.4 Indirect Impacts on Natura sites in the wider locality 

No indirect impacts are anticipated on the habitats and species of designated Natura sites in the wider 
locality as a result of the construction of the proposed development, including the Broadhaven Bay 
cSAC, except in worst case scenario of a large scale pollution incident in Sruwaddacon Bay.  

5.2.5 Cumulative impacts 

5.2.5.1 Introduction 

The potential cumulative impacts on the Natura 2000 sites, from the Corrib onshore pipeline in 
combination with the impacts from other significant projects, are assessed in this section.  

As noted in Section 3.2 above, the potential for impacts on the Natura 2000 sites from the Corrib 
onshore pipeline arises only during the construction phase, due to ground disturbance and associated 
activities and emissions. Once the pipeline is operational, there is no potential for impacts on the 
Natura 2000 sites as there will be no significant emissions, ground disturbance or activities associated 
with the pipeline.  

The cumulative assessment considers the impacts on the following Natura 2000 sites: 
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 Glenamoy Bog Complex candidate Special Area of Conservation 
 Broadhaven Bay candidate Special Area of Conservation 
 Carrowmore Lake Complex candidate Special Area of Conservation 
 Blacksod Bay/Broadhaven Bay proposed Special Protection Area 
 Carrowmore Lake Special Protection Area  

Refer to Table P1 above which indicates the distance to these sites from the Corrib onshore pipeline 
project. 

Other projects in the vicinity, which have the potential to have a cumulative impact in combination with 
the Corrib onshore pipeline, include: 

 Bellanaboy Bridge Gas Terminal 
 Corrib Offshore Pipeline and Offshore Development 
 Peat Removal to An Srath Mór (Srahmore) Peat Deposition Project 
 Mayo Galway Natural Gas Pipeline 
 Bellmullet Wave Energy Test Site 

5.2.5.2 Bellanaboy Bridge Gas Terminal  

The distances from the Bellanaboy Bridge gas terminal to the Natura 2000 sites are indicated in Table 
P9.

Table P9: Distances from the Bellanaboy Bridge Gas Terminal to the Natura 2000 Sites 
Designation Site Name Site Code Approximate distance from 

Bellanaboy Bridge Gas 
Terminal 

Glenamoy Bog Complex 000500 >2km 
Broadhaven Bay 000472 7.5km 

candidate Special Area of 
Conservation 

Carrowmore Lake Complex 000476 2km 
proposed Special 
Protection Area 

Blacksod Bay/Broadhaven Bay 004037 >2km 

Special Protection Area Carrowmore Lake 004052 3km 

Predicted Impacts from the Terminal 

The terminal is predicted to result in short-term negligible or minor impacts on terrestrial flora and 
fauna during construction as a result of vegetation clearance and disturbance to habitats of low 
ecological interest. The terminal site covers an area of approximately 160 hectares but only habitats 
under the terminal footprint, access roads and some small drainage channels are permanently lost 
(13ha). Habitats affected include wet, Juncus - dominated, grassland, immature conifer plantation, 
small pockets of willow scrub and areas of Rhododendron scrub. 

The emissions from the terminal operations, which are regulated by IPPC Licence P0738-01, are not 
expected to have a significant effect on any Natura 2000 sites.  

Potential for Cumulative Impact 

The distance from the terminal to the Natura 2000 sites is such that there is no potential for a 
cumulative impact on the Natura 2000 sites from the combination of construction of the Corrib 
Onshore Pipeline and construction or operation of the terminal. 

5.2.5.3 Corrib Offshore Pipeline and Offshore Development 

The distances from the Corrib Offshore Pipeline and Offshore Development to the Natura 2000 sites 
are indicated in Table P10. 
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Table P10: Distances from the Corrib Offshore Pipeline and Offshore Development to the 
Natura 2000 Sites 
Designation Site Name Site Code Approximate distance from 

Corrib Offshore 
Development, at its nearest 

point 
Glenamoy Bog Complex 000500 0 
Broadhaven Bay 000472 200m 

candidate Special Area of 
Conservation 

Carrowmore Lake Complex 000476 >7km 
proposed Special 
Protection Area 

Blacksod Bay/Broadhaven Bay 004037 0 

Special Protection Area Carrowmore Lake 004052 8km 

Predicted Impacts from Corrib Offshore Pipeline and Offshore Development 

The construction work required to install the offshore pipeline at the landfall was relatively minor, and 
the route through the cliff at the landfall was re-instated fully following construction. No long term 
impacts on any species are predicted arising from this work. 

Seabed disturbance from the installation of the field facilities resulted in permanent habitat loss of 
benthic faunal communities and crustaceans over a footprint of 392m2 of the seabed (combined 
footprint for the gathering manifold and pipeline end manifold). The disturbance is at the gas fields, at 
a considerable distance offshore from the Broadhaven Bay candidate SAC. The offshore seabed 
installation caused some temporary localised disturbance to the seabed sediments, but it is expected 
that recovery and recolonisation by benthic communities will occur relatively rapidly. Where rock 
armour or concrete mattressing was laid on the seabed the new hard substrates are expected to 
attract new species to the area. Overall, the predicted impact to benthic communities is considered to 
be negligible.  

Installation of the pipeline (and umbilical) on the seabed resulted in a permanent loss of benthic 
habitat.  The total seabed area actually taken up by the offshore pipeline is approximately 4.28ha.  
Increased turbidity during construction and smothering of organisms underneath the pipeline will 
result in permanent but minor habitat change.  Within Broadhaven Bay, the pipeline was trenched for 
approximately 13km from the landfall site and therefore no permanent habitat loss occurred. The 
offshore umbilical will also be trenched for 13km along a similar route, with no permanent habitat loss 
anticipated. 

The water depth in the Corrib Field allows for considerable dispersion of normal noise associated with 
surface vessel activity. Controls to limit any impacts to marine mammals from the generation of noise 
during nearshore construction were implemented by having Marine Mammal Observers onboard 
vessels during acoustic surveys and during dredging works.  The construction techniques which were 
used did not generate high noise levels. Any effect was transient and restricted to a behavioral 
response (avoidance).  

Potential for Cumulative Impact 

The Corrib onshore pipeline will be in a tunnel under Sruwaddacon Bay and will not extend into 
Broadhaven Bay.  The onshore pipeline construction will not disturb any designated habitats of the 
Glenamoy Bog Complex candidate SAC or the Blacksod Bay/Broadhaven Bay proposed SPA.  There 
will be minor to moderate highly localised temporary disturbance of over wintering birds and fish 
eating bird species in the proposed SPA during the onshore pipeline construction, in a separate area 
and in a different time period from the construction of the offshore facilities. Any impacts from either 
construction project will be temporary. Consequently there is no potential for a cumulative impact from 
the combination of construction of the onshore pipeline and construction of the offshore pipeline and 
offshore development on the Glenamoy Bog Complex or Broadhaven Bay candidate SACs or the 
Blacksod Bay/Broadhaven Bay proposed SPA. The distance from the onshore and offshore pipeline 
to the Carrowmore Lake candidate SAC and SPA is such that there is no potential for a cumulative 
impact on them from the combination of construction of the onshore pipeline and construction of the 
offshore pipeline and offshore development.  



Corrib Onshore Pipeline EIS  Appendix P Natura Impact Statement  

NIS May 2010  43 

5.2.5.4 Peat Removal to An Srath Mór (Srahmore) Peat Deposition Project 

The distances from An Srath Mór (Srahmore) Peat Deposition Site to the Natura 2000 sites are 
indicated in Table P11. 

Table P11: Distance from An Srath Mór (Srahmore) Peat Deposition Site to the Natura 2000 
Sites
Designation Site Name Site Code Approximate distance from 

An Srath Mór (Srahmore) 
Peat Deposition Site, at its 

nearest point 
Glenamoy Bog Complex 000500 10km 
Broadhaven Bay 000472 9.5km 

candidate Special Area of 
Conservation 

Carrowmore Lake Complex 000476 1km 
proposed Special 
Protection Area 

Blacksod Bay/Broadhaven Bay 004037 3.5km 

Special Protection Area Carrowmore Lake 004052 1km 

Predicted Impacts from the Peat Deposition Project 

The An Srath Mór (Srahmore) Peat Deposition Site was predicted to result in a number of temporary 
impacts on terrestrial flora and fauna during construction as a result of disturbance, including 
temporary loss of habitat at the deposition site.  

Approximately 450,000m3 of peat excavated from the Terminal site was deposited in a cutover 
peatland at An Srath Mór (Srahmore).  In addition, up to 75,000m3 (approximately) of peat will be 
disposed at An Srath Mór (Srahmore) as a result of construction of the Onshore Pipeline.  Deposition 
of the peat takes place within an area of approximately 63 ha.  

This site is one from which peat has been harvested for a local power station and is saucer shaped 
with an extensive drainage infrastructure that was installed for industrial peat extraction.  On 
completion, the site has been allowed to recolonise by natural species.  This promotes the re-
establishment of peat-forming conditions and re-instates a peatland ecosystem in place of the original 
Atlantic blanket bog complex.  The vegetation succession will lead to a more varied habitat which will 
contribute to local biodiversity and complement the ecological significance of the adjacent 
rehabilitated cutover areas.  Over time the habitats will blend with the existing fringe habitats that 
currently border the development site.  The long term prospect is therefore considered to be positive, 
with permanent beneficial impacts on the development site.  The residual impacts overall are 
considered to be significantly positive given that they should result in habitat rehabilitation and 
increased local biodiversity.  

