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CONSIDERATION OF KEY ENVIRONMENTAL IMPACTS
RELEVANT TO THE PROJECT

In accordance with the scope of the tender and our commission, we have concentrated
our detailed review of environmental impacts relevant to the project (and deployed
relevant expertise) in the following topic areas:

e Airborne noise from construction works and railway operation (also referred to
as “environmental noise”);

e Vibration and groundborne noise from metro construction and operation;

e Influence of proposed works on surface water;

e Influence of proposed works on ground water; and

e Settlement of ground around tunnels and associated civil engineering works.

Each of the following sections is structured as follows:

(i) Introduction to the subject - important concepts and terminology;

(i) Description of the assumptions made in the Metro North assessments and the
methodology used;

(iii)  Reference to relevant sections of the EIS;

(iv)  Summary of findings of the EIS;

(V) Comment from the Independent Engineering Experts on the adequacy and clarity
of the EIA (and other Railway Order documentation) in relation to the impact
under consideration and identification of gaps and/or un-answered questions.

Airborne noise from surface construction works and railway
operation

Introduction to airborne noise — important concepts and terminology

Airborne (or environmental noise) is the noise that is transmitted through the air and
therefore might be heard outside or within a building. For this project, the sources of
airborne noise include:

e construction works that are at or above ground level or open to the
atmosphere. These will include construction of: ‘at grade’ and elevated track,
station boxes, surface infrastructure at stations, cut and cover tunnels; and all
construction activities at and around the Belinstown depot, park and ride and
station site;

e construction traffic;
e emergency ventilation fans; and
e light metro vehicles (LMVs) operating at the surface or on elevated track.

Noise from construction sites (and moving LMVs or road vehicles) is constantly varying
because very few of the items of plant and machinery (sources of noise) operates
continuously in the same place; they move about relative to an individual (static) receptor.
In addition, the amount of noise actually emitted from each individual item may vary
depending on what it is doing (e.g. more noise is emitted by a truck travelling up a slope
in a low gear than when stationary with the engine running). An example noise signal is
depicted in Figure 3.
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Noise perceptible to humans is measured in decibels (symbol dB(A)). The “(A)” after “dB”
signifies that a noise measurement (or prediction) has been “A-weighted” to approximate
the frequency range of a human ear, which is relatively insensitive at low frequencies and
very high frequencies. The objective of environmental noise measurements is to quantify
the level of noise experienced from a human perspective (hence the need for applying a
weighting to measurements made using a monitoring device that can detect the full range
of frequencies to convert them into units that reflect human experience). There is an
explanation of the units used to describe noise in Figure 4. Figures 3 and 4 were
originally PowerPoint slides presented by the Independent Experts at public meetings in
Dublin held during the week commencing 20" October 2008.

Example Noise Signal
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Figure 3 Example noise signal

Units of measurement — what do
they mean?

Units of measurement — what do
they mean?

Lago, 7, dB(A)

{% I—Aeq, T, dB(A)

dB(A) is the
unit for noise

L, is the noise

dB(A) is the

The sound level \ .
exceeded for 90% of | |unit for noise
the time interval, T. | L(decibels).

L, is the noise
level that a
human hears

Lago,1hr, dB(A) is shorthand for the noise level that will be exceeded for
90% of a 1 hour period (i.e. for 54 minutes out of ever hour).

Lago,12nr, dB(A) is shorthand for the noise level that will be exceeded
for 90% of a 12 hour period (i.e. for 10 hours and 48 minutes out of
every 12 hours).

level that a (decibels).

human hears

eq, T stands for
‘equivalent’ steady sound
over a time period T.

Laeq,1hr, dB(A) is shorthand for the steady noise level that is equivalent
to the fluctuating noise heard over a period of one hour (60 minutes).
||

Laeq, 120, dB(A) is shorthand for the steady noise level that is

equivalent to the fluctuating noise heard over a period of 12 hours.

Figure 4 Explanation of noise measurement units

4.2.4

LAgo,r is the normal measure used to describe the level of background noise (/e. noise

which exists in the environment before the noise being assessed is added). LAt can be
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used to describe the ambient noise or overall noise level of an existing noise climate.
LAer is the way in which predicted and measured site noise levels are generally
described. When comparing noise levels (e.g. actual or predicted against background), it
is important to compare noise levels relating to the same time period (T value).

The following excerpt from the EIS (Volume 3, Book 2, Annex B, Page 1) is a table

describing what given ranges of noise in dB(A) might sound like, in comparison to
commonly experienced noise environments.

Laeq1, dB(A) Example

0 Absolute silence

25 Very quiet room

35-40 Quiet rural area during night with no wind

55 Day-time, flat to undulating topography, busy roadway 0.5km away

70 Busy restaurant

85 Very Busy pub, voice has to be raised to be heard

100 Disco or rock concert

120 Large chipping hammer. Uncomfortably loud and conversation impossible
140 Four propeller aircraft. Noise causes pain to the ears

*Adapted from EPA Guidance Note for Noise in Relation to Scheduled Activities (2“” Edition), 2006

Each source of noise can be ascribed a ‘sound power level’ — the amount of noise that is
emitted from an item of plant or a collection of activities going on in one place. Noise
levels reduce (attenuate) with distance from a noise source. For a given noise source,
reductions over and above the attenuation that takes place by virtue of the distance
between source and receptor can be achieved by introducing barriers between the source
and the receptor. The influence of the roughness and topography of the intervening
ground can also be important. Options for noise mitigation therefore include reducing
noise levels at the source and the introduction of barriers between sources and receptors.

For complex noise sources (such as construction sites), where noise is constantly varying
as described above, noise assessment criteria (against which the significance of the
impact of additional noise is assessed) are either expressed as a ‘threshold” in dB(A)
(Laeg,perioa), OF in relation to the background or ambient noise levels. It is common to
assess noise outside buildings, generally 1m from the facade or, in the free field, more
than 3.5m from the fagade of buildings.

For static items of plant that will operate during the operational phase (e.g. exhaust vents
for fans), ‘Noise Criteria” (NC) curves are used to specify sound levels that are acceptable
in particular circumstances; these provide an indication of the noise that will be
experienced inside buildings. There is no direct conversion from NC to dB(A) but a rough
rule of thumb is dB(A) = NC + 5 and therefore NC25 is approximately 30 dB(A), although
this could vary considerably depending on the spectrum shape of fan noise (/.e. whether it
is broad band noise or contains tonal noise). NC25 is regarded by the noise assessment
team who contributed to the EIS to be the appropriate level of noise from fixed plant
experienced inside residential properties at night (to avoid sleep disturbance)?.

The last paragraph of Section 4.3.2.2 in Volume 2, Chapter 4 (all Books) states: "Noise from
fixed plant is considered in the same manner; however it has been assumed insignificant if
noise is less than NC25 inside neighbouring buildings at night (to avoid sleep disturbance) or
to not exceed the existing L,9p background noise”.
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Residual impacts, in terms of noise, are those impacts which exceed the assessment
criteria but cannot be mitigated further (based on the mitigation assumed in the
assessment).

Reference to relevant sections of the EIS

Description of the noise baseline. In Volume 1 Book 1, the noise baseline is described
in Chapter 12. Chapter 12 is supported by 4 Noise Baseline Maps in Volume 3 Book 1 and
a Baseline Noise Monitoring Report in Annex B of Book 2 of Volume 3. The maps and
report in Volume 3 provide details of thirty-one baseline Noise Monitoring Locations in the
vicinity of the proposed route of Metro North and report the results of baseline noise
monitoring at each of these locations. Daytime readings were made at all locations with
evening or night time readings made at most but not all of the locations. The Baseline
Noise Maps also show areas with given Functional Values within the study area for
airborne noise.

Evaluation of the potential noise impacts arising from the scheme. In each of
the seven books making up Volume 2, Chapter 4 relates to noise impacts. These chapters
are in 4 main sections as follows:

e 4.1 Introduction

e 42  Study area

e 43  Assessment methodology
e 44 Impact assessment

Annex C in Volume 3, Book 2 provides “details of the noise modelling methods and results,
including predicted levels of noise without mitigation for both the construction and
operational phases.”10 The locations at which predictions have been made are shown on
the 4 Noise Impact Maps in Volume 3, Book 1 (these maps also show the baseline
monitoring locations).

Residual impacts are discussed at section 4.4.3 and summarised in Table 4.5 (Books 3, 6
and 7), Table 4.6 (Books 2, 4 and 5) and Table 4.8 (Book 1), all entitled “Summary of
residual impacts".

Assumptions and methodology applied in the EIS

The general methodology that has been applied in the EIS to the assessment of
environmental impacts and their significance is described in Section 2 of this report and is
not repeated in detail here.

The criteria for baseline categorisation (in terms of functional value) are listed in Table
12.3 (page 224) of Volume 1 of the EIS and shown on the baseline maps in Volume 3.
Baseline noise monitoring was carried out during both day and night periods, with
attended sample noise monitoring exercises almost exclusively on weekdays between
December 2006 and October 2007.

The sources of airborne noise are described in general terms in section 4.4.1 of each
Chapter 4. Construction noise impacts have been assessed by assuming that the plant
operating at the various surface construction sites along the route will be as listed in the

10 From introductory text to sections 4.3 in the 7 noise chapters included in Volume 2
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construction plant inventories at tables 7.6 to 7.23 in Volume 3, Book 2, Annex C. These
inventories list the types of plant, their sound power levels (/e. the amount of noise that
they will emit), the number of units assumed to be operating, and the percentage of time
for which they are assumed to be operating. Using this information an ‘effective sound
power level’ is derived for the particular site (or category of site, e.g. stops generally are
covered by Table 7.13). We understand from the RPA that a general assumption has
been made that, where receptors are likely to be affected by more than one source of
noise, all relevant noise sources will be assumed to be in operation concurrently (with the
effective sound power levels detailed in tables 7.6 to 7.23 in Annex C).