There are no predicted impacts to the marine ecology associated with the peat removal and the An
Srath Mór (Srahmore) Peat Deposition site. 

Potential for Cumulative Impact 

An Srath Mór (Srahmore) Peat Deposition Site is a considerable distance from the areas which could 
potentially be impacted be the construction of the onshore pipeline. There is no potential for a 
cumulative impact on the Natura 2000 sites from a combination of the two projects.  

5.2.5.5 Mayo Galway Natural Gas Pipeline 

The distances from the Mayo Galway Natural Gas Pipeline to the Natura 2000 sites are indicated in 
Table P12. 
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Table P12: Distances from the Mayo Galway Natural Gas Pipeline to the Natura 2000 Sites 
Designation Site Name Site Code Approximate distance from 

Mayo Galway Natural Gas 
Pipeline, at its nearest point 

Glenamoy Bog Complex 000500 >2km 
Broadhaven Bay 000472 >7.5km 

candidate Special Area of 
Conservation 

Carrowmore Lake Complex 000476 0 
proposed Special 
Protection Area 

Blacksod Bay/Broadhaven Bay 004037 >2km 

Special Protection Area Carrowmore Lake 004052 3km 

Predicted Impacts from the Mayo to Galway Pipeline 

The Mayo to Galway Pipeline was predicted to result in temporary short-term impacts on terrestrial 
flora and fauna during construction as a result of disturbance. Short term impacts on fauna were 
limited to the 40m working area along the pipeline, with works timed to minimise disturbance. 
Potential impacts on flora were minimised through route selection and appropriate construction and 
re-instatement techniques. There are no predicted impacts to the marine ecology associated with the 
Mayo to Galway Gas pipeline. The Mayo to Galway Pipeline was predicted to result in negligible 
impacts on aquatic ecology. 

Potential for Cumulative Impact 

Construction of the Mayo to Galway pipeline has been completed and the working area has been 
reinstated. Due to distance and timing, there is no potential for a cumulative impact on the Natura 
2000 sites from the combination of construction of the onshore pipeline and construction of the Mayo 
to Galway pipeline. 

5.2.5.6 Belmullet Wave Energy Test Site 

The distances from the Belmullet Wave Energy Test Site to the Natura 2000 sites are indicated in 
Table P13. 

Table P13: Distances from the Belmullet Wave Energy Test Site to the Natura 2000 Sites 
Designation Site Name Site Code Approximate distance from 

Belmullet Wave Energy Test 
Site, at its nearest point 

Glenamoy Bog Complex 000500 >17km 
Broadhaven Bay 000472 >7km 

candidate Special Area of 
Conservation 

Carrowmore Lake Complex 000476 >18km 
proposed Special 
Protection Area 

Blacksod Bay/Broadhaven Bay 004037 0 

Special Protection Area Carrowmore Lake 004052 >18km 

The Sustainable Energy Authority of Ireland plans to develop a National Wave Energy Test Site, 
which is proposed to be located off Annagh Head, on the western shore of the Mullet Peninsula in 
County Mayo. 

The purpose of the wave energy test site off Annagh Head is to provide a location for the temporary 
mooring and deployment of wave energy machines so that their performance in generating electricity 
and their survivability can be tested and demonstrated in open ocean conditions. The project will 
comprise 5 offshore test sites located between 1km and 12km southwest to west of Annagh Head, in 
varying water depths, and four submarine cables from the test sites to shore at Belderra Beach. There 
will be a substation to which the cables will be connected and an onshore power lines from the 
substation to the power grid. It is proposed that the site will operate for up to 20 years with devices on 
site intermittently throughout the year. The wave energy devices will float at the surface of the ocean 
and will be moored to the seabed. The cables to shore will be installed 1m below the ocean floor and 
the onshore cables will be underground. 
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Predicted Impacts from the Wave Energy Test Site 

The wave energy devices will occupy a negligible area of ocean surface and the moorings will occupy 
a negligible area of ocean floor. Installation of the cables will cause a temporary localised disturbance 
to the habitats and species of a very small area of ocean floor, beach and shore as far as the 
substation and a temporary disturbance to shore bird species in the immediate vicinity. The timing of 
the installation phase will be chosen to minimise the disturbance. The installation phase will be brief 
and following construction there will be no potential for the cables to impact the habitats or species of 
the ocean floor, beach and onshore area. As wave devices are installed, removed and replaced there 
may be short term very localised disturbance of bird species at the test sites themselves, which are 
outside the SPA. 

Potential for Cumulative Impact 

The distance, and completely different nature of the habitats, will ensure that there will be no potential 
for a cumulative impact on the Broadhaven Bay candidate SAC or the Blacksod Bay/Broadhaven Bay 
proposed SPA from the combination of the construction of the onshore pipeline and construction of 
the wave energy test site. 

5.2.5.7 Overall Cumulative Impact of All Projects 

The nature of the predicted impacts and the spatial and temporal separation of the projects, 
discussed above, and the Corrib onshore pipeline project are such that there is no potential for a 
cumulative impact from all of the projects on the Natura 2000 sites under consideration. 
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6 MITIGATION MEASURES 

6.1 GLENAMOY BOG COMPLEX cSAC HABITATS 

6.1.1 Salt marsh (Annex I) 

The following measures will be implemented at the crossing of the Leenamore River inlet: 
 Large turves will be taken and stored carefully. 
 Turves will be stored in a single layer (either on bog mats or, more likely, at the edge of the 

shoreline); they will be protected and, if stored on bog mats, will be watered regularly with sea 
water.

 The salt marsh will be reinstated by carefully replacing the turves evenly. 
 At the eastern end of the Bay where the peat bank / salt marsh interface is steep, it will be re-

profiled
 Post construction monitoring will be carried out for as long as deemed necessary by the 

project ecologist in consultation with NPWS.  The duration of monitoring will depend upon the 
speed of recovery. 

The proposed methodology will not only enable habitat reinstatement but will conserve the flora and 
invertebrate fauna species on and in the turves.  It must be remembered this is a habitat subject to 
constant erosion on the seaward and inlet edge from the river water and the tides. Because of the 
harsh intertidal environment, especially at the Leenamore inlet where it is subject to fluctuations in 
salinity – being washed by fresh and sea water - salt marsh species are extremely robust. Many are 
also opportunist and colonising species, thus even if some turf is lost as a result of fragmentation 
during removal or reinstatement it is considered that they will re-establish on any disturbed substrate. 
This is evidenced by the range of ground conditions which they can tolerate, ie. from stony shores (as 
in many parts of Sruwaddacon Bay), on peat and sand, even on new blown sand as is occurring at 
the eastern side of the dunes at Glengad where a new salt marsh is developing.   

6.1.2 Intertidal habitats (Annex I) 

6.1.2.1 Leenamore River inlet 

This area will be reinstated to its original condition by replacing excavated material and preserving the 
surface sediment type. Epifauna & flora attached to large stones will be preserved by relocating to a 
similar height on the shore for the duration of the construction works. These will then be reinstated on 
completion of the construction.  

6.1.2.2 Protection of the algal, shingle and gravel beds  

In the unlikely event that emergency surface  intervention is required in the intertidal zone at the 
western end of the Bay, the following measures will be implemented to protect the intertidal areas to 
the north of the route at the western side of the estuary - ie. south - east of the dune system at 
Glengad.  This area is an occasional feeding ground for waders and is used as an occasional roost by 
over-wintering Light-bellied Brent Geese, particularly in strong westerly gales.   

 There will be a specific commitment to avoiding as much of this as possible, keeping the 
width to a minimum.

 Any excavated shingle or gravel will be stored separately and replaced/reprofiled as soon as 
possible.  

 If disturbed, it will be reinstated (as near as is practically possible) and re-profiling the 
gravel/shingle ridges where the algal beds are located. 
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 This intertidal area will be fenced off.   
 The working area will be as small as far is practical for construction purposes and there will 

be no storage of material in this zone.   
 Construction activity/vehicle movement etc. will be restricted to the working width. 
 Clearance to work on the estuary intertidal zone will be given by the site environmental officer 

in consultation with the Project Ecologist. 
 Post construction monitoring will be carried out for as long as deemed necessary by the 

project ecologist in consultation with NPWS. 

6.1.3 Non-annexed cSAC Habitats at Glengad  

The following mitigation measures will be implemented in areas of improved grassland and wet, rushy 
grassland: 

 Fencing will be put in place to prevent encroachment onto the Annex 1 dune grassland 
adjacent to the temporary working area. 

 The topsoil removed will be carefully stored (separately from the sub-soil).  It may be 
necessary to net these top soil heaps to prevent Sand Martins from making burrows in them. 

 While the fields are agriculturally improved they are nevertheless within the SAC and in order 
to prevent the pollution of the native gene pool by alien genotypes no imported seeds shall be 
used. 

 There is a sufficient seed bank within the top soil and it will be allowed to re-vegetate naturally 
as previously.  

 Simple, surface gravel drains will be put in place at the time of reinstatement to prevent water 
logging where appropriate. 

 Post construction monitoring will be carried out for as long as deemed necessary by the 
project ecologist in consultation with NPWS. The duration of monitoring will depend upon the 
speed of recovery. 