The noise assessment team has specified noise criteria as noise thresholds in dB(A)
Laeq,period; @nd not by reference to the anticipated change from background noise levels.
The noise assessment criteria for the construction and operational phases of the Metro
North project are set out in Tables 4.1 and 4.3 in each of the books comprising Volume 2
(reproduced below):

Table 4.1 Noise criteria during the construction phase (at 1m from the facade)

Noise Impact
Period over which criterion applies Criterion (Lyeq, period)

- Monday to Friday:

Urban areas or near main roads; Day: 07.00 to 19.00 75 dB
Rural areas away from main roads Day: 07.00 to 18.00 70 dB
- Monday to Friday: Evening: 18.00 to 22.00 65 dB
- Monday to Friday: Might: 22.00 to 07.00 The higher of 45 dB

or the ambient level.

- Saturday: Day: 08.00 to 16.30 (work outside these hours 65 dB
will be subject to Maonday to Friday night time noise levels i.e.
the higher of 45dB or the ambient level)

- Sundays and Bank Holidays: Day: 08.00 to 18.20 (work outside these &0 dB
hours will be subject to Monday to Friday night time noise levels ie.
the higher of 45dB or the ambient level)

™
Table 4.3 Threshold criteria for assessment of impacts during the operational phase

Moise impact threshold
Area description Functionalvalue during operation

Locations that are highly sensitive very high Daytime: 55 dB Ly,
during both night and day:

e
- Residential areas, medical facilitiss RIREERlme: i i L

(hospitals, nursing homes etc)

Locations that are only sensitive during the day, high Daytime: 55 dB Ly,
where the activities that are carried out require
an acceptable noise ervironment:

Might-time: Not applicable:

- Educational/Institutional uses, theatres Locations are not sensitive
and religious buildings. at night

Locations that are only sensitive during the day medium Assessed on a case

andwhere the activities that are carried out by case basis, depending

can be carried out in the presence of some noise, on the sensitivity of the

but not high levels of noize: specific use and the level

of protection that may be
afforded by the building.

- Qutdoor recreational areas.

- Cinemas.
- Offices.
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In addition to the criteria set out in Table 4.1, an assessment criterion of 65dB(A) is
applied to schools for construction noise.

Having established the functional value of receptors (through analysis of the baseline as
described above), predicted the amount of construction or operational noise that will be
experienced at receptors, and defined the assessment criteria, the next step is to assess
the significance of the impact on the receptors (by considering magnitude and functional
value as described in paragraphs 2.2.6 and 2.2.7 above). In the Metro North noise
assessment, the assumption made is that areas with a functional value of < medium are
not sensitive to noise. The way in which the magnitude of noise impacts is defined is set
out in Table 4.2 and reproduced below:

Table 4.2 Definition of noise magnitude ratings

Extent of Noise Impact MNoise Impact

(Exceedance of Assessment Criteria) Magnitude Magnitude Rating
»10dB Severe very high

5to 10dE Substantial high

3tobdB Moderate medium

1to3dB Slight lowi

<1dBE Mo lmpact very low

For fixed plant (exhaust fans), NC25 has been set as the assessment criterion. The EIS
(e.g. section 4.3.2.2, Volume 2, book 6) states that, "Since all fixed plant is being
designed to meet these standards, it has not been necessary to define magnitudes of
impact since no significant residual effects are expected”. In other words, through design
of the installations and selection of machinery it will be possible to meet this standard at
all sensitive receptors.

Residual impacts are summarised in a final table at the end of Chapter 4 in each of the
books comprising Volume 2; these are presented as ‘taking into account mitigation’.
There is no supporting appendix document indicating precisely what mitigation has been
assumed as background to the assessments of significance in these summaries, although
there is a list of mitigation measures in each of the Chapter 4s at sections 4.4.2.1 and
4.4.2.2, and an expressed commitment to ‘best practical means’ to be applied to reducing
noise.

Summary of EIS findings on airborne noise

In respect of airborne noise impacts during the construction phase, there are a number of
locations where the relevant summary tables indicate that, using the equipment
inventories assumed, the assessment criteria defined and the functional values assessed,
construction will give rise to residual impacts with magnitude described as ‘high’, or ‘very
high” on receptors of high or very high functional value (/e. significant residual airborne
noise impacts after mitigation).

With the exception of the depot and park and ride at Belinstown, six properties on
Seatown Terrace (NM101-19) and six houses to the east of the R132/M1 junction (all in
area MN101), for every section of the proposed metro, the residual noise impacts during
the operational phase are assessed to have a magnitude of ‘low or very low” and a
significance of ‘not significant’. To achieve this for noise from LMVs, further mitigation in
the form of modified trackway and/or barriers has been identified as being required at
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specific locations in areas MN102, MN103 and MN104, where the track will be at grade or
elevated (see Table 4.5 in Volume 2, Books 2, 3 and 4).

In area MN101, impacts of the operation of the depot and changed traffic patterns at and
around the Belinstown site are described as having magnitude ‘low’ or ‘medium’ and
expected to give rise to ‘potentially significant’ and ‘significant’ residual impacts
respectively. At Seatown Terrace, an impact magnitude of ‘moderate’ (3.4dB) has been
assessed but is not considered to be ‘significant’.

The standard ‘NC25’ will be met inside buildings that may be affected by noise from the
emergency exhaust fan installations, because all fixed plant is being designed to meet
these standards.

Comments

There has been discussion and correspondence between the noise expert on the
Independent Engineering Expert Team (Dr Paul Cockcroft) and the noise assessment team
at ERM to clarify certain technical matters that were not initially completely clear to him.
We are now happy that, with one exception (see paragraph 4.2.30 below) we understand
what has been done and the assumptions upon which it has been based.

The information in the noise chapters in the EIS is generally clearly presented and
supported by relevant information in the appendices. However, we consider that the
definition of noise magnitude ratings (Table 4.2) is potentially confusing without further
explanation. In Table 4.2 (which is the same in each of the seven books comprising
Volume 2), an exceedance of assessment criteria of <1dB is described as ‘No Impact’ and
is ascribed a noise magnitude rating of ‘Very Low’. These words, when used (in the text
of the EIS) to describe the magnitude of the noise impacts predicted at particular
receptors, could easily be misconstrued by a reader as meaning that the works proposed
in the Railway Order application are not expected to have any impact on that receptor (/.e.
that, even with construction activity taking place, it will be ho more noisy at that location
than it is at present). In fact, they mean that, although the noise criterion appropriate to
that receptor will be exceeded, it will be exceeded by a negligible amount. In other
words, where the existing noise level at a particular receptor is currently below the
relevant noise criterion, an assessed noise impact described as ‘no impact’ could indicate
that it will be much more noisy at that location than it is now.

For each of the seven areas, the EIS reports predicted residual airborne noise impacts
during the construction and operational phases (/e. after mitigation) that exceed the
assessment criteria in areas of medium or high functional value and are therefore
described as ‘significant’. We have discussed this with RPA and have been reassured to
hear that the assessment criteria are considered by them to represent maximum allowable
noise limits to be binding on the contractor. This is not stated in the EIS, which gives the
impression that there will be nothing further that can be done at locations where airborne
noise has been predicted in the environmental assessment to exceed these thresholds.
The EIS will clearly be an essential reference document for contractors in identifying
locations where more will be required in terms of mitigation to reduce construction related
airborne noise to below the criteria set out (or imposed in conditions by An Bord
Pleandla). There is, of course, scope for the contractors to vary the plant inventories from
those assumed in the EIS noise assessments; significant reductions in source noise can be
achieved through careful programming of the works.

The assessment criteria applied in the noise assessments for construction noise in urban
areas or near main roads (75dB for daytime and 65dB in the evening) are higher than
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those proposed in the National Roads Authority document “ Guidelines for the Treatment
of Noise & Vibration in National Road Schemes” (where, at paragraph 2.3.2 and Table 4.1
under the heading Construction Noise, levels of 70dB (Laeg,1nour) during the day and 60dB
(Laeq,1nour) during the evening are deemed to be acceptable). The EIS explainsi! that the
daytime criteria given in the NRA document may be appropriate for the interurban
situation “but are not necessarily appropriate for the urban situation through which the
majority of the proposed scheme is to be constructed. For the urban area, or near to
main roads, the 75dB value is used, taken directly from the UK guidance and common
practice”. We make the following observations on the assessment criteria set:

There is a note in the relevant section of the NRA document explaining that "/t
may be appropriate to apply more stringent limits in areas where pre-existing
noise levels are low”. We note that some areas that have been assumed to be
‘urban’ in the assessment have rather low background noise levels.
Consideration of more stringent limits may therefore be appropriate in certain
‘urban’ locations.

For each relevant period (days and times) the NRA document provides
guidance criteria comprising an Laeq,1hour limit (/€. noise ‘averaged’ over a one
hour period) together with a maximum noise level that must not be exceeded.
The EIS assessments reported in Volume 3, Book 2, Annex C, Table 7.24-7.30
list predicted noise levels expressed as Laeq, 1, but the time period ‘T’ is not
defined. The predicted noise levels in these tables are inferred to be Laeg, 12 hour
for daytime noise, /.e. noise averaged over a 12 hour period between 07.00 to
19.0012, These are compared with the appropriate assessment criteria to give
‘exceedence’ (if any) and to derive impact ratings. If the daytime limits set for
contractors were to be based on Laeg, 12 our @Nd NO Maximum noise level were
to be set, this raises the possibility that very noisy construction activities could
take place for one or two hours but that the construction noise measured over
a 12 hour period could be within the limits. This factor (and the pre-existing
noise levels) should be an important consideration in setting noise limits for
the contractor, designing monitoring schemes and setting noise limits in
planning conditions.

Clearly, given that noise sources move about relative to an individual receptor
(see paragraph 4.2.2 above) it is very unlikely that the highest predicted
construction noise levels at an individual receiver would be generated
consistently over a four year period, more likely for a few weeks or perhaps
months. However, if there were a noise source generating a fairly steady
noise at a particular location for more than a few months, then the
assessment criteria (limits to apply to the contractor) should be lower at that
location than those set out in the EIS.