6.1.4 Protection of the developing new salt marsh (approximately north of chainage 
84.00)

Sediment accretion is resulting in the development of a new salt marsh and embryonic sand dunes 
(Habitat mapping, Notes 7 and 8), both Annex habitats under the EU habitats Directive, at the eastern 
side of the Glengad dune system north of the proposed route. In the event that a temporary 
intervention pit is required at the western end of the Bay no vehicular movements in the intertidal 
zones outside the working width will be permitted. 

6.2 FAUNA 

6.2.1 Qualifying species and listed species of importance for the cSAC  

No non-avian species of terrestrial fauna are listed as qualifying interests of the cSAC.  

Mitigation measures to protect the aquatic habitat for salmon  include sediment and surface run off 
control measures at site compound SC3. These include: 

 General run-off from the site compound (SC3) outside the specially bunded or closed-
drainage areas will run through a hydrocarbon interceptor and be collected in a settlement 
pond for sedimentation and filtered (if required) before being discharged to the bay.   
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 Bentonite is recycled by separation from the spoil-bentonite mixture emanating from the 
tunnelling and the spoil removed off site for disposal.  Residual bentonite contaminated water 
along with contaminated runoff from the cement grout batching area and the spoil stock-piling 
area will be treated in a filter press and the associated solids removed as a cake for licensed 
offsite disposal, while the residual water will be tankered to a wastewater treatment plant for 
disposal.   

Tunnel Construction – Bentonite use will be monitored constantly from the tunnelling control 
area at the Aghoos compound so that any sudden drop in pumping pressure which could 
signify a bentonite breakout will result in an immediate cessation of  bentonite pumping.  
Furthermore, the low pressure of bentonite pumping should also mitigate against a bentonite 
breakout.  

6.2.2 Non-qualifying listed terrestrial faunal species of importance for the cSAC

Detailed mitigation measures for non-qualifying terrestrial species of interest, including badger and 
common frog, are set out in Appendix J1 of the EIS, Table 11b.   

In accordance with standard practice, no species - specific measures are proposed for the Irish hare 
or for the Common Lizard. 

6.2.3 Non-qualifying and non-listed faunal species (Annex II and IV)  

Detailed mitigation measures for otter (Annex II and IV) are set out in Appendix J1 of the EIS, Table 
11a, which includes provision for during, and post construction monitoring    

There are no known, or potential, bat roosts on or adjacent to the proposed route. Pre-construction 
faunal surveys will include a further inspection of the route for potential bat roosts.  

No specific mitigation measures are deemed necessary for marine mammals (Annex II and IV) during 
construction. Measures to protect the marine environment during construction (in relation to site 
compound SC3) are as for salmon (6.2.1. above). During and post construction monitoring of marine 
mammals will be undertaken in accordance with the ongoing cetaceans monitoring programme, as 
agreed with NPWS. 

Mitigation measures which will be implemented in a worst case scenario should emergency surface 
intervention be required, or in the case of a serious pollution incident, are set out in Chapters 13 and 
14 for fish and the marine environment respectively. 

6.2.4 Other bird species - neither qualifying, nor of special interest for the cSAC

The following measures will be implemented for the protection of the Sand Martin colony located in 
the cSAC at Glengad: 

 An exclusion zone will be defined above and behind the colony such that no construction 
activities affect the existing burrows or threaten the stability of the cliff in which the burrow are 
situated.

 No personnel, traffic and construction activities will be permitted between the LVI footprint 
boundary and the cliff-top directly above the colony.  

 Protection fencing will be in place prior to commencement of works.
 A wide foreshore exclusion zone will be set out to prevent any activity on the foreshore below 

and in front of the burrows which may deter normal behaviour and could result in lowered 
breeding success. 
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 Any stock-piled soil will be covered with netting to prevent birds from making nest burrows 
therein.

 The width of exclusion zones will be decided in consultation with NPWS.  

6.3 BLACKSOD BAY/BROADHAVEN pSPA 

Potential impacts of the pipeline project on the local birds will be minimised by implementation of the 
following mitigation measures: 

 Acoustic screening barriers will be installed on the boundary of the working compounds at 
Aghoos and Glengad.  Noise monitoring will be carried out throughout the construction 
process and take into account the bird usage areas as sensitive noise receptors. Noise 
contours are shown in Appendix J1 of the EIS, Appendix 17, Figures 17.1 and 17.2. 

 Lighting in site compounds will be directed downwards and be designed to minimise light 
leakage outside the working area.  Lighting will be designed in such a manner that only areas 
crucial for works and security purposes will be lit.  At SC3 the light level reaching the 
foreshore will be no more than the light intensity of the order of a full moon (0.3 lux).  The 
finish of all structures and materials will be designed to minimise reflected glare.  Large 
structures and uprights will have green lighting designed to minimise impact on birds while 
reducing collision risk with these structures (Poot et al, 2008). See Appendix J1 of the EIS, 
Appendix 17.3 for light contours and Chapter 10 for details of the lighting design proposals for 
SC3.

 The acoustic screening barriers at Aghoos and Glengad will also provide additional mitigation 
against light spillage outside the compound. 

 Intensive bird monitoring will be continued throughout the construction period and regular 
reports will be submitted to NPWS detailing the bird community present and contrasting 
findings with recent pre-construction survey results.  In addition, the feasibility of monitoring 
nocturnal bird distribution and abundance during the period of tunnelling operations, and while 
the Aghoos compound (SC3) is in place, will be investigated.  

 Good working practices will prevail throughout construction and post construction monitoring 
of the route. For example, machinery, equipment, fuel and other materials associated with the 
development will be stored appropriately (e.g. bunded fuel tanks).  

 Litter and other waste material will also be stored and disposed of appropriately. This will 
minimise the potential risk of damage or pollution to birds and their habitats.  

 Any environmentally hazardous material used during construction works will be carefully 
stored.  An environmental management plan will be fully implemented that applies best 
practice on minimising the risk of pollution of soils, surface or ground-waters.

 The greatest numbers and diversity of species of elevated conservation importance occur in 
the vicinity of the development from October to April.  Therefore in the unlikely event that 
emergency surface intervention is required within the Bay during this time, detailed method 
statements will be prepared, which will outline measures to avoid and minimise the potential 
impact on birds.  Pre-construction monitoring will be undertaken immediately prior to works to 
inform these method statements.  Such works will only be undertaken with prior agreement 
with NPWS. 

 Where feasible, vegetation clearance will be undertaken outside the breeding bird season 
which extends approximately from March to August inclusive.  
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 Where feasible, the construction activity and movement of vehicles in the vicinity of the 
compounds will be minimised during night-time hours.  Construction of the compounds, until 
the acoustic screening is in place will take place during daylight hours only. 

 The settlement ponds at Aghoos will be covered by wire or firm plastic mesh of small enough 
mesh size to prevent access to birds.   

 A walkover of the on-land portions of the route will be undertaken prior to construction in order 
to survey the birds. This will ensure that any site specific issues in relation to avifauna will be 
highlighted before construction. It will also allow tailored mitigation measures to be 
undertaken in light of any new issues which may have arisen in the interim. This walkover will 
be undertaken by a suitably qualified expert. Following the field visit, and prior to construction, 
the grassland areas in the temporary working area will be mown, if deemed appropriate, in 
order to discourage ground nesting birds from attempting to breed on the temporary working 
area.

 In order to minimise the impact of habitat loss and deterioration on the local birds, appropriate 
habitat reinstatement (re-vegetation and planting of native scrub species) will be undertaken 
as part of the development. The need and design of such a programme will be assessed by a 
suitably qualified expert in consultation with the project ecologist.  

During and post construction monitoring will be conducted in accordance with the monitoring 
programme to be drawn up by the project ecologist in consultation with NPWS and will include  a 
biennial survey of the temporary working area and surrounding habitats to assess the bird population. 

6.3.1 Macrobenthos - food source for pSPA species  

The forwards progression of the TBM will ensure that any given area will not be impacted by more 
than 2 or 3 days at a time during periods when exposed by the tide.  

The periods of high tide, and the interval in each hour between drilling activity,  will act as windows for 
recovery for benthic species in the surface sediments so further mitigation is not deemed to be 
necessary.  

6.4 BROADHAVEN BAY cSAC 

Mitigation measures which will be implemented in a worst case scenario should emergency surface 
intervention be required, or in the case of a serious pollution incident, are set out in Chapters 13 and 
14 for fish and the marine environment respectively. 

During and post construction monitoring of marine mammals will be undertaken in accordance with 
the ongoing cetaceans monitoring programme, as agreed with NPWS. 
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7 RESIDUAL IMPACTS 

7.1 HABITATS  

7.1.1 Qualifying habitats for the cSAC 

No impacts on qualifying habitats for the cSAC are anticipated, either during or after construction of 
the proposed development. 

7.1.2 Non-qualifying cSAC Annex I Intertidal and salt marsh (Leenamore inlet) 

Salt marsh: With successful reinstatement the impact level on salt marsh is expected to be slight to 
moderate in the short term, and becoming neutral or imperceptible in the long term.  

Intertidal habitats: No residual impacts are expected on the intertidal habitats.   

7.1.3 Non-annexed cSAC habitats at Glengad 

Temporary working areas will be reinstated and predicted impacts on all but the footprint of the 
landfall valve facility (LVI) and the access road, are expected to be slight in the short term and neutral 
in the long term.

The construction of the LVI will result in loss of habitat on the footprint of the facility and the access 
road for the duration of the operational phase. Prior to landfall construction works, the habitat present 
was improved agricultural grassland of low ecological value - a commonly occurring habitat both 
adjacent to the working area and in the wider locality. Although there will be slight loss of foraging 
habitat for birds and small mammals, it is expected that in the long term - with likely further agricultural 
improvement in the locality - the residual impact will be slight. 