4.2.30 There is a description of construction activities to be carried out at the depot site
(Belinstown, MN101) in Volume 2, Book 1, Chapter 4, Section 4.4.3.1. In Volume 3, Book

11 Volume 2, Books 1-7, Chapter 4, paragraph 4.3.2.1

12 Noise impact criteria in Volume 2, Books 1-7, Chapter 4, Table 4.1 are described as being
Laeq, perioa @nd the periods over which they apply are specified. In Annex C, at the end of
Section 6 (Unmitigated construction noise impacts) the following is stated: “Moise levels
(LAeq, T) are presented for the relevant period when works are in progress, usually [this will]
be the day time period (0700 to 1900), although some night-time and evening works are
also expected”.
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2, Annex C, Tables 7.6 and 7.7 relate specifically to construction plant assumed in the
assessments to be used at the depot site (for top soil strip and substructures
respectively). We cannot see, either in the description in Chapter 4 nor in the relevant
tables in Annex C, any reference to airborne noise that will be generated by the ongoing
construction of the substantial landscaped mound along the southern boundary of the
depot/park and ride site. This mound is intended to accept surplus spoil from the
tunnelling operations and its construction will therefore take place over a substantial
period. We understand that it is to be compacted so as to be suitable to support a road or
related structures in the future. Although there are construction plant inventories for
surface stops and structures generally in Annex C, we do not see any specific reference in
the airborne noise assessment to the construction of the proposed multi-storey car park at
the Belinstown stop; this structure is very close to residential properties along Batter Lane.

It will clearly be for the contractor to create a final design for the works in the Belinstown
area (and elsewhere along the alignment) to ensure that noise does not exceed absolute
limits set in conditions to the Railway Order and included in the contract. As discussed in
paragraph 4.2.29 above, it is entirely possible, given the rural location (low pre-existing
noise environment) and the duration of the works at this site, that noise limits imposed
will be lower than the assessment criteria defined in the EIS. There is, at present,
insufficient information upon which to base an evaluation of whether even the EIS
assessment criteria are likely to be achievable at this location, given the proximity of the
proposed multi-storey car park to houses and the length of time over which the mound
will be under construction.

The criteria for operational noise appear reasonable, but the EIS does not provide
sufficient information upon which to judge whether they are achievable at all locations
even with the mitigation measures considered.

Vibration and groundborne noise from and metro construction
and operation

Introduction to vibration and groundborne noise - important concepts and
terminology

Construction and transport activities impart energy to the surrounding ground, which
causes the ground to vibrate. The magnitude of oscillations is very small; much less than
a tenth of a millimetre. Vibration is transmitted outward from its source, and reduces in
strength (attenuates) with distance between source and receptor. This is due to the wave
front lengthening and hence spreading out the available energy and also to frictional
resistance to movement. A vibration underground may be experienced at the surface as
vibration or as sound (known as groundborne noise). Groundborne noise occurs when the
vibration of a surface or structure radiates into the air, which causes sound (noise) to be
experienced by a the human ear (or a microphone). Groundborne noise is more closely
related to vibration (having the same source) than it is to airborne noise (for which the
pathway from source to receptor is oscillation of the air as described in the previous
section).

For this project, sources of vibration and groundborne noise include:

e TBMs forming the bored tunnels;

e Blasting to form cross passages, shafts, station boxes and crossover tunnels
where rock has to be excavated;
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e Construction plant on work sites (e.g. bored piling and the use of vibratory
rollers); and

e  Wheel/rail interaction during the movement of LMVs in tunnels, at surface or
on elevated track.

The primary effect of ground vibration is disturbance: of people, of animals or of sensitive
equipment. When very severe, it can give rise to building damage and, more frequently,
the fear of building damage. The criteria relevant to the assessment of vibration effects
on people differ from those relevant to building damage and the effect of vibration on
sensitive equipment as described below. Groundborne noise is relevant to human
perception (and interference with sound recording equipment).

The magnitude of vibration is expressed in terms of Peak Particle Velocity (PPV) in
millimetres per second (mm/s).

The following paragraphs, taken from the National Roads Authority document * Guidelines
for the Treatment of Noise & Vibration in National Road Schemes’, section 2.3.4
(Construction vibration), provide an accessible introduction to the subject of construction
vibration.

There is no published Irish guidance relating to vibration during construction activities.
Common practice in Ireland has been to use guidance from internationally recognised
standards.

In the case of nominally continuous sources of vibration such as traffic, vibration is
perceptible at around 0.5mmy/s and may become disturbing or annoying at higher
magnitudes. However, higher levels of vibration are typically tolerated for single events
or events of short duration. For example, blasting and piling, two of the primary sources
of vibration during construction, are typically tolerated at vibration levels up to 12mm/s
and 2.5mmy/s respectively. This guidance is applicable to the day-time only; it is
unreasonable to expect people to be tolerant of such activities during the night-time.

Guidance relevant to acceptable vibration at the foundation of buildings is contained
within BS 7385 (1993): Evaluation and measurement for vibration in buildings Part 2.
Guide to damage levels from ground-borne vibration. This states that that there should
typically be no cosmetic damage If transient vibration does not exceed 15mmy/s at low
frequencies rising to 20mmy/s at 15Hz and 50mmy/s at 40Hz and above. These guidelines
relate to relatively modern buildings. Therefore, the guideline values should be reduced
to 50% or less for more critical buildings. Critical buildings would include premises with
machinery that is highly sensitive to vibration or historic buildings that may be in poor
repair, including residential properties.

The German standard DIN4150 provides limits below which it is very unlikely that there
will be any cosmetic damage to buildings. For structures that are of great intrinsic value
and are particularly sensitive to vibration, transient vibration should not exceed 3mmy/s
at low frequencies. Allowable levels increase to 8mmy/s at 50Hz and 10mmy/s at 100Hz
and above.

Groundborne Noise is measured in dB(A) (the same unit as airborne noise). Current
common practice in measuring and setting limits for structure-borne noise is to use the
maximum A-weighted level and ‘slow response’ (Lamax,siow)-

The level of groundborne noise and/or vibration at a receptor depends on the amount and
nature of the vibration at the source, the distance between the source and the receptor
(in this case usually the depth of a tunnel beneath a building) and the nature of the
ground through which the vibration passes. By far the most important of these is
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magnitude and nature of the vibration at source (e.g. the vibration caused by the TBM or
the vibration of LMVs running on the track).

For this project, vibration and groundborne noise will emanate from known single sources,
such as LMVs and the TBMs, and will create impacts on people, structures and sensitive
equipment which are, in the main, not currently affected by vibration or groundborne
noise. Therefore linking cause and effect in the course of monitoring is more
straightforward than it is for some other environmental impacts.

In relation to airborne noise, a range of mitigation measures can be available including
reducing the noise emitted at source, introducing barriers between the source and the
receptor and adapting the receptor to make it less sensitive. In contrast, for vibration and
groundborne noise, any mitigation required to reduce impacts on receptors generally has
to take place at the source (as installing barriers or modifying buildings to reduce impacts
at the receptor are normally impractical). It is therefore common practice for vibration
and groundborne noise to set absolute criteria for maximum levels at certain receptors
and to use these criteria as a basis for ‘designing to comply’. During the construction
phase the rate of TBM progress and the way in which it is operated can be varied to
reduce vibration transmitted to the ground if monitoring shows that vibration or
groundborne noise limits are being approached and may be exceeded (see section 3.1.14
above). Similarly, carefully monitored trial blasts and incorporation of monitoring
information during production blasts will enable the tunnellers to refine blast designs so as
to comply with the vibration limits in their contract and planning conditions.

In the EIS the assessment criteria for vibration effects on people are guideline values for
evaluating human exposure to vibration in dwellings and similar spaces, taken from
DIN4150-2. The German DIN standard is generally considered to be one of the most
stringent. The criteria used to define impact magnitudes reflect duration and frequency of
vibration, as well as the magnitude of that vibration. They are defined by reference to
sets of criteria A, (lower limit), A, (upper limit) and A, (value for comparison with KB,
values, where KB, is ‘evaluation vibration severity’). KBgr, is the standard deviation?!3 of
all KB values recorded in all of the short time periods during the evaluation time frame.
The KBg, values are then compared against A,, A, and A, to establish whether the
vibrations are at an acceptable level or not. For blasting vibration effects on people, only
A, (upper limit) is relevant. These values do not relate directly to PPV levels but PPV
levels are approximately 2 X KBax.

Reference to relevant sections of the EIS

Description of the vibration and groundborne noise baseline. In Volume 1 Book
1, the vibration and groundborne noise baseline is described in Chapter 13. Chapter 13 is
supported by four Vibration Baseline Maps in Volume 3 Book 1. There is no supporting
baseline report presented as an annex in Book 2 of Volume 3. However we have been
provided with a copy of a baseline vibration report!4 that was prepared in February 2008.
This report describes an investigation of baseline vibration levels at a sample number of

13 Standard Deviation (SD) is a measure of the scatter of a collection of numbers (the vibration
level results). The SD is defined as the root-square-mean (RMS) deviation of the numbers
from the mean of the sum of the numbers

14 Baseline vibration monitoring for Metro North, Prepared by ERM and Rupert Taylor. (Final,
February 2008)
Independent Engineering Experts' report, December 2008
A review of the Railway Order application for Dublin Metro North WPC onsultants

Volume I Final 1st Experts report 310309.doc01/04/09 Page 31 of 53



4.3.12

4.3.13

4.3.14

4.3.15

4.3.16

4.3.17

4.3.18

4.3.19

FINAL VERSION 31* MARCH 2009

areas along the proposed alignment, which was carried out in order to determine whether
significant vibration already exists in any areas. Given the findings of the investigation as
reported (/e. that there are no pre-existing significant sources of vibration) and the fact
that vibration impacts are usually assessed by means of comparison with absolute criteria,
we understand that it was not considered to be necessary to include this report in the EIS.
The maps in Volume 3, Book 1 show areas with given Functional Values (using the
definitions in Volume 1, Book 1, Chapter 13) within the study area for vibration and
groundborne noise.