In addition, the provision for naturally regenerated grassland areas on the slopes of the facility and on 
level areas will compensate to some extent, for the loss of the pre-existing grassland.  The residual 
impact in vegetation and faunal terms and also in the context of the present function of this area as a 
buffer zone within the cSAC, is expected to be slight.  

In the short term impact level is expected to be moderate for the footprint of the LVI, but imperceptible 
to slight for other areas associated with the LVI.  Long term impacts are expected to be slight to 
moderate (LVI footprint) and imperceptible to slight for reinstated areas. 

7.2 cSAC SPECIES  

7.2.1 Qualifying species for the cSAC 

No residual impacts on qualifying species for the cSAC are anticipated, either during or after 
construction of the proposed development 

7.2.2 Non-qualifying, listed faunal species of importance for the cSAC 

The overall impacts of the proposed pipeline scheme on the fauna in the locality may be considered 
as neutral in the medium to long-term.  There are not expected to be any long-term impacts on 
species of conservation interest present on site such as badgers and frogs etc. provided that 
mitigation measures are implemented as recommended.   
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Given best practice design and operation of the proposed development the residual impact of the 
development on terrestrial fauna are expected to be neutral or imperceptible.  

There will be no residual impacts on transient or highly mobile species, such as sea trout once the 
development is in operation.  

7.2.3 Annex species not listed as qualifying or of special interest for the cSAC  

7.2.3.1 Otter (Annex II and IV) 

The overall impacts of the proposed pipeline scheme on otters in the locality may be considered as 
neutral in the medium to long-term.   

7.2.3.2 Bats (Annex IV) 

Bat species within the area are not expected to be affected, to any measurable extent, either by the 
construction phase or the operation phase, or the loss of habitat at Glengad.  

Residual impacts are expected to be neutral, but with habitat enhancement (planting of native scrub 
species) could lead to a slight positive overall impact in the wider locality. 

7.2.3.3 Marine mammals (Annex II and IV) and fish (Annex II) 

There will be no residual impacts on transient or highly mobile species, such as seals (Annex II) and 
cetaceans (Annex IV) or lamprey (Annex II) once the development is in operation.  

7.2.4 Other bird species of interest (unlisted for the cSAC) 

For birds, post construction, with the successful implementation of mitigating measures, the residual 
impacts are expected to be generally neutral.   

Habitat reinstatement and enhancement would potentially lead to an increase in the quality of certain 
terrestrial habitats as a resource for nesting and feeding birds in the medium term, resulting in a 
possible slight, positive residual impact.   

Overall the potential residual impacts on birds are expected to be slight or imperceptible in the short 
term, and neutral in the long term. No long terms impacts on the wider local avian community are 
expected.  

7.3 QUALIFYING SPECIES AND LISTED SPECIES OF IMPORTANCE FOR THE 
pSPA

With successful implementation of mitigation measures during construction, residual impacts are 
expected to be neutral in the case of those species which occur in the area of Sruwaddacon Bay. No 
residual impacts on benthic fauna are expected.  

7.4 DESIGNATED NATURA 2000 SITES IN THE WIDER LOCALITY  

No residual impacts are expected on other Natura sites in the wider locality, including the Broadhaven 
Bay cSAC and the habitats and species for which it has been designated. 
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8 CONCLUSIONS  

The potential impacts during the construction and operation of the proposed development have been 
considered in the context of the Natura 2000 sites and their conservation objectives. The potential 
impacts and residual impacts are summarised in Table P14 below. 

8.1 GLENAMOY BOG COMPLEX cSAC 0000500 

The area of Glenamoy Bog Complex cSAC Annex I habitats to be disturbed during construction of the 
pipeline is confined to the temporary working area at the Leenamore River crossing and is very 
localised in the context of the overall area of the designated site and the Annex habitat types present 
therein and represents a very small percentage of the land cover of the cSAC (less than 0.002% of 
the 12,901.8 ha). There will be the loss of approximately 1600m2 of non-annexed improved 
agricultural grassland habitat at Glengad at the footprint of the landfall valve installation and the 
access road. Other areas of non-annexed improved agricultural grassland and wet, rushy grassland 
habitat will be reinstated.   

There will be no impact on qualifying Annex I habitats in the cSAC. Neither are any impacts 
anticipated on qualifying species of flora and fauna for the cSAC.  

Salmon are not expected to be affected by the underwater noise from the tunnel boring machine 
(TBM), though some individuals may choose to avoid the localised area for the short periods 
(approximately 15 – 20 minutes in each hour) during which the TBM is in operation. It is considered 
that salmon migration will not be affected by the tunnelling operation.   

While there may be temporary impacts on certain species of interest for the cSAC and other non-
listed annexed species such as otter. These impacts will be highly localised and are not expected to 
be of magnitude higher than moderate (Imperceptible or Slight if using the EPA Guidelines)..  

As a result of the ecological impact assessment carried out it is considered that the conservation 
objectives for the candidate Special Area of Conservation will not be compromised by the proposed 
development, nor will the proposed development have any significant impact on the designated site or 
the habitats and species for which it has been designated, either when taken alone or by any 
cumulative effects when taken in combination with the other projects discussed at paragraph 5.2.5 
above.

Should it be decided that, because of the effects on the site and its habitats or species - such as they 
may be - it is necessary to carry out an appropriate assessment under Article 6.3, this NIS provides 
the requisite information to ground such an assessment.  In the context of such an assessment it is 
the considered view of the authors of this NIS that the proposed development will have no adverse 
effect on the integrity of the designated site as a whole or on any other designated site. 

8.2 BLACKSOD BAY/BROADHAVEN pSPA 004037 

The Sruwaddacon Bay area (outer and inner sections) of this a large diverse site (7,367.0 ha) 
represents less than 5% of the total pSPA area.  With the exception of the Brent Goose, it hosts a 
very small proportion of the pSPA population of qualifying species, and species of conservation 
interest (Table 9).  

The potential impacts on the pSPA as a whole, and on the species of conservation interest, are 
discussed above and summarised in Table P14.  Impacts are expected to be highly localised and 
mainly associated with the tunnelling construction compound (SC3) at Aghoos, and are not expected 
to affect the areas used by key pSPA species. Because of the manner in which the proposed 
development is to be carried out it is anticipated that little noise or light will reach the key areas of 
Sruwaddacon Bay.  Impacts associated with the tunnelling operation itself (TBM) will be extremely 
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localised and transient in nature owing to the short period of operation in each hour at any location. 
This intermittent operation will enable benthic fauna to “recover” quickly so that the food source for 
wading bird species will continue to be available.  

The main feeding areas for Brent Goose will not be impacted during construction neither will the 
geese be subject to impacts from the tunnelling operations, either at the site compound SC3 or the 
TBM itself. 

In view of the ecological impact assessment it can be objectively concluded that the proposed project 
will not have any significant effect on the site.   

If however it is decided that an appropriate assessment is necessary, this NIS provides sufficient 
information upon which to ground such an assessment. As a result of the ecological impact 
assessment carried out for the purpose of preparing this NIS, it is considered that the “proposed” 
conservation objectives for the proposed Special Protection Area will not be compromised by the 
proposed development, nor by any cumulative effects, and no significant impact is anticipated on any 
of the species for which the site is expected to be designated, either when taken alone or by any 
cumulative effects when taken in combination with the other projects discussed at paragraph 5.2.5 
above.

In the context of an appropriate assessment under Article 6.3 it is the considered view of the authors 
of this NIS that the proposed development will have no adverse impact on the integrity of the 
designated site as a whole or on any other designated site.  
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Table P14:    Summary of expected impacts on habitats and species in the Natura sites,  
  including Broadhaven Bay cSAC  

Key to symbols used in table P14:   

† The equivalent impact magnitude under EPA Guidance is Imperceptible to Slight. 

§ The equivalent impact magnitude under EPA Guidance is Neutral to Imperceptible. 

‡ Larger odontocetes (bottlenose dolphin or common dolphin; Tursiops truncates & Delphinus 

delphis, respectively) – not expected to occur in Sruwaddacon Bay.

*Harbour porpoise – Phocoena phocoena – not expected to occur in Sruwaddacon Bay
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Table P14: Summary of expected impacts on habitats and species in the Natura sites, including Broadhaven Bay cSAC 

Potential and Predicted impacts and impact magnitude

Natura 2000 site Status of  

Habitat / species 
Habitat / or location / 

species Potential During Construction 
Area of impact 

on habitats 
within the 

Natura site (m2)

Predicted Short Term 
Impact

(assuming the successful 
implementation of mitigation 

measures) 

Predicted Residual 
Impacts 

(assuming the successful 
implementation of mitigation 

measures)  

Annex I Qualifying 
habitats

7130 Blanket bog (* active only)  
4010 Northern Atlantic wet heaths 
with Erica tetralix   
1230 Vegetated sea cliffs of the 
Atlantic and Baltic Coasts 
5130 Juniper communis 
formations  on heaths or 
calcareous grasslands  
7150 Depressions on peat 
substrates of the Rhynchosporion 
7140 Transition mires and quaking 
bogs
3160 Natural dystrophic lakes  and 
ponds
21A0 Machair (*  in Ireland) 

None None N/A N/A

Qualifying plant 
species 

Petalophylum ralfsii
Drepanoclados vernicosus
Saxifraga hirculus

None
(no suitable habitat) 

None N/A N/A 

Golden Plover None expected - None expected None expected Annex I  bird 
species

Barnacle Goose, Storm 
Petrel, Merlin, Peregrine 
Falcon and Chough

No impact is anticipated on either their food (prey) or their 
foraging areas.  