Evaluation of the potential vibration and groundborne noise impacts arising
from the scheme. In each of the seven books making up Volume 2, Chapter 5 relates
to vibration and groundborne noise impacts. These chapters are in 4 main sections as
follows:

e 51 Introduction

e 52  Study area

e 53 Impact assessment methodology

e 54 Impact assessment

Residual impacts are discussed at section 5.4.4 and summarised in Table5.4 in Volume 2,
Books 1-7, Chapter 4, entitled “Summary of residual impacts”.

Assumptions and methodology applied in the EIS

The general methodology that has been applied in the EIS to the assessment of
environmental impacts and their significance is described in Section 2 of this report and is
not repeated in detail here.

The criteria for baseline categorisation (in terms of functional value) are listed in Table
13.3 (page 234) of Volume 1, Chapter 13 of the EIS and shown on the baseline maps in
Volume 3. Three categories are defined in this table: Very Low (I), Medium (III) and Very
High (V). Facilities with vibration sensitive equipment, areas where people are sleeping
and concert halls and theatres are all included in the Very High (V) category.

The assessment criteria are set out in Table 5.2 for construction impacts and Table 5.3 for
operational impacts. Each of the construction period tables (5.2) has separate sets of
criteria for the following (where relevant to that section of the alignment):

e Groundborne noise (TBM);

e Vibration effect on people (TBM and construction plant);

e Vibration effect on people (blasting);

e Vibration — building damage; and

e Vibration effects on sensitive equipment.
These are grouped in terms of types of receptors to which the criteria relate.
For operational noise, the sets of criteria relate simply to groundborne noise and vibration

(from trains) and there is a list of known sensitive equipment with absolute limits on
vibration for each.

The sources of vibration and groundborne noise during the construction phase and the
operational phase are described in detail in section 5.4.1 of each Chapter 5. Section 5.4.2
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describes the mitigation measures that will be put in place for any adverse impacts that
are deemed to be of medium or greater significance prior to mitigation. Residual impacts
are considered in section 5.4.3.

If prescribed limits on vibration are exceeded (as revealed by monitoring), the principal
mitigation measure during the construction phase will relate to controlling drilling and
blasting so as to reduce vibration effects. It is noted in the chapters that it may be
possible to use road headers as an alternative to blasting if rock conditions are suitable;
road headers give rise to significantly less vibration than blasting. Mitigation measures to
prevent exceedance by the TBM of groundborne noise impact criteria are likely to involve
reducing its rate of advance or stopping it altogether for a period (e.g. at night).
Obviously, these methods of control would have an impact extending construction times
and spreading the disturbance over a longer time period. These effects would need to be
weighed against the reduction of groundborne noise magnitude.

Summary of the results of the assessment

In respect of vibration and groundborne noise impacts during the construction phase,
there are a number of locations where, using the assessment criteria defined and the
functional values assessed, construction will give rise to residual impacts with magnitude
described as ‘high’, or ‘very high” on receptors of very high functional value (/.e. significant
residual vibration and/or groundborne noise impacts after mitigation).

Absolute limits on vibration and groundborne noise are not specified in the text of the EIS;
vibration impacts are ascribed impact magnitudes ranging from very low to very high in 5
classes.

For the operational period, the maximum permissible groundborne noise between Parnell
Street and Albert College Park will be 25dB Lamaxs. Elsewhere, the maximum permissible
groundborne noise will be 40 dBLamaxs. The 25 dB Lamaxs limit cannot be achieved by
varying the depth of the tunnels; only by utilising floating slab track (FST) to limit to a
minimum the level of vibration emanating from the source. "FST achieves greater
[solation of vibration and groundborne noise, largely because the mass of the concrete
slab enables a lower natural frequency to be achieved without excessive dynamic
deflection. Some of the vibration is also stored and dissipated in the slab and components
above the slab™5. Setting the 25 dB Lamax s limit between Parnell Street and Albert College
Park therefore amounts to ensuring that this type of track is used in the final design.

Comment

There has been discussion between the groundborne noise expert on the Independent
Engineering Expert Team (Dr Paul Cockcroft) and Rupert Taylor (who was responsible for
the vibration and groundborne noise chapters in the EIS) to clarify certain technical
matters that were not initially completely clear to him. Rupert Taylor also attended part of
an open meeting of residents on Wednesday 22™ October 2008 and made a presentation
about vibration and groundborne noise and also answered questions from the public.

The presentation in October was very helpful in bringing out the main findings of the
assessment, particularly the significance of the proposed Floating Slab Track (FST) in the
bored tunnel between Parnell Street and Albert College Park.

15 Final paragraph of 5.4.2.2 in EIS Volume2, Books 1-7, Chapter 4
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With the exception of section 5.3.1.1 (Magnitude), which is highly technical and therefore
less accessible to the general reader, the information in the vibration and groundborne
noise chapters in the EIS is generally clearly presented.

The RPA has made the following observations in response to questions posed on vibration
and groundborne noise (see Appendix 3 in Volume III)

Will vibration cause damage | Vibration limits have been chosen to avoid structural
to houses? damage. Where any damage does occur, repairs will
be made under the Property Owners’ Protection
scheme. This does not affect owners’ statutory
rights.

What limits have been set for | Groundborne noise and vibration limits are set out in
vibration and groundborne Volume 2 Chapter 5 of the EIS.
noise?

As noted above, no limits have actually been proposed in Chapter 5 for vibration and
groundborne noise during the construction period, although impact magnitudes have been
defined (very low, low, medium, high, and very high). The description of residual impacts
(/.e. those that are expected to arise after mitigation) includes high and very high impact
magnitudes giving rise to significant construction phase impacts. Given the RPA's
assurance that “vibration limits have been chosen to avoid structural damage”, it appears
that the contractor will be expected to introduce more mitigation (through alternative
methods of working or reduced charge weights) than is assumed in the assessments in
order to reduce these impacts. It is implied in the EIS that the ‘Low’ impact thresholds
may be those that are intended to provide upper vibration (and groundborne noise) limits,
but this needs to be clarified as currently the limits are not stated in the EIS. The
following extract from Volume 2, Book 6, Chapter 5, Section 5.4.3.1 is an example of how
we have reached this view (underlining highlights the material passage:

"There is a proposed cross passage near Woodvale Road directly below residential
buildings, which has approximately 25m of ground cover. The likely PPV will be 37mmy/s,
KBimax = 19, In excess of the building damage threshold and in the Very High impact
category for people in the building......... 7o limit the PPV to the Low impact category for
daytime the charge weight per delay would have to be restricted to 0.8 to 1.0kg
depending on the final tunnel alignment.”

During the operational phase, we confirm that 25dB Lamas (the proposed limit for
operational phase groundborne noise between Parnell Street and Albert College Park) is a
very low limit for groundborne noise in residential properties; so low that people in these
properties are very unlikely to hear a train passing beneath. Elsewhere, the proposed
limit on groundborne noise inside residential property is 40dB Lamax s, Which is a low level
of groundborne noise. If there are locations that are deemed particularly sensitive to
groundborne noise and where it is appropriate to impose a lower limit than 40dB Lamax s,
the use of FST rather than resilient rail support would reduce the groundborne noise
impacts to <25dB Lamax,s-
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Influence of proposed works on surface water

Introduction to surface water - important concepts and terminology

Surface water is water in lakes, ponds, rivers, streams, and ditches (including streams and
rivers that may run underground in culverts or tunnels). For this project, potential surface
water related environmental impacts include:

e Potential for contamination of surface water courses or changes in water
quality;

e Potential for increasing flood risk in water courses receiving discharge of runoff
water from the works or water pumped from tunnels; and

e Potential for increasing flood risk in water courses by changing drainage
patterns and landforms within river catchments.

Water falling as rain (or other precipitation) on an area of land will either:

e Evaporate directly;

e Be taken up by plants (and evaporate indirectly through transpiration);
o Infiltrate (soak in) and be added to groundwater; or

e Run off and flow towards a watercourse or water body.

The area within which surface runoff contributes to the flow in a stream or river and its
tributaries is called its catchment. When it rains, the amount of water flowing in the
watercourses within a catchment increases. There is a time lag between the onset of
rainfall and peak flow in the watercourses, because it takes time for runoff to reach each
tributary water course and then time for the flood peak to travel down that water course
to join the main stream or river. Similarly, there is a time lag between the cessation of
rainfall and the reduction of flows in the watercourses to ‘normal’ levels.

Construction works alter the topography and nature of the ground surface within surface
water catchments and so affect the proportions of incident rainfall in each of the
categories listed above. In particular, the replacement of farm or park land with buildings
or impermeable surfaces (e.g. clay from which vegetation and soil have been stripped,
bare rock, concrete or asphalt) decreases the amount of infiltration that takes place and
therefore increases the amount of direct runoff and the speed with which it reaches a
receiving water course during or after a rain storm event. The combination of more direct
runoff and the reduction in the time for it to reach a water course can cause or exacerbate
flooding in watercourses as a result of increases in flood flows. In order to prevent or
mitigate this effect, it is important to control surface water discharge from construction
and operational sites to avoid causing or exacerbating flooding of receiving watercourse.
This can be done by incorporating adequate short term storage capacity within temporary
drainage works during the construction phase of an engineering project and permanent
drainage works during the operational phase to delay the introduction of additional flood
water to the receiving watercourse such that flooding is not caused or made worse.
Alternatively (or in addition), it may be possible to improve the receiving watercourse to
allow it to accept the additional runoff during extreme events. Mitigation measures
relating to flood risk are designed in the context of a detailed understanding of the
capacity of a catchment system to accept additional runoff and modelling of the
permanent or temporary changes that will occur as a result of the proposed construction
works. This is commonly referred to as a flood risk assessment. In some circumstances,
new construction works can provide an opportunity to reduce flood risk.
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Infrastructure construction works such as Dublin Metro North may have an impact on
surface drainage when it crosses streams and rivers and their flood plains; bridges or
culverts need to be designed to avoid impeding flows, which could give rise to flooding
upstream of the alignment and/or flooding of the alignment itself (and related structures).