- None expected None expected 

Noise from the TBM:  Unlikely to cause avoidance reaction 
but if avoidance occurs this is unlikely to prevent migration 

- None expected None expected 

Suspended solids from Aghoos compound:  
None expected 

- None expected None expected 

Suspended solids from bentonite outbreak: Occurrence 
extremely unlikely.  A large outbreak in the low tide channel, 
especially in the middle of the bay, where the channel is 
narrowest, during low tide, and during a smolt migration 
event would expose smolts to possible gill damage and 
possibly slowed migration until plume had dispersed during 
flooding tide, if they didn’t just swim around it.  Exposure long 
enough to cause mortalities in this open situation would be 
very unlikely.  The combination of criteria both spatial and 
temporal which would have to be met to give rise to either of 
these impacts occurring is considered very remote. 
    

- None expected None expected 

Glenamoy Bog 
Complex  

cSAC 000500 

Qualifying fish 
species (Annex II)

Salmon –Salmo salar

Suspended solids from emergency surface intervention:
None expected

- None expected None expected 
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Potential and Predicted impacts and impact magnitude

Natura 2000 site Status of  

Habitat / species 
Habitat / or location / 

species Potential During Construction 
Area of impact 

on habitats 
within the 

Natura site (m2)

Predicted Short Term 
Impact

(assuming the successful 
implementation of mitigation 

measures) 

Predicted Residual 
Impacts 

(assuming the successful 
implementation of mitigation 

measures)  

cSAC- listed 
migratory bird 
species 

Pelagic species No impact is anticipated on either their food (prey) or 
their foraging areas.

- None expected None expected 

Badger  Minor disturbance and loss of foraging habitat for the 
period of construction.   
No known badger setts  within, or close to,  the 
temporary working area.   
Impact level: local,  potentially slight to moderate 
negative

- Slight negative Neutral cSAC  species of 
importance  - 
mammals

Irish Hare Temporary disturbance 
Impact level – potentially Slight negative

- Slight Neutral 

cSAC  species of 
importance  - 
amphibian  

Frog Potential frog breeding sites will be directly impacted by 
the proposed development.   
Impact level – potentially Slight negative

- Slight Negative Neutral or Imperceptible, 
but with habitat 
enhancement during 
reinstatement could lead 
to a Slight positive overall 
impact 

cSAC  species of 
importance - reptile 

Common lizard Not expected to be present in the onshore sections of 
the cSAC.  
If present:  impact level – slight negative

- Imperceptible to Slight 
negative 

Neutral 

Noise from the TBM: Unlikely to cause avoidance 
reaction but if avoidance occurs this is unlikely to prevent 
migration

- None expected None expected 

Suspended solids from Aghoos compound: None 
expected

- None expected None expected 

Suspended solids from Intervention pit: None expected - None expected None expected 

Glenamoy Bog 
Complex  

cSAC 000500 

cSAC  species of 
importance - fish 

Sea Trout

Suspended solids from bentonite outbreak.  As 
described for salmon above  

- None expected None expected 

Resident and over wintering Light  
Impact level: temporary or short term (SC3), and highly 
localised slight to moderate† negative (depending upon 
location)  

- Neutral Neutral 

Resident and over wintering Noise (SC3) 
Impact level: temporary to short term (SC3), highly 
localised, moderate† negative (depending upon location)

- Neutral Neutral 

Resident and over wintering Tunnelling (TBM vibrations) 
Impact level: Highly localised (spatially and temporally) in 
extent, and moderate† (at most ) negative  

- Neutral Neutral 

Blacksod Bay / 
Broadhaven pSPA 
004037 

pSPA bird species  

Resident and over wintering Worst case scenario – emergency surface intervention. 
Impact level:  slight/moderate† negative (depending upon 
location) and highly  localised.

- Imperceptible to Slight Neutral 
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Potential and Predicted impacts and impact magnitude

Natura 2000 site Status of  

Habitat / species 
Habitat / or location / 

species Potential During Construction 
Area of impact 

on habitats 
within the 

Natura site (m2)

Predicted Short Term 
Impact

(assuming the successful 
implementation of mitigation 

measures) 

Predicted Residual 
Impacts 

(assuming the successful 
implementation of mitigation 

measures)  

Ringed Plover Impact level: Temporary, highly localised, moderate†

negative 
No impact on the Ringed Plover population in the wider 
pSPA is anticipated 

- Neutral Neutral 

Bar-tailed Godwit None expected - None expected None expected 

pSPA Qualifying 
species 

Sandwich Tern None expected - None expected None expected 

Great Northern Diver Any impact on this species is considered to be highly 
unlikely 

- None expected None expected 

Common Scoter  None expected - None expected None expected 

Dunlin Impact level: Temporary, highly localised and moderate†

negative 
No impact on the Dunlin population in the wider pSPA is 
anticipated 

- Neutral Neutral 

During the construction works for the LVI outfall
No impact because it will be outside the overwintering 
period. 
During construction for the pipeline: possible minor 
temporary disturbance. 

- Neutral Neutral 

Blacksod Bay / 
Broadhaven pSPA 
004037 

Species of special 
conservation 
interest 

Light-bellied Brent Goose

Tunnelling reception compound (SC2):
none expected as this is set well back from the shore 
lines. 
Impact level: (at most and if any) temporary, localised 
and moderate† negative. 

- Neutral Neutral 

Base-case construction 
None expected n/a None expected None expected 

The tunnel will be underneath 
salt marsh, and the estuarine  
and intertidal habitats  of 
Sruwaddacon Bay (Estuaries; 
Mudflats and sandflats not 
covered by sea water at low 
tide; Large shallow inlets and 
bays). 

In worst case scenario, if emergency surface intervention 
is required.  
Impact level: Temporary, localised direct Moderate†

negative

-   None expected in all 
but salt marsh and 
Mudflats and sandflats 
not covered by sea 
water at low tide in 
which case - 
Imperceptible to Slight§

Neutral 

Glenamoy Bog 
Complex  

cSAC 000500 

Annex I habitats 

(neither qualifying nor 
listed for the cSAC) 

Salt marsh and intertidal 
habitats at the Leenamore 
River inlet crossing 

Impact level: Temporary, localised direct Moderate 
negative (See Chapter 14 for intertidal habitats)

(2000) Slight to Moderate 
negative 

Neutral or Imperceptible 
negative 



Corrib Onshore Pipeline EIS     Appendix P Natura Impact Statement  

NIS May 2010  59 

Potential and Predicted impacts and impact magnitude

Natura 2000 site Status of  

Habitat / species 
Habitat / or location / 

species Potential During Construction 
Area of impact 

on habitats 
within the 

Natura site (m2)

Predicted Short Term 
Impact

(assuming the successful 
implementation of mitigation 

measures) 

Predicted Residual 
Impacts 

(assuming the successful 
implementation of mitigation 

measures)  

Reinstated section of 
sedimentary cliff and 
foreshore 

Minor temporary disturbance to a section of the 
reinstated sedimentary cliff during LVI outfall 
construction  
Impact level: Temporary, localised direct Moderate 
negative 

(400) Slight to Moderate† Neutral to imperceptible 

Improved agricultural 
grassland / Landfall valve 
installation site

Habitat loss, habitat disruption and disturbance to faunal 
species which forage in the agricultural grassland. 

Impact level:  localised direct negative Moderate†

Footprint of the 
LVI (440) 
Permanent 
access road 
(1,177) 

LVI areas 
outside the 
footprint and 
access road 
(1,523) 

Some loss of 
grassland habitat on 
the footprint of the LVI 
and the access road):
Impact level: localised 
Moderate† negative 
impact. 
LVI areas outside the 
footprint and access 
road:  Impact level: 
Slight to Moderate†

Loss of improved 
grassland habitat on the 
footprint of the LVI and 
the access road. Impact 
level at footprint and 
access road:  localised 
Slight to Moderate†

Other areas of LVI: 
Imperceptible to slight 

Improved agricultural 
grassland  (SC1 and pipeline 
TWA)

Temporary habitat loss. 
Impact level: Temporary to short term, localised, direct 
Moderate† negative

Site compound 
SC1 (4,500) 

Temporary 
working area 
between SC1 

and SC2  
(9,995) 

Slight to Moderate 
negative 

Neutral 

Improved agricultural 
grassland  and wet, rushy 
grassland (SC2)

Temporary to short term habitat loss. 
Impact level: Temporary/ short term, localised, direct 
Moderate† negative

Site compound 
SC2 (626) 

Slight to Moderate 
negative 

Neutral 

Mosaic of  wet, rushy 
grassland, marsh  
Tunnel  will be underneath 
some non-annexed 

None anticipated  None expected None expected None expected 

Non-annexed 
habitats 
(neither qualifying  
nor listed for the 
cSAC) 

Habitats in the cSAC on the 
Glengad section

In worst case scenario, if an emergency intervention pit 
is required. Impact level: Temporary, localised direct 
Moderate† negative

- Slight to Moderate Neutral 

Otter  - Lutra lutra

(Annex II & IV) 

Disturbance during construction stage will affect the 
foraging range of otters in the area.   
Impact level: temporary to short term, localised 
Moderate†  negative 

- Potential for localised 
Slight to Moderate 
Negative 

Neutral 

Glenamoy Bog 
Complex  

cSAC 000500 

Annexed  faunal 
spp. 

(neither qualifying nor 
listed for the cSAC) Bats 

(Annex IV) 

Bats are not expected to be affected, to any measurable 
extent, either by the construction phase, the operation 
phase, or the loss of habitat in the area.  
Impact level – Imperceptible negative or Neutral 

- Imperceptible or 
Neutral 

Imperceptible or Neutral , 
but with habitat 
enhancement could lead 
to a Slight positive overall 
impact 
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Potential and Predicted impacts and impact magnitude

Natura 2000 site Status of  

Habitat / species 
Habitat / or location / 

species Potential During Construction 
Area of impact 

on habitats 
within the 

Natura site (m2)

Predicted Short Term 
Impact

(assuming the successful 
implementation of mitigation 

measures) 

Predicted Residual 
Impacts 

(assuming the successful 
implementation of mitigation 

measures)  

Grey seal – Halochoerus 
grypus  

Tunnelling (Bentonite release) 
Impact level: Localised (spatially and temporally) in 
extent, and Neutral 

- None expected None expected 

Grey seal – Halochoerus 
grypus 

Noise from the TBM:
Impact level: Localised (spatially and temporally) in 
extent, and Imperceptible  (at most ) negative (due to 
prey species)

-
Neutral None expected 

Grey seal – Halochoerus 
grypus 

Worst case scenario – emergency surface intervention  
Impact level:  Imperceptible/slight  negative (depending 
upon location) and localised 

- Neutral None expected 

Common  (Harbour)  seal – 
Phoca vitulina 

Tunnelling (Bentonite release) 
Impact level: Localised (spatially and temporally) in 
extent, and Neutral 

- None expected None expected 

Common (Harbour)  seal – 
Phoca vitulina 

Noise from the TBM: Impact level: Localised (spatially 
and temporally) in extent, and Imperceptible  (at most) 
negative (due to prey species) 

- Neutral None expected 

Marine Mammals 
Annex II  

(neither qualifying nor 
listed for the cSAC) 

Common (Harbour)  seal – 
Phoca vitulina 

Worst case scenario – emergency surface intervention
Impact level:  Imperceptible/slight  negative (depending 
upon location) and  localised 

- Neutral None expected 

*Harbour Porpoise – 
Phocoena phocoena

Tunnelling (Bentonite release) 
Impact level: Localised (spatially and temporally) in 
extent, and Neutral 

- None expected None expected 

*Harbour Porpoise – 
Phocoena phocoena

Noise from the TBM: Impact level: Localised (spatially 
and temporally) in extent, and Imperceptible  (at most) 
negative (due to prey species) 

- None expected None expected 

*Harbour Porpoise – 
Phocoena phocoena

Worst case scenario – emergency surface intervention
Impact level:  Imperceptible negative to none (depending 
upon location) and localised 

- None to Neutral None expected 

‡ Larger odontocetes  
(Bottlenose Dolphin or 
Common Dolphin; Tursiops 
truncates and Delphinus 
delphis, respectively) 

Tunnelling (Bentonite release) 
Impact level: Localised (spatially and temporally) in 
extent, and Neutral 

- None expected None expected 

‡ Larger odontocetes  
(Bottlenose Dolphin or 
Common Dolphin; Tursiops 
truncates and Delphinus 
delphis, respectively) 

Noise from the TBM: Impact level: Localised (spatially 
and temporally) in extent, and Imperceptible  (at most) 
negative (due to prey species) 

- None expected None expected 

Glenamoy Bog 
Complex  

cSAC 000500 

Marine Mammals
Annex IV  

(neither qualifying nor 
listed for the cSAC) 

‡ Larger odontocetes  
(Bottlenose Dolphin or 
Common Dolphin; Tursiops 
truncates and Delphinus 
delphis, respectively) 

Worst case scenario – emergency surface intervention
Impact level:  Imperceptible negative to none (depending 
upon location) and localised 

- None to Neutral None expected 
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Potential and Predicted impacts and impact magnitude

Natura 2000 site Status of  

Habitat / species 
Habitat / or location / 

species Potential During Construction 
Area of impact 

on habitats 
within the 

Natura site (m2)

Predicted Short Term 
Impact

(assuming the successful 
implementation of mitigation 

measures) 

Predicted Residual 
Impacts 

(assuming the successful 
implementation of mitigation 

measures)  

River Lamprey Noise from the TBM: Unlikely to cause avoidance 
reaction but if avoidance 

- None expected None expected 

River Lamprey Suspended solids from Aghoos compound: None 
expected 

- None expected None expected 

River Lamprey Suspended solids emergency surface intervention None 
expected 

- None expected None expected 

River Lamprey Suspended solids from bentonite outbreak.  As 
described for salmon above   

- None expected None expected 

Sea Lamprey Noise from the TBM: Unlikely to cause avoidance 
reaction but if avoidance occurs this is unlikely to prevent 
migration 

- None expected None expected 

Sea Lamprey Suspended solids from Aghoos compound: None 
expected 

- None expected None expected 

Sea Lamprey Suspended solids from emergency surface intervention:
None expected 

- None expected None expected 

Sea Lamprey Suspended solids from bentonite outbreak.  As 
described for salmon above   

- None expected None expected 

Glenamoy Bog 
Complex  

cSAC 000500 

Annex II Fish 

(neither qualifying nor 
listed for the cSAC)

Sea Lamprey Noise from the TBM: Unlikely to cause avoidance 
reaction but if avoidance occurs this is unlikely to prevent 
migration 

- None expected None expected 

Macro-invertebrate population 
in general  (should also be 
considered as food source for 
pSPA species (see above) 

Tunnelling (Bentonite release) 
Impact level: Localised (spatially and temporally) in 
extent, and Neutral. 

- None expected None expected 

Macro-invertebrate population 
in general  (should also be 
considered as food source for 
pSPA species (see above) 

Tunnelling (TBM vibrations) 
Impact level: Highly localised (spatially and temporally) in 
extent, imperceptible  and negative to neutral  

- None expected None expected 

Macro-invertebrate population 
in general  (should also be 
considered as food source for 
pSPA species (see above) 

Worst case scenario – emergency surface intervention
Impact level: Highly localised (spatially and temporally) in 
extent, imperceptible  and negative 

- Imperceptible to 
neutral (dependent 
upon location)  

Neutral to None expected 
(dependent upon location) 

Glenamoy Bog 
Complex  

cSAC 000500 

and 

Blacksod Bay / 
Broadhaven pSPA 
004037 

Benthic fauna   

(neither qualifying nor 
listed for the cSAC or 
pSPA)

Macro-invertebrate and 
epifauna population in the 
upper Leenamore inlet. 

Impact level: Temporary, localised direct, imperceptible 
and negative 

- Imperceptible negative 
to neutral  

Neutral to None expected  

Sand Martin  Impact level:  
Temporary Imperceptible to Slight Negative 

- Neutral Neutral Glenamoy Bog 
Complex  

cSAC 000500 

Other bird species  

(neither qualifying nor 
listed for the cSAC or 
pSPA)

Birds (Terrestrial –general ) Disturbance; and onshore habitat changes leading to a 
loss or deterioration of nesting and/or feeding habitat.  
Impact level: Temporary highly localised, Slight to 
Moderate† negative 

- Neutral Neutral , but with habitat 
enhancement during 
reinstatement could lead 
to a Slight positive overall 
impact  
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Potential and Predicted impacts and impact magnitude

Natura 2000 site Status of  

Habitat / species 
Habitat / or location / 

species Potential During Construction 
Area of impact 

on habitats 
within the 

Natura site (m2)

Predicted Short Term 
Impact

(assuming the successful 
implementation of mitigation 

measures) 

Predicted Residual 
Impacts 

(assuming the successful 
implementation of mitigation 

measures)  

Qualifying habitats 1170 – Reefs 
1160 – Large shallow inlets 
and bays 
1140 – Mudflats and sandflats 
not covered by seawater at 
low tide 
1330 – Atlantic salt meadows 
(Glauco - Puccinellietalia) 
8330 – Submerged or 
partially submerged sea 
caves 

None - N/A N/A 

Listed Annex I bird 
species 

Golden Plover 
Bar-tailed Godwit 
Sandwich Tern 
Common Tern 
Arctic Tern 
(see also above) 

None expected - None expected None expected 

Marine Mammals 
Annex  II 

(neither qualifying nor 
listed for the cSAC)

Grey seal – Halochoerus 
grypus 
Common  (Harbour)  seal – 
Phoca vitulina

None expected - None expected None expected 

Broadhaven Bay 
cSAC 

Marine Mammals 
Annex  IV  

(neither qualifying nor 
listed for the cSAC) 

Sei whale (Balaenoptera 
borealis)
Minke whale (Balaenoptera 
acutorostrata)
Killer whale (Orcinus orca)
Risso’s dolphin (Grampus 
griseus)
White-beaked dolphin 
(Lagenorhynchus albirostris)
White-sided dolphin 
(Lagenorhynchus acutus)
Common dolphin (Delphinus 
delphis)
Bottlenose dolphin (Tursiops 
truncates)
Harbour Porpoise - Phocoena 
phocoena

None expected - None expected None expected 
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NIS / Figure 3.6