The reduction of infiltration that can be caused by construction works can have an
adverse impact on groundwater by reducing a source of recharge to the groundwater
system — this is considered in the groundwater chapters of the EIS.

For any surface construction works, there is the possibility of contaminating surface water
as a result of discharge of contaminated water from the site into watercourses (both direct
discharge and seepage of contaminated water in the near surface layers of soil and
sediment towards rivers and streams). Water quality can also be adversely effected by
increasing total suspended solids in watercourses (silt and clay in suspension) and by
introducing pumped groundwater into surface watercourses (if that water is of a different
chemistry and/or contaminated).

Several watercourses are known to have been culverted or flow in tunnels or pipes
beneath urban areas in North Dublin; where these will be intersected in cut and cover
tunnels or station boxes, they will require temporary or permanent diversion to allow the
works to proceed and maintain the flow in the watercourse. Intersection of such
watercourses gives rise to the potential for contamination and also for changes to flow
capacities. The detailed design will need to ensure that diverted tunnels or culverts have
sufficient capacity to prevent backing up of water and flooding upstream. Where such
watercourses are not actually intersected but cross the alignment of bored tunnels, they
are potentially susceptible to settlement disrupting culvert or tunnel linings, giving rise to
leakage. It will be important to identify all such ‘underground’ watercourses and monitor
their condition before and after the works, providing for repairs to be carried out if
settlement causes damage.

Reference to relevant sections of the EIS

Description of the surface water baseline. In Volume 1, Book 1, the surface water
baseline is described in Chapter 19. Chapter 19 is supported by the 4 Baseline surface
water and groundwater maps in Volume 3, Book 1. This shows the following seven
named rivers and one canal, each of which is labelled with its assessed functional values:

e Broad Meadow River (MN101)

e Ward River (MN101)

e  Sluice River (MN102/MN103)

¢ River Mayne (MN103)

e Santry River (MN104)

e River Tolka (MN106)

¢ Royal Canal (MN106)

e River Liffey (MN107)

In Volume 3, Book 2 Annex F is information supporting the surface water chapters. This
includes results of chemical water sampling of surface water bodies; emission limit values
for surface water discharges (and references to relevant regulations, directives etc); and
relevant surface water legislation. The results of surface water sampling relate to the
watercourses listed above.
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Evaluation of potential effects on surface water arising from the scheme. In
each of the seven books making up Volume 2, Chapter 11 relates to surface water. These
chapters are in four main sections as follows:

11.1 Introduction

11.2 Study area

11.3 Impact assessment methodology
11.4 Impact assessment.

Section 11.4.4 in each of the surface water chapters in Volume 2 provides a summary of
residual surface water impacts (/.e. impacts after mitigation).

Assumptions and methodology applied in the EIS

The general methodology that has been applied in the EIS to the assessment of
environmental impacts and their significance is described in Section 2 of this report and is
not repeated in detail here.

The study area is stated (Volume 1, Chapter 19, section 19.2.2) to comprise ‘any
watercourses and floodplains that are intersected by the alignment or lands five hundred
metres to either side of the central line of the proposed alignment.” 16 Baseline
characterisation is based on identification of features of the existing environment that are
both relevant and can be assigned a functional value. The criteria for baseline
categorisation are set out in Table 19.2:

16 The study area in Chapter 18 (and in chapter 10 in each of the seven books comprising
Volume 2) is said to be 500m either side of the alignment, whereas it is shown only 50m
either side of the alignment on the maps in Volume 3, Book 1.
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Table 19.2 Criteria for baseline categorisation

Criteria Functional value
- Areas of watercourses with Q-values of Q5 and/or Q4-5 or Q4, Very high
which are classified by the EPA as‘Class A - Unpolluted’ (V)

- Watercourses with flood plains that have significant storage capacity
for potential floodwaters

- Areas of watercourses with Q-values of Q3-4, High
which are classified by the EPA as ‘Class B -Slightly Polluted’ (V)

- Watercourses with flood plains that have significant storage capacity
for potential floodwaters

- Areas of watercourses with Q-values of Q3 or Q2-3, Medium
which are classified by the EPA as ‘Class C - Moderately Polluted’ (i

- Watercourses with flood plains that have significant storage capacity
for potential floodwaters

- Watercourses with Q-values of Q2 or Q1-2 or Q1, Low
which are classified by the EPA as ‘Class D - Seriously Polluted’ (1)

- Watercourses with flood plains that have no starage capacity
for potential floodwaters

- Not applicable Very low

kY
N
A

4.4.15 The Q-values in Table 19.2 describe the biological status of the watercourse; the higher
the pollution level in a watercourse, the lower the Q-value.

44.16 In each of the seven books comprising Volume 2, Chapter 11 identifies potential
construction phase and operational phase impacts at section 11.4.1. Table 11.2 describes
criteria for assessment of impact magnitude:
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Table 11.2 Criteria for assessment of impact magnitude

Criteria

Impact magnitude

Long-term to permanent change to a designated conservation very high
site or designated salmonid river

Medium-term to permanent contamination of surface water
over entire surface water catchment

Medium-term to permanent changes in drainage patterns
over entire catchment

Medium term change to a designated conservation site or high
a designated salmonid river

Temporary to short-term contamination of surface water aver
entire surface water catchment

Temporary to short-term changes in drainage patterns over
entire catchment

Temporary to short-term change to a designated conservation medium
site or a designated salmonid river

Medium to long-term contamination of local surface water

Medium to long-term changes in local drainage patterns

Short-term contamination of local surface water Llow

Shaort term changes in local drainage patterns

Temporary contamination of local surface water very low

Temporary changes in local drainage patterns

The duration of impacts (as detailed in Table 11.2)
are defined as shown in Table 11.3 as per EPA
Guidance (EPA, 2002).

4.4.17

4.4.18

4.4.19

These are grouped together according to their duration in 5 classes where permanent
impacts (defined as being impacts lasting over sixty years) are ascribed ‘Very High’ impact
magnitude. Long-term impacts (15-60 years) have ‘High’ impact magnitude; Medium-
term impacts (7-15 years) have ‘Medium’ impact magnitude; Short-term impacts (1-7
years) have ‘Low’ impact magnitude; and Temporary impacts (<1 year) have ‘Very Low’
impact magnitude (see Table 11.3).

Consideration of impact magnitude together with functional value has been used to define
significance of the impacts on Surface water of construction and operation of Dublin Metro
North (section 11.4.1), mitigation measures are described at section 11.4.2 and residual
impacts are described at section 11.4.3. The assessments in sections 11.4.1, 11.4.2 and
11.4.3 are entirely descriptive without any summary tables.

Summary of the results of the surface water assessment

Functional values for the watercourses studied in the assessment are set out, with a
summary description, for each watercourse in Table 19.5 in Volume 1, Book 1, Chapter
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19. The Santry River is assessed as having Low functional value (II). The other five
rivers are all assessed as having Medium functional value (III). The Royal Canal is
considered to have High functional value (IV).

For all of the watercourses considered, providing the mitigation measures stipulated are
implemented, the significance of residual impacts on these watercourses is assessed to be
Low.

Comment

The chapters describing the surface water baseline and potential impacts on surface water
are generally clear and well laid out. It is apparent that a significant amount of
information has been assimilated and taken into account in the baseline study and the
descriptions in Chapter 19 of Volume 1, Book 1 are very detailed for the watercourses that
have been reviewed. Mitigation measures proposed are comprehensive and appear
deliverable.

The maps in Volume 3, Book 1 appear incomplete in terms of surface water. Although the
study area is defined in Volume 1, Chapter 19 as including both watercourses and
floodplains that are intersected by the alignment (or lie within lands 500m on either side
of the alignment), no floodplains are shown on these maps. In addition, there are
watercourses that fall within the study area as defined in the text that are not shown on
the maps; in particular, the extensive drainage ditch network draining the area north of
the Broad Meadow River (including the depot site at Belinstown) and a number of
culverted rivers and streams which cross the alignment in Areas MN105-MN107.

There appears to be an error on the maps in that the edge of the study area is drawn
50m from the alignment, whereas the study area indicated in the text is defined as being
500m either side of the alignment.

Functional values are described as having been assessed by consideration of water quality
as well as flood status. The water quality criteria are quantitative (based on Q-values),
but it is not clear as to how flood risk has been taken into account either in defining
functional values or in terms of assessing impact magnitudes. It would have been better
in our view to have assigned functional values and assessed impact magnitudes separately
for surface water quality and for the risk and consequences of flooding. The functional
values that have been assigned to the various watercourses assessed appear to us to be
reasonable in relation to water quality but do not highlight areas where flooding may
occur and its impacts.

For most of the proposed alignment, impact on flood risk within the surface water
catchments is likely to be negligible. This is because the ‘footprint’ of the works within the
various catchments is relatively small, and because the amount of water to be discharged
from the construction sites (and the finished metro facilities) into surface water courses is
expected to be very small (and therefore will have a very small impact on flood flows in
streams and rivers into which that water may be discharged).

However, the very large depot site at Belinstown is within an area where residents report
that flooding that affects local roads and houses occurs fairly frequently (likely to be as a
result of ‘backing up’ of flood waters in the drainage system). The potential for flood risk
associated with the Belinstown Depot site has been recognised in the EIS and the
following is stated in Volume 2, Book 1, Chapter 11, Section 11.4.2.2: "The performance
of the drainage system will also be assessed for extreme rainfall events (in excess of the
design rainfall) to identify areas at risk of flooding. Adequate measures will be put in
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place to safely manage the flood water and reduce the risk of damage to lives and
properties”. To achieve this, a more comprehensive baseline survey will be needed in this
area and a flood risk assessment will need to be carried out. This is an area where it may
be possible to improve upon the current situation.

We consider that it would be appropriate for a condition to be imposed on the Railway
Order requiring flood risk assessments to be carried out for the catchments to be affected
by building on agricultural land (as at Belinstown) or discharge of storm water or
groundwater to existing water courses, before construction proceeds. Such flood risk
assessments may indicate the need for modifications to the significant land raising
suggested in the flood plain of the Broad Meadow River, off site improvement works to
drainage structures and receiving watercourses to mitigate flood risk, and possibly the
deployment of tunnel spoil to provide flood defences in areas that are already vulnerable
to flooding.