APPENDIX P FIGURE 3.6: KEY TO BIRD USAGE AREAS (Figures 3.1, 3.2 and 3.5)

Numbers refer to the areas of bird concentrations shown in the figures

Figures 3.1 and 3.2 Indicative maps of bird usage at low tide 

1. Area at Rinroe used as feeding grounds by Brent Geese

2. Large area of sand and shingle spit to the north of the landfall at Glengad is algal 

covered and is used by Brent Geese as the main feeding area

3. Area immediately to the west of the landfall at Glengad. A sand/gravel area that 

sometimes becomes algal covered and is a feeding location for Brent Geese

4. Area of sand/gravel that is used as roosting sites for a range of bird species.

5. Area of pebble/silt that is only occasionally used by Brent Geese

6. Edge of the sand bank that is used as feeding site by Curlew, Black-tailed Godwit, 

Greenshank and Redshank

7. Area of sand/silt that is used by Curlew, Ringed Plover, Sanderling and Dunlin as 

feeding location.  Groups of Redshank and Greenshank also use this area

8. Area of sand/silt used by Ringed Plover and Dunlin.

9. Rocky shoreline used by small numbers of Redshank, Greenshank and Curlew.

Note: At  the southern side of the channel (approximately from the pier at Pollatomish, 

and upstream to just west of Aghoos Church), the edges of the sand banks are regular 

feeding areas at low tide for small numbers of wading birds (Curlew & Oystercatcher).

Figure 3.5: Indicative Map of concentrations of birds at high tide

1. Area favoured by Brent Geese at high water.  Pebble/sand areas often weed 
covered.  Also used as feeding area at low water.

2. Area of sand/gravel used by good numbers of a range of bird species, including small 
groups of Brent Geese – the latter especially in strong westerly winds.

3. Area along rocky shoreline used by small numbers of Oystercatcher, Redshank, 
Curlew

4. Rocky and mud shoreline used by small numbers of Redshank, Greenshank.
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APPENDIX 1: 

SITE SYNOPSES FOR THE NATURA SITES TO BE AFFECTED BY THE 
PROPOSED DEVELOPMENT 
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APPENIDX 1 Site synopses 

SITE NAME: GLENAMOY BOG COMPLEX  

SITE CODE: 000500  

This large site is situated in the extreme north-west of County Mayo, where the climate is wet oceanic and gales 
from the Atlantic are frequent. This area is underlain by metamorphic rocks, comprising mainly schists and 
quartzites of Moinian age. From sea-level, the site reaches 379m O.D. at Maumakeogh. The soils are 
predominantly peats, with underlying glacial tills usually only visible along water channels and roads. Four main 
river systems drain the site: the Glenamoy, the Muingnabo, the Belderg and the Glenglassra Rivers. One 
medium-sized lake, Lougherglass, occurs on the site.  

The site is a candidate SAC selected for active blanket bog and machair, both priority habitats on Annex I of the 
E.U. Habitats Directive. The site is also selected as a candidate SAC for sea cliffs, wet heath, Juniper scrub, 
transition mires, dystrophic lakes and Rhynchosporion, all habitats listed on Annex I of the E.U. Habitats 
Directive. The site is also selected for the following species listed on Annex II of the same directive -Atlantic 
Salmon, the plant Marsh Saxifrage, the liverwort Petalwort and the moss Drepanocladus vernicosus. These 3 
plant species are also protected under the Flora Protection Order (1999).  

Blanket bog, a priority habitat under Annex I of the E.U. Habitats Directive, dominates the site. Glenamoy Bog is 
a prime example of the extreme oceanic form of lowland blanket bog and is one of the most extensive tracts of 
bog in the country. The bog occupies a gently undulating plain, but extends uphill to cover the slopes of 
Maumakeogh and Benmore in the eastern sector of the site, and northward, out toward the sea cliffs of the north-
west Mayo coastline. Peat depth reaches 6 metres in the low-lying areas. A large flush occurs at Rathavisteen, 
which supports species-rich vegetation, including Cranberry (Vaccinium oxycoccos) and a moss (Homalothecium 
nitens) which is nationally rare. Marsh Saxifrage (Saxifraga hirculus), listed under Annex II of the Habitats 
Directive is found in another flush area in Barroosky. Five other Annexed habitats occur in close association with 
the blanket bog -dystrophic lakes, wet heath, Juniper heath, Rhynchosporion depressions and transition mires.  

Dystrophic lakes, which lie in peaty basins and have peat-stained water, are a common feature of lowland 
blanket bog. At Glenamoy, the lakes are particularly well-developed. Juniper (Juniperus communis subsp. nana)
occurs scattered over the blanket bog, often in association with Crowberry (Empetrum nigrum) and hummocks 
formed of mosses (Racomitrium lanuginosum). On steep slopes where the peat is shallow, the blanket bog 
grades into wet heath. Here, Ling Heather (Calluna vulgaris), Cross-leaved Heath (Erica tetralix), Tormentil 
(Potentilla erecta) and Purple Moor-grass (Molinia caerulea) are found. Where the heath is drier, and especially 
towards the northern coastal zone of the site, scattered Bearberry (Arctostaphylos uva-ursi) occurs with Ling and 
Juniper.  

Transition mires or quaking bogs occur where the bog vegetation merges with flush type vegetation influenced by 
base enrichment, and also at the interface between large pools/small lakes and adjacent blanket bog. The 
vegetation is characterised by lawns of Sphagnum, with abundant small sedges (especially Carex limosa, C. 
paniculata, C. rostrata and C. lepidocarpa), Bogbean (Menyanthes trifoliata) and White-beaked Sedge 
(Rhynchospora alba). Diagnostic bryophytes (other than Sphagnum) include Aneura pinguis, Drepanocladus 
revolvens and Calliergon giganteum. Rhynchosporion vegetation is best represented around pool margins and in 
wet hollows and is often a component of transition mires. Sphagnum cuspidatum and S. auriculatum are principal 
moss species associated with this habitat, with a relatively low diversity of vascular plants : White-beaked Sedge, 
Bogbean, Bog cotton (Eriophorum angustifolium), Purple Moor-grass (Molinia caerulea) and sundews (Drosera 
spp.). The rare Brown Beak-sedge (Rhynchospora fusca) is found in some of the pools and lawns.  

A rare moss, Drepanocladus vernicosus, has been recorded from an area of poor fen habitat within the blanket 
bog complex. This is only one of 11 known sites for the plant in Ireland. This species is listed on Annex II of the 
EU Habitats Directive.

The coastal habitats at Glenamoy are extensive and varied. Sea cliffs extend for about 20 km along the north 
coast and achieve a height of 253m, at Benwee Head. They vary in physical character from sheer cliff-face to 
slopes of varying gradients. Typical cliff-face vegetation includes Thrift (Armeria maritima), Sea Campion (Silene 
vulgaris subsp. maritima) and Red Fescue (Festuca rubra). Sea stacks and several islands occur, of which 
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Illaunmaistir is the most notable. A feature of the cliffs is the well developed cliff-top vegetation, which range from 
typical Plantain-dominated vegetation (Plantago sward) to coastal heath. South of Benwee Head, the rocky 
coastline grades into an estuarine system, Sruwaddacon Bay, which contains sand dunes and a machair system. 
Machair is a form of sandy, flat, coastal grassland, and this particular machair is unusual in that it extends 
upslope at Garter Hill -most machairs occupy flat, low-lying plains. It is, however, now very degraded owing 
mainly to over-grazing by sheep. Petalwort (Petallophyllum ralfsii), a rare bryophyte, listed on Annex II of the E.U. 
Habitats Directive, occurs abundantly on the machair habitat. This is thought to be the second largest colony 
(after Slyne Head in Co. Galway) of this species in Ireland.  
The sea cliffs and islands provide excellent habitat for breeding seabirds. An internationally important population 
of Storm Petrel (7,500 -10,000 pairs, pre-1987), occurs on Illaunmaistir. A large Puffin colony (c.2,000 pairs, pre 
1987) and a small colony of Manx Shearwaters (c.100 pairs) also occurs on Illaunmaistir. The mainland cliffs was 
the first breeding site in Ireland for Fulmar and now has a very substantial colony (c.2,000 pairs, pre 1987). There 
is a sizeable Kittiwake colony (c.400 pairs pre 1987) and small colonies of Guillemots and Razorbills (less than 
100 individuals of each). Peregrine Falcon and Chough, both Annex I Bird Directive species, breed on the cliffs. 
Another Annex I species, Merlin, breeds on the blanket bog, as does Golden Plover. In winter, a small flock (less 
than 50 individuals) of Barnacle Geese visit Illaunmaistir and Kid Island.  

Otter, an E.U. Habitats Directive Annex II species, occurs on the site, as well as two other Red Data Book 
mammal species: Badger and Irish Hare. The Glenamoy River is predominantly a western, acidic, spate river 
which has a valuable late run of salmon (Salmo salar) in July with good spawning habitats and good water 
quality. Sea Trout are also found.  

A number of landuse practices have damaged parts of this site. Grazing by sheep and cattle is widespread and 
over-grazing, which leads to soil erosion, has caused damage to parts of the blanket bog, heath and machair 
habitats. Peat cutting, by hand and to a lesser extent by mechanised means, is widespread throughout though 
mostly confined to near roads and tracks. The region in general has been heavily afforested with conifers and 
much of the site is bounded by plantations. Within parts of the site afforestation continues and poses a threat to 
the blanket bog.  

This site is of immense ecological importance because of the presence of a number of E.U. Annex I habitats, 
including two priority habitats -blanket bog and machair. It supports populations of an Annex II species, two 
Annex II plant species and six Annex I Birds Directive species. It also has nationally important populations of 
other seabirds. Despite serious damage to parts of the site in recent years, large areas remain in good condition. 
Considerable archaeological interest is contained within the site, including the renowned Céide Fields. 
Furthermore, the site is of outstanding scenic value.  

Site synopsis date: 7.12.2005 
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SITE NAME:  BLACKSOD BAY/BROADHAVEN SPA  

SITE CODE: 004037  

Situated in the extreme north-west of Co. Mayo, this site comprises all of the inner part of Broadhaven Bay and 
the various sheltered bays and inlets in Blacksod Bay, including Trawmore Bay, Saleen Harbour, Elly Harbour 
and Tullaghan Bay.  At low tide extensive areas of intertidal sand and mudflats are exposed.  These support a 
well-developed macro-invertebrate fauna.  Talitrid amphipods occur in decomposing seaweed on the strand line, 
whilst polychaete worms (Arenicola marina), bivalves (Cerastoderma edule) and crustaceans, such as Urothoe 
brevicornis, Ampelisca brevicornis and Bathyporeia pilosa, are common in the middle shore. Eelgrass (Zostera 
marina) occurs at several localities.  Salt marshes, which are often on a peat substrate, fringe parts of the site 
and provide useful roosts for the wintering waterfowl.  Species typically present include Thrift (Armeria maritima), 
Common saltmarsh-grass (Puccinellia maritima), Sea Aster (Aster trifolium), Sea Milkwort (Glaux maritima), Sea 
Rush (Juncus maritimus) and Saltmarsh Rush (Juncus gerardi).  At the lower levels of the marshes, and in 
places extending onto the open sand flats, are found Glasswort (Salicornia europaea agg.) and Seablite (Suaeda 
maritima).  Sandy and shingle beaches are well represented.  A small island, Inishderry, situated in the inner part 
of the bay, is used by nesting terns and gulls.  The underlying bedrock consists mainly of schists and gneiss.   

The site supports an excellent diversity of wintering waterfowl species and is one of the most important wetland 
complexes in the west.  It has nationally important populations of Great Northern Diver (31), Red-breasted 
Merganser (48), Bar-tailed Godwit (441), Ringed Plover (332) and Dunlin (1,709) - figures are average peaks for 
the 5 seasons 1995/96-1999/00.  It also supports Red-throated Diver (15), Brent Goose (149), Oystercatcher 
(262), Golden Plover (267), Grey Plover (53), Knot (234), Sanderling (53), Curlew (330), Redshank (96), 
Turnstone (38), Shelduck (26), Mallard (55), Cormorant (29), Black-headed Gull (183) and Common Gull (161).  
It provides both feeding and roosting areas for the birds though some species may also utilise marginal habitats 
above the shoreline for feeding and/or roosting, as well as the shallow marine waters elsewhere in Blacksod Bay.  

Inishderry Island has a nationally important breeding colony of Sandwich Tern, with 160-170 pairs present in 
1994 and 81 pairs in 1995.  The terns at this site are considered to be the same population that nested at 
Carrowmore Lake in the past.  It also has nesting Common Tern and Arctic Tern (total for the two species of 42 
pairs), and a colony of Black-headed Gull (100 individuals in 1995). Little Tern has also bred in small numbers in 
the past.

There are no serious imminent threats to the various bird populations.  Aquaculture occurs and intensification 
could cause disturbance to the birds and their habitats.  Some of the salt marshes have suffered damage due to 
heavy grazing by sheep, and remain vulnerable.    

Thie site is of high ornithological importance for its excellent diversity of wintering waterfowl and for the nationally 
important populations of five species that it supports.  Of particular note is the usage of the site by over 3% of the 
national Ringed Plover population.  It is also of importance as a breeding site for terns and gulls, especially the 
localised Sandwich Tern.  It is of note that seven of the species that occur regularly are listed on Annex I of the 
E.U. Birds Directive, i.e. Great Northern Diver, Red-throated Diver, Golden Plover, Bar-tailed Godwit, Sandwich 
Tern, Common Tern and Arctic Tern.  

Site synopsis date: 30.3.2005 
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APPENDIX 2: EVALUATION AND IMPACT MAGNITUDE TABLES 

2.1 Ecological Site Evaluation Criteria (derived from NRA and IEEM EcIA Guidelines) 

Ecological value Criteria 

Internationally important 

(A sites) 

EU Annex habitat in an internationally designated conservation area (or 
qualifying site; or site with a proposed designation) 

A viable area of a habitat type listed in Annex I of the Habitats Directive, 
or smaller areas of such habitat which are essential to maintain the 
viability of a larger whole. 

Non-designated high quality habitat which equates to an EU Annex I 
priority habitat 

A regularly occurring, nationally significant population / number of any 
internationally important species.

Nationally important 

(B sites) 

EU Annex habitat in a designated (or proposed) NHA. 

Non-designated good example of Annex I habitat (Under EU habitats 
Directive)

Any habitat which may have been formerly classified as EU Annex I 
quality, but which has been subsequently highly modified as a result of 
change in the physical environment or damaged. Such a  habitat may be 
still be classified as an Annex habitat on the basis of the presence of one 
or more character plant species, but can no longer be considered a good 
example of that habitat type 

High value 

(C sites) 

Sites containing semi-natural habitat types with high biodiversity in a local 
context, with high degree of intrinsic naturalness.   

Locally rare habitats or species

Moderate value 

(D sites) 

Sites containing some semi-natural habitat or locally important for wildlife 

Locally 
important 

Low value 

(E sites) 

Highly modified or artificial habitats with low intrinsic ecological value in 
terms of biodiversity 

Artificial habitats which provide some secondary wildlife habitat of local 
value
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2.2:  NRA EcIA criteria for assessing impact magnitude  

Impact Magnitude Internationally 
important 

(A sites) 

Nationally 
important 

(B sites) 

High value, 
locally 
important 

(C sites) 

Moderate 
value, 
locally 
important 

(D sites) 

Low value, 
locally 
important 

(E sites) 

Profound negative Any permanent 
impacts

Permanent
impacts on a 
large part of a 
site

   

Significant negative Temporary 
impacts on a 
large part of a site 

Permanent
impacts on a 
small part of a 
site

Permanent
impacts on a 
large part of a 
site

Moderate 

Negative 

Temporary 
impacts on a 
small part of a site 

Temporary 
impacts on a 
large part of a 
site

Permanent
impacts on a 
small part of a 
site

Permanent
impacts on 
a small part 
of a site 

Permanent
impact on a site 
if part of a 
designated site 

Slight

Negative 

 Temporary 
impacts on a 
small part of a 
site

Temporary 
impacts on a 
large part of a 
site

Permanent
impacts on 
a small part 
of a site 

Permanent
impacts on a 
large part of a 
site

Imperceptible 
Negative 

  Temporary 
impacts on a 
small part of 
the site 

Temporary 
impacts on 
a small part 
of the site 

Permanent
impacts on a 
small part of a 
site

Neutral No impacts No impacts No impacts No impacts No impacts 

Slight Positve    Permanent 

beneficial 
impacts on 
a small part 
of a site 

Permanent
beneficial 
impacts on a 
large part of a 
site

* For ecological evaluation criteria see Table 5 above 
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2.3 EPA Guidelines – Glossary of impacts 
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APPENDIX 3 

ANNEX I HABITAT OUTSIDE THE NATURA SITES 
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APPENDIX 3: ANNEX I HABITAT OUTSIDE THE NATURA SITES 

Whilst there is no requirement to include impacts on Annex I habitats which lie outside the Natura 
sites in the Natura Impact Statement, it is considered useful to include it here for completeness, and 
in the context of the area in which it occurs.    

At Aghoos (Ch. 89.350 to 89.540), a 190m section of eroded blanket bog has been identified as 
recovering from former grazing effects in an area which is not subject to any conservation 
designation, national or international. Although vegetation surveys in 2008 resulted in the 
classification of much of this as being eroding blanket bog (PB5),  the recovery of surface vegetation 
is visible. However, because there is a notable area of bare peat cover with a lack of peat forming 
species, it is not yet considered to equate to active blanket bog. This area has therefore been 
classified as PB5/PB3 (Annex I equivalent) and evaluated as being of National importance. It is 
mapped as PB3/PB5 to indicate its recovering, eroded state and the presence of bare peat.  

Specialised construction methods have been developed, with ecological and hydrological input, for 
construction in this area in order to minimise any potential impact, but at the same time to ensure the 
effective construction and safety of personnel during construction. The proposed methodology 
includes the installation of a stone road and the need for turving. This involves removal of the upper 
active vegetation layer in the form of large turves, approximately 2m x 1m x 0.5m deep, which will 
then be stored within the temporary working area.  At the end of construction the bog surface will be 
carefully reinstated with these turves. Further details of the proposed methodology are provided in 
Chapter 5, Chapter 15 and Appendix J1 of the EIS. 

Potential impacts resulting from the proposed construction methodologies on recovering eroded 
blanket bog traversed by the proposed route are expected to be temporary, direct, localised and 
moderate.  Over time, the impact level is expected to reduce to slight to moderate negative in the 
short to medium term, and neutral or imperceptible negative in the long term (residual impact). 
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