Influence of proposed works on ground water

Introduction to ground water - important concepts and terminology

Groundwater is water that exists in the ground in pores and fissures in rocks and in the
spaces between particles in sediments. Soils and rocks within which water can flow and
be stored are known as aquifers. Examples of aquifers are sand and gravel (where water
exists and flows within and between spaces between the particles) and jointed rocks
(where water exists and flows within joints and fissures within the rock). Rocks such as
mudstone or shale and sediments such as clay and silt may contain water ‘locked up’
within them but they have very limited pore space within which water can be stored and
flow. These rocks impede the flow of water and are sometimes referred to as
‘aquicludes’. It is clear that the great majority of the works to be conducted below ground
level will also be below groundwater levels or within aquifers.

For this project, groundwater related environmental impacts of concern include:

e The potential for changes in groundwater levels affecting the yield of water
abstraction wells within the zone of influence of dewatering;

e The potential for contamination of groundwater;

e The potential for changes at the surface to alter the amount of incident rainfall
infiltrating through the ground and adding to groundwater (recharge);

e The potential for dewatering of excavations or ingress of water into tunnels to
alter groundwater pressures in the ground leading to settlement; and

e The potential for changes to groundwater flow patterns caused by the works.

Groundwater is one of the most difficult parameters to define because it changes with
time and circumstances. Groundwater levels in aquifers vary naturally, depending on the
season of the year (which affects the amount of rainfall and runoff that infiltrates and is
added to the groundwater — a process known as recharge) and the amount of water that
is being pumped from wells in the aquifer. If construction works reduce the amount of
rainfall and runoff that is available to recharge an aquifer (e.g. by introducing
impermeable surfaces where there was previously open ground), if water is pumped out
of excavations, or if the works form barriers or obstacles to groundwater flows, the works
can have a temporary or permanent effect on groundwater levels. Changes in
groundwater levels (or groundwater flow patterns) may have an adverse impact on the
yield of water supply wells, or on groundwater dependent ecosystems (wetlands fed by
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springs or in low lying areas that intersect the water table in an aquifer) or may cause
settlement as described in Section 4.6 below.

Groundwater contamination can occur where construction works intersect aquifers (/.e.
contaminants can come into contact with groundwater directly) or where contaminants
are transported to aquifers by water infiltrating through the ground overlying the aquifer
(e.g. a surface spill soaks into the ground and is carried towards the aquifer by infiltrating
rainfall).

Data on groundwater (depth from the ground surface to water and the quality of that
water) has to be collected from discrete points of measurement, mainly boreholes, and it
is assumed that such data can be extrapolated between boreholes and treated as a
continuum. This is akin to sampling the air in the kitchen, the living room and the
bedroom of a house and grading the values measured in one room to those in the next;
that might be correct if the doors are open but if the kitchen door is shut the quality there
may differ considerably from elsewhere in the house. So it is with groundwater; if geology
partitions the ground, groundwater becomes much more difficult to interpret from data
gathered separate sampling points. It is therefore important, in understanding
groundwater and how it may be affected by construction works, to understand the
geology of the subject area in some detail.

In construction works that are to take place below the water table, there is a range of well
tried and tested measures to protect ground water by reducing to a minimum (or avoiding
entirely) changes to groundwater levels caused by the works and by taking all practical
steps to prevent the escape of contaminants from the works.

Tunnelling and station construction works are of two kinds; those that exclude ground
water and those that do not. An example of the former is a tunnel boring machine that
prevents ground water from freely entering its cavity. At the moment the contractor’s
method of working is not known and so it is prudent to consider the situation in which
water will be able to enter the excavations, both at the face of the tunnel and at the
stations. The ease with which water can travel through this ground is not great and high
flows are not expected in anything other than local areas. Some ground treatment can be
expected, taking the form of injecting suspensions of clay and cement into water bearing
voids and fissures (probably via surface boreholes), but these are unlikely to stop water
flows entirely and more likely to be used to reduce inflows to levels that produce
acceptable conditions for working underground.

It is unlikely that such inflows will either affect water supplies or have much impact on the
quantity of water in the ground, as the ground water in the limestone below Dublin mainly
flows in laterally from the surrounding countryside, some distance outside the area of
construction. However, some of the works will divert the local direction of flow from its
present path, which is unknown in detail but probably towards the sea in general and
locally towards the local watercourses. The current flow pattern will tend to re-establish
itself after construction, possibly within a year. The changes in direction of ground water
flow, the amount of ground water flow and the quality of ground water are unlikely to be
matters for serious concern, but water levels and water quality should be monitored
during the contract to ensure that is so; this is referred to again in the Section 4.6 in
relation to settlement.

Of greater concern is drainage to the tunnels and station excavations as this has the
potential to promote settlement by allowing any compressible sediment that lies above the
bedrock to consolidate. This is considered further in Section 4.6 below.
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To know how ground water responds to engineering works it is necessary to observe it
using instruments placed in the ground. These should be read at regular intervals and the
values they provide used to build a model of what is happening in the ground. This model
can then be used to help construction progress with greatest efficiency whilst at the same
time providing the means for detecting the initiation of situations that should not be
permitted to develop in an uncontrolled way. The following should be monitored:

a) ground water levels, in a way that permits settlement to be quantified and
groundwater flow during excavation to be interpreted and represented as a
model, and

b) ground water quality, in a way that permits emissions of contaminants into the
groundwater to be detected and appropriate action taken to remedy the
occurrence.

c) Given the linear nature of the scheme this implies that observation stations
should be established at regular distances along the route, to be defined by the
engineers as being suitable for satisfying (a) and (b) above.

Reference to relevant sections of the EIS

Description of the groundwater baseline. In volume 1, Book 1, the groundwater
baseline is described in Chapter 18. Chapter 18 is supported by 4 Baseline Surface water
and Groundwater Maps in Volume 3, Book 1 and by Annex E of Volume 3, Book 2. The
maps in Volume 3, Book 1 show the Functional Values for groundwater in each area
(MN101 to MN107); they are shown by means of coloured outlining of lengths of the
study area, the boundary of which is depicted on the maps at a distance of approximately
50m on either side of the alignment. Annex E of Volume 3, Book 2 comprises two tables.
Table 1.1 gives estimated groundwater levels along the alignment, and Tables 1.2 to 1.5
provide details of wells held by the GSI within a 5km radius of Dublin Airport, Dublin City
University, St Stephen’s Green and Lissenhall Bridge. The wells for which data is provided
in Tables 1.2 to 1.5 are not shown on the baseline maps, and the groundwater levels
summarised in Table 1.1 are not indicated on the maps.

Evaluation of potential effects on groundwater arising from the scheme. In
each of the seven books making up Volume 2, Chapter 10 relates to groundwater impacts.
These chapters are in 4 main sections as follows:

e Introduction

e Study area

e Impact assessment methodology

e Impact assessment
Residual impacts are discussed at section 10.4.3; there are no tables summarising these.

Assumptions and methodology applied in the EIS

The general methodology that has been applied in the EIS to the assessment of
environmental impacts and their significance is described in Section 2 of this report and is
not repeated in detail here.

The raw data for the ground water baseline comes from a range of published data sources
as well as from the ground investigations that have been undertaken for Dublin Metro
North. Reference is also made to groundwater flow modelling relating to the Dublin Port
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Tunnel. The data referred to in the assessment is listed at Volume 1, Chapter 18, Table
18.1. Baseline information is listed in the following categories:

e Aquifer characteristics: Groundwater depth; regional direction of groundwater
flow; aquifer hydraulic conductivity; water-bearing stratum; and nature and
thickness of overlying strata.

e Aquifer importance: Aquifer classification; and aquifer productivity.

e Groundwater quality: Potential for groundwater contamination from historic
activities; and potential for groundwater contamination from current activities.

e Aquifer sensitivity: Aquifer vulnerability; source protection zones; depth of
groundwater; nature of subsoils overlying the aquifer; and groundwater
quality.

Using this information, functional values have been determined with reference to aquifer
importance, aquifer sensitivity and existing adverse effects. The criteria for baseline
categorisation (in terms of functional value) are listed in Table 18.3 (page 322) of Volume
1 of the EIS. The results of the desktop review of all the hydrogeological data currently
available and applicable to the study area are set out in section 18.3.1, which considers
geology, aquifer type, groundwater depth, groundwater flow, groundwater vulnerability,
and potential contamination for the entire alignment in the following sections (which do
not coincide with areas MN101-MN107):

e Belinstown Stop to Lissenhall Stop (18.3.1.1);
e Lissenhall Stop to Dublin Airport Stop (18.3.1.2);
e Dublin Airport Stop to DCU Stop (18.3.1.3);

e DCU Stop to St Stephen’s Green Stop (18.3.1.4).

The functional values ascribed to each area (MN101 — MN107) along the route as a result
of this exercise are summarised in Table 18.4 and are shown on the baseline maps in
Volume 3, Book 117,

In each of the seven books comprising Volume 2, Chapter 10 identifies potential
construction phase and operational phase impacts at section 10.4.1. Table 10.2 describes
criteria for assessment of impact magnitude defined according to the following impact
categories:

e Alteration of the direction of groundwater flow;
e Depletion of groundwater sources due to dewatering activities;
e Deterioration of groundwater quality (if left untreated); and

e Impact relating to the recharge of the underlying groundwater sources.

These are grouped together according to their duration in 5 classes where permanent
impacts (defined as being impacts lasting over sixty years) are ascribed ‘Very High’ impact
magnitude. Long-term impacts (15-60 years) have ‘High’ impact magnitude; Medium-
term impacts (7-15 years) have ‘Medium’ impact magnitude; Short-term impacts (1-7

17 The study area in Chapter 18 (and in chapter 10 in each of the seven books comprising
Volume 2) is said to be 500m either side of the alignment, whereas it is shown only 50m
either side of the alignment on the maps in Volume 3, Book 1.
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years) have ‘Low’ impact magnitude; and Temporary impacts (<1 year) have ‘Very Low’
impact magnitude (see Table 10.3).

Consideration of impact magnitude together with functional value has been used to define
significance of the impacts of construction and operation of Dublin Metro North (section
10.4.1), mitigation measures are described at section 10.4.2 and residual impacts are
described at section 10.4.3. The assessments in sections 10.4.1, 10.4.2 and 10.4.3 are
entirely descriptive without any summary tables.

Summary of the results of the groundwater assessment

Functional Values for groundwater, defined in the baseline study, are assessed to be
either Low (II) or Medium (III) as summarised in Table 18.4 (Volume 1, Book 1, Chapter
18, pages 331-332). This is reproduced at the end of Section 4.5.

The result of the assessment of residual impacts is recorded, in each of the seven books
comprising Volume 2, at Section 10.4.3. Impact magnitudes are assessed to be low (or in
one case medium) and the impacts identified will affect areas of medium (III) or low (II)
functional value. Therefore the assessment concludes that residual impacts will be of ‘Low
Significance’ providing the mitigation measures described in this section are implemented.

Comment

The chapters describing the groundwater baseline and potential impacts on groundwater
are generally clear and well laid out. It is apparent that a significant amount of
information has been assimilated and taken into account in the baseline study and the
descriptions in Chapter 18 of Volume 1, Book 1 are very detailed. The maps in Volume 3,
Book 1 and the tables in Volume 3, Book 2 do not add much to the text. There appears to
be an error on the maps in that the edge of the study area is drawn 50m from the
alignment, whereas the study area indicated in the text is defined as being 500m either
side of the alignment.

The operational scenarios considered are necessarily somewhat generalised at this stage
given the status of the design and associated ground investigations (Reference Design -
see Section 3.1 above) but they encompass all likely impacts on groundwater. The
mitigation measures that are proposed are comprehensive and are appropriate to the
construction and operational scenarios considered and the potential impacts identified.

Independent Engineering Experts' report, December 2008
A review of the Railway Order application for Dublin Metro North WPC onsultants

Volume I Final 1st Experts report 310309.doc01/04/09 Page 45 of 53



FINAL VERSION 31* MARCH 2009

Table 18.4 Baseline categorisation

Functional
Area Name Summary Description Value

MN101 Lissenhall to - NoGroundwater Source Protection Zones {1
Nevinstown are present;

- Locally Important Aquifer present with moderate
groundwater yields;

- Aquifer of extreme vulnerability (groundwater
encountered within 3m from the ground level
and overlain by low permeability glacial tills);

- Groundwater quality impacted to some extent by
long term urban activity and agricultural practices.

MMN102 MNeavinstown to - NaoGroundwater Source Protection Zones {nn
Fosterstown South are present;

- Locally Important Aquifer present with moderate
groundwater yields;

- Aquifer of extreme vulnerability (groundwater
encountered within 3m from the ground level
and averlain by low permeability glacial tills};

- Groundwater quality impacted to some extent by
long term urban activity and agricultural practices.

MN103 Fosterstown South - No Groundwater Source Protection Zones present; ()
to Dardistown - Poor Aguifer with poar groundwater yields;
- Aquifer of moderate to high vulnerability;

- Groundwater quality is likely to be impacted
to some extent by development in the area;

- This section of the route is largely located
underground in tunnel.

MN104  Dardistown to - NoGroundwater Source Protection Zones ()
Northwood are present;

- Locally Important Aquifer present with moderate
groundwater yields;

- Aquifer of extreme vulnerability (groundwater
encountered within 3m from the ground level
and overlain by low permeability glacial tills);

- Groundwater guality impacted to some extent
by lang term urban activity.
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Functional
Area Name Summary Description Value
MN105  Northwoodto DCU - No Groundwater Source Protection Zones (1
are present;
- Locally Important Aquifer present with moderate
groundwater yields;
- Aquifer of extreme vulnerability (groundwater
encountered within 3m from the ground level
and overlain by low permeability glacial tills);
- Groundwater quality impacted to same extent
by long term urban activity.
MN106 DCU to Mater - No Groundwater Source Protection Zones (1)
are present;
- Locally Important Aquifer present with moderate
groundwater yields;
- Aquifer of high vulnerability (groundwater
encountered within 5m from the ground level
and overlain by low permeability glacial tills);
- Groundwater quality impacted to same extent
by long term urban activity;
- Tunnelled section of route.
MN107  Mater to - No Groundwater Source Protection Zones (1
St. Stephen’s Green are present;
- Locally Important Aquifer present with moderate
groundwater yields;
- Aquifer of high vulnerability (groundwater
encountered within 5m from the ground level
and overlain by low permeability glacial tills);
- Groundwater quality impacted to same extent
by long term urban activity;
- Tunnelled section of route.
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Settlement of ground around tunnels and excavations

Introduction to settlement - important concepts and terminology

Settlement is not the same as “collapse”, where a void opens suddenly at ground level. It
is generalised lowering of the ground surface as a result of changes in the volume of the
sub-strata. Its significance for structures and services at and near the ground surface
where different parts of such structures are subject to a different amounts of settlement
(known as “differential settlement”) is illustrated in the following sketch.

Ground surface after settlement has occurred

Structure A, is located where there is differential settlement
and the structure straddles the a zone of ground extension
(pulling apart). (Note: amount of settlement is exaggerated
to illustrate the point).

4.6.2

4.6.3

4.6.4

Figure 5 Sketch illustrating settlement effects on structures
Settlement of the ground surface and near surface can be caused in several ways:

e By collapse of a void at depth, where the void is sufficiently deep that it
cannot migrate up to the surface but does permit the ground above it to sag a
little, and ground level to settle;

e Through closure of a void at depth leading to generalised lowering of the
ground immediately above and around the location of the void; or

e Through withdrawal of water from sediments or weak rocks causing them to
compress (/.e. consolidate) and reduce in volume.

e Through lateral movements of the ground into an open excavation, leading to
volume changes in the ground adjacent to the excavation and ground level
lowering (settlement).

It is possible to envisage circumstances that could give rise to any one of these
mechanisms for settlement in association with the proposed tunnelling. However, the
techniques to be used for tunnelling in this project will be designed to avoid the first two;
there is no reason for the works to result in collapse if engineering is applied that is
appropriate to the known ground conditions. The second two mechanisms are more likely
to occur in certain circumstances, and can give rise to small movements at the surface,
where “small” means a few millimetres.

The bedrock is limestone and this is a rock that can dissolve more readily than many
others in water. That can result in karst (the name given to a range of solution features in
limestone and other soluble rocks) and features typical of karst are expected to be
encountered in the limestone along the line of the tunnel. The limestone is overlain by
significant thicknesses of sediments (sand, silt and clay). The recent geological history of
the area makes it unlikely that large open voids of the sort that could give rise to collapse
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are present, and no cavities of this sort were seen in the strata through which the Dublin
Port Tunnel passes. Ground investigations can be used to assess the likelihood of solution
cavities being present and steps can be taken to prevent them developing. However, the
solution of the top of the intact limestone where it is in contact with overlying sediments is
likely to be highly irregular, giving rise to pockets of clay and sand materials extending
down into the top of the overall limestone surface. There is also likely to be a zone within
which there is a mixture of sediments and broken limestone immediately above the top of
the intact rock (“rockhead”). The anticipated irregularity of the junction between the
limestone bedrock and its overlying sediments can create difficulties for construction when
the tunnel is positioned so that its floor is in rock and its roof is in sediment and may give
rise to inflow of water from sediments to the tunnel, leading to consolidation settlement as
described above. The tunnels have been designed so that passenger access is as
effortless as possible, so limiting the depth of stations, and this has caused the tunnel to
be placed in places where both rock and sediment may have to be excavated at the same
time (what tunnellers describe as a “mixed face”). In these circumstances it may be
necessary to treat the ground to ensure that it can be excavated with the minimum of
settlement, and in sensitive areas, with no settlement. This may require work from ground
level as drills are needed to penetrate the ground and inject strengthening fluids to solidify
the ground ahead of the tunnelling machine. Water inflow to the tunnel can also be
prevented or reduced through utilising air pressure or slurry at the face as described in
Section 3.2 above.

As there is no settlement at present, the baseline values relevant to its monitoring and
assessment are (a) present day ground level and (b) the elevation and condition of
structures founded on or below it. None of these data could be gathered before the route
of the works had been decided, however as the route is now known, base line conditions
along its length can be established through ground levelling and a precondition survey of
structures. More detailed geological and geotechnical information will also be important to
allow identification of sediments that are vulnerable to settlement and the related
groundwater conditions in these areas. As described in paragraphs 3.1.5 to 3.1.10 above,
this will be collected in any event in the course of refining the design and the associated
ground model and during the works themselves.

As described above, settlement associated with underground works comes from two
sources: (1) ground that should be on the outside the limit of excavation moving into the
excavation and being removed — there are a number of reasons why this happens, as
explained below, and (2) consolidation of compressible strata above and around the
excavation as a result of the excavation lowering water pressures in the surrounding
ground. Assumptions have to be made, based on a very considerable body of evidence
from tunnels excavated in similar ground, in order to complete calculations of predicted
settlement and they can be constrained using evidence from the boreholes drilled along
the line of the route. Despite this, settlement predictions are associated with a level of
uncertainty because the magnitude of settlement depends on the interaction of the
tunnelling machine (or open excavation) with the ground at each location and the time
between the ground being excavated at that location and permanent support being
erected and sealed. In other words, settlement does not depend just on the ground but
on the interaction of the works with the ground. Thus it is conventional on contracts of
this size for the accuracy of these calculations to be checked by careful and continuous
monitoring settlement along the length of the works, and for the results of this monitoring
to be used for refining predictions as the work progresses. Damage to buildings and other
structures caused by settlement depends not only on the magnitude of the settlement that
occurs but also on the type and condition of structures affected by it. There is a
considerable body of case study knowledge and experience relating to the response of
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different types, ages and conditions of structures to ground movements but, as with the
amount of ground movement that will occur, this is not wholly predictable. Therefore it is
necessary to survey structures and assess their vulnerability to settlement (and their
condition) before work commences and then monitor building response during the works.

Settlement takes time to happen; maximum settlements could occur over many months if
left uncontrolled. These will be greater in the immediate vicinity of the excavation, e.g.
above the tunnel and adjacent to the stations, and decrease with distance away from the
structures; ground engineers talk in terms of a “settlement trough” (see Figure 5). In
other words, settlement will not be the same everywhere; some places could have more
than others. This is called “differential settlement” and that is the settlement that can
cause damage when the differential becomes too great for a structure that straddles it to
sustain without cracking. The settlement likely to happen first is that from “over
excavation” and construction techniques can be used to avoid this; e.g. it is proposed
that retaining walls will be installed for the cut and cover sections of the works, before any
earth is removed (“diaphragm” and “secant” walls as described in Section 3.2 above), so
that over excavation is prevented. Likewise the tunnel will be excavated using a machine
that supports the hole it makes and has a design at its front that enables the tunnel face
to be supported and controls how much ground comes into the machine. Measurement of
the movement that occurs around a tunnel is an important indicator to the
appropriateness of the calculations made to predict ground movement and so ground
engineers like to see their structures and surrounding ground instrumented to observe
ground-structure interaction.

Pre-contract surveys and in-contract monitoring are essential in a project such as this, as
follows.

a) Structures along the route should be inspected and their condition recorded before
any work commences.

b) Precise levels should be established along the route that can become the basis for
measuring settlement during the works.

c) The instrumentation advised in Section 4.5 for studying ground water should be
accompanied by instrumentation for measuring ground movements around tunnels
and adjacent to retaining walls.

d) Records from the observation points along the line should be available for display to
the public, in an acceptable format, within 24hours of collection.

e) A technical response to questions of vertical and horizontal ground movements should
be available to residents on a daily basis whilst underground excavation is in progress.

Reference to relevant sections of the EIS

Description of the settlement baseline. There is no baseline information relevant to
settlement in Volume 1 of the EIS or supporting information in Volume 3 because, as
explained in paragraph 4.6.5, there is no settlement at present. However, the preliminary
identification of structures susceptible to settlement (and of significant public interest)
described as Stage 1 in the assessment of settlement impacts in Chapter 9 of the relevant
books of Volume 2 is, in effect, part of a baseline assessment.

Evaluation of potential settlement impacts arising from the scheme. Potential
settlement impacts are assessed for areas where tunnelling and cut and cover excavations
are proposed in Volume 2, Books 2, 3, 4, 5, 6, and 7, Chapter 9. Residual impacts relating
to settlement are described at the end of section 9.4.3.1 (construction phase) and 9.4.3.2
(operational phase).
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Assumptions and methodology applied in the EIS

In section 9.3 of the relevant books in Volume 2 of the EIS, the impact assessment
methodology is described in relation to settlement. The assessment of the impact of
ground movements and the response of buildings and infrastructure to excavation induced
ground movements has not followed the same structure as the other impacts considered
in this report (ie. definition of functional values for the baseline environment,
identification of potential impacts and their magnitude, and assessment of the significance
of the impacts). Instead, a four stage assessment process has been adopted:

Stage 1: Preliminary ‘Greenfield” settlement analysis. Settlement predictions are made
using computer modelling techniques and the results validated against case studies. The
assumptions underlying the settlement predictions include likely construction methods,
ground conditions as they are currently understood and reference to other projects (where
methods and ground conditions are comparable). The ‘green field’ represents the
simplest of situations, where the ground does not have to interact with foundations within
it and upon it. The magnitudes of settlement so calculated indicate the sorts of structures
that would be adversely influenced by such movements. Thus, at this stage, buildings and
structures can be identified that are deemed to be particularly susceptible or are of
significant public interest and therefore warrant close inspection.

Stage 2A. Initial response assessment. The purpose of this stage is to assess the
response of the buildings and infrastructure identified during stage 1 to the ground
movements predicted during stage 1. At this stage there is also consideration of possible
mitigation measures.

Stage 2B. Review of 2A initial response assessment. Here, the findings of Stage 2A are
reviewed and interpreted in the light of the detailed design and actual construction
methods to be used.

Stage 3 Detailed response assessment. This stage involves a detailed assessment of all
buildings, utilities and infrastructure carried over from Stage 2B and the design and
implementation of protection measures as appropriate.

4

A building damage classification system is presented at Table 9.3, ranging from ‘Negligible
to 'Very Severe’ in 6 categories (numbered 0-5). Buildings have been identified for
protective measures when predicted damage falls into the ‘Moderate’ category or above.
The rationale for not providing protective measures for the ‘Slight’ damage category or
below is that such damage (which amounts to small cracks of the type commonly
encountered in properties built on ground that shrinks and swells) presents a very low risk
of structural damage and may generally be easily and cost effectively repaired. For this
type of damage, the measures required to prevent it can, themselves, be disruptive to the
function and occupiers of buildings. For buildings where the degree of ground movement
damage is likely to be “Moderate” or worse, protective/mitigation measures will be
considered with the aim of restricting damage to the “Slight” category or less.

A range of settlement related mitigation and protection measures which have been
implemented (or will be implemented in the course of the ongoing design process) are
listed in Section 9.4.2 as follows:

a) Ground investigation (to enable adequate design of ground support measures needed
and accurate prediction of ground movements);

b) Sub-structure surveys and assessment of building records (to identify building type
and condition and determine likely impacts);

Independent Engineering Experts' report, December 2008
A review of the Railway Order application for Dublin Metro North WPC onsultants

Volume I Final 1st Experts report 310309.doc01/04/09 Page 51 of 53



4.6.14

4.6.15

4.6.16

4.6.17

4.6.18

FINAL VERSION 31* MARCH 2009

c) Alignment design (design of tunnel separation and vertical alignment to reduce
settlement potential where possible);

d) Internal measures (selection of tunnelling equipment and methods of excavation and
support);

e) Instrumentation and monitoring to allow verification of predicted settlement,
assessment of actual building damage and communication of results back into
detailed design to allow modification of methods and/or protection and mitigation
measures);

f) Action and contingency plans (pre-determined plans of action in response to
monitoring results to avoid damage occurring);

g) Particular mitigation measures (specific measures to be taken for locations and
structures identified as at particular risk); and

h) Property Protection Scheme (covering properties within 30m of the tunnel centrelines
or the face of a cut and cover structure and allowing damage occurring as a result of
the underground works below a ceiling of €30,000 to be rectified promptly with as
little disruption to the property owner as possible).

Summary of the results of the settlement assessment

In each of the relevant books of Volume 2, Chapter 9, a statement of predicted residual
settlement impacts is included at the end of section 9.4.3.1 in terms of the maximum
predicted settlement (in millimetres) in that area, and the construction works that will
potentially give rise to that settlement. The expected points at which the maximum
predicted settlement is anticipated to occur are not specified and there are no plans
showing predicted settlement contours.

The 4 stage assessment process that is underway, which will eventually incorporating
monitoring, should allow the identification of buildings where damage is expected to fall
into the ‘Moderate’ category or worse and specific protective/mitigation measures can
then be designed and implemented. Where possible, it appears that the design objectives
will be to restrict building damage to the 'Slight’ category or below. This level of damage
would be rectified under the Property Protection Scheme.

Where there will be rock above the top of the tunnel, the predicted settlement is
significantly smaller than for lengths of tunnel where the top of the tunnel will be in
sediments overlying the rock (for estimated thicknesses of rock above the top of the
tunnel, see Volume III, Appendix 2.

Comment

The 4 stage assessment process described in the EIS in relation to ground movements
and their effects on buildings and infrastructure is logical and represents established good
practice. Stages 2B and 3 are based on the detailed design and actual construction
methods to be used and therefore this assessment process is ongoing and further
assessment will logically continue into the detailed design and construction phases.

The EIS reports maximum settlements to be expected at various locations along the
alignment with no explanation of how those values have been derived, and what they
mean or the expected distribution of ground movements (relevant to an assessment of
differential settlement as described above). Similarly, the EIS does not discuss the
anticipated time over which ground movements will develop where they occur.
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Nevertheless, detailed reports of these calculations and assessments exist and have been
seen (but not reviewed) by the experts.

In making the assessments in the EIS it has been assumed that the method of tunnelling
chosen will prevent excessive and uncontrolled settlement and that ground treatment can
remedy settlement that is detected as developing. Complex structures such as the Houses
of Parliament in London and the tower of Big Ben were protected in this way from ground
movement associated with the recent, and very large, excavations for the London
Underground. It will have been assumed that settlement which might occur will be
controlled by that branch of ground engineering called “ground-structure interaction”; a
specialist area of study. We confirm that these assumptions are entirely reasonable and
conform to international best practice with projects of this nature.

Of greater potential concern therefore are ground responses to the movement of water
and change in its pressure, especially where all or part of the bored tunnel is in sediments.
These can be felt some distance in front of the tunnel face and to the side of tunnels and
station excavations. Retaining walls limit the influence of ground water change but that
associated with tunnelling can require more sophisticated techniques involving
intervention from ground level (drilling rigs injecting water stopping fluids into the ground)
and from the tunnel itself (by drilling from underground around and ahead of the tunnel).
The EIS indicates that a tunnelling machine will be chosen that prevents water from freely
draining into the tunnel (see for example Volume 2, Book 7, paragraph 9.4.2 (d)).

Settlement is very difficult to predict with precision as ground conditions can never be
perfectly known. The warning of ground movements and water level changes can only
come from instrumentation placed in the ground before work commences. This
instrumentation has to be monitored regularly and the results analysed by the engineers
for the ground response to be known. The values from this instrumentation can be used
to regulate progress and performance of the works, especially by taking steps to control
groundwater. Providing groundwater control with instrumentation and monitoring is
undertaken, whilst differing amounts of settlement will occur at different locations, it is
likely that most of it not be noticeable without recourse to instrumentation.

Dublin Metro North Independent Expert Panel
December 2008
